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Abstract

In this paper, we focus on estimating the degree of cross-sectional dependence in the
error terms of a classical panel data regression model. For this purpose we propose an
estimator of the exponent of cross-sectional dependence denoted by «, which is based on
the number of non-zero pair-wise cross correlations of these errors. We prove that our
estimator, @, is consistent and derive the rate at which & approaches its true value. We
also propose a resampling procedure for the construction of confidence bounds around the
estimator of a. We evaluate the finite sample properties of the proposed estimator by use
of a Monte Carlo simulation study. The numerical results are encouraging and supportive
of the theoretical findings. Finally, we undertake an empirical investigation of « for the
errors of the CAPM model and its Fama-French extensions using 10-year rolling samples
from S&P 500 securities over the period Sept 1989 - May 2018.
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1 Introduction

Interest in the analysis of cross-sectional dependence applied to households, firms, markets,
regional and national economies has become prominent over the past decade, especially so in
the aftermath of the latest financial crisis given its effects on the global economy. Researchers
in many fields have turned to network theory, spatial and factor models to obtain a better
understanding of the extent and nature of such cross dependencies. There are many issues
to be considered: how to test for the presence of cross-sectional dependence, how to measure
the degree of cross-sectional dependence, how to model cross-sectional dependence, and how
to carry out counterfactual exercises under alternative network formations or market inter-
connections. Many of these topics are the subject of ongoing research. In this paper we focus
on measuring cross-sectional dependence.

Bailey, Kapetanios and Pesaran (2016, BKP hereafter) give a thorough account of the ratio-
nale and motivation behind the need for determining the extent of cross-sectional dependence,
be it in finance, micro or macroeconomics. They focus on the asymptotic behaviour of the
variance of the cross section average of the observations on a double array of random variables,
say Xy, indexed by 1 =1,2,...,N and t =1,2,...,T, over space and time. In particular, they
analyse the rate at which this variance tends to zero and show that it depends on the degree or
exponent of cross-sectional dependence which they denote by a. They explore a factor model
setting as a vehicle for characterising strong and semi-strong covariance structures as defined in
Chudik et al. (2011). They relate these to the degree of pervasiveness of factors in unobserved
factor models often used in the literature to model cross-sectional dependence.

In this paper we build on BKP and extend the analysis in two respects. First, we consider
a more generic setting which does not require a common factor representation and holds more
generally for both moderate to sizable cross-sectional dependence. We achieve this by directly
considering the significance of individual pair-wise correlations, and do not concern ourselves
with the factors that might underlie these pair-wise correlations. Second, we consider estimating
the exponent of cross-sectional dependence, «, of the residuals obtained from a panel data
regression model.

We propose a new estimator of v based on the number of statistically significant pair-wise
correlations of the residuals from the panel regression under consideration. To establish the
statistical significance of the correlation coefficients we adopt the thresholding multiple testing
(MT) estimator proposed by Bailey et al. (2018), BPS. Other thresholding estimators can also
be used. See, for example, Bickel and Levina (2008) or Karoui (2008) and Cai and Liu (2011) or
Fan et al. (2013). The MT testing procedure advanced by BPS has the advantage that it directly
considers the statistical significance of the correlation coefficient which is invariant to scales.
Other thresholding procedures focus on the sample covariances and resort to cross validation to
identify the threshold. Bickel and Levina (2008) use universal thresholding, namely comparing
all the sample covariances to the same threshold value, whilst Cai and Liu (2011) propose an
‘adaptive’ thresholding procedure that allows for differing thresholds across the different pairs

of sample covariances. Other contributions to this literature include the work of Huang et al.
(2006), Rothman et al. (2009), Cai and Zhou (2011) and Cai and Zhou (2012), Wang and



Zhou (2010), and Fan et al. (2011).! All these contributions apply the thresholding procedure
to sample covariances and do not apply to the residuals from a panel regression model that
concerns us in this paper. It is also important to bear in mind that when estimating o we do
not assume that the underlying error covariance matrix is sparse, as is assumed in the literature
on regularization of the sample covariance. Our objective is to estimate the degree of sparsity
of the covariance matrix rather than assume sparsity for the purpose of consistent estimation
of the covariance matrix or its inverse. What matters for estimation of « is to ensure that all
non-zero entries of the correlation matrix are correctly identified.

