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1 Introduction

Estimation of long-run effects is of great importance in economics. The concept of ‘long-run
relations’ is typically associated with the steady-state solution of a structural macroeconomic
model. Often the same long-run relations can also be obtained from arbitrage conditions
within and across markets. As a result, many long-run relationships in economics are free of
particular model assumptions; examples being purchasing power parity, uncovered interest
parity and the Fisher inflation parity. Other long-run relations, such as those between macro-
economic aggregates like consumption and income, output and investment, and technological
progress and real wages, are less grounded in arbitrage and hence are more controversial,
but still form a major part of what is generally agreed-upon in empirical macroeconomic
modelling. This is in contrast to the analysis of short-run effects, which are model specific
and subject to identification problems.

This paper is concerned with the estimation and inference of long-run effects using dy-
namic panel data models where the time dimension (7°) and the cross-section dimension (V)
are both relatively large. Such panels are becoming increasingly available and cover countries,
counties, regions, industries and firms, and typically feature dynamics in the form of lagged
dependent variables, slope heterogeneity (at least in the case of short-run coefficients), as well
as cross-sectionally dependent innovations. These three key features complicate estimation
and inference.

Earlier literature on the estimation of long-run effects using panel data, such as the pooled
mean group approach (Pesaran, Shin, and Smith 1999), the panel dynamic OLS approach
(Mark and Sul 2003) and the panel fully modified OLS approach (Pedroni 2001), allows
for lagged dependent variables and heterogeneity of short-run dynamics, but it does not
allow for error cross-section dependence. Wrongly assuming that errors are cross-sectionally
independently distributed leads to incorrect inference and in some cases inconsistent esti-
mates, depending on the nature of the error cross-section dependence. For example, when
cross-section dependence is due to the presence of unobserved common factors, parameter
inconsistency arises if the factors and the regressors are correlated.

The problem of error cross-section dependence has been addressed in the literature pri-
marily in the context of panel data models without lagged dependent variables. See, for ex-
ample, the common correlated effects (CCE) approach of Pesaran (2006), or the interactive
fixed effects estimator (IFE) of Bai (2009). A survey of the recent literature is provided by
Chudik and Pesaran (2015a). Two exceptions are Song (2013) who extends Bai’s approach to
allow for lagged dependent variables and coefficient heterogeneity, and Chudik and Pesaran

(2015b), who extend the CCE approach to allow for weakly exogenous regressors (including



lagged dependent variables).! Both approaches rely on the estimation of unit-specific ARDL
specifications, appropriately augmented with cross-section averages to filter out the effects
of the unobserved common factors, from which long-run effects can be indirectly estimated.
We refer to this approach as cross-sectionally augmented ARDL or CS-ARDL in short. The
main drawback of computing the long-run coefficients from CS-ARDL specifications is that
due to the inclusion of lagged dependent variables in the regressions often quite a large time
dimension is required for satisfactory small sample performance, especially if the sum of
the AR coefficients in the ARDL specifications are close to unity. In the case of heteroge-
nous slope specifications the CS-ARDL estimates of the long-run coefficients could also be
sensitive to outlier estimates of the long-run effects for individual cross-section units.

This paper makes a theoretical contribution to the econometric analysis of the long
run by proposing a new approach to the estimation of long-run coefficients in dynamic
heterogeneous panels with cross-sectionally dependent errors. The approach is based on
a distributed lag representation that does not include lags of the dependent variable, and
allows for residual factor error structure and weak cross-section dependence of idiosyncratic
errors. Similar to CCE estimators proposed by Pesaran (2006), the individual regressions are
augmented with cross-section averages to deal with the effects of common factors. We derive
the asymptotic distribution of the proposed cross-sectionally augmented distributed lag (or
CS-DL for short) mean group and pooled estimators under the coefficient heterogeneity and
large time and cross-section dimensions. By means of Monte Carlo experiments, we also
investigate the consequences of various departures from our maintained assumptions on the
small sample properties of CS-DL estimators by allowing for unit roots in the factors and/or
in the regressors, breaks in the error processes, and homogeneity of long-run coefficients. We
also investigate whether the use of CS-DL estimates of long-run coefficients can improve the
estimation of short-run coefficients.

The main advantage of the proposed CS-DL approach is its robustness to dynamic mis-
specification and its small sample performance, which is often better compared to estimating
unit-specific CS-ARDL specifications, under a variety of settings investigated in the Monte
Carlo experiments when 7' is moderately large (30 <7 < 50). Furthermore, the imposition
of CS-DL estimates of long-run coefficients can substantially improve the estimates of short-
run coefficients. Last but not least, the CS-DL approach does not require the rank condition
required by the CS-ARDL approach, which ensures that the cross-section averages approxi-
mate the space of the unobserved factors arbitrarily well, as N — oo, if it is assumed that

the factor loadings in the equation for the dependent variable are independently distributed

'Moon and Weidner (2015) also allow for lagged dependent variables, but do not allow for coefficient
heterogeneity.



from factor loadings in the equations for regressors. In the case when the rank condition
and the independence of factor loadings do not hold, it is possible to consider augmentation
by principal components instead of cross-section averages, but the derivation of asymptotic
results is more complicated in the case of principal components and lies outside the scope of
the present paper.

Despite these important advantages, the CS-DL approach should be seen as complemen-
tary and not as superior to the CS-ARDL approach. The main drawback is that, unlike
the panel CS-ARDL approach, the CS-DL approach does not allow for feedback effects from
the dependent variable onto the regressors. However, a careful investigation of the size of
the small sample bias due to the presence of such feedback effects suggests that the CS-DL
approach can still outperform the CS-ARDL approach when 7' is moderately large. The
relative merits of different approaches are carefully documented in the paper, and our main
conclusion is that the CS-DL approach is a valuable complementary method for estimating
long-run effects in panels where the time dimension is moderately large.

The remainder of the paper is organized as follows. Section 2 shows how long-run coeffi-
cients can be derived from vector autoregressive models, and discuss alternative estimation
approaches. Section 3 introduces the CS-DL approach to the estimation of long-run re-
lationships. Section 4 investigates the relative small sample performance of CS-DL and
CS-ARDL estimators, using Monte Carlo experiments. Section 5 offers some concluding
remarks. Mathematical derivations are provided in an Appendix.

A brief word on notation: All vectors are column vectors represented by bold lower
case letters, and matrices are represented by bold upper case letters. p(A) is the spectral
radius of the n x n matrix, A = (a;;), ||A]| = \/o0 (A’A) is the spectral norm of A.* ||A]_
and [[A[];, defined by [|A[|,, = maxi<i<, X |ay;| and [[Al} = maxicj<, DL, |ag|, are
maximum row sum matrix and column sum matrix norms, respectively. a,, = O(b,) denotes
the deterministic sequence {a,} is at most of order b,. Convergence in probability and
convergence in distribution are denoted by - and i, respectively. (N, T) 7, 50 denotes
joint asymptotics in N and 7T, with N and T" — oo, in no particular order. We use K to

denote a positive fixed constant that does not vary with N or 7.

2Note that if x is a vector, then ||x|| = /0 (x'x) = VX'x corresponds to the Euclidean length of the

vector X.



2 Estimation of long-run or level relationships in eco-

nomics

The estimation of long-run relations can be carried out with or without constraining the
short-run dynamics. In this section, we focus on the estimation of long-run relations without
restricting the short-run dynamics and we assume that there exists a single long-run relation-
ship between the dependent variable, v;, and a set of regressors.® For illustrative purposes,
suppose that there is one regressor x, and suppose that z, = (i, ;)" is jointly determined

by the following vector autoregression of order 1, VAR(1),
Zy — @Zt,1 + €4, (1)

. . ! .
where ® = (¢;;) is a 2 x 2 matrix of unknown parameters, and e, = (ey,¢e,) is a 2-
dimensional vector of reduced form errors. Denoting the covariance of e, and e, by

wVar (eg), we can write
eyt =F (eyt ’6$t> + Ut = WELt + Uy, (2)

where by construction u; is uncorrelated with e,;, namely E (u;|e;:) = 0. Substituting (2)

for e,;, the equation for the dependent variable y; in (1) is

Yt = O11Yi—1 + Qa1 + wey + uy. (3)

Using the equation for the regressor z; in (1), we obtain the following expression for e,;

Cat = Tp — Po1Yi—1 — PoaTi_1,

and substituting this expression for e,; back in (3) yields the following conditional model for
Y,
Yt = PYi—1 + BoTe + B1Ti-1 + uy, (4)

where
O = Q11 — Wy, Bg=w, By = P13 — Whyy. (5)

Note that u; is uncorrelated with the regressor x; and its lagged values by construction. (4)

is ARDL(1,1) representation of 3, conditional on x;, and the short-run coefficients ¢, /3, and

3The problem of the estimation and inference in the case of multiple long-run relations is further com-
plicated by the identification problem and simultaneous determination of variables. The case of multiple
long-run relations is discussed for example in Pesaran (1997).



B, can be directly estimated from (4) by least squares regardless whether z; is integrated
of order one, I (1) for short, or stationary, I(0). See Pesaran and Shin (1999) for a related

discussion. Model (4) can also be written in the form of the error-correction model,
Ay = — (1 — ) (Y41 — Oxy_1) + ByAxy + uy,
or as the following level relationship
yr = Oxy + (L) Az + 1y, (6)

where @, = (1 — L) "y, (L) = Yol ap ==, 6, for £=0,1,2, ..., and

6 (L) = Z(Sé[/ = (1= L) (B +1L).
=0

The level coefficient, @, is defined by

:ﬁ()—i_ﬁl.

0 1=

Note that if z, is 7 (1) then (1, — 6)" is the cointegrating vector and the level relation (6) is
also cointegrating.

The level coefficient 6 can still be motivated as the long-run outcome of a counterfactual
exercise even if z; is stationary . One possible counterfactual is to consider the effects of a

permanent shock to the z; process on g; in the long run. Let

Gyt = SILIEOE (yt+5 — ,uy7t+s| Zi1,epp1hn = 04, for h=0,1,2, ) ,
and similarly

Jat = slirgloE (mHS — tyirs| Lie1, €apgn = 0g, for b =10,1,2, ) ,

where 1., and p,,, respectively, are the deterministic components of y;, and z; (in the cur-
rent illustrative example deterministic components are zero) and Z; is the set containing all

information up to the period ¢. Using (1) and noting that E (ey |esr) = weys, we obtain



Gyt = Gy, ot = g$74

g ) w _ wWtd1o—wdoy
g = gy _ (12 . ‘I’) X Op = _¢11+¢22w—¢<:i1_¢£12;¢112¢21—1 Oas
z P11+ P22—P11P22HP12021—1

9y W+ Qrp — Whyy

9z 11— (f11 — W¢21)7

which upon using (5), yields, g, = 6g,, namely the long-run impact of a permanent change

and

in the mean of x on y is given by 6. Note that only in the special case when the reduced form
errors are uncorrelated (w = 0), is the short-run coefficient /3, in the ARDL model (4) equal
to 0 and the long-run coefficient 6 reduces to ¢,/ (1 — ¢;;). But, in general, when w # 0,
the short-run coefficient 3, is non-zero and contemporaneous values of the regressor should
not be excluded from (4). In the stationary case with regressors not strictly exogenous, 6
depends also on the parameters of the x; process and the estimation of 6 should therefore
be based on (4).

An alternative way to show that 6 is equal to the ratio g,/g, is to consider the ARDL
representation (4) for the future period ¢t 4 s, given the information at time ¢ — 1. We first
note that

Yirs = PYtrs—1 + BoTers + B1leys—1 + Usps,

and after taking the conditional expectation with respect to {Z;_1, e, 4+n = 04, for h=10,1,2, ...

taking limits as s — oo, and noting that in the stationary case g+ = g, and g,; = ¢,, we

obtain
9y = ¢9y + Bogz + 519z,
and hence
Iy _ Bo + By _
9o 1—v ’
as desired.

Regardless of whether the variables are I(1), or I(0), or whether the regressors are ex-
ogenous or not, the level coefficient  is well defined and can be consistently estimated. The
rates of convergence and the asymptotic distribution of the ARDL estimates of # in the
case of (1) regressors is established in Pesaran and Shin (1999). See, in particular, their
Theorem 3.3.

4Note that, in the stationary case, > o ® = (I, — o).



2.1 Two approaches to the estimation of long-run effects

Consider now the problem of the estimation of long-run effects in heterogeneous dynamic
panels with a multi-factor error structure. Let y; be the dependent variable of the i" cross-
section unit, x;; be the k x 1 vector of unit-specific regressors, and consider the following

panel ARDL(py;, pi) specification,

DPyi DPzi

Yit = Z Pielit—e + Z BieXii—e + Wit (7)
=1 £=0

uir = Yifi + €ir, (8)

fori =1,2,....N and t = 1,2,...,T, where f; is an m x 1 vector of unobserved common
factors, and p,; and p,; are the lag orders chosen to be sufficiently long so that u; is a

serially uncorrelated process across all 7. The vector of long-run coefficients is then given by

Pz

01' - —EZO n i . (9)
1- 5111 Pie

There are two approaches to estimating the long-run coefficients. One approach, already
considered in the literature, is to estimate the individual short-run coefficients {¢,,} and {3,,}
in the ARDL relation, (7), and then compute the estimates of long-run effects using formula
(9) with the short-run coefficients replaced by their estimates {¢,,} and { BM} We shall
refer to this approach as the "ARDL approach to the estimation of long-run effects". The
advantage of this approach is that the estimates of short-run coefficients are also obtained.
But when the focus is on the long-run coefficients, 6; can be estimated directly without first
estimating the short run coefficients. This is possible by observing that the ARDL model,

(7), can be written as

Vi = 0ixy + Oé; (L) Ax;p + Ty, (10)
where .
0, =0;(1), 6; (L) = ;" (L) B; (L) = Z‘SML{
=0
Dyi DPzi
o (L) =1-=Y ¢uL", B,(L) =) _B;L"
=1 £=0
and

(6 %] (L) = — i i (51'5[}, ilit = ¥, (L)il Wit -

=0 s=¢+1

We shall refer to the direct estimation of 8; based on the distributed lag representation (10)



as the "distributed lag (DL) approach to the estimation of long-run effects". Under the usual
assumptions on the roots of ¢, (L) falling strictly outside the unit circle, the coefficients of
a; (L) are exponentially decaying; and it is possible to show that, in the absence of feedback
effects from lagged values of y;; onto the regressors x;;, a consistent estimate of 6; can be
obtained directly based on the least squares regression of y;; on x;; and {Ax;,_¢},_,, where
the truncation lag order p is chosen appropriately as an increasing function of the sample
size. But, when the feedback effects from the lagged values of the dependent variable to
the regressors are present, u; will be correlated with x;; and the DL approach would no
longer be consistent. Note that strict exogeneity is, however, not necessarily required for the
consistency of the DL approach, since arbitrary correlations amongst the individual reduced
form innovations in e; are still allowed. Using the individual long run estimates, 6;, consistent

estimates of the average long-run effects can be obtained as 0=N"1 Efil 0;.

2.2 Pros and cons of the two approaches to the estimation of long-

run effects

Consider first the ARDL approach, where the estimates of long-run effects are computed
based on the estimates of the short-run coefficients in (7). In the case where the unobserved
common factors are serially uncorrelated and are also uncorrelated with the regressors, the
long-run coefficients can be estimated consistently from the Ordinary Least Squares (OLS)
estimates of the short-run coefficients, irrespective of whether the regressors are strictly
exogenous or jointly determined with y;, in the sense that z; = (yi,x},) follows a VAR
model. The long-run estimates are also consistent irrespective of whether the underlying
variables are I (0) or [ (1). These robustness properties are clearly important in empirical
research. However, the ARDL approach has also a number of drawbacks. The sampling
uncertainty could be large especially when the speed of convergence towards the long-run
relation is rather slow and the time dimension is not sufficiently long. This is readily apparent
from (9) since even a small change to 1 — Y7, ®;, could have a large impact on the estimates
of 8; when Y )", ¢,, is close to unity. In this respect, a correct specification of the lag orders
could be quite important for the performance of the ARDL estimates of 8;. Underestimating
the lag orders leads to inconsistent estimates, whilst overestimating the lag orders could
result in a loss of efficiency and low power when the ARDL long-run estimates are used for
inference.

In the more general case when the unobserved common factors are correlated with the
regressors then the LS estimation of the ARDL model is no longer consistent and the effects of

unobserved common factors need to be taken into account. There are two possible estimators



developed in the literature so far for this case:” a principal-components based approach by
Song (2013) who extends the interactive fixed effects estimator of Bai (2009) to the dynamic
heterogeneous panels, and the dynamic common correlated effects mean group estimator
suggested by Chudik and Pesaran (2015b). A recent overview of these methods is provided
in Chudik and Pesaran (2015a). These estimators have been proposed (so far) only for
stationary panels, and are subject to the small T bias of the ARDL approach discussed
above. Bias correction techniques can also be used, but overall they do not seem to be
effective when the speed of adjustment to the steady state is slow.’

The main merit of the DL approach proposed in this paper is its robustness along a
number of important dimensions, and the fact that it tends to exhibit better small sample
performance as compared to the panel ARDL estimates when the time dimension 7" is not
very large. Specifically, (i) it is robust to the possibility of unit roots in regressors and/or
factors, (ii) it is applicable irrespective of whether the short and/or long-run coefficients are
heterogenous or homogeneous, (iii) it is robust to an arbitrary degree of serial correlation in €
and f;,” (iv) it does not require knowledge of the number of unobserved common factors under
certain conditions, and (v) it continues to be valid under weak cross-section dependence in
the idiosyncratic errors, ;. These robustness properties are very important considerations in
applied research. In addition, the CS-DL approach does not require specifying the individual
lag orders, p,; and p,;, and is robust to possible breaks in €;. The main drawback of the
CS-DL approach, however, is that @;; = ¢; (L)f1 u;; will be correlated with x;; when there
are feedback effects from lagged values of y;; onto the regressors, x;;. This correlation in
turn introduces a bias even when N and T are sufficiently large, and therefore the CS-DL
estimation of the long-run effects is consistent only in the case when the feedback effects (or
reverse causality) are not present. The second drawback is that the small sample performance
is very good only when the eigenvalues of ¢, (L) are not close to the unit circle. We will
provide small sample evidence on the two approaches by means of Monte Carlo experiments

in Section 4.

5 Also related is the quasi maximum likelihood estimator for dynamic panels by Moon and Weidner (2015),
but this estimator has been developed only for panels with homogeneous slope coefficients.

6Chudik and Pesaran (2015b) consider the application of two bias correction procedures to dynamic CCE
type estimators, but find that they do not fully eliminate the bias.

"Note that 8; is identified even when ¢;; is serially correlated.



3 Cross-sectionally augmented distributed lag (CS-DL)

approach to estimation of mean long-run coefficients

3.1 The ARDL panel data model

To simplify the exposition we consider the panel ARDL data model (7) with p,;, = 1 and
Pzi = 0,
Yit = 0Yii—1 + Bixi + vifi + €. (11)

To allow for correlation between the m unobserved factors, f;, and the k observed regressors,

x;;, we assume that the latter is generated according to the following factor model
xi = Dify 4 vy, (12)

fori=1,2,.... N and t = 1,2,....,T, where I'; is an m X k matrix of factor loadings, and v;
are the idiosyncratic components of x;; which are assumed to be distributed independently
of the idiosyncratic errors, ;. The panel data model (11) and (12) is identical to the model
considered by Pesaran (2006), with the exception that the lagged dependent variable is
included in (11). We have also omitted observed common effects and deterministics (such
as intercepts and time trends) from (11) to simplify the exposition. Introducing these terms
and additional lags of the dependent variable and regressors complicate notations but do not
pose additional technical difficulties.

We are interested in the estimation of the mean long-run coefficients 8 = F (0;), where
0;,i=1,2,..., N are the cross-section specific long-run coefficients defined by (9), which for

pyi = 1 and pg; = 0 reduces to
I 902"

We postulate the following assumptions.

0; (13)

Assumption 1 (Individual specific errors) Individual specific errors €, and vjy are inde-
pendently distributed for all i, j,t and t'. €; follows a linear stationary process with absolute

summable autocovariances (uniformly in i),
o0
it = Z aeiﬁCi,t—é; (14)
=0

orit=1,2,..., N, where the vector of innovations ¢, = s Copy ey " is spatially correlated
t 16> G2t Nt

according to
Ct = R§t7

10



in which the elements of S, i, are independently and identically distributed (IID) with zero
means, unit variances and finite fourth-order cumulants. Matriz R has bounded maximum

column and row sum matriz norms, namely |R|| . < K and ||R||; < K. In particular,

Var (eq) = agi Zazw =07 < K < o0, (15)
=0

fori=1,2,.... N, where ng‘ =Var((y). vi follows a linear stationary process with absolute

summable autocovariances uniformly in i,

Vig = Z Siﬂ/i,t—z; (16)
=0

foriv = 1,2,....N, where vy is a k x 1 vector of IID random wvariables, with mean zero,

variance matrix Iy, and finite fourth-order cumulants. In particular,

>SSk

=0

Var (vi)ll = = [[Bull < K < o0, (17)

fori=1,2,...,N.

Assumption 2 (Unobserved common factors) The m x 1 wvector of unobserved common
factors, £, = (fii, fot, .., fmt)'s is covariance stationary with absolute summable autocovari-
ances, distributed independently of <y and vy for all i,t and t'. Fourth moments of fu, for

(=1,2,...,m, are bounded.

Assumption 3 (Factor loadings) The factor loadings, ~;, and T;, are independently and
identically distributed across i, and of the common factors £, for all i and t, with fixed

means v and I', respectively, and bounded second moments. In particular,

Vi =Y+ Nyis My~ 11D <m(11’ 9)  fori=1,2,..,N,

and
vec (T;) = vec (L) + npy, My ~ 11D (k 0 1,Qp> ,fori=1,2,....N,
m X

where ), and Qp are m x m and km x km symmetric nonnegative definite matrices, ||| <
K, Q) < K, |IP < K, and [|Qr]] < K.

11



Assumption 4 (Long-run coefficients) The long-run coefficients, 6;, defined in (13), follow

the random coefficient model
Hi:9+vi, ’UZN[ID <k01,99),f07’i:1,2,...,N, (18)
X

where ||0] < K, ||Q] < K, Qp is k x k symmetric nonnegative definite matriz, and the
random deviations v; are independently distributed of 7;, L';, ¢ji, Vi, and f; for all 1,5, and
t. The coefficients of the lagged dependent variable, v;, are distributed with a support strictly

inside the unit circle.

The polynomial 1 — ¢,L is invertible under Assumption 4, and multiplying (11) by
(1 — ;L) we obtain

yi = (=@ L) Bxu+ (1= L) it + (1 -9 L) e

= 0;x; + a, (L) Ax; + 'y;f'l-t + &y, fori=1,2,....N, (19)
where Ax; = X — X1, o; (L) = =Y 50, [¢ (1 — ©;) B;] LY, f, = 1—p, L)' £,
and &; = (1 — (piL)_l eir. The distributed lag specification in (19) does not include the
lagged values of the dependent variable, and as a result the CCE estimation procedure
can be applied to (19) directly. The regression of y;; on x;; is estimated by augmenting the
individual regressions by differences of unit specific regressors x;; and their lags, in addition to
augmentation with cross-section averages that take care of the effects of unobserved common
factors. It is important to note that the CCE procedure continues to be applicable despite

the fact that the errors, &;, are serially correlated. (See Pesaran (2006)).
Let w = (wi,wy,...,wy) be an N x 1 vector of weights that satisfies the following

‘granularity’ conditions

Il = o (x73). (20)
Hi?UV_ZH = (N‘é> uniformly in 7, (21)

and the normalization condition N
i=1

Define the cross-section averages z,; = (?/wtﬂ_(;ut)l = Zf\il w;Z;, and consider augmenting
the regressions of y;; on x;; and the current and lagged values of Ax;;, with the following

set of cross-section averages, Syt = Zy U {A}_Cw’t,g}‘zzo. Cross-section averages approximate

12



the unobserved common factors arbitrarily well if
np = £ — E (£ Snpi) 2 0, (23)

uniformly in ¢, as NV and p 7, 00. Sufficient conditions for result (23) to hold are given by
Assumptions 1-4 and if the rank condition rank (I') = m holds. Different sets of cross-section
averages could also be considered. For example, if the set of cross-section averages is defined
as Snp.t = {Zwt—r}y-y, then the sufficient condition for (23) to hold under Assumption 1-4
would be the usual rank condition rank (C) = m, where C = (v,I"). Using covariates to
enlarge the set of cross-section averages could also be considered, as in Chudik and Pesaran
(2015b). The rank condition can be relaxed in the case where v, and I'; are independently
distributed.® In this case, the asymptotic variance of the CCE estimator does depend on
the rank condition, nevertheless the CS-DL estimators are consistent and the proposed non-
parametric estimators of the covariance matrix of the CS-DL estimators given below continue
to be valid regardless of whether the rank condition holds.
More formally, let y; = (Yipi1, Yips2s --¥ir) s Xi = (Xipi1, Xipr2, -‘-7Xi,T),7

= — — — /
Zw = (Zw,p+1> Zywp+2y s Zw,T) 5

/ / /

AXipn  AXG, Axiy
/ / /

" AXWJr2 AXW+1 AX]q

p . . . I
(T'—p)xpk
/ / /
Axgr AXZ‘,TA T AXi,Tprrl

AXyp = Zfil Wi AXp, Qui = (Zw, A)_(wp, AXz-p), and define the projection matrix
Mqi - IT—p - Qwi (Q;;;zsz)+ Q;}za (24)

fori =1,2,...,N, where p = p(T) is a chosen non-decreasing truncation lag function such
that 0 < p < T, and A" is the Moore-Penrose pseudo-inverse of A. We use the Moore-
Penrose pseudo-inverse as opposed to the standard inverse in (24) because the column vectors
of Qu; could be asymptotically (as N — oo) linearly dependent.

The CS-DL mean group estimator of the long-run coefficients is given by

N 1 X
O = N;Oia (25)

8Correlation of 4, and T; could introduce a bias in the CCE estimates in the case where C is rank
deficient. See Sarafidis and Wansbeek (2012) and Section 29.4 in Pesaran (2015).
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where

0; = (X;M;;X)) ™ XM,y (26)
The CS-DL pooled estimator of the long-run coefficients is

N
51) = (Z wiX/iMini> Z wz'XQMqiyi- (27)
i=1 i=1

Estimators 6 mc and 0 p differ from the mean group and pooled CCE estimator developed
in Pesaran (2006), which only allows for the inclusion of a fixed number of regressors, whilst
the CS-DL type estimators include plags of Ax;; and their cross-section averages, where p
increases with 7', albeit at a slower rate.

In addition to Assumptions 1-4 above, we shall also require Assumption 5 below to

hold. This assumption ensures that 0 ma and ﬁp and their asymptotic distributions are well
defined.

Assumption 5 (a) The matriz limNTp i Zf\il w;3; = W* exists and is nonsingular,

and sup; ,, HE?” < K, where ¥; = plim T *X!M,,;X;, and My, is defined in (A.3).

(b) Denote the t-th row of matrix )~(l = My X; by X}, = (Ti1g, Tinty o, Tikt) . Lhe individual
elements of X;; have uniformly bounded fourth moments, namely there exists a positive
constant K < oo such that E (7},) < K, for anyt = 1,2,...T, i = 1,2,.... N and
s=1,2,... k.

-1
(c) There exists Ty such that for all T > Ty, <Zf\il wiX;Mini/T> exists.

(d) There exists Ny, Ty and po = p(Ty) such that for all N > Ny, T' > Ty and p > py, the
k x k matrices (XM X;/T) ™" exist for all i, uniformly.

Our main findings are summarized in the following theorems.

Theorem 1 (Asymptotic distribution of 5Mg) Suppose y;, fori=1,2,.... N and t =
1,2,...,T are generated according to the panel data model (11)-(12), Assumptions 1-5 hold,
and (N, T,p) 7y 00 such that VNpp? — 0, for any constant 0 < p < 1 and p*/T — »,
0 < 3 < 00. Then, if rank (I') = m we have

VN (§MG _ 9) 4N (0,9), (28)
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where 2y = Var (6;) and i is given by (25). If rank (') # m and =, is independently
distributed of T';, we have

VN (ﬁMG — 9) 4 N0, Swme) (29)

where

; (30)

p,N—00

N
: 1 - -
Sue =+ lim [N Zl 2 Qi Qi 2

in which Q. = Var (v4,), Yip = (Vi @iV} s &01) s i = plAim T XM X; and Q;pp =
plim T XM, F,,. In both cases, the asymptotic variance of Oy can be consistently esti-

mated nonparametrically by

N

Se = 3 O (6~ uic) (0~ Bus) (31)
=1

Theorem 2 (Asymptotic distribution of ép) Suppose vy, for i = 1,2,..., N and t =
1,2,...,T are generated by the panel data model (11)-(12), Assumptions 1-5 hold, and (N, T, p)
00, such that v/ Npp? — 0, for any constant 0 < p < 1 and p3/T — 3, 0 < 3 < co. Then,
if v, is independently distributed of I';, we have

(XN: w§> _1/2 (ép . 0) 4 N(0,55), (32)

where Op is given by (27),

N
Sp=¥TRETL @ = lim Y w,E, (33)

,N—o00
P =1

N N
* * * * . 1 ~ * : 1 ~
R*=R;+R}, Ry = lim - > wEi2%, R = ¥ DT Qip Qi
i=1 i=1
Qy = Var(8:), @, = Var (v,). vip = (Voo d07))s Bi = plim T XM X,
~1/2
Qifp = plim T XM, F,, and w; = vV Nw; (sz\il w?) . If rank (T') = m, then =,
is no longer required to be independently distributed of T'; and (32) continues to hold with
Yp = UIRSU*L In both cases, Xp can be consistently estimated by Sp defined by

equation (A.25) in the Appendiz.
Theorems 1-2 establish asymptotic distributions of 0 mc and §p under slope heterogene-
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ity. These theorems distinguish between cases where the rank condition that ensures (23)
is satisfied or not. Under the former, unobserved common factors can be approximated
by cross-section averages when N is large and regardless of whether -, is correlated with
I, §MG and /ép are consistent and asymptotically normal. In the latter case, where the
unobserved common factors cannot be approximated by cross-section averages when N is
large, then so long as v, and I'; are independently distributed, both aMG and Ep continue
to be consistent and asymptotically normal, but the asymptotic variance also depends on
unobserved common factors and their loadings. In both (full rank or rank deficient) cases,
the asymptotic variance of the CS-DL estimators can be estimated consistently using the
same non-parametric formulae as in the full rank case.

There are several departures from the assumptions of these theorems that might be
of interest in applied work, such as the consequences of breaks in the error processes, ¢;,
possibility of unit roots in factors and/or regressor specific components, and situations where
some or all coefficients are homogeneous over the cross-section units. These theoretical
extensions are outside the scope of the present paper but we investigate the robustness of
the proposed CS-DL estimator to such departures by means of Monte Carlo simulations in

the next section.

4 Monte Carlo experiments

This section investigates the small sample properties of the CS-DL estimators and com-
pares them with the estimates obtained from the panel ARDL approach using the dynamic
CCEMG estimator of the short-run coefficients advanced in Chudik and Pesaran (2015b),
which we denote by CS-ARDL. First, we present results from the baseline experiments with
heterogeneous slopes (long- and short-run coefficients), and then we document the small
sample performance of the alternative estimators under various deviations from the base-
line experiments, including robustness of the estimators to the introduction of unit roots in
the regressors or factors, possible breaks in the idiosyncratic error processes, and the conse-
quences of feedback effects from lagged values of y;; onto x;;. Second, we investigate whether
it is possible to improve on the estimation of short-run coefficients, provided the model is
correctly specified, by imposing CS-DL estimates of the long-run coefficients.

We start with a brief summary of the estimation methods and a description of the data
generating processes (DGP). Then we present findings on the estimation of the mean long-
run coefficient and on the extent to which estimates of the short-run coefficients can be

improved by using the CS-DL estimators of the long-run effects.
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4.1 Estimation methods

The CS-DL estimators are based on the following auxiliary regressions:

p—1 Dy Pz
Yit = Cyi + 9§Xit + Z dieAx; g+ Z Wy itYi—e + Z w;ﬂ'g)_(t—z + e, (34)
=0 £=0 =0

where X, = N1 Zf\il Xit, Jr = N7t Zf\il Yit, Pz is set equal to the integer part of T1/3,
denoted as [Tl/ 3], p = pz and py is set to 0. We consider both CS-DL mean group and
pooled estimators based on (34).

The CS-ARDL estimator is based on the following regressions:
Py Pz pz
Yit = Cyi + Z PieYit—e + Z BieXit—e + Z VYiZeo + €, (35)
=1 =0 =0

where z, = (7;,%}), ps = [Tl/ 3] and two options for the remaining lag orders are considered:

ARDL(2,1) specification, p, = 2 and p, = 1, and ARDL(1,0) specification, p, = 1 and

pe = 0. The CS-ARDL estimates of the individual mean level coefficient are then given by
20 Bir

9CSfARDL,i =Ty (36)
1- ?:1 Pie

where the estimates of the short-run coefficients ($,,,3;,) are based on (35). The mean long-
run effects are estimated as N~} Zfil 905_ Arpr; and the inference is based on the usual

non-parametric estimator of asymptotic variance of the mean group estimator.

4.2 Data generating process

The dependent variable and regressors are generated using the following ARDL(2,1) panel

data model with factor error structure,

Yit = Cyi + Pir¥it—1 + Pislit—2 + BioTit + BaTiz—1 + Wi, Wi = iy + €t (37)

and

Tit = Cai + Kyilit—1 + ’Y;ift + Vgt (38)

We generate y;;,x;; for i = 1,2,..., N, and t = —99,...,0,1,2, ..., T with the starting values
Yi—101 = Yi—100 = 0, and discard the first 100 observations (¢t = —99, —48,...,0) to reduce
the effects of the initial values on the outcomes. The individual effects are generated as ¢;,, ~
IIDN (1,1), and ¢, = ¢y + Se,i, Where ¢.,; ~ IIDN (0,1), thus allowing for dependence
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between z;; and cyi.g

We consider three cases depending on the heterogeneity /homogeneity of the slopes:

e (heterogeneous slopes - baseline) o, = (1 + 2,i) Ny, Vo = — il 05 #pi ~ 11DU (0.2,0.3),
Nyi ~ 1IDU (0, 9,y ). The long-run coefficients are generated as 6; ~ IIDN (1,0.2%)
and the regression coefficient are generated as 8,y = s5ins;, 81 = (1 — 23;) ng;, Where
Mg = 0i/ (1 — ¢ — ¢i3) and 5 ~ 11DU (0, 1).

e (homogeneous long-run, heterogenous short-run slopes) 6; = 1 for all 7 and the remain-
ing coefficients (¢;1, .9, B0, 8i1) are generated as in the previous fully heterogeneous

case.

e (homogeneous long- and short-run slopes) ¢;; = 1.15¢,../2, ¥ = —0.15¢,.../2, 0; =
1; and ﬁi(} = 52’1 = 05/ (1 - Spmax/Q)'

We also consider the case of ARDL(1,0) panel model by setting s,; = 0 and »g; = 1 for
all 7, which gives ¢, = 3;; = 0 for all 7. We consider three values for ¢, = 0.6, 0.8 or 0.9.
The unobserved common factors in f; and the unit-specific components, v;;, are generated

as independent AR(1) processes:

fre = szft—l,f + Srtey See ™~ IIDN (O,U?ﬂ) ) (39)
Vit = PgVig—1 + Vi, Vi ~ IIDN (0,0%;), (40)

fori =1,2,... N, £ =1,2,..,m, and for t = —99,...,0,1,2, ..., T with the starting values
fr—100 = 0, and v; _100 = 0. The first 100 time observations (t = —99,—48,...,0) are
discarded. We consider three possibilities for the AR(1) coefficients p;, and p,;:

e (stationary baseline) p,; ~ IIDU[0.0.95], 02, = 1 — p2; for all i; p;, = 0.6, and
afﬂ =1- p?z for ¢ =1,2,....m.

e (nonstationary factors) p,; ~ IIDU[0.0.95], o2, = 1 — p2; for all 4; and p; = 1,
a?ﬂ =0.12for = 1,2,...,m.

e (nonstationary regressors and stationary factors) p,; = 1, o2, = 0.1? for all i; and

9Unlike in the case of panel data models with short T, estimation methods considered in this paper do not
require any restrictions on the way the individual effects, cy; and cu;, are generated, and the MC results are
unlikely to depend significantly on the ways individual effects are generated. To illustrate this point we have
also carried out a number of experiments where we use a spatial scheme to generate correlated individual
effects, and found little change in the small sample results. Details and findings for these experiments are
available from the authors upon request.
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We consider also two options for the feedback coefficients x,;: no feedback effects, x,; = 0

for all 4, and with feedback effects, x,; ~ I1DU (0,0.2).

Factor loadings are generated as

for { =1,2,..,m,and i = 1,2,..., N. Also, without loss of generality, the means of factor
loadings are calibrated so that Var(vify) = Var (v.;,f;)) = 1 in the stationary case. We
set v, = \/b_w and v,, = /b, for £ = 1,2,...,m, where b, = 1/m — 0.2 and b, =
2/ [m (m+1)]—2/ (m + 1) 0.22. This ensures that the contribution of the unobserved factors
to the variance of y;; does not rise with m in the stationary case. We consider m = 2 or 3
unobserved common factors.