We establish consistency of our estimator under the assumptions of exogeneity of regressors
and symmetry of the error distribution. We also explain how the derivations can be extended
to the case when weakly exogenous variables are present, as for example in a dynamic panel
data setting. The proposed estimator is simple to compute and is shown to perform well in
small samples, for a variety of correlation matrices, irrespective of whether the cross correlations
are generated from a multi-factor structure or specified by a given correlation matrix with a
specified degree of sparsity. This is especially the case as compared to basing the estimation of
« on the largest eigenvalue of the correlation matrix, which performs particularly poorly. The
rate of convergence of our preferred estimator is complex and depends on an interplay of the
cross-sectional and time dimensions, N and 7. The Monte Carlo results also show that the error
in estimating « is smaller for values of a close to unity, which is likely to be of greater interest
in practice. The problem of making inference about the value of « raises additional technical
difficulties and will not be addressed in this paper. In practice, bootstrap techniques can be
used to obtain confidence bounds around our proposed estimator. We provide some Monte
Carlo results in support of estimating the empirical distribution of the proposed estimator of
a, using cross-sectional resampling as suggested in Kapetanios (2008). Finally, we provide an
empirical application investigating the degree of inter-linkages between financial variables using
the Standard & Poor’s 500 index. We present 10-year rolling estimates of o applied to excess
returns on securities included in the S&P 500 data set as well as « estimates applied to the
residuals obtained from the CAPM and its Fama-French extensions used extensively in the
finance literature.

The rest of the paper is organised as follows: Section 2 discusses alternative characterisa-
tions of «, the exponent of cross-sectional dependence, and the conditions under which these
measures are equivalent as N — o0o. Section 3 sets up the panel data model and discusses its
underlying assumptions. Section 4 proposes the estimator of a in terms of the number of statis-
tically significant non-zero pair-wise correlations of the residuals. Section 5 presents the main
theoretical results of the paper for a static panel data model with strictly exogenous regressors.
Extensions to dynamic panels or panels with weakly exogenous regressors are discussed in the
sub-section 5.2 while inference of a by use of bootstrap procedures is discussed in sub-section
5.3. Section 6 presents a detailed Monte Carlo simulation study. The empirical application
is discussed in Section 7. Finally, Section 8 concludes. Proofs of all theoretical results are
provided in the Appendix.

!Shrinkage procedures have also been proposed in the literature for regularization of covariance matrices.
See, for example, Stein (1956), Ledoit and Wolf (2003) and Ledoit and Wolf (2004). However, the shrinkage
procedure does not set any elements of the covariance matrix to zero, and is not suitable for estimation of «
which builds on the support recovery properties of the estimated covariance matrix.



2 Degrees of cross-sectional dependence: alternative mea-
sures

Our analysis focuses on the covariance matrix of e, = (€14, 94, ... ,6n¢)", Where g, is the N x 1
vector of errors from a panel data regression model. Let Xy = FE (ge)) = (0;;), and denote
its largest eigenvalue by A\pax (Xn) > 0. The errors €, are said to be strongly cross-sectionally
correlated, if Apax (Bn) = ©(NV), where © denotes exact order of magnitude, and they are said
to be weakly cross-sectionally correlated, if Apax (Xn) is bounded in N. All intermediate cases
can be parameterized in terms of the exponent «, such that

Amax (L) = O(N™). (1)

The weak and strong cross dependence cases then relate to ay = 0 and «, = 1, respectively. It
is important to emphasise that the exponent, a, is an asymptotic concept, in the sense that
ay can be identified only as N — oo, as the definition in (1) makes clear.