Finally, the idiosyncratic errors, €;, are generated to be heteroskedastic, weakly cross-

sectionally dependent and serially correlated. Specifically,

Eit = Pei€it—1 + Cit? (41)

where ¢; = (Cy4, Coys -, ()’ are generated using the following spatial autoregressive model

(SAR),
¢; = acScC; + s, (42)

in which the elements of ¢, are drawn as IIDN [0, 10? (1 — p%)], with o7 obtained as inde-

pendent draws from x?(2) distribution,

01 0
3 0 3
Sezoéo |
00 10
3 0 3
00 - 0 1 0

and the spatial autoregressive parameter is set to a. = 0.6. Note that {e; } is cross-sectionally
weakly dependent for |a.| < 1. We consider p_, = 0 for all i or p_,, ~ IIDU (0,0.8). We

also consider the possibility of breaks in €;; by generating for each ¢ random break points
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b; € {1,2,...,T} and

cit = Puit—1+ Gy, fort=1,2,.0;
e = phciva+ Gy fort=b+1,b;+2, ...,T,

where p%, p2. ~ I1DU (0,0.8), and ¢, = (Cy;, Cops -+, Cp)’ is generated using SAR model (42)
with ¢;; ~ IIDN [0, 102 (1 — p23)].

The above DGP is more general than the other DGPs used in MC experiments in the
literature and allows the factors and regressors to be correlated and persistent. The above
DGPs also include models with unit roots, breaks in the error processes, and allows for

correlated individual effects. To summarize, we consider the following cases:

1. (3 options for heterogeneity of coefficients) heterogeneous baseline, homogeneous long-

run with heterogeneous short-run, and both long-and short-run homogeneous,

2. (2 options for lags) ARDL(2,1) baseline, and ARDL(1,0) model where s, = 0 and
»p; = 1 for all 4, which gives p;, = 3;; = 0 for all 1.

3. (3 options for ¢, ..) ©m.x = 0.6 (baseline), 0.8, or 0.9

4. (3 options for the persistence of factors and regressors) stationary baseline, I(1) factors,

or I(1) regressor specific components v,

5. (2 options for the number of factors) full rank case baseline m = 2, or rank deficient

case m = 3,

6. (3 options for the persistence of idiosyncratic errors) serially uncorrelated baseline

pei =0, p; ~ 1IDU (0,0.8), or breaks in the error process.

7. (2 options for feedback effects) x,; = 0 for all i (baseline), or x,; ~ I1DU (0,0.2).

Due to the large number of possible cases (648 in total), we only consider baseline exper-
iments and various departures from the baseline. We consider the following combinations of
sample sizes: N, T € {30, 50,100, 150,200}, and set the number of replications to R = 2,000,

in the case of all experiments.
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4.3 Monte Carlo findings on the estimation of mean long-run co-

efficients

The results for the baseline DGP are summarized in Table 1. This table shows that both
CS-DL estimators (MG and pooled) perform well in the baseline experiments. This table
also shows that the CS-ARDL approach does not perform well when 7" is not large (< 50).
The problems arising when ;" ¢;, is close to unity could be one of the explanations behind
the inferior performance of the CS-ARDL approach when T is not large. Also, CS-ARDL
estimates that are based on misspecified lag orders are inconsistent, as to be expected. In
contrast, the consistency of the CS-DL estimators does not depend on knowing the correct
lag specifications of the underlying ARDL model.

Next, we investigate robustness of the results to different assumptions regarding slope
heterogeneity. Table 2 presents findings for the experiment that depart from the baseline
DGP by assuming homogeneous long-run slopes, while allowing the short-run slopes to be
heterogeneous. Table 3 gives the results when both long- and short-run slopes are homoge-
neous. These results show that the CS-DL estimators continue to have good size and power
properties in all these cases.

Experiments based on the ARDL(1,0) specification (as the DGP) are summarized in Table
4. CS-DL estimators continue to perform well, showing their robustness to the underlying
ARDL specification.

The effects of increasing the value of ¢, .. on the properties of the various estimators
are summarized in Tables 5 (for ¢, = 0.8) and 6 (for ¢,,. = 0.9). The small sample
performance of the CS-DL estimators deteriorates as ¢,,,, moves closer to unity, as to be
expected. Tables 5-6 show that the small sample performances of different estimators dete-
riorate substantially for values of ¢, .. close to unity. This is partly due to an inappropriate
lag truncation. It can take a large lag order for the truncation bias to be negligible when the
largest eigenvalue of the dynamic specification (given by the lags of the dependent variable)
is close to one. We see quite a substantial bias when ¢, ., = 0.9. Therefore, it is impor-
tant that the CS-DL approach is used when the speed of convergence towards equilibrium is
not too slow and/or T is sufficiently large so that biases arising from the approximation of
dynamics by distributed lag functions can be controlled.

The robustness of the results to the number of unobserved factors (m) is investigated in
Table 7. This table provides a summary in the case of m = 3 factors, which represents the
rank deficient case. It is interesting to note that despite the failure of the rank condition, the
CS-DL estimators continue to perform well (the results are almost unchanged as compared
with those in Table 1), while the CS-ARDL estimates are affected by two types of biases

21



(the time series bias and the bias due to rank deficiency) that seem to apply in opposite
directions.

The robustness of the results to the presence of unit roots in the unobserved factors and
the regressors are examined in Table 8, and Table 9, respectively. As can be seen the CS-DL
estimators continue to perform well when factors contain unit roots. Table 9, on the other
hand, shows large RMSE and low power for 7" = 30 and 50, when the idiosyncratic errors
have unit roots. But, interestingly enough, the reported size is correct and biases are very
small for all sample sizes.

The robustness of the CS-DL estimators to the patterns of residual serial correlation
is investigated in Table 10, whilst Table 11 presents results on the robustness of CS-DL
estimators to possible breaks in the error processes. As can be seen, and as predicted by
the theory, the CS-DL estimators are robust to both of these departures from the baseline
scenario, whereas the CS-ARDL approach is not. Recall, the CS-ARDL approach requires
the lag orders to be correctly specified, and does not allow for residual serial correlation
and/or breaks in the error processes, whilst CS-DL does.

Last but not least, the consequences of feedback effects from y;; to the regressors, x;,
is documented in Table 12. This table shows that the CS-ARDL approach is consistent
regardless of the feedback effects, provided the lag orders are correctly specified, again as
predicted by the theory. But a satisfactory performance (in terms of bias and size of the
test) for the CS-ARDL approach requires 7' to be sufficiently large. On the other hand, in
the presence of feedbacks, the CS-DL estimators are inconsistent and show positive bias even
for T sufficiently large. But the bias due to feedback effects seems to be quite small; between
-0.02 and 0.06, and the CS-DL estimators tend to outperform the CS-ARDL estimators when
T < 50, even when the underlying ARDL model is correctly specified.

4.4 Monte Carlo findings on the improvement in estimation of

short-run coefficients

As a final exercise, we consider if it is possible to improve on the estimation of the short-
run coefficients by imposing the CS-DL estimates of the long run, before estimating the
short-run coefficients. We consider the experiment that departs from the baseline model by
assuming a homogeneous long-run coefficient, whilst all the short-run slopes are allowed to
be heterogeneous, and use the ARDL(1,0) as the data generating process. More specifically,
we impose the CS-DL pooled estimator of the long-run coefficient, fp, when estimating the

short-run coefficients using the CS-ARDL approach. In particular, we estimate the following
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unit-specific regressions,
. pz
Ayir = ¢y + N <yi,t—1 - 9P1’it> + Z 8.0 + (43)
=0

fori=1,2,..., N, and the resulting mean group estimator of £ (¢;;) = 1+ E ();) is denoted
by

N
S~01,MG =N~ Z@ﬂa P =1- S\ia
i=1
where J\; is the least square estimate of \; based on (43). The results of these experiments are
summarized in Table 13. Imposing the CS-DL pooled estimator of the long-run coefficient
improves the small sample properties of the short-run estimates substantially, about 80-90%
reduction of the difference between the RMSE of the infeasible CS-ARDL estimator and the
RMSE of the unconstrained estimator, when 7" = 30.

5 Concluding remarks

Estimation of long-run effects is an important task in economics. This often requires a
large time dimension for panel data models with slope heterogeneity, lagged dependent vari-
ables, and cross-sectionally correlated innovations. This paper proposes a cross-sectionally
augmented distributed lag (CS-DL) approach to the estimation of long-run effects as a com-
plementary method to cross-sectionally augmented ARDL specifications. Based on a series
of Monte Carlo simulations, we show the robustness of panel CS-ARDL estimates to the
endogeneity problem. We also show that the CS-DL estimators are robust to residual serial
correlation, breaks in error processes and misspecifications of dynamics. However, unlike
the CS-ARDL approach, the CS-DL procedure could be subject to simultaneity bias. Nev-
ertheless, the extensive Monte Carlo experiments reported in the paper suggest that the
endogeneity bias of the CS-DL approach is more than compensated for by its better small
sample performance as compared to the CS-ARDL procedure when the time dimension is
not very large. CS-ARDL seems to dominate CS-DL only if the time dimension is sufficiently
large and the underlying ARDL model is correctly specified.

23



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T  00°00T 0€L6 | 00°00T 00°00T 00°00T 00°00T GC'¥6 | 99°c¢ <CI'€C 6E€¥C V08 TV 09 0¥'¢e-  96'¢ce- 0T¥e-  €LLC- 0CT'1¢- | 00T
00°00T  00°00T  00°00T  00°00T 0Z'L6 | 00°00T 00°00T 00°00T 0666 GE'¢6 | €9°cc  S0'¢c  9Tve c¢0'8Cc  TeI8 ve¢'ee-  ¢8ce- 10ve-  09°L2-  T1°0¢- | OST
00°00T  00°00T  00°00T  00°00T 0196 | 00°00T 00°00T 00°00T S¥'66 GL.8 | 09'CC 9T°€C VSVC €T'8C T8'C9 1¢°¢c-  ¥6'¢¢-  8T'¥e-  ¥9'Le-  G8'1€- | 00T
00°00T  00°00T  00°00T 0866 0026 | 9266 0986 qgTc L6 GL06 0z'€L | €8°Cc 9¢'€c  0LFc 89'8¢  L6°60T | 8¢'ce- TLGC- 96°¢e-  6V'Le-  8LLC- | 09
00°00T _ 00°00T  06°66 00°86 0198 | 96'16 0706 06°48 0,76 608G | 66'¢cC  LL€T  €8VC  16'8C  9¥'VLT | 100 99°¢%-  89'€C-  16'9¢- 6C°€¢- | 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  00°00T  0¥'66 00°TL | 0474 SO'TT OT"€T 01°0¢ 06°€T | T€C 6L°¢C [4*RS 999 L€°8L9 | 10°T- [ qre L6°€- 6C 1T 002
00°00T  00°00T  00°00T 0966 09°29 | 968 9¥'6 g0et G¥°81 G9°¢T | 89'C €0°¢ ¥8°€¢ 9%°9 06°69T | LO°T- 021~ €0°¢- €6°¢- 9¥°6- 0ST
00°00T  00°00T  00°00T  0¥'96 0€'19 | 908 S¥'8 G0°0T 06°€T 06°¢r | 9T°€ 8G°¢ eV 1€°L 167996 | €8°0- 6€°1- c0°c €07 LG°LT 00T
0466 06°86 00'86 0€'18 0¥'av | 999 99°L 0T'8 gLerl G701 | CEF 687 £€8°¢ 946 9€°¢8T | 00°T- 0€°'1- e 96°¢- oLe 0g
0096 0T'v6 S0°98 S0°99 g6°6¢ | 052 gz'8 S¥°6 086 GL0T | ¥9°¢ ¥2'9 69°L 290 89°19¢ | 88°0- 8¢ 1~ €L 1~ L8°¢- 0¥°01- | 0€
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T  00°00T  00°00T 96766 Gev6 | 90°¢ qr'e 0g°¢ 0L°G YA €V'e VLC ¥0'€ ITv 68°¢ €0°0 90°0- [qay 89°0- 18°0- 002
00°00T  00°00T  S6°66 G6'86 09°.8 | 99°¢ G6°¢ 08¢ 019 06°¢ L8C 8¢C'¢ gee [40% €89 ¢0°0- 11°0 60°0- cL0- ¢0°1- 0ST
G666 06°66 GL66 0196 0cvL | 08°¢ 097 0g°¢ ge’9 G8°¢g €9°¢ 06°¢ 9C'¥ 88°¢ LT°8 AN 010" €1°0- €8°0- 60°1- 00T
086 0876 0716 066 G0°LY | 097 009 0L¢ 0.9 009 08'% 6g'¢g 809 1€°8 LVTT 90°0- 9T°0- 620" 00°1- €6°0- 0g
Gc'88 Gy'e8 G1'€L g99°'€¢ GgL'€¢ | 099 969 0z’ 099 G969 179 012 [A%] PP 0T 1€°9T ¥0°0- 80°0- 910 61°0- 0¥%°0- 0€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T  00°00T 0866 g9'88 | 097 0r'¢ a8F 009 09°¢ Lv'e 98°C LT°€ 8¢V 0.9 €00 L0°0- vc0- GL'0- 90°'T- 00¢
00°00T  00°00T  48°66 0286 9¥'6L | GL°¢ gz'9 06°¢ 0¢'9 06°¢ ¥6°C 8¢€°¢ 8L°¢ veg 16°L G0°0- 910 11°0- 96°0- 6T°1- 0ST
00°00T  SL°66 0666 Sadi] g6°c9 | 9¥'¢Q 0S¥ 6g'¢g 0¢'9 66°9 9¢°¢ €0y 6V'v gz'9 996 S0 11°0- 60°0- 260" 4N 00T
086 G¥°€6 0168 0202 a¥'6€ | 029 av'9 gc'¢ a1'9 06°¢ 6'v 8¢ €€9 €8'8 6T°€T €0°0- 1 o- 7€0- 00°1- [N 0g
128 0T°08 0€°02 02°0¢ 0€'8% | 0¥'9 08¢ Gl S1T’9 ge9 979 yeL gg'8 ¥CIT 8891 q10- 11°0- ¥0°0 6¥°0- §9°0- 0€
(1—2d=dpue [, 1] = %d ‘0 = fd) dnos8 uesw TI-SD
002 0ST 00T 0g o€ 002 0ST 00T 0g (119 002 0ST 00T 0s (119 002 0ST 00T 0s 0€ (LN)

(T1=10:TH ‘19A9] %G) IOMOg (1= OH ‘19491 %) 2718

(001 %) sioaxyg aaenbg ueay 100y

(001x) serg

= "“d pue sj09p0

SDR(PAIJ OU ‘SI0J0R] g = Ui ‘SIOSSDIZI ATRUorie)s ‘g () = **'dh ‘SIULIDJo0D SN0aua30I0)aY YIm [Ppowl (T7)TAYVY Ue st J5HJ

Juowirrodxry] auleseyq a9y} J0J

(p) syadYe0H uNnI-3uory Jo uoljeUIl)SH J10J IomoJ pue 9zIS ‘HSINY ‘Selq Jo sajewnlysy o[Ie) 9JUOIN :T 9[qelL

24



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO
Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T  S6°66 G0'.L6 | 00°00T 00°00T 00°00T 9866 CE€¥6 | GL'CC 8C'€C VIVe LI'SC 86'€S €9'¢c-  9T'€c-  8E€PE-  06'Lc-  96°€€- | 00T
00°00T  00°00T  00°00T 00°00T 0696 | 00°00T 00°00T 00°00T 0666 99°C6 | 9L'¢c €€€c 99Vc LE'8C 09'9¢ ¢9'cc-  9T°€c-  GEVE-  88'LT-  €9°CE- | 091
00°00T  00°00T  00°00T 00°00T €996 | 00°00T 00°00T <666 0966 G868 | 6L'cc 9V'€c CLVe €€8C  L6'C4C | L9'Ce-  1¢€e-  IvWe-  8LLG- LLWE- | 00T
00°00T  00°00T  00°00T  06°66 gc'v6 | 00°00T  GL°66 G0'66 Gc'v6  G8'9L | 00°€C  99'€c  88VC 99'8C IT'LY L9¢e-  VI'€c- €TV €948~ ¢I'cE- | 09
00°00T  00°00T  00°00T  06°86 00°28 | 0€'86 G296 0T°T6 GI'T8 G9'¢9 | 498'¢c  €9'€Cc  68F¢ 06'8C  08'GS ¢1'cc-  08°¢g-  8L°€¢-  0¢'Lg-  6L°0E- | 0€

Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq

00°00T  00°00T  00°00T  0L°66 06'TL | T¢I gcvl Gc'91 GG'¢c  GC¢'Sl | ¢6'T 6€°C 91°'€¢ GL'G L0°0c€ | SO°'T- LE7T- 90°¢- 86°€- €41 00¢
00°00T  00°00T  00°00T  04°66 G6°L9 | GL'TT 0€'¢T 08'¥%T 0T8T SO'%I | ¢I'C 09°¢ 16°€ L2°9 6,706 90°T- LE°T- 11°¢- ¥6°€- gc'0- 0ST
00°00T  00°00T  00°00T  G9°L6 G0'c9 | 01°6 G001 Gyl g8Vl Gcel | 9¥'¢ 10°€ €0V 769 07" PST | 96°0- 8¢~ L1°C L8 69°€- 00T
00°00T  06°66 G€'66 §G9°68 0L°0G | 998 GL'6 G99'6 0T'TT 080T | L€'€ 807 1¢°¢ 688 19°G8 €0°T- 6€°T- €0°¢- 18°€- ¢0'8- 0¢g
G9°66 07'86 0¢'c6 Gv'cL GL TV | 06°L 0€'8 00°0T 06°6 06°0T | 0TV 00°¢ 19°9 29°0T  6S9'%8¢ | 08°0- e 1- 08°1- 6G°€- Ge'0- 0€

Qm ?& = Zd yyum suoryeoyads (1'g)TAYVY) SIUSIDPO0D UNI-}IOYS JO s9jeuI)ss TAYV-SD U0 paseqg

00°00T  00°00T  00°00T  00°00T G1'96 | G¢'G 09°¢G 01°¢ G€9 00°¢ 16°1 6¢'¢C 6S°¢C €8°¢ 67°¢ L0°0- €0°0- ¥0°0 L9°0- G6°0- 00¢
00°00T  00°00T  00°00T 0866 Ga'68 | 91'¢ G0'¢ 0v'¢ G0'9 009 ¥e'e 64°C 90°¢ 9€'V Ga'9 80°0- G0°0 ¥1°0- 19°0- 08'0- 0ST
00°00T  00°00T  S8°66 09°96 Gc'9L | 08¢ 09°¢ S 0L°¢ 0€'¢ 9L'¢ 1¢c€ 9L°€ ceg L8L G0°0 00°0 91°0- 16°0- ¢L0- 00T
GL'66 G1'86 06°66 G708 GL'6Y | 4989 0€'g 029 0¢'¢ 06°¢ 16°€ 647 0v'¢ 8€°L L0°TT 60°0- ¢0°0- 6¢°0- €8°0- 10°T- 0¢s
00°L6 06°T6 0€'78 00°¢9 G¥y'9¢ | G6°¢ 0¢'¢ GL'9 ga'g 00°4 6V €8°¢ 189 1€°6 €ETI ¥0°0 80°0- ¥0°0- ¢r0- L6°0- 0€

(1 —2d=dpue [, 1] = 2d ‘9 = fd) pajood Td-sD

00°00T  00°00T  00°00T  06°66 0,68 | 00°G (e 0¢'¢ G6°G 097 0T'c [45é 18°¢C [4aas Lv'9 80°0- ¢c0°0- ¢c0°0 LL°0- 0T°1- 00c
00°00T  00°00T  00°00T  0L°86 Ga'6L | 9€'¢ ge'g A 069 S 17°'¢ 88'C ge'e 6’V €9°L 01°0- 00°0 81°0- €8°0- 90°'T- 0ST
00°00T  00°00T  GL°66 07’76 0679 | 0L°¢ 01°'¢ ov'¢ 0L°¢ 01°¢ (4IRS €4'¢ 607 9.6 91°6 c0°0 c0°0 020~ ga'o- 96°0- 00T
Ga'66 0€°L6 G1'€6 G9'VL QL' TV | 0€°9 09°¢ ge'9 8¢ gc'g (4 L6’V 68°G 70'8 c6'¢Cl 11°0- ¢0°0- 7€°0- G6°0- 671~ 0¢g
§0°96 0€°88 G7'8L g8°9¢ Gg8'0¢ | 48'¢ gc'g 079 0€'¢ 009 1€°¢ 129 ov'2 LC°0T G991 10°0 §0°0- 00°0 €9°0- 6S°1- 0€

(1 — 2d =d pue T T& = zd ‘g = fd) dnoi8 uwesw TI-SD

00¢ 0ST 00T 0¢ 0€ 002 0ST 00T 0¢ 0€ 00¢ 0ST 00T 0¢ 0€ 002 0ST 00T 0¢g 0€ (IL‘N)

(T1=0:1H ‘19A9] %Qq) Iomod (1 = ¢ : 0 ‘1991 % Q) azI§ (001 %) sioaxyg aaenbg ueay 100y (00T X) serg

‘0 = °d pue s3109]j0 YORPISJ OU ‘SI0OR] g = WL ‘SIOSSAIIAI ATRUOI)e)S
‘9"0 = " ‘sIULIOYP0D UNI-)IOYS SN0dULZ0I9AY ‘SJUSIDIFO0D UNI-BUO] SNOsULZ0WOY [IM [opotl (1) TAYVY U st dHJ

ase)) SNodUdSOWO Y9
ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)sH J0] JoMod pue o9zI§ ‘QSINY ‘Selq JO sojewii)sy o[Ie)) 9JUOIN :g O[qel],

25



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T 96766 09°06 | 0978 GL'@8 GL'6L GT'6L 9999 | ¥6'G 0.9 €08 CETCI 68LE ¢9°¢-  €€9- v9L-  €9II-  GLVI- | 00T
00°00T  00°00T  00°00T 00°00T G888 | 0C'CL GT'0L GT'89 G689 GL0S | 66°¢ L9 LT'8 89T  0L¢V ve'g- 9~ 194~ €9'11- ¥E ST~ | 0SI
00°00T  00°00T  00°00T 99766 GG'e8 | 0999 0429 9919 9T'€S 99TV | 029 889 8E® 88CI 0620V | ¥¢'¢-  ¥I'9-  IVL- 9€TI-  VO'8- 00T
00°00T  S6°66 0666 09°€6 G6°TL | 99'€e  OF'1€  09'0¢ 9T¥E  0L°0€ | 699 7L, 606 FI'PL  ¥8L9 9¢'¢-  88'¢-  L0°L- CT'II- ¢8¢I- | 09
06°66 G¥°'86 9976 01°28 09'8G | 9€'€¢  0LCc 0€Cc 0196 09%¢ | 0€°L 128 186 09ST 2T€s 0€'¢- 8.6~ 199~ 9801~ <2O¥I- | 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  00°00T  S¥°66 009G | 08°TT  SO'¥PT  09°9T 0€'1¢ OV’ IT | ¢C'C LLC TLE 899 66'86¢ | 8T'T- ¥9'1- 1€C CET- Gg'€1- | 00¢C
00°00T  00°00T  00°00T  9€°'86 0€'19 | 926 0T'¢T  0€¥T 9T8T 066 [3ae €0°¢ 607 6CL LL€IT | CT'T-  99'1-  9€C  09'F 6¢°¢- 0ST
00°00T  00°00T  48°66 0T°€6 S0°LV | 9C6 Ge6 09'TT  ST'¥T  0L°0T | 88°C 8¥'¢€ 197 ¥T'8 ¢g'e0c | IT°T- 191~ 8CC-  CE€V- 29°¢ 00T
GL'66 09766 G196 00°92 06°L€ | 96'8 GL'8 086 G8'TIT  ST'0T | 86°¢ ¢Lvy 089 69°0T  69¢ve | 000T-  G€'T-  ¥I'G- STV 9G¥~ 0g
gz '86 0€°¢6 0T'¥8 gc'19 0sce | 9€°6 07'6 026 S¥°0T 0901 | ¥0°S ¢09 99°L 18%Cl Lg0TI€ | 92'1- 69 1- T6'1- 18°¢- 80'¥1- | 0€
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T  00°00T  00°00T  G.°66 0,26 | 9V G6°¢ 60°¢g 6g'9 669 02'c 69°¢ €T'¢  09F 9.9 ¥0°0-  61°0- T1€0- 191 ¥6'1- 002
00°00T  00°00T  00°00T  4¢°66 qIv8 | G0V G6'% 009 01" L 0¥'9 8¥°C ¢0'¢  L9¢  TT¢ 19°L 70°0-  80°0- €70~ T91- 89°T- 0ST
00°00T  96°66 0€°66 09°€6 GG'0L | 929 geg 029 019 gc'9 L0°€ 0Le L&V  ¥E9 016 ¥0°0 91'0-  1€0- 99°1- 00°¢- 00T
G186 09766 GL68 08¢ 94Ty | 9v'Q 099 gc9 499 089 (7% 9¢'¢ 69 0L8 88°CT 200 910 07'0-  G¥'I- 96°1- 0g
g1°€6 g8'%8 GEVL 02’78 0v'ce | 98°'¢ 029 Gg¢'9 009 g0’ 18°¢ €89 G6°L 2601 8997 Pr’0- G€0-  €0°0-  6ET1- ¥6°1- o€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T  00°00T 9966 07'¥8 | 08°F% GL'y gc's 069 0.9 8€C G8'C 8€'¢  96'F ¥6°L 10°0-  0T°0- 9€0- 98°1- cee 002
00°00T  00°00T  G6°66 00°86 ge'aL | 0T geg 0¢'9 0€°L 0€'9 99°¢ ge'e  16°¢ T8¢ 618 €0°0- TI1°0- L¥V0- 661" 86°1- 0ST
00°00T 0666 G186 G6°68 0T'6S | 06'% 01T°'g 6y ) 019 £€e¢ 107  89F% €69 geot 900 12°0-  9¢0- ¥81- s 00T
Gc'L6 0¥°26 G198 02'L9 g6°9¢ | 09°¢ 6g'9 0€'9 Gy°¢ 019 787 6L°¢ 989 Q€6 €671 S0°0 LT°0 16°0-  69°1- €CC 0g
00°06 0€°08 §0°69 02 6¥ 0822 | 0.9 6Lg 0%°'9 009 Sty 19 LE°L 998 612l 1061 g€'0-  ¥E€0- 600~ T9I- 0c'e- 0€
(1—2d=dpue [, 1] = %d ‘0 = d) dnos8 uesw TI-SD
002 0ST 00T 0g o€ 002 0ST1 00T 0g 0€ 002 0ST 00T 0S¢ o€ 002 0ST1 00T 0s 0€ (LN)

(g1 =0:TH ‘19A9] % Q) 1omoJ

(1 =10:9H ‘19401 %g) 2718

(001 X) saoaxyg aaenbg ueay 100y

(0oo1x) serg

0 = "d pue s109Jjo yoeqPIS]
Ou ‘SI0)0R] g = UL ‘SI0SS9I3al ATRUon®)s ‘9°() = "' ‘SJUBIOLP0D UNI-)IOYS SN0dUSOWOY M [9pott (T°Z)TAYVY Ue st 45HJ

SJUSIDIPO0)) UNY-}I0YS SN0dUdS0UWO] JO ase)) Yy
ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)SH J0] JoMoJ pue o9zI§ ‘QSINY ‘Selq JO sojewii)sy oO[Ie)) 9JUOIN :€ O[qe],

26



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo o3pojmouy o[, ‘9() =

*p yyum (gF)-(1%) 01 Surpioooe pajelousd SUOTIRAOUUI JIJRIDUASOIPT D1)SRPaySOIa)al paje[aliod A[[eLes pue juepuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T  00°00T 0€L6 | 66 OVl SVAT GE€'TIE€ G99€ | ¥¢'¢ 69C 9c€ €L¢ 16°TT IT'T-  9%'1- 1¢¢- @9V G¥L- 00¢
00°00T  00°00T  00°00T  06°66 G966 | 99°6  OT'TT 99°¢T 0c'€c 90cE | 19°C  €8Cc 89'¢€  GL'¢ 8¢°6CT 10°T-  €¥'1-  Lg'e- 9¢¥%- FI'TI- | OST
00°00T ~ 00°00T  00°00T 48766 Gg'06 | 08°L 998 0T'eT 0961 0¢€c | 16'c 1€ 90F 099 €97L€9 ¥0'1-  8€'1- ¢I'c- OV¥-  7ERI- | 00T
G866 G166 4c'66 00°46 G9°9L | 99°9 0L 00°6 0F'PT  99°LT | POV G€F G0°¢ CO'8 0T°9¢ 68°0- 9TI- 681~ T9¥- 019 0g
01°86 G896 G6°€6 0628 Gg'c9 | 069 098 GL'6 GT'¢T  08°€T | 86'F 09°¢ 999 86 Ge61 ¥9°0-  96°0- 98T~ G0O¥-  ¥4°9- 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T ~ 00°00T  00°00T  S&¥°66 GgoL | 0L°L 968 080T 0991 0LTT | 0€'c 69°C G&'€ 869 8T°T0T €6°0- 8I'T- 9L 1- ©¢&e  60¢ 00¢
00°00T  00°00T  00°00T  06°86 Ge'q9 | 09'8 098 09°0T 9811 ST'TIT | 99C ¥6'C €9¢€ 98¢ 78618 18°0- GT'T- €81~ 96'Cc- 687E | 09T
00°00T  00°00T  S6°66 GT°L6 00°8¢ | 09°L G6°9 026 0ccl <06 e  ¢re  G¢v 699 €766 96°0- €I'1- @¢L1- 0€¢ 9Te 00T
04766 G1°66 0T°L6 0918 Ga'8y | 09°9  GTL 0g°L 06°6 G6'8 ¥eEY 0LV 499G 188 8¥°9¢¢€ 88°0- CI'T- 691~ €c¢ €V6- 0g
4296 09°€6 08°.8 0499 GL6E | 089 0L°L 08°L 01°6 G6°6 €F'e  ¢l'9 Tg’L  €6°0T  9.°8L¢T | 84°0-  G0'I- 6L°1- 61°¢€  97'0c- | 0€
([g/1.L] = 2d qym suongeoyoads (1°7) TAYY) SIUSIDYFO0D UNI-}I0YS JO SojBWIGSO TAYV-SD UO paseq
00°00T  00°00T  00°00T  00°00T 4¥'86 | 09°¢  G0°9 GL9 GLL gc’8 €9'c  9L'c coe  6€T (4] 6v°0-  ¥¥0- 960- ¥I'c- 69¢C 00¢
00°00T  00°00T  00°00T  0.°66 0€€6 | 99°¢  0T'9 08¢ 01" qc’L 06'c 0T'€ ¥9€ 887F 689 9%°'0- 6¥'0- &60- T6T- 0ve 0ST
00°00T  <6°66 08°66 GL796 G908 | 0OT'9  0O¥V'¢ G1'9 Gc’L 0L°¢ 19°¢ 68°¢  1€¥ 09 L6°L ¥$'0-  LE0- 880~ ¥I'c- 80°C 00T
07°86 4796 0€°€6 0118 GL6e | 09°¢  GL¢ §T'9 099 489 G667 1€9 609 808 8G°TIT ¢g'0-  T190- I80- 0T 89¢ 0g
Ge'68 0828 G8°6L 01°29 08'6€ | 06'¢ 999 019 02'L 099 ¥e€9 €¢L vLL  LTO0T  ¥EVI GG'0-  8€'0- 860 €0¢c- 09¢ 0€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T  00°00T  06°66 Gg9'v6 | 0L°¢ 099 0L Gg'8 gc'8 LG°c 88'C  LEE €LV G0°L L16°0-  19°0- 80T~ 9€C  96'C 00¢
00°00T  00°00T  00°00T  &¥°66 0T°¢8 | 08°¢  06°F 019 ge’L 0T"L G6'c TIege  ILE 1T¢ v6°L g0~ ©g0- VOT- 8T'G-  09¢C 0ST
00°00T 0666 49°66 0096 0C'TL | 9L’ 06'F G0'9 ) 06°¢ L6°¢ L6'E T4V 6€°9 66°8 19°0-  ¥P0-  66°0- 0€C  VET 00T
0¢°86 G¥°46 0€°¢6 0T LL 0LLy | 0F'9  G¥'¢ §c'9 099 0€"L ¥0'¢  8%'¢ 959 798 e€T°el L9°0-  €9°0- 96°0- 6¢C  LLT 0g
08°88 6e'e8 0T" L. 49°69 06°%¢ | 9€°9 089 09°¢ 099 00°4 079 6€L €6, 2801 L9971 16°0-  G¥°0-  TO'I- V€T T18%C" (119
(1—2d=dpue [,/1] = 2d ‘0 = #d) dnois uesw Tq-SD
002 08T 00T 0g 0€ 00T 0¢T1 00T 0g 0€ 002 O0ST 00T 0% 119 002 08T 00T 0s 0 (LN)
(2T =0:TH ‘19A9] %G) 1omoJ (1 =9 :0H ‘19a9] % Q) 2zIS (00T X ) saoxxyg axenbg ueajy 100y (00T %) serg

‘0 =

*d pue s109jo

SDR(PAIJ OU ‘SI0J0R] g = Ui ‘SIOSS2IZI ATRUorie)s ‘g () = **'dh ‘SIULIDJ0D SN0aua30I0)ay YIm [Ppow ((‘T)TAYVY Ue st J5HJ

[PPOIAL (0°T)TAYY JO dse) a1y
ur (¢) SHURYIR0) UNI-SUOT JO UOTIEWISY 10J Jomo PUe dzIS ‘HSINY ‘Selq Jo Soeun)sq ofre)) U0 F S[qEL

27



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T 00°00T 96'86  92'48 | 00°00T 00°00T 00°00T 0LL6 0L€EL | 8F'TC 8I'Cc 00¥c L9°0¢€ 8¥°8V¢ LC1G-  T6°'1¢-  89°€c-  T1'8¢- ¥V 0&- | 00T
00°00T  00°00T  00°00T OT'66 06°¢8 | 00°00T 9666 G866 G096 0L¢cL | 9¥'1C LeCC  L0VC  8VIV 6€°¢eoc | LT'Te-  90°¢e-  §9°€c- 60, 6096~ | OST
00°00T  00°00T  00°00T 0€£86 9C¥8 | 94766 0,66 0286 G0'¢6 0€89 | ¢9'1c  09¢c 10V 1L°CE 12871 61°1¢- VI'ce- ¢Cv'€e- 96,2~ TIv'ge- | 001
00°00T  00°00T  0L°66 G796  08°LL | 0076 00°16 GgaL8 gc’9L  0T'LS | 06'TC 89'CC 66'FCc TL'6T S9°vey 80°1¢- 9L°1¢- 9¥'€c-  6¥Le-  G0'9c- | 09
04766 09°66 G1°86 G168  9¢'cL | S€6L G8¥v.L 0¢'02 G9°09 928y | 62¢c  91'€c  167¢  ¥8E0C  L6°G¥I L6°0c-  99°'1¢-  ¢0°€g-  LS'1€-  96'9¢- | 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  00°00T 0€% 916V | 986 0€et GLGT 0c'ce 0€¢r | 86C 6G°€ 89% 81°69 4 N144 LV 961~ L0°€- L6'9- Gr°1- 002
00°00T  00°00T  04°66 0¥'e6  9¥'9v | 0¢6 G9°0T 0071 06'9T  0€eCr | LE€ 68°¢ 6c'¢ 10°8T y1°6Le LV T- 96°1- 86°C- 6L7- 60°¢T- | OST
00°00T  GL°66 G886 06'¢8  0T'%¥ | 006 G1'6 0101 GLvT 0911 | VOV g 0L°G 94761 €¢'89L Sy 1 80°¢- 18°C- Ve g LL°0€- | 00T
06°L6 00°¢6 Ge68 09’89  06°L€ | 9¥'L 008 91’6 08°0T 99'TIT | O0F'G ¥0'9 LG°L C9'L8T  ¥8V6E 6C1- 69°1- cLC 9¥°8- 60°¢- 0g
00°06 0928 0672 0069 00°6€ | 09°L ) 06'8 Ge'IT S80I | 699 §9°L £¥'6 FE61 61982 8T 1- 091~ 8¢ 16 68°CI- | 0€
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T  00°00T  00°00T G466 09¥6 | 99°L G0°L Geor SyLT  9yer | 1vE 6L°€ oLy 6174 026 961~ A 0L¢- G0°¢- 8L°G- 002
G666 G866 46766 08'86 0098 | 0.2 069 0201 GC¢T 966 98¢ 617 0g'¢ LLL 90°0T Va1 9¥°1- £€9°¢- crg- 19°6- 0ST
0466 0166 04'86 0cv6  S0'eL | 96°L 029 998 g9°0T 0201 | 89F% 867 L0'9 9L'8 18°11 8¥'1- ¥9'1- 8L°C- €0°¢- ¥0°9- 00T
G9°€6 08°L8 S¥'v8 g6'€L  09FF | 0.9 ge9 av'9 GL'8 008 G479 ¥0'L 10°8 €T 1T €L CT [ m 6C1- 08¢ 1€°6- y4G6- 0g
G818 G169 08°99 0696 0L°¢€ | 099 06°¢ YL GLL 0Z'L g8, 88'8 1201 L6°€T 9961 €L1- AN 6v'¢- 9¥°¢- 9y G- 0€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T  00°00T 9966 0F06 | 0T'S G0'8 0L°0T 06'8T  0¢Cl | 99°¢ 007 G0°¢g ¥6°L 9¢°0T 891~ 991~ 80°¢- 89°¢G- ce9- 002
G666 G866 46°66 97’86 9608 | 098 gz'9 076 GR'E€T 9901 | L0V o'y 6q'¢g yE'8 1211 04T 991~ G6°C- 09°¢- ¥2'9- 0ST
0466 G6°86 §¢'86 0616  0T°99 | 0.2 68°¢g 8’8 geer  9¢6 €87 ye'g 9%°9 0¥°6 60°¢T L9°T- 18°1- €0°¢- LVG- L9 00T
] Ge'98 0628 GL'0L 0907 | 099 099 069 ¥°6 06°L 899 9€°L r'8 et CGLT 04T~ 641 6°C- 18°G- e9- 0g
g 6L 0299 S¥°¢9 0€'T9  9€'8% | 069 6Lg vl 998 0L°L €28 826 L8°0T  LL¥T €8'1¢C 98'1- 611~ L8°C- 89°¢- 66°¢- 0€
(1—2d=dpue [,,1] = 2d ‘0 = #d) dnois uesw Tq-SD
002 0ST 00T 0g (119 002 0ST 00T 0g o€ 002 0ST 00T 0g 0€ 002 0ST 00T 0s 0€ (IL‘N)