Suppose now that the cross dependence of €;; is characterized by the following approximate
multiple-factor error process

i = Bify + i, (2)

where f; is the m X 1 vector of unobserved common factors with zero means, and 3, =
(Bi1, Bizs - - -, Bim)’ 1s the associated m x 1 vector of factor loadings, and w; is the idiosyn-
cratic component assumed to have mean zero and the covariance matrix V =FE(u,u}), where
w; = (uqg, gy, - ., ung)’. Then

Yy = FE(ge;) =BB +V,

where B = (83, 8,,...,8y)’, and without loss of generality we have set E (f,f/) = I,,. To
identify the factor component from the idiosyncratic component we assume that A\y. (V) =
O(1), but allow the factor loadings to satisfy the condition

N
BB=Y 8.8 =0(N%), as >0, 3)
=1

where ap measures the degree to which the factors are pervasive, in the sense that they have
non-zero effects on the individual errors, ;. In what follows we refer to asz as the exponent of
factor loadings. In the standard approximate factor models it is assumed that ag = 1, whilst
in practice, where the possibility of weak factors can not be ruled out, ag could be a parameter
of interest to be estimated.

To see how ag and «) are related note that
Amax (2n) < BB + V|, < Bl Bl + [IVI];

where ||B||; and ||BJ|__ are column and row norms of B, respectively. To ensure that Var(e;)
is bounded we must have ||B||, < K. Also to ensure that A\ynax (V) = O(1), we must have
|V]]; < K. Therefore, the rate at which Apax (3x) can rise with IV is controlled by

N
IBll, = max > |8]. (4)
i=1

1<j<N 4



Setting SN | |8i| = O(N), for j = 1,2, ...,m, then | B||, = O(N®#), where ag = max;(asg, ).
Then
Amax (Bn) = O(N?) + O(1).
To distinguish the effects of the factor component from those of the idiosyncractic component
we must have ag > 0. Comparing this result with (1) establishes that oy = g > 0, as N — oc.
The above analysis suggests two alternative ways of estimating a,. A direct procedure
would be to base the estimate of vy on Apax () and set

Amax (Xn) = O (N*) = KN,

where k is a constant independent of N. Then

a = In P\max (EN)]

~ In(x)
In (N) In(N)

In order to identify ay, as N — oo, we set k = 1, so that (5) becomes

_ In [)‘max (2N>]

DT (6)

In this form, the value of a is susceptible to the scaling of elements in €;. For this reason
we focus our attention rather on the corresponding correlation matrix Ry = (p;;) given by

Ry = D'/*syD,'?,
where
DN:dlag(am,2:1,2,,N) (7)

Hence, (6) finally becomes

_In [ Aax (Ry)]

Q) = )
In(N)

and a has fixed bounds at zero and unity, as N — oo.

(8)

Developing a theory based on the maximum eigenvalue of the correlation matrix Ry can
be challenging. To avoid some of the technical problems involved in estimating Apax (Ry),
and noting that Var(g) < N 'A\,. (Xxn), BKP propose basing the estimation of ) on
Var(g;), where & = N1 le\il gi. In the case where e; has a factor representation, BKP

show that Var(g) = O [max (NQ(O‘Vl), N*1>} , which reduces to Std(&;) = O <N(a571)>, if
2(ag—1) > —1, or if ag > 1/2. This means that at least N'/2 of the factor loadings must
have non-zero values for X to differ sufficiently from a diagonal ¥ y.

In this paper we consider an alternative estimation strategy that does not require ¢; to have
a factor representation. Since

N
Amax (By) < || Ryl = 1%?](\’; |pis]

we focus directly on estimation of p;; and distinguish between values of p;; that are close to

zero and those that are significantly different from zero, and measure the exponent of cross-

sectional dependence in terms of the number of significant (non-zero) cross-correlation coef-

ficients. Specifically, we define o such that My = N?* where M is the number of non-zero
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elements of Ry which can be written equivalently as My = 7y AnTxn, where 7y is an N x 1
vector of ones and Ay = (d;;) is an N x N matrix of population correlation indicators with
typical elements given by

6ij =1 (pij #0), i, =1,2,...,N,

in which I(A) is equal to unity if A is true and zero otherwise. Note that by construction

0;; = 1. Hence,
. In (MN> o In (TINANTN)

TN T ANz (9)

Cross-sectional independence refers to the case when Ry = Iy, and a = 1/2, while the case

of cross-sectional strong dependence corresponds to all pair-wise correlation coefficients being
non-zero such that @ = 1. Note that by construction 1/2 < o < 1, with o« = 1/2 arising when
Ayny =1y, and a = 1if p;; # 0 for all 7 and j.