(21 =0:TH ‘19A9] %G) 1omoJ

(1 =10:0H ‘19401 %9) 9718

(00T X ) saoxxyg axenbg ueay 100y

(001x) serg

0 =

“*d pue s109jo

SDR(PAIJ OU ‘SI0J0R] g = Ui ‘SIOSSDIZI ATRUONIR)S ‘Q°() = **'dh ‘SIULIDIJO0D SN0aUa30I0)0Y )M [Ppowl (T7)TAYY Ue st JHJ

xXeuw

80=

¢ 3o ase)) a9y}

ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)SH J0] JoMoJ pue o9zI§ ‘HSINY ‘Selq JO sojewi)sy O[Ie)) 9JUOIN :G 9[qe],

28



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T 00°00T G¢'¥6 GP'€L | 00°00T 0666 0886 9998 G€6S | IV'IC ¢CVeec 0€¥C €TT0L 8LLVCT 0T'Tg- L0°Cg-  GL'€C-  ¥LVI-  8LLE | 00T
G666 00°00T  G8°66 09°¢6  09°TL | 0966 G166 0996 9918 GI'GS | 6€'I¢ 6€CC ¥C¥C 98°6C¢  LI'TLY 96°0¢- 88'1¢- 99°€c-  8F'€E-  L6°€E- | 0ST
00°00T  08°66 ga'66 0616  0€¢CL | 0€°L6 09'€6 9¢'¢6 G0°GL 0C¥S | ¢L'TIE 9L'Cc 8I'LE  €8Cvec  0¥V0€0€ | 60°1C- L6°1C- C9'€c-  G9¥e-  9€°€6- | 00T
99°66 0686 $9'96 Ga'L8  06'99 | S1'C8 G¥'8L  G8'TL  OV'T9  SP9V | 66'TC 96'¢cc  S€°ST  ST6Ic  LI'SET 1.°0c- SV'1¢- ¢g€e-  LT'Ge-  €9°0v- | 09
07°L6 0976 09°06 G008 0709 | 99°€9 92’09  0V'LS  OT'TS G99°0F | 81'GE  6€°€C GG 9C  ¢L0L VI'1G61 | ¥0°02- GL°0¢-  66°CC-  CV'LC-  66°1¢ 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  S€°66 Ga'z8 098¢ | 9201 0¢¢r  9¢¥vI  06'L1T G¥'¢cl | 08¢ LGV 06°¢ 86°LCT  ¥6°¢90C | C6'1- 0L°¢- 19°¢- 197 L0 TV 00¢
0866 GL'66 07°L6 06'8L  98°GE | GL'8 0¢'TT  S6'TT 9891 9901 | ¥C'¥ L0°¢ 079 LV 16 G8'€Ig 78 1- 19°C- eve- €0°L- 10°¢¢- | 0ST
G266 01°L6 07’76 02'TL 99°¢€ | 00°8 Gga'6 G811  06'€T 9601 | T0°¢ c6'¢ L'l 8C'CIT  LT0LL ¢8'1- €V 18°€¢- ove- gg's 00T
09°06 06°98 09°GL G0'LS  0€CE | 092 ) 0.8 0L°0T 9201 | 189 08°L G6'6 cIve ¥2'¢c6 19°1- L3¢ 1¢°¢- 676~ 76'¥ 0¢S
S0°9L G269 S6°T9 08°9%¥  00°6C | ST'L 00'8 g8 GO'TT  ST'TT | 168 96°6 G2l SO'ICI  TL'SEF 9¢'1- 0L°T- 8¢'¢- ¥9°9- 8¢'1Z- | 0¢
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T  G6°66 0666 0866 0,76 | 99°¢CC 08°LT 01'9¢ 0L9¢ 9€'9C | I8¢ 0€°9 8L 9L'T1 €071 Vv €4y 81°9- ¥6°6- L6°01- | 00¢C
G8°66 0,66 G9°66 0986 G088 | GO'AT 0¥'¥T 000 0106 0961 | €19 19 1¢°8 ¥6Cl 1971 [ £aP- ¢C'9- ¢1°0T- ¢L01- | 0ST
0266 ga'L6 04°L6 G9'c6  09°€L | 00°€T 0T'TT 09T 080¢ O0T1'9T | 989 YA 92’6 1€°€T cL91 62V~ 6¢7- ¥¢'9- L6°6- ¢I'TI- | 00T
0216 0628 09°18 G6'TL  09°L¥ | 9€°6 gg'8 g6°0T G€€T 096 €88 9.°6 8V'IT  9L°¢GT €402 Vv 17°v- ¥7'9- 08°6- 18°0T- | 0S¢
0Z'¥L 08°99 08°€9 ge'ég  00vE | 9€°6 qc'8 GgL'6 00°0T _ 00°6 Y& I1T 01’2l €T'FT €981 6L7¢C €4V 1¢v- 9¢°9- 16°0T- 911~ | O€
(1 —2d=dpue [, 1] = 2d ‘9 = fd) pajood Td-sD
00°00T  00°00T S6°66 0866 S¥'¢6 | S0°CT G261  0¥'LC 998¢ 00%C | ST°9 199 4 4Nl LT°GT LLV- 887~ 8G¢'9- 99'01-  L8'T1- | 002
00°00T  G¥'66 0,66 02’86  OV'¥8 | G6°LT G0'ST  0T'¢c 9¢€'1¢ 0661 | 879 L0°L 888 8C'¢1 TLGT €97 6L°7- L9°9- 9.°0T- 09°T11- | OST
G766 498796 S0°L6 G0'c6  99°L9 | 0¢€T 09°'TT  S6'9T 961  S€9T | 61°L G6°L G8'6 €TV 0€'8T €97~ LLV- LL°9- ¥L0T-  61°CI- | 00T
0668 08°6L g¢'08 g¢'69  0v'1v | 0701 g8'L ST'IT  SV'€T 916 12°6 91'0T  €¢¢l 6991 10°2¢ L% 697~ 96°9- ¢¢'01-  ¥9°11- | 09
00°¢L 99°¢9 9’19 GT'es  08'1¢€ | S¥V'6 S0'8 L6 g8'6 00°6 99°'TT  09¢cl  8LFI  GG6T 1¢°.¢ 68 ¥- 9G¥~ ¥6°9- LE'TT-  S0°2I- | 0O€
(1—2d=dpue [,,1] = 2d ‘0 = #d) dnois uesw Tq-SD
002 0ST 00T 0S 0€ 002 0ST 00T 0¢s o€ 002 0ST 00T 0¢g 0€ 002 0ST 00T 0¢s o€ (LN)

(T =0:TH ‘19A9] %G) JomoJ

(1=10:0H ‘19491 %G) 9218

(00T X ) saoxxyg axenbg ueay 100y

(001x) serg

‘0 =

*d pue s109jo
SDR(PAIJ OU ‘SI0JOR] g = Ui ‘SIOSSDIZI ATRUONIR]S ‘G () = *'dh ‘SIUBIDJO0D SN0aUa30I0)0Y )M [Popowl (T°7)TAYY Ue st JHJ

xXeuw

6°0=

¢ 3o ase)) a9y}

ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)SH J0] JoMod pue ozI§ ‘GSINY ‘Selq JO sojewii)sy o[Ie)) 9JUOIN :9 O[qe],

29



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 0} Surpioode pojeloussd SUOIIRAOUUL JIPRIDUASOIPT D1)SRPASOIa)SY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T 00°00T 0296 | 00°00T 00°00T O00°00T G866 G816 | L6°0C 99°1¢ LLCC 699¢C ¥1'80T | 08°0%- 9¥'1¢- 99°C¢c- C¢'9¢- €1°6¢- | 00¢C
00°00T  00°00T 00°00T S6°66 G096 | 00°00T 00°00T S6°66 G666 G668 | 80'TCc  G8'IC  9LCC  L6°9C G9°8¥% 98°0¢- 19'1¢-  9¥'¢e- ¢v'92-  €8'1¢- | 0ST
00°00T  00°00T 00°00T 96°66 0296 | 00°00T  G6°66 00°00T 0986 GL'G8 | 8¢'I¢ €9'1¢ 9T°¢c LT'LC ¥0°LE ¥6°0¢- 9¢'1¢-  €L'CC-  ¥P9g-  G8°0¢- | 00T
00°00T  00°00T 00°00T 9966 0616 | S0'86 ST1°L6 Sv'v6 0088 0€0L | 8T'IC 06°'IC LT'€T CT'LT 08°6¢ ¢G'0c- 0¢'le- 6€7¢c-  96'9c-  L¥6e | 09
00°00T  S6°66 G8'66 0G°L6 9678 | 9998 08’78 Sv'18 00°0L S0°LS | PS'IC  60CC  GG'€C  €8°LT 6L°TLC | 87'0C- 2803~ 61'¢¢-  ¥.L'G¢-  19'%¢- | O€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  00°00T 0966 0L°29 | 999 GgL9 qT'8 G0'ST  01'CT | €2°¢ 16°¢C 80°¢ C6'8LT  I¥'€8E | 800 9¢°0- 10°1- 80°T 18°L 00¢
00°00T  00°00T 9666 G9'86 qcv9 | 07'¢ 08'¥ 028 0G°¢T  O8'IT | ¥9°¢C [434 87'¢ L6°L S1'76 10°0 ¥¥°0- ¥6°0- £€6°¢C- 667~ 0ST
00°00T  00°00T 00°00T 0C'96 0€9¢ | 929 999 g8'L SO'TT 996 01°¢ £7'e 8C'¥ 0201 8G'€8 2070 €2°0- 1¢°1- 6C°¢- ¥0°0- 00T
0766 G0'86 0976 0G°9L 99FY | 98°¢ 029 0T'8 08°6 026 8TV 98°'¥ 16°¢ 9¢°6 0C°LST | €20 02°0- €0'1- 4y 09°6- 0¢S
S8 €6 G6°88 0.°€8 09°19 01°2¢ | ST°L 0.9 082 088 0T'6 g9'g 629 ¥eL €ETI 98'F¥1 | 7€°0 01°0- 68°0- ¥4g- V€G- 0€
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T  00°00T 00°00T 98°66 0876 | 09°¢ 0v°'¢ 01°¢ 0€'9 St ga'g 18°¢C 80°¢ 61'¥ 6L°¢ 80°0 10°0 S0°0- £€9°0- 96°0- 00¢
00°00T  00°00T 00°00T 0T°66 GT'L8 | 08'F gg'g 0L°G qT'g 029 88°C 8C'¢ 19°¢ €LY 8.9 20°0- 00°0 ¥0°0- ¢L0- 06°0- 0ST
00°00T  G8°66 GG'66 0676 0¢'¢cL | 0C°¢ gg'¢ 0¢¢g g8'¢ ga'g 8¢°¢ L6°€ 197 8L°¢ €€'8 91°0- 01°0 1¢°0- 88°0- 10°1T- 00T
G9°L6 06°¢6 Gz'88 G6°TL 0G°L¥ | 00°¢ 06°¢ gg¢'9 069 g9°¢ €6’V PASNY 779 LT°8 1611 110 €0°0 LT°0- L6°0- 16°0- 0¢S
07°98 00°08 02'cL gcvs 0T'%¢€ | 979 96°¢ g0’ 07’9 g0’ 289 a1’ 96°L 0701 L0°GT 10°0 ¥0°0- 80°0 6L°0- 6S°1- o€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T 00°00T 0966 G168 | 06'F 987 0T°'¢ 09°¢ 00°¢ 19°C 88°C €T¢ 0G'¥ 299 60°0 €0°0- €0°0- 8L.°0- 66°0- 00¢
00°00T  00°00T 0666 0¢°86 G7'8L | 09'F 07°'¢ qT'g 987 g0'9 6°C 483 €L'¢ €0°¢ LL7L 90°0- 00°0 ¢0°0- 88°0- 61°1- 0ST
G666 09°66 01°66 08°¢6 G019 | 9€°¢ 0T°¢ gg'g ov'¢ 0,6 cLe [A% % CLY €29 166 S1°0- 60°0 £€2°0- ¥6°0- 00°T- 00T
0996 0,26 G8'G8 Gc’L9 g9'8¢ | 90°¢ 029 g¢'9 Ggaé'9 067 ¥0°¢g LL°G 899 6L°8 06°¢CIT 01°0 €0°0 ¥2'0- £€9°0- 6L°0- 0S
G2'a8 SG0'8L S0°'89 0L°1S 08'6¢ | 079 GgLg 069 Sg1'9 0.9 €99 5 0Z'8 €0°TT €T L1 ¢0°0- 10°0- 00°0 [N g8'1- 0€
(1—2d=dpue [,,1] = 2d ‘0 = #d) dnois uesw Tq-SD
002 0ST 00T 0S 115 002 0ST 00T 0¢g 0€ 002 0ST 00T 0S 0€ 002 0ST 00T 0¢s o€ (LN)

(1=0:TH ‘19A9] % Q) 1omoJ

(1=10:0H ‘19491 %G) 9218

(00T X ) saoxxyg axenbg uesaJy 100y

(001x) serg

‘0 =

“*d pue sjoope

SOR(PAIJ OU ‘SI0JOR] ¢ = UL ‘SIOSSAIF0l ATRUon®)s ‘9 () = **"'dh ‘SJUSIDIe0d SN0dUL30I0IaY YIM [opol (1) TAYY Ue St dHJ

SI0908] ¢ = W JO 9se) Y}
ul (p) sjpusIdyeo)) UNJI-SUor] JO UOIjewI)sH J0] JoMod pue ozI§ ‘GSINY ‘Selq JO sojewi)sy O[Ie)) 9JUOIA :J O[qe],

30



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo o3pojmouy o[, ‘9() =

*p yyum (gF)-(1%) 01 Surpioooe pajelousd SUOTIRAOUUI JIJRIDUASOIPT D1)SRPaySOIa)al paje[aliod A[[eLes pue juepuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  00°00T  00°00T  00°00T &¥°96 | 00°00T  00°00T 00°00T 00°00T 48€6 | 9¥'cec T1'€Cc 9IV've GC'8C €8IV ¢ECe-  v6'Ce-  LTve  96°Le- L9TE- | 00T
00°00T  00°00T  00°00T  00°00T 46°96 | 00°00T  00°00T 00°00T S6°66 0T'c6 | 09'cec €1'¢c L&Pe 10°8C 8O0'GLT | 1€Cc- ©¢6'¢e- CI've-  19L.8-  L€9%- | 0ST
00°00T  00°00T  00°00T  46°66 08°¢6 | 00°00T  00°00T  00°00T  S&¥°66 0€'98 | 8¢'cc 86'cc 0c¥ve I8LC 0969 66'Tc- 99'¢e-  ©8€c-  LT'Lg-  ©8¢cE- | 00T
00°00T  00°00T  00°00T  09°66 G9°68 | 00°66 0T°86 0¥°96 G9°.L8 09°L9 | 8¢'cec 99CC VETVE VELT 66708 8L'T¢- 66'1¢- ©9'€c- <092~ 66°0¢- | 09
00°00T  00°00T _ 06°66 08°L6 09°%8 | SS'16 G¥°68 GL¥8 09°¢L 06'%¢ | ¥€'cc  18¢c 60%¢ 10'8% 69°€Y 8€'Tg-  GL'1g- 8L°¢g-  10°9¢- 69'8¢- | 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  00°00T  00°00T  06°66 0S°LL | 09°T1 0891 0€°¢c Geve G6°T¢ | 99°C ere aT'y Ge'L 6€°16 Lv1- ¥0°¢- L0°€- 06°G- 99°¢- 002
00°00T  00°00T  00°00T  49°66 gereL | 088 09°€T 4g'8T 09°6C 07'8T | 84°C ge'e eey L€°L 8¢°96€ | 6€°T- L6°T- G6°C- yye- 69°CT- | 0ST
00°00T  00°00T  00°00T  G6°L6 gr'g9 | 0¥'8 06°6 0€°¢l GT'81 00°¢T | 1€°€ GLe L9v G6°L 0L°€6C | 0C'T- €91~ ¢9°C 60°G- €C°6- 00T
G6°66 4266 0696 §ce8 0T°6v | 078 G9°L gz 0t 04701 GE'TT | TSV 187 719 12°6 CT'90T | ¥6°0- 6T°T- €C°C 066" 9T°€- 0g
0¥%°96 0€°€6 G8'88 G¥°99 GL'8¢ | 0T'L GL'9 ge'8 01°0T 0¥'6 Lv'G ¥0'9 veL EVvT  9€°092 | 8%°0- 68°0- 8L°1- ore- 8T V1 0€
([g/1.I] = 2d qym suongeoyoads (1°7)TAYY) SIUSIDYFO0D UNI-}I0YS JO SojBWIGSO TAYV-SD UO paseq
00°00T  00°00T  00°00T  06°66 G0¥6 | 029 0¥ 09°¢ av'g 09°¢ 87'¢C €8°C IT’e STy 96°¢ 10°0 10°0- 0g°0- 0L°0- 86°0- 00¢
00°00T  00°00T  00°00T  06°86 0098 | 0¥'¢ a1y 0L°¢ 06°¢ 60’9 48'c 0g'€ 6e'e 88'F 86°9 €0°0 60°0- ¥1°0- 280" ¥6°0- 0ST
00°00T  06°66 0466 00°496 09¢cL | 09°¢ G9°¢g 08¢ 6g'g 0y 09°¢ €0y 8€Y LLG §c'8 60°0- 00 G0°0- 08°0- LT°T- 00T
GG°L6 aT'v6 09°06 0T ¥4 gy ey | 09°¢9 079 08¢ gc'¢ G0'g 90°¢ c9'¢ LT9 L6°L 4! Ve 0- 6T°0 ey 18°0- 69°0- 0g
00°88 0408 G6°cL 0¢'LS 0T°€€ | 0T'L 19 089 GL9 gc9 L9 ¥0°L 10°8 99°0T  €9¥T 700 60°0 g1°0- 8L°0- 69°0- 0€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T  00°00T  00°00T  $9°66 0088 | 96'F% 01°¢g 0g'¢ G6'F 09°¢G 09°¢ 06°¢ ve'e i 619 €00 €0°0- 12°0- 6L°0- yI1- 002
00°00T  00°00T  S6°66 01°86 0€8L | 06°F G6°F 6Ly 0r'9 06°¢ 16°C 1ee €Le 9¢°¢ L8°L 1070 80°0- vT0- 16°0- ar'T- 0ST
00°00T 0866 GL'86 09°c6 gee9 | 079 6e'g 0T°¢ 09°¢ 0€°¢g [4°RY G0y §q'y 629 L€°6 vT0- €00 70°0- 66°0- das 00T
0T°L6 08°¢6 G9°L8 06704 Gg8¢ | 0L°¢ 079 ge¢ a8’y arg 8T°¢ 6L°¢ 9679 168 9Lcl 9T°0- 020 0€°0- ¥8°0- ¥8°0- 0g
0¥7°98 0€°8. Gy 1L Gg'€s 098¢ | 9979 66°¢9 099 48’9 G9'¢ 6g'9 LT L 8¢'8 €ETT 9291 600 90°0 ¥1°0- ¥0°1- ¥0°1- (119
(1—2d=dpue [, 1] = %d ‘0 = fd) dnos8 uesw TI-SD
002 0ST 00T 0¢g 0€ 002 08T 00T 0g 0€ 00¢ 0ST 00T 0g 0€ 002 08T 00T 0s 0 (IL‘N)
(1=0:TH ‘19A9] % Q) 1omoJ (1 = ¢ : 0 ‘19A9] %Qg) oz1§ (001 %) sioaxyg aaenbg ueay 100y (00T X) serg

‘0 = d pue sjpoape

SDR(PAJ OU ‘SI0J0R] ¢ = Wi ‘SI0JDR] UI SJ00I JIUn ‘g () = ™) ‘SJULIDJe0D SN0aULF0I0Y] [IIM [9pott (1°Z) TAYVY U® St 4HJ

SI0)0€ UI SJ00Y] U JO 9se)) 9y}

ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)SH J0] JoMoJ pue o9zI§ ‘GSINY ‘Selq JO sojewi)sy o[Ie)) 9JUOJA :8 9[]e],

31



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0S ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 95e)s UOTYRTIYSS A} UL Pasn JOU ST SIOPIO

Se[ Jo o3pojmouy o[, ‘9() =

*p yyum (gF)-(1%) 01 Surpioooe pajelousd SUOTIRAOUUI JIJRIDUASOIPT D1)SRPaySOIa)al paje[aliod A[[eLes pue juepuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09JJ0 TRNPIAIPUT PoYe[or1od Yiim (8¢)-(L¢) 01 SuIpIodoe pojeiousd oIk s10ss01801 pue o[qeries juopuadop o], :S9JON

00°00T  06°66 07’96  GL'1S¢  0¢°€c | S1T'9 GL'L G€8 GLL GF'8 | €8¢ C97 669 €T°GT  €9°9¥¢ ¥0'T- ¢8'1- 68¢C €L9- ¢89I- | 00¢T
00°00T  0€£°66 0968 ST'€y 6861 | 000L G699 06L GLL 008 | 16¢ ¢CI'S 187 0v'LT  LE°GR ¥¢'1- 081~ 61°¢-  €I'L-  L8CI- | OST
0766 G166 01°9L gL€¢  0€9T | ST°L GL9 GLL 062 099 | GL¥% 619 €L'6 ¥6°0¢  0L'CL 6¢'1- €0¢- ¢v'e- 008 L991- | 00T
06°T6 06°9L 08¢ 08¢¢ 06¢l | ST'9 0.9 G&L GIT'L 089 | 6.9 68 9T'€Tl  6C'8C T199¢T 6.1~ ¢ve- 8¢¥F-  GI'8-  L9'STI- | 09
G194 0L°8G 08'8¢ 0€LT 0¢¢l | 0€L G0°L €S89 S¥9 999 | ¥6'8 ¥V IT  ST'AT  86°9¢ 9L°9¥I 0€'C-  9Lc-  €LV-  LT6-  S8FI- | 0€
Qm ?& = zd yym suorjeoyoeds (0°T)TAYV) SIUSIDYJ20D UNI-)I0YS JO sdjew)se TAYV-SD U0 paseq
00°00T  0L°66 gy'16  9¢9¢  OI'TT | 06'F G99 GG 92’9 G0G | ¢I'e 1TV ¥¢'9 SOvL  129¢E 00°0 I¥°0- 89'0- ¥91- 7¥0°¢C 00¢
G6'66 00°66 08'¢8 48°0¢ G00T | 08¢ G6'F 09S¢ O0FVS GOV | L9°¢ L9V LT°L 8T9T 8G6°0¢9¢ | TT'0- 8Z'0- ¢80- 06T~ L919- | OST
0266 02°€6 09°'L9 9¢'cc GL'8 08¢ Gg'g ¢€9 019 0oLV | LVvY LLG 00°6 0G°6T  99°19¢ ¢1'0- ¥&'0- 89°0- 9871~ 199 00T
0€°88 GG 0L GCVy 967Vl 96°L 09°¢ 08¢ 0L9 019 097 | ¥€9 928 61°CT ¢v'L¢ LL'8CIT | ¢0°0- ¢I'0- ¢6'0- T80~ 98'8¢- | 09
00°¢L G¢'6g Gg'1¢ 98¢l 0¢'L 009 046G 09S¢ 08¢ 00G | 0T'8 TS0T €96T 9¥cS 96°L8¥I | L0~ 600- ¥9°0- 9.C 6911 0€
Qm ?& = zd yym suorjeoymads (1) TAUY) SIUSIOYJO0D UNI-)IOYS JO sajewingse TAYV-SD U0 paseq
00°00T 00°00T 92’86 02’9 01°0¢ | 02°¢ G0'G 00¢ 9vV'e G967 | 9L'¢c 9v'e VLY 18°6 ¥6°81 L0°0 01T°'0- €0°0- 1IT°0- G00- 00¢
00°00T  GL66 0066  009% 9691 | 98°F G¥'G GL¥V 699G 0LV | 1€C  86'¢ LS Y211 9T'1¢C €10 €1°0- 800~ ¥€0- 601 0ST
06°66 G286 0¢'¥8 9v'¢¢  09¥%I | OT'S G6'F 98¢ 06'¢ GT'9 | 10V 9LV 069 L6°E€T 90°LC 10°0-  10°0- ¥#&'0- G6°0- &6°0- 00T
G1°€6 G6°C8 0¢'L¢ 92’0¢ Ov01 | 069 GSP9 0LS¢ OFS G6F | ¥9°9 889 6¢°6 6T°6T 0€9¢ 200 10°0- 000 L€°0 L9°0- 0¢S
G6°8.L Sv'v9 G807  09%I 968 0L9 O0FL 099 09¢ 0TS | €L 906 8¢'Cl  T.%C  00'L¥ 90°'0-  10°0- ¥0°0- 290 GL'1- o€
(1—2d=dpue [¢,,I] = 2d ‘0 = fid) pejood T7a-sD
00°00T 0966 ¢9'68 SOF¢ G¢¢cl | 0006 009 OFS¢ 98¢ 066G | ST'¢ 1TV 829 9¢'€1  ¥T'LT 8T°0 LT°0- S8T'0- %10~ GT°0 00¢
0666 09°86 g8'18 GI'L¢ GL0T | S¥'¢ 06F 08¢ 9€9 G9v | ¢L'¢ 9LV LT°L 8T°GT  9¢°0¢ 80°0 90°0- 92°0- LT°0- G80- 0ST
G0'66 09°16 0679 00cc 076 ¥y 00 009 G9G¢  OLY | PPV 88¢G 00°6 2881  10°LE 60°0 1T°0 60°0- 09°0- 9.0 00T
0€°L8 G¢'69 0¢'¢cy  99¥1  0€'8 0e's ggg 009 0FV9 G¥VG | ¢vV9 9T 6C°CT  Lv'9Z 611G 020 ¥¢'0 07'0- 990 02'0- 0S
G8'C. 0¢€°¢S Sv'6C  SV'TIT G8°L G696 0LS Sp'S 006  0LS | 908 TSOT  ¥LSGT  09C¢  ¢L'S9 €10 €€°0 rall) L0 66°C- 0€
(1—2d=dpue [,/1] = 2d ‘0 = #d) dnois uesw Tq-SD
00¢ 0ST 00T 0s 0€ 00Z O0ST 00T 0S 0€ 00Z  0ST1 00T 0¢g o€ 00¢ 0ST 00T 0s o€ (LN)

(1=0:TH ‘19A9] % Q) JomoJ

(1 =19:9H ‘19401 %9) 2718

(00T X) saoxxy axenbg ueay 100y

(001X) serg

‘0 = “d pue

S109[Jo YoRqpPas] OU ‘SI030R] g = wi ‘¥4 Ul $1001 JTun ‘g°() = & ‘SIULIIJe0d SNoaua30I0)aY UM [Ppowl (T7)TAYVY Ue st JHJ

syuouoduwio)) oyradg J0SsaI89Y Ul S)00Y U JO ase)) a1
ul (p) sjpusIdeo)) UNJI-SUor] JO UOIjewWI)SH J0] JoMoJ pue ozI§ ‘GSINY ‘Selq JO sojewi)sy o[Ie)) 9JUOIN :6 °[qel,

32



ge[ Jo oFpo[mouy oy J, ‘9°()

"A[oa1yadsar ‘00z PuR 0ST ‘00T ‘0S ‘0¢ = . 10 G PUR G ‘F ‘g ‘¢ SoALd ¢/1L Jo 1red Io8o)ul 97} pUe 95e)S UOIYRMIISO S} Ul PIsn J0U SI SIOPIO

= *p yum (gi)-(1F) 03 SuIpiodoe pojeIousd SUOIYRAOUUT DIJRIDUASOIPI OI)SEPONSOID)OY PoJR[eIIod A[[RlIds pue juopuodop

A{eam A[[RUOTIDDS-SSOID [[JIM PUR ‘S109]Jo [RNPIAIPUT PaJR[oLIod YIim (Q¢)-(L€) 01 SUIPIOIOR pojeIsuesd aIr S10SS9I8aI pue s[qeliea juepuadep o], :S9I0N

GeL 0¢'6 0C'11 GR'LT GL9T | 0L°96 06'¢c6 0OT'6L 990C 99€ L2°6T  ¥9¥P8  Le6T 967001 88'74¢ 84¢'ST L0911 6891 9¢'¢c- LT0 00¢
a0's 06'8 GR'TIT G9'S8T 0€ST | OT'I6 G0'€8 GL'€9 OF9T G8'¢ 6L°6T L6°ST 6L8T €6°16¥ 08°0S0T I8°'ST C8LT 6L9T 6L°CT 06°9¢ 0ST
G9'9 Gag'8 Ge'Tt G¢'LT  G6°LT | 06°GL G199 GS09y OL'TIT 0r'¢ 8¢'0c LLCZ VO'IV V6’791 08°L9GT | L8'SI ¢I'8T GLGT 06'¢ct T8V 00T
08’8 06’8 G6'TT 0¢'9T G6°GT | S¥'¥P 098¢ 08¢ <06 (77 90°'T¢c  L8°0C ¥c'€c ST'19 ¥.20¢¢ T€'8T  8L'LT I8'GT 88'CI GL0¢c- | 09
09°6 0L°0T CI'CI C6°ST  GO'AT | 08°0¢  S9¥C  GTI'LZT  0LL cL9 €C'6C  G9°C¢ I8°6C  9T1°088 76°L69 16°ST  ¥9°LT 9€'9T 699~ 0¥ 91 0¢
([¢/1.L] = 2d qam suonpeoymads (0°7) QYY) SIUSIDIPO0D UNI-1IOYS JO sojeuri)se TAYUV-SD UO poaseq
06°LT 08°LT SV'LT  GT'¢T  G8'¢ 0666 G¢'66 GE€'G6 09°LS  OV'ET | 9CLT  VILT 9691 T1°8967  L6°€CE 98°91 G991 €¢9T  00°¢6- CV'Sr1 002
06°GT 09°¢1 0¢'91 00¥T  0T°L 40’66 0996 0988  OT'L¥ GSO'IT | OVLAT  LT'LI ¢l'LT  6£°S¢ L6°CSE L8991  ¥991 91'9T L9791 8L'T¢C 0ST
0071 08°¢CT 0T'¢T  06°0T 08L 49'¥6  GT'88  S¥'eL  ST9¢  GG0T IS LT LVLT  STLT  8E¥E ISPSIT | PO'LT 99791 T6°ST 9991 67 €V 00T
09°TT 08¢l 0c'TT 09'TT 66’8 0L°TL  SP'TI9  999F 090 091 VP81 9¥'8T 6161 8918 90'894 00°LT G991 1691 19°¢1 08'1- 0S
08'TT CL'TT 08'TT  99°0T 996 09'0¢ G680y  S/'TIE¢  SOFI 489 S¥'6T  FP6T  €T°0C  67'9.C €6°TEET | OT'AT 0991 IT°9T  9€'¢C¢ €L'CT- | 08
([¢/7.2] = 2d qyim swoneoyoads (1°) TAYY) SIULIDIPO0D UNI-)IOYS JO SoIBWISO TYV-SD UO paseq
00°00T 00°00T 0966 0¥7'<S6 GT'9L | SLV 09'¥% 0L°G 0¢°¢ G6°¢ 9¢°¢ e8¢ Gey 6S°G €6°L G0°0- ¥0°0 00°0 cS0- T0°T- 002
GL°66 G766 0926 0006 0199 | 009 06'% Ggg'q S 0c'¢ 0¥ vy ¢c0'q 099 90°6 G0°0- ¢c0'0 L0°0- LL°0- 00°T- 0ST
GE'86 0€°S6 01’16  S0'GL <96% | 69V 00°¢ <97 0S¥V 0¢'¢ qLy 8¢'G 68°G GL'L CO'TT ST°0 80°0 T1°0- LG°0- IT°T- 00T
08°¢€8 0¥'GL 0T°'2L9 0009 99'8¢ | 649°¢ 09°¢ 0r°g G6°¢ 0L¢ €L9 LG7L 16°8 ¢Cc'1l 9741 G0'0- T1°0- 010 L6°0- ee0- 0S
Gc’L9 S0'8¢ GL6F  08'¢e  SO¥c | 0€9 02’9 ¢c'9 0€°9 é8'9 TL'8 TO'0T  €0°TT IT'¥VI 6¢°0¢C ¢cc 0 ¢ro- 90°0- cgo- 98'0- 0¢
(1—2d=dpue [, 1] = 2d ‘0 = d) pejood Td-SD
00°00T S6°66 ¢0'66 S¥'¥6  000L | STV S Gc'9 S ov'¢ av'e 66°¢ 9¢' ¥y 68°G 29’8 80°0- T0°0 <00 08°0- 8¢ 1~ 00¢
0L°66 G166 08°96 0798 008G | 999 ge'q gg'q (17 q0'¢ 9T'¥ a9’y 4 069 <001 €0°0- 60°0 L0°0- 70°1- 1¢1- 0ST
0L°L6 0576 G006 G€CcL 06°¢V | 06'G STy RV c0'¢ 087 L6V qg'g 70'9 7’8 T1¢¢ct 80°0 €0°0 T1°0- GL0- ¢C1- 00T
02°¢8 G8°'1L 0T'v9 G997 G0've G6°G 00°¢ G6'¢ 029 (ST 969 68°L 88'8 TL'T1 G891 70°0- S1'0- 80°0 70 1- 6¢°0- 0s
aT'v9 0L°€S 00°L¥  OV'I€ 0¢0c | 99°¢ Gc'9 (S 00°9 G0°L 68'8 €601 ¥PIL GLVI 16°'1¢ 4N 10°0 1¢°0- Sy0- IT°1- 0¢
(1 — 2d = d pue T T& = 2d ‘g = fid) dnoaS ueaw TQ-SD
00T 0ST 00T 0S 0¢ 00T 0ST 00T 0S 0¢ 00T 0ST 00T 0S 0¢ 0032 0ST 00T 0S 0¢ A,H%Zv

(z1=0:1H ‘1949 %G) TamoJ

(1 =10:0H ‘19491 %¢) 2718

(001 %) saoaayg aaenbg uesyN 100y

(001 x) serg

(8°0°0) A 11 ~ ¥ pue spooge
}DBQPIDJ OU ‘SI0JRY g = Wi ‘SIOSSAIBOI ATRUOIIR)S 9°() = **'ch ‘SJUDIDIFO0D SNOAUFOINIRY M [OPOW (T°Z) TAYY Ue ST JHJA

SIOXLIF] D1YeIDUASOIP] pajre[arIo)) A[[eliog Jo ase)) oy} ul
(g) syueIdYIR0) UNI-SUOTT JO UOIJeUWI)SH J0J JomoJ pue ozI§ ‘GSINY ‘seld Jo sojewnl)sy o[Ie)) SJUOIN :0T °[qRL

33



"A[paryoadsar ‘00z pue 0ST ‘00T ‘0G ‘0€ = [ 10] G PU® G ‘¢ ‘¢ S9AIS (/T JO tred 1980gur o) pue 93e)s UOTJRTISI A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy, ‘90 = *» Yum (gF)-(1F) 01 SuIpioode pajelotuiald SUOIIRAOUUI JIPRIDUASOIPI O1)SRPIASOIa)eY Pajelallod A[[elies pue juspuadep

ATs7eam AJ[RUOTIDDS-SSOID [[TM PUR ‘S109]J0 [RNPIAIPUL PajR[oLIod Yiim (R¢)-(L¢) 01 SUIPIodOR pojeIousd oIk S108s91801 pue o[qeliea juepuadop o], :S9J0N

GL'86 GG'66 09°66 Gr'é6  06'9L | 0C'8 G6°6 gL0€ Ge'6v  G6°'1V | 697 19'% €€L LV'9¢C 8C¢'€CT | VC'¢ ¢L'T- 69°¢-  I¢T11-  0OF'¥I- | 00C
v'v6 08°L6 GL'86 gL€6 0TVl | SLL 049°8 08'9¢ 09'1F G¥'8¢ | 8T'¢ 10°9 g8’L 9LVLT  GV'L6V | €1°C ¢¢'1- 6.9~ 89'I8¢  TO'GT- | OST
0€°98 0¢'76 0¢°G6 09°68 0969 | 969 00'8 gv'0c  G6'€€  SO0¥E | 609 €6°9 ¢1'6 8V'8¢C LLESE | 9T'C €9'T-  6€¢ LT'TT-  09°0¢ | 00T
¢0'99 GG'9. 0028 06°¢L 0269 | 999 ¢6°6 06'VT  0€€c 99'8C | ¥T'8 68°8 0L 1T 8€0C 99'8. 80°C 06'T- €€¢  TL6- 06°¢T- | 0S
0128 GF09 0149 0079  0ZFS | 069 998 G0l GLTe 086 | pe'0l G901 peal  eele  LGITF | A1'G  OFI-  €I'¢-  $9°0I-  £0'8%- | 0
([¢/1.L] = 2d yam suoneoymads (0°7) QYY) SIUSIDIYO0D UNI-1IOYS JO sojeuni)se TAYV-SD UO poseq
09'7S gc'elL G4'v8 0699 0€'8¢ | 0L°66 S€96 CT'0L G9¢c 082 L'yl L6'TT 896 ¢4'8¢ ¢6'€0¥ | 9L°€T TS TT 988 [qa) 86°1 00c
GO'LY 0729 SVvL GLLG  08°9C | 02’86 96'68 0€'8G 088T 092 ETVT Vel €86 06°GT 68°9L8 | L9€T C9'IT 08’8 L0°L 9L'V¢ 0ST
0€°6€ GL'8Y 06°LG 0ov'0s S¥¥vc | 06’16 09°6L 09vF GE€E€T G99 69 VI 8¥'¢I T.°0T  8€'9¢C LT'PIG | 8%'€T  8G'IT 616 L0°L 76°0€ 00T
09°¢¢c 06°¢€ G6°1¥ gr'ee  0€1¢ | 9989 0T'9% C¢9vc 0CIT  0L¢ GC'GT  LTET  €LTT  LE6I 9L TIT | 96'€T  G9'IT €06 TL°L 00T 0s
0861 98'¥¢ ge'ce GC'8C  0€'6T | 0€LF 0OF'€E SP0c 062 ST'g G0°9T  08FI  00FT 9091 0L°¢VT | O0OFT  S6°'IT 696 299 29 0¢
“([g/7.L] = 2d Wi suoneoymads (17) YY) SIUSIDYIL0D UNI-1I0YS JO sojeur)sd TAYV-S) U0 paseq
00°00T  00°00T  S6°66 GE'66  08L8 | 097 0g'vy 067 QL'y 0¢'¢ 10°€ Ge'e 649°¢ L'V 199 G0°0- 10°0-  L¢'0-  8L°0- G9°0- 00c
G6°66 Gg8'66 07°66 0996 0C'18 | GL'V 0Lv gg'g GgLG i [4R3 98°¢ €Ty LE°¢ 0L €0°0- 600 €0°0- 6170 €8°0- 0ST
G666 02’86 G896 GI'68  G6'€9 | 09°G G9°¢ 08'% Sv'a Ggg'g LTV 08'v €09 €99 11°6 ¢0°0- €00 G1°0- 810~ 06°0- 00T
0968 99'¥8 Gg08 g9°¢9  09'1¥ | GL'¢ g0'¢ 0L°¢ 029 08'¥% 60°9 879 gL V€6 TL°CT 90°0 01°0 ¥0°0- 2L 0- €11~ 0s
0L7. 0199 0S°'19 ST'87  0Z0€ | 089 0.9 099 0T L 0T L VL L 8.°8 67°6 0TI 891 01°0 ¢1'0 10°0 S0 1- L2971 0€
(1—2d=d pue [,,,1] = 2d ‘0 = fd) pejood T-SD
00°00T  00°00T  00°00T ST'86 9808 | 0LV qa'v 067 00°¢ 06°¢ cre 9¢°¢ cL'e 6’V LV L 10°0- 000 6¢°0- 980 €9°0- 002
00°00T  0.°66 GC'66 08°¢6  OV'IL | GL'V 0gv G0'9 Ge'g 009 €9°¢ 107 vy ¢9'¢ LG8 g0'0-  S0°0 01°0- 0670~ 88°0- 0ST
0266 96°96 G8°G6 0L°¢8 0679 | 967 0L°¢ qL'y eT'g 0€°¢ LETV 00°¢ €C°¢ 00°L 0601 90°0-  0T0 80°0- 16°0- 00°T- 00T
G818 G0'€8 G0'8. 098¢  0L°€E | 98¢ 08 GL'G ge’9 06'¥ L3°9 GL9 GG'L €T°0T CEVI G0'0 60°0 80°0- ¢80~ €8°0- 0s
ev'cL 0679 09°69 GL VY 99°9C | ST°9 g0'9 099 7’9 0Z'L 98°L €06 88°6 av'et 16°8T gz’ o 11°0 60°0 9¢'1- CL'T- 0€
(1—2d=dpue [,/ I] = %d ‘0 = d) dno18 uesw TI-SD
00g 0ST 00T 0¢ 0¢ 002 0ST 00T 0¢ 0¢ 002 0ST 00T 0¢ 0¢€ 00g 0ST 00T 0¢ 0€ (LND)

(1=9:TH ‘19A9] %Q) Jomodg

(T =19:0H ‘19401 %g) 2718

(00T X ) saoxayg axenbg ueajy 100y

(0oorx) serg

"SIOII0 UI SYBdIq pPUR SIO09[0

JORQPISJ OU ‘SI0JIR] 7 = UL ‘SIOSSAIZOI ATeuorje)s ‘9 () = b ‘SJUSOII0D SN0ULF0IRI0Y [IIM [opowt (T°Z) TAYY U® St 4D

SIOLIF Ul syealg JO ase)) oY} ul
(9) syuedIPR0) UNI-IUOTT JO UOIJeWI)SH J0J IoMOd pue 9zI§ ‘HSINY ‘Selq JO sajewii)sy o[re) 9JjuoN :IT °[qel

34



"A[pargoadsar ‘00z pue 0ST ‘00T ‘0G ‘0€ = [ 10] G PU® G F ‘¢ ‘¢ S9AIS ¢/ T JO 1red 1980gur o) pue 95e)s UOTJRTIISI A} UL Pasn JOU ST SIOPIO

Se[ Jo e8pemouy oy ], ‘90 = *» Yum (gF)-(1F) 01 Surpioode pajelotuasd SUOIIRAOUUI JI)RIDUASOIPT O1)SRPASOIa)eY Pajelallod A[[elies pue juspuadep

ATs7eom AJ[RUOTIONS-SSOID [[TM PUR ‘S)09]J0 TRNPIAIPUL PoYR[oLIod Yiim (8¢)-(L¢) 01 SUIPI0dR pojeIoussd oIk S10ss91801 pue o[qeliea juepuadop o], :S9I0N

00°00T 00°00T  00°00T S6°66 G8°L6 | 00°00T  00°00T 00°00T 0666 0896 | €0°¢c 88°€C 99°¢¢c <TLOE T97¥¢G 68°C¢-  €L°¢C-  0V'Sc- 9V 06-  €¥6E- | 00T
00°00T 00°00T  00°00T 0666 08°.6 | 00°00T 00°00T 00001 G866 0866 | €0°¢c 08°¢c €¥'ac 9L0¢ 96°CS G8'C¢-  19°¢¢- 1¢'Sc- 8¢0¢- €T°Le- | 09T
00°00T 00°00T  00°00T S6°66 0L°L6 | 00°00T  00°00T 00°00T 08'66 0676 | ¢c0'¢c 98°¢Cc 6¢'9c T1L°0€  L¥09 GLcc-  99°¢c-  90°9c-  9T°0¢-  60°'S¢- | 00T
00°00T 00°00T 00°00T 00°00T 0996 | 08°66 GG'66 00°66 GT'L6 GI'SS | 6T°¢C LOFC €9°6C 860¢ 0T00T L9°C¢-  06°¢c-  T10°S¢- 9662~ S¥6e- | 0G
00°00T 00°00T  00°00T _ 0L°66 00°€6 | STT6 0€°€6 06°16 G998 097L | LTE€C  60FC  98°GC  69'1¢  LL9€T €€'cc- 80°€¢-  clve-  LL6C- 1€°LE- | 08
([¢/1.L] = 2d yam suoneoymads (0°7) QYY) SIUSIDIPO0D UNI-1IOYS JO sojeuni)se TAYV-SO UO poaseq
00°00T 00°00T  00°00T G866 06°¢8 | 9G¢°CI 0€°6T 08°LC 0€Ly  09°L¢ | 99°C ar'e 8¢’V ¢C'8 ¢ €8T LG7T- al'e- 6€°¢- 8074 68°LT- | 00T
00°00T 00°00T 00°00T 0666 0¢'C8 | 066 0L°€T ST'1IC GLG¢ G69'Ce | VLT LT°¢ v’y 8C'S ey LeT SyI- 90°¢- ve - 78°9- 0c¥1I- | 0ST
00°00T 00°00T  00°00T Ge'66 06'8L | G101 qgel 0v'qt 06'9¢ 089¢ | ¢C'¢ 18°¢ €8’V ¢c'6 0¢°0ct 0¢'1- 00'¢c- 90°¢- 74°9- €8°LT- | 00T
0L°66 0666 G166 0€°€6 G0'q9 | GL°L 66’8 0T'TT GC61 S¥V'6T | LTV a8’y 109 96°0T O0T'80CT | 8C'I- €0°¢- c0°¢- c0’'L- 76°GT 0S
S6°L6 S0°S6 GG'€6 G008 GL¥S | 062 0L'8 0¥'8 CeVI CT'LT | 6T°G [4N] () 06°TT TL'E€T9T | €C'1- 0S'T- ¥8'¢- 79°9- 1¢°6V- | 0€
“([g/n.L] = 2d Wiim suoneoymads (17)TAYY) SIUSIDYIS0D UNI-1I0YS JO sojeur)se TAYV-S) U0 paseq
0866 09°66 G0'66 047466 08°L8 | G7'G8 08°GL 00'29 ¢¥'éc 092 8L°L 89°L 0€°L 07’9 129 9¢°L aT'L 899 0r°¢ LV'C 00¢
GG'86 GR'L6 09°G6 Ge'06 09°9L | 09°GL 08°¢9 ¢9°0¢ ¢9'0c  G0'S €0'8 8L Gg'L €8°9 1¢°L 0S°L 0C 'L cL9 L0°G 0L'C 0ST
06'¢6 G6°68 07°48 09°GL 00°'T9 | 01'8G G0°LY c0'LE 0991 0¢c'L LT°8 1T°8 L0°8 G9°'L £€9'8 VL 0T'L 689 0¢'¢ 96'¢C 00T
c0'cL G669 07'19 09'7¢< 0S'1V | 6C°¢¢ 09°9¢ [Sraane 0L°0T Gqg’9 76'8 qL's 968 01’6 V1T 0¥ L 689 LL79 E8'F 9¢'¢C 0S
GG'L¢ G609 06°G¥ GL 0V GL0¢€ | 6T’ I¢ 0661 02 LT 06’8 Gc'L £¥'6 ¥O'OT  L&'0T  A80T LSVI 00°L 0T L 089 eLy 8¢C'C 0¢
(1—2d=d pue [,,,1] = 2d ‘0 = 2d) pejood T-SD
00°00T G666 06°66 GL'86 06C6 | GT'TL (s GG'LE 06°6 0€9 0S9 929 GLG oLy LG9 €09 19°¢ 16V GG'¢C 9% 1- 002
06°66 0966 06°S6 09°496 0978 | 6469 G097 06°0¢ 0L°8 08¢ 9.9 av'9 ¢r'9 17°q 0G°L ar’9 89°¢ q0'¢ 79°¢C €C'1- 0ST
GR°L6 09°¢6 08°C6 Geas 0069 | SO'¢V aR'1¢ 0€°¢¢C 06°L 08¢ €6°9 G8'9 0.9 ¥¢'9 888 G009 19°¢ 9T°¢ GR'C L6°0- 00T
GT'18 0V LL Gg'0L Ge'c9 qc'q¥ | 69°G6e 00°6T SVl 0T's 099 6L°L 89°L 16°L 74’8 74'Cl 90°9 8¥°¢ 1T°q 8¢'C SyI- 0S
GL'S9 00°LS 0r'¢es G6°C¥ Ge'c¢ | 0T'ST 0L°CT 0S°¢CT 099 009 ¥S'8 91°6 Gg'6 T6°0T 0291 8¢ LS 0T°¢ 8¢'C 16T~ 0¢
(1—2d=dpue [,/ I] = %d ‘0 = fd) dnos8 uesw TI-SD
002 0ST 00T 0g 0¢ 00¢ 0ST 00T 0g 0¢ 00¢ 0ST 00T 0g 0¢ 002 0ST 00T 0S 0€ (LN)

(1=0:TH ‘19A9] % Q) 1omoJ

(1=10:0H ‘19491 %G) 9218

(00T X ) saoxayg axenbg ueaJy 100y

(001x) serg

‘s1030%] g = W ‘s108s01801 Areuorje)s ‘9'() = Mo ‘SHULIdIIe0d sSnoauadoIn)ey Yim [epout (T'7) TV Ue st JHA

‘0= "d pue ‘(z0‘0) nqII ~ "™

S109[H 3oeqpa9 Jo ase)) a9y} ul
(9) syuemdIPR0) UNI-IUOTT JO UOIJeWI)SH J0J IoMOJ pue 9zI§ ‘HSINY ‘Serq JO sajewii)sy o[re) 92JUoN :ZT °[qel

35



'9°0 = *p Ynm (gF)-(1§) 01 SUIpI0ode pojeIousd SUOIIRAOUUL JIPRINUASOIPI DIISRPONSOINIOY Poje[oll0d A[[eLIds pue juspuadop

AT3{eam A[[RUOTIDDS-SSOID [[JIM PUR ‘S109]Jo [RNPIAIPUT PajR[oLIod YIim (Q¢)-(L¢) 01 SUIPIOIOR pojeIoussd oIe S10SS9I8aI pue s[qeliea juepuadep o], :S9I0N

00°00T  00°00T  00°00T 00°00T 00°00T | 0L'€c 000V 06L9 G966 00°00T | ¢O'¢C 9¢'¢c  99'¢  G€L OT'%PI | €91~ LT'CG- LC'E  €T'L- €8€I- | 00T
00°00T  00°00T  00°00T 00°00T 00°00T | OF'IC S€0€ 081G G696 G866 €C'C €9°¢ 89°¢ I¥L OT¥I | 69T 60C 08¢ ¥I'L~ LLETI- | OST
00°00T  00°00T  00°00T 00°00T 0000T | G2'ST S¥P'€c G90v GC'88  SGV'66 LV'C L8C ¢8€  8¢€L CI'VI | LS9'T- €T'¢- ¢c'€- 969~ IL€I- | 00T
0966 0€°66 0866 G666 G6°66 ¢g¢'0T  S6vVI  GO¥C 96°'€9  00°C6 10°¢ ov'e vI'v 69L TIT'PT | LET- 96'T- 7¥0'€- 6.9~ 7EEI- | 09
0¥'¢6 0S°€6 08°¢6 G1'86 0€°66 0S9°0T  GL0T G991 0€T¥y  097L 0L°€¢ €8¢  €9F €LL 66°€T | 0C'T- 8G'T- 8LC- V€9~ 9LCI- | 08
yoeoadde @Y Vv-S)D pPoulRI}SUOIU()
00°00T  00°00T  00°00T 00°00T 00°00T | OT'PT 0€'CC 088E G998 0€66 S9'1 00¢c L9C S6vV CT'6 T0°T- 8% I- 8T'G- L9¥T- €88 002
00°00T  00°00T 00°00T 00°00T 00°00T | 00'ET  ST'8T 0S9'T¢ 0LLL 0T'S6 88T 0T'c T1.LC €06 €16 80'T- TI¥'1- 1T¢C L9V~ LL'S- 0ST
00°00T  00°00T  00°00T 00°00T 00°00T | 980T S¢c¥I 0€cc 9909 00°€6 S1°¢C 9¢'c 16'c G09 1¢6 L0°T-  ¥¥I- €G- 097 €L 00T
0266 06°86 G966 G866 0866 00'8 00°TT  SGP'FT  G9°9¢ 0904 LLT T0°¢  8€'¢ €Vg T1€6 88°0- 6¢'T- S86'IT- TI¥V¥v- CF'S8- 0¢
G116 9916 0T" €6 G896 GG'L6 09'8 Gg'8 GG'TT  0€'€C  OFV'8%F £9°¢ €9°¢  00F  €L9 8¥6 8L°0-  ¥6°0- LLT- TO0¥- G621 0€
SJULIdIe0d unda 3uo[ jJo a3paimouy 3uisodw] :I0}RUWI)SS I[qISeaIUT
00°00T  00°00T  00°00T 00°00T 00°00T | 009T OT'¥C¢ GL'GV G668 G166 VLT 80'¢ 9.¢c 0VS TL6 0r'T- G6¢1- 9€¢ 609  LE6- 002
00°00T  00°00T 00°00T 00°00T 00°00T | 9&¥T  GL6T SGT'9¢ OF'C8 GI'S6 16T 8T'C T6C 8V'S 6.6 9T'T- 8¥'1- 0F'c- 01T'G- 9¢6- 0ST
00°00T  00°00T  00°00T 00°00T 00°00T | OLIT GL'ST 06'%C¢ 09F%9 G9G'16 ve'e ¥v'e 01°¢€ 199 986 ST'T-  6¥V'1- 0€¢ C6Vv-  LC6- 00T
0T 66 G886 09°66 0L°66 0966 Gz'6 Ge'crT ST9T  Gcev 0L°0L 98°C €T°¢  G9°¢ 88G 000T | 86°0- 9¢T- €T'c- 8LT- 688" 0S
08°06 0406 SV'€6 00°S6 G2 96 G€'6 01’6 0§'¢cl  09°2¢  Sv'1¢ 79°¢ 89°¢ 8T'F  ¢¢9 9201 | 98°0- T0°T- 061- 9G€¥- BER- 0€
JUSIdIJo0d uni-3uof Jo ajewiyss pajood Tq-§O Jursodwuy
00¢ 0ST 00T 0S 0¢ 00¢ 0ST 00T 0S 0¢ 00¢ 0ST 00T 0§ 0¢ 003 0ST 00T 0¢ 0¢ (LN

(7'0="d: T ‘[9A9] %Qq) om0

(60 ="9: 0f ‘eAd] %g) o718

(00T Xx) s1oaxy arenbg ueaJ 100y

(00T X) serg

‘9°0

‘0 = 0 pue s109Jo YOrPI9J OU ‘SI0)Ie] g = W ‘SIOSSDIZ0I ATeuorye)s

(V'®) g = & jJo uoryewir)sy I10j IemoJ pue 9zI§ ‘GSINY ‘serq Jo sejewi)sy o[re)) 9JUoJA €T 9[qRlL

M (SIURIOJO00 UNI-JIOYS ST0URF0I09Y ‘SJUSIDIE0D UNI-ZUO] SN0sUsFOWOY 1M [opout (()‘T)TAYY U St 4HJ

36



A Appendix

We start by briefly summarizing the notations used in this paper, and introduce new notations which

will prove useful in the proofs provided below. We use (a,b) = a’b to denote the inner product

(corresponding to the Euclidean norm) of vectors a and b. ||A|| = max > i1 laij| and [|A[l; =
<i<n

max » .. ; |a;;| denote the maximum row sum matrix and column sum matrix norms of A € M"*",
1<j<n =

respectively, where M"™*"™ is the space of real-valued n xn matrices. |A| = /0 (A’A) is the spectral
norm of A, p(A) is the spectral radius of A, Col (A) denotes the space spanned by the column
vectors of A, and AT is the Moore-Penrose pseudoinverse of A. Note that |lal| = \/o (a’a) = Va'a
corresponds to the Euclidean length of vector a.

Let z;; = (yit,xgt)’, Zopt = (gwt,iéut)/ = Zf\;l w;zit, A = (1 — L), L is the lag operator,

) / / / . /
Yip+1 Xip+1 sz}p—kl Axi,p AXiz
) / / / . /
| Yipt2 X, - Xip+2 AX. = AXpyo AXjpi Axjy
Yi - ) T . ) ip . . . 9
T—px1 T—pxk : (T—p) xpk
) ’ / / . /
YiT XiT Axip AXz‘,T—l Axi,T—p—l—l
=/ </ </ S/ /
Zip+1 AXw,p-ﬁ-l Axw,p o ARy Vip+1
=/ </ </ </ /
Z AX AX e AX v
5 p+2 S w,p+2 w,p+1 w3 7,p+2
Zo = ‘ . AXy, = V, =
. I4 . . . ) 7 .
(T—p)xk+1 : (T—p) xpk : : : T—pxk
=/ </ </ S/ /
Z;T AXr AXw,Tfl T AXw,Tprrl Vir

Qwi = (Qw’ AXip)7 Qw = (Zun A)_(wp)a

Myi = Ir—p — Qui (QiQui) " Qi (A1)
7ip = (7;7 3027,17 as) 305'7;)/7
f;/)-l-l—é Ei,p+1
f;/;+2—e €i,p+2
Fp = (F(O),F(l),...,F(p)) s F(g) . 5 fOI"EZO,l,Q,...,p, and g; = .
T—pxm(p+1) T—pxm
fr_, &ir
(A.2)

Using the above notations, the model for the dependent variable can be written as
yi = Xi0; + AXjpaip + Fpyyy, + 95 + €4,

for i = 1,2,..., N, where «;, is a pk x 1 vector containing the first p coefficients vectors of the
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polynomial a; (L) stacked into one single column vector, ¥; = (9; p11,Jipt1, -, Vi1) , and

o0
Dir =Y o (BiAXiep1 +7ifi)
{=p+1

fori=1,2,...,.Nandt=p+1,p+2,...,7. The model for regressors can be written as
X, = F(O)Fi + Vz‘,

fori=1,2,...,N.

Define also the following projection matrix

M, =Ir,-H,; (H,H,)" H

w1

T—pxT—p
in which
h'/wpvp+1
H’wi — (Huh Ale) ) H’LU — w7,p+ 5
T—pxk(p+2)+1 T—pxk(p+1)+1 :
h:uup,T
and
- = _
0,1 +(1—L)o, (L)T, + 7, (L)
r,
1-L)T
hwpt = L(1 L fI:)/ ft,
k(p+1)+1x1 (1-L)T,
(-1,
where

N N N N
éw = szGZa fw = Zwlru Ay (L) = Zwlal (L) » Yw (L) = sz’)’z (L) )
=1 =1 =1 =1
and v, (L) = Z?io 90§)7in-

A.1 Proofs of Theorems

Proof of Theorem 1. We have

38



where \/I\IZ-T = T‘lXQMinz',

f;/>+1 f}’) f{

A ¢ T

7ip = (’727 QD,L"Y;, ceey 805)7;),7 "-91 = (ﬁi,p-i-l;ﬂi,p-i-h "'719’5,T)/7 and

Vit = Z o (BiAX 11 +ifie) -
(=p+1

Consider the asymptotics (N, T, p) 4, oo such that v NppP — 0, for any constant 0 < p < 1 and
p3/T — 3, 0 < 3 < co. In what follows we establish convergence of the individual terms on the
right side of (A.4).

It follows from (A.26) of Lemma A.1 and (A.27) of Lemma A.2 that

\/I\IEJT —Xi=o0p <N71/2> uniformly in 4. (A.5)

(A.5), (A.28) of Lemma A.2, and (A.30) of Lemma A.3 imply

N

Z 1XM‘“€’ 20, (A.6)
— kx1

1

\/>
Consider now the second term on the right side of (A.4), which involves common factors and their
loadings. In the previous literature on CCE estimators, Pesaran (2006) established the asymptotic
results for the term involving factors and their loadings in the expression for his CCEMG estimator
by focusing on the properties of the matrix (using Pesaran (2006)’s notations) XM, F/T, see
equation (40) in Pesaran (2006), in the full rank case, and by exploring the relation (still using
Pesaran (2006)’s notations) M,;FC,, = 0, see p. 979 of Pesaran (2006), in the rank deficient case.
But unlike in the set-up of Pesaran (2006), the dimension of X!MgF,/T in this paper increases
with the sample size, and furthermore My;F)7¥,,, is not necessarily zero since F)¥,,, (due to the
truncation lag p) does not necessarily belong to the linear space spanned by the column vectors
of H,,;. We therefore focus on the elements of the vector X;Mtip'yip /T below, which has fixed
(finite) dimensions, and we also take advantage of the exponential decay of certain coefficients
below. Using (A.5), boundedness of ;! (by Assumption 5), and the result (A.29) of Lemma A.2

we obtain

N — N —
1 3 XM, X; lX;Mtip’y' 1 3 X! Mp,i X, IX;M’”va 2 0
VN = T T P /N “ T T P kxd
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Vector «;,, can be written as «;, = (Wwp - ﬁva) + 1.ip, and
T XMpiFpyip, = T XIMuiF 7y, + T XIMuF, (15, — ) -

Note again that F)¥,,, does not necessarily belong to the linear space spanned by the column
vectors of H,,; due to the truncation lag p. But Assumption 4 constrains the support of ¢, to fall
strictly within the unit circle, which implies that there exists a positive constant p < 1 such that
|p;| < p < 1 for all possible realizations of the random variable ;. Therefore, under Assumptions
3-4, the coefficients in the polynomials e, (L) = SN | wiey; (L) and v, (L) = S°N | wi; (L), where
a; (L) =32, ¢5™ (1 — )7  B,LY and ~; (L) = 3202, ¢V, LP, decay exponentially to zero'’ and

we have

Yo (L,p) i — E [Fy, (L, p) £t [hupt ] = Op (0) (A7)

uniformly in ¢, where 7, (L,p) = >.7_, SN wiply; L is the truncated polynomial of 7, (L)

featuring only orders up to LP. Using the properties of orthogonal projectors, we obtain'!
IMBE Ty | < [ E Ty — Huie], (A-8)

for any k (p + 1)+1 x 1 vector c. Let ¢ be defined by E [¥., (L, p) f; |hypt | = ¢'hyype. Then it follows
from (A.7) that the individual elements of T — p x 1 vector (F7¥,,, — Hy;c) are uniformly O, (p?)
and using (A.8) we have

HM’”'Fpﬁpr =0y [(T —P)1/2 Pp} .

Now using Cauchy-Schwarz inequality, we obtain'?
T_1X;Mhin7wp = OP (pp) : (Ag)

Noting that v/ NpP — 0, and using (A.5) and boundedness of E;l (by Assumption 5) we have

N —1
1 (X;MMXZ) X'MpF,  p
’pr - 07
VN Zj:l T T

108ee Pesaran and Chudik (2014) for a related discussion.

'We use the following property. Let A be a s; X sy dimensional matrix, s; > sy, and let My =
I,, —A(A’ A)+ A’ be the corresponding orthogonal projector that projects on the orthogonal complement
of the space spanned by the column vectors of A. Then for any s; X 1 dimensional vector x and any ss x 1
dimensional vector ¢, |[Max| < |x — Ac|.

2(a,b) < [la|[|b]l. We set a = T~'X,, and b = M,F,¥,,, where [a| = O, [(T _p)—l/ﬂ, and ||b| =

Op [(T -2,
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and it then follows that

XMy F) XM XM
1 Q hz hz — p
3, X S (X)X )

. X/My, X\ T XM, Fy e
Now consider the term % Zf\; 1 ( A ’) L Mywp- Let us denote individual columns of

F), as f, j, for j =1,2,...,m (p+ 1), and individual elements of 7., and pr as Myyp,; a0d Yy, Js
respectively, for j = 1,2,....,m (p +1). Fyn,,,, thus can be written as Ej 1 o Tywp - Let
;= nvng 7
Vp,j + Tywp,j

where v, ; is the j-th element of the vector E (’yip). Note that plimy om; = 1 1if 7v,,; =

0 and plimyom; = 0 if v,; # 0. Expression F,7,,, can now be written as Fyn,,, =
+1
Z;nz(lf )f H’yijﬂ'] and

(p+1)
XiMpFp _ mpz X;Mhifp,[j]—
ywp —

T T ewd’
j=1
Using the same arguments as in the derivation of (A.9), we obtain wﬁwm = O (pP) and
using the properties of 7; we have
mp ~r1
XiMpify, ;)
> = i = Op (00).
j=1
But v N ppP — 0 and therefore
XMy, F
\/N%h’pﬁywp 2, 0. (A.11)

Using this result in (A.10) together with (A.5) and the boundedness of HE;IH we obtain

N N —1
1 ~_, XIMyF 1 XMy X, X' M;,;F
Wi E \IlaliT : qu Py — N E < : Tz Z) - TZ pn'yip ﬁ)kgf (A.12)
VY i=1

Consider now the third term on the right side of (A.4). Let X;; denote the column (¢t — p) of
the matrix X;Mg;, for t = p+ 1,p + 2,...,T. We have X;; = O, (1) uniformly in ¢, ‘@;Tl =0, (1)

uniformly in 4, and

<VN Z o)l E |BiAXi 141 +7ifr—e| < KVNp”, (A.13)

{=p+1

E Wmt
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uniformly in ¢ and ¢. It follows that F ’\/N it 2.0 as VN PP — 0,

T
1
T Ziitﬁit 2o uniformly in 4, (A.14)
t=1
and
N XM, (\/Nﬂ)
1 —~ itVtwi %
=N ’o. Al
N ; v T - k(x)l (A-15)

Using (A.6), (A.12) and (A.15) in (A.4), we obtain
\/N (/éMG - 9) ’C\l’ ,'992'7 )

where

N N -1
1 1 XM, X; X'M,,;F
’19 ;= — v; _|_ < L v ’L> L il Dy A16
(v, Il PP T (A10)

and recall that v; and 7.;, are independently distributed across i. It now follows that when n,; is in-
dependently distributed from I'; and regardless whether the rank condition holds, v/ N (5 MG — 0) LA

N( 0 ,EMg>, where
kx1

N
: 1 - _
Sue =+ lim [N §'1j 3 Qifp Qi3 (A.17)

p,N—00

in which @y = Var(0;), Q,, = Var ('yip), Vip = (’y;,goi'y;,...,gof'y;)/, ¥, = plim T 1X! M, X;
and Q;rp = plimT _1X§Mhin. When the rank condition stated in assumptions of Theorem 1

holds then Q;r, = ka(()pH)’ and therefore even if My is correlated with I';, VN <§MG — 0) 4

TIN Zf\i 1 ;. Consistency of the nonparametric estimator can be established in the same way as in
Chudik and Pesaran (2015b). m

Proof of Theorem 2. Consider

N . e 50 0) — ol XiMyiX; - 1 & _ XiMy; (Xivi + Fpy;, +9i + &)
; Wy ( P — ) - ZZ; w; T \/N ; Wy T )
(A.18)

~1/2
where ¥; is defined below (A.4), w; = vV Nw; (Zf\; 1 w22> , and, by granularity conditions (20)-
(21) there exists a constant K < oo (independent of ¢ and N), such that

N ~1/2
”1171| = \/]Vwi (Z w?) < K. (Alg)
=1
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We focus on the individual terms on the right side of (A.18) below and assume that (N, T, p) ERINS
such that v/ NppP — 0 for any constant 0 < p < 1 and p?/T — , 0 < 3 < 0.
Using results (A.26) of Lemma A.1 we have

N

X! M, X, »
> %5 im0,
1=

for any weights {w;} satisfying granularity conditions (20)-(21). The limit limy o S0 | w; By =
P* exists by Assumption 5 and furthermore, by the same assumption, ¥* is nonsingular. It

therefore follows that

N -1
X'M, X;
<§ wlqu> R A (A.20)

i=1
Noting that v;, can be written as v;, = 7, + M, — My, and using (A.9), (A.11), (A.19) and
VvV NpP — 0 we obtain'?

N M N

1 XMy F

’L ~ 7 qt p P

E i — —— g i———— "N, — 0. A.21
zp TV ; Wy T ip Ex1 ( )

=1

(A.14) and (A.19) imply
N
1 L XMd; b
VN Z@.ZI Wi 0y (A.22)

Result (A.28) of Lemma A.2 and result (A.30) of Lemma A.3 establish
VN 2iVai€i v uniformly in 4,
T kx1

and therefore (noting that w; is uniformly bounded in i, see (A.19)),
N N
1 . X/-Mqié‘i 1 - XM i€4 p
Pt i o R i (VN : A2
\/NE“’ T N§w< T >—>k91 (A.23)
Using (A.20), (A.21), (A.22), (A.23) and result (A.27) of Lemma A.2 in (A.18), we obtain

N ~1/2 N )
= X; My, X ivi +Fpm;
(i_1 w?) (GP B 9) ~ sz : T - p)

Assumption 5 is sufficient for the bounded second moments of XMy, X;/T and X .M,F,/T. In

particular, condition F ( ) < K, for s =1,2,.., k, is sufficient for the bounded second moment

13(A.21) can also be established by noting that the column vectors of X,, = Zivzl w;X,; are included in
Q. and therefore X! M,; = 0.
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of X!Mj,;X;/T. To see this note that
X'M — -
¢ = Z XX,

and, by Minkowski’s inequality,

1 T 1 d
T Z f@'sta};pt S T Z HEEZ’St%;Z)tHLQ ’
t=1 =t

Lo

for any s,p = 1, 2, .., k. But by Cauchy-Schwarz inequality, we have ( Zstx?pt) < [E (5?5,5) E (%’fptﬂ 1/2,
and therefore bounded fourth moments of the elements of X;; are sufficient for the existence of an
upper bound for the second moments of X Mj;X;/T. Similar arguments can be used to establish
that X;Mp;F,,/T has bounded second moments. Note also that v; and n,, are independently dis-
tributed across 4; and, independently distributed of My;, F), and, assuming that ~; is independently
distributed of I';, also X;. It therefore follows, using similar arguments as in Lemma 4 of Pesaran

(2006), that
N —1/2
(wa) (§P - 9) 4 N(0,2p),
=1

where

Yp =0 IR (A.24)

in which

= lim szZ,, R* lim Z 2992 + Qi rpS2 "{szfp)

P7NH00 p N—oco N

Qy =Var(6;), Q,p = Var (’yip) Vip = (Vi @iYis s (pf*yg)/, ¥, = plim T 1X!M,;X; and Qi =
plim T 'X/M;,F,. Xp can be estimated as

N
Sp= <Z w§> TR (A.25)

=1
where N
. X'M,; X
oo ().
=1
and

R* — ﬁ éﬁ)g (X;Nz{qzxz> (52 _ aMG> <§Z - aMG)’ (XZMTMXZ> .

When the rank condition holds, then the column vectors of F, belong to the space spanned by
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the column vectors of Hy, and therefore regardless whether 7., is correlated with I'; or not,
-1/2 /.

<Z@]\L1 w?) (Bp — 0) 4, N (0,Xp) in the full rank case with ¥p reduced to \I""*IRZ\IJ**1

and Q;r = 0 . Consistency of > p can be established using similar arguments as in Pesaran

kxm(p+1)
(2006). m

A.2 Lemmas

Lemma A.1 Suppose Assumptions 1- 5 hold and (N, T, p) 9, 00 such that p3 /T — 2,0 < 3 < 00.
Then,
XMy X
T
Proof. Let &};, denote the individual rows of My;X; so that

Lo uniformly in . (A.26)

X'MX; T—p 1 &

: Tz - = T T > Enirkhir

t=p+1

Ergodicity in mean of &,;, has been established in Chudik and Pesaran, (2015b, Lemma A3). This

completes the proof of (A.26). m

Lemma A.2 Suppose Assumptions 1- 5 hold and (N, T, p) 9, 00 such that p3 )T — 5,0 < 3 < c0.
Then,

XM, X, X! M X;
VNG NS B unitormly in i (A.27)
T T kxk
X/ M,;€; X! Mp,e;
\/ﬁ%TWEZ — \/NZTME’ 2, k(x)l, uniformly in i. (A.28)

2,0, uniformly in i. (A.29)

T 1

T

Proof. Results (A.27) and (A.28) can be established in the same way as Chudik and Pesaran,
(2015b, results A.21 and A.22 of Lemma A6). Consider now (A.29). F,, can be written as F), =
[F(O),F(l),...,F(p)], where F(y) = (fpr1-0,Ep12-0, s fr—g)’ for £ = 0,1,2,...,p. Using the same
arguments as in Chudik and Pesaran, (2015b, results A.23 of Lemma A6), it can be shown that
X;MhiF(g) P

XM, F
e il O NNY/S Vsl el O N 0,

\/N T T kxm

uniformly in ¢ and ¢. This is sufficient for (A.29) to hold. =

Lemma A.3 Suppose Assumptions 1- 5 hold and (N, T, p) 9, 00 such that p3 )T — 3,0 < 3 < c0.
Then,
1

VN

X' Me:
Z iVhi€i P , uniformly in i. (A.30)
1 T kx1
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Proof. Results (A.27) can be established in the same way as Chudik and Pesaran, (2015b,
results A.26). m
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