Other exponents of cross-sectional dependence can be defined by focussing only on the off-
diagonal elements of Ry and consider the following exponent of cross-sectional dependence:?

OzO: ln[T/N<AN—IN>’TN]
InN(N-1)

assuming that Ay # Iy. Unlike o the above measure is not defined if Ry = Iy. The two
measures coincide, namely o = o° = 1, if p;; # 0 for all ¢ and j, as N — co. In cases where ¢;;
have a multi-factor error representation given by (2), the largest exponent of the factor loadings
is given by ap > 0. Assuming, for simplicity that V is diagonal, it then readily follows that
v (Ay —Iy) Ty = N2 — N*_ where (N?* — N*) = N* (N® — 1) is the total number
of off-diagonal non-zero pair-wise cross correlations of the errors. In such a multi-factor error

set up we have

_ In(ryAnTy)  In(N?** — N9 + N)
T T N T In N2 ’

and
o In [T/N (AN —IN)TN] o ln(Nzo‘ﬂ —Naﬂ)

T T MNON-1) WmNHN -1

Recall that we must have ag > 1/2 for factors to be distinguishable from the idiosyncratic

components. It is then easily seen that limy . a = limy_ a® = ag. However, the two
measures could differ if NV is not sufficiently large. In finite samples a° can be written in terms
of a by first solving the quadratic equation

N2 4+ (N — N*) = N**, (10)

20One can also consider only the distinct off-diagonal elements of Ry and define « as

o In[37 (Ay —In)Tw] _ Infry (Ay —Iy)7Tn] —In(2)

CT T RINWN-D] | WmN{N-1) -
o= [1\111253) 7]
= W — «, as N — OQ.

T N(N-1)]



for az, namely

n (1+/T=4(N = N)) ~In2
Qg = N . (11)

Since [N*#] can only take positive or zero values the second root of (10) is clearly redundant.

In what follows, we focus on « since it is defined even if Ry = Iy, and « is suitably scaled to
lie in the range (1/2,1].

3 Panel data model

Consider the panel data regression model
Vit = ViXit + i, fori=1,2,... . N;t=1,2,....T, (12)

where x;; is a k x 1 vector of observed regressors, ; is the associated vector of coefficients, and
g;s are the model’s errors. We are interested in estimating the exponent of the cross-sectional
dependence of the errors, ¢, defined by (9). First, we obtain residuals e; computed as

eir = Yir — X F = Y — X (X(X;) " Xlys, (13)

where X; is the 7' x k matrix of observations on the regressors for the i unit, and y; is the
T x 1 vector of observations on the dependent variable of the i* unit. We assume that the
regressors are strictly exogenous.
We define the standardized errors, &;, and the associated standardized residuals, z;;, as

Eit
(T_lngié'i)l/Q ’

Cit Cit

' (T—legl\/Iiei)l/2 (T—legei)l/2 7

§it =

(14)

where g = (61'1,61'2, c. 752'T>/7 e;, = (62‘17 €i2y ... ,eiT)’, and Mz = IT— Xz(X;Xz)_:lX{L Note that

(since e; = M;e;)

_ g+ X5 (% = %)
(T_lé';MiEfi)l/Q

=&t — a;tsz‘a (16)

Zit

where

1
Xits

a; = X (XZXJ
and §; = (§i1, &2, -+, &ir)'-

Further, in what follows we assume that the error terms are symmetrically distributed.

Assumption 1 Conditional on X;, the errors of the panel data model, (12), (a) €y are sym-
metrically distributed with zero means and variances 0 < ¢ < 0? < K < 00, (b) € are serially
independent, (c¢) ey and €;; are distributed independently if E (eqe;1) =0, for all i # j.

Under the above assumption, and using (14) it readily follows that
E(&1X;) =0, (17)
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and

B(&&5 1X4,X;) = pijlr. (18)

Our main analysis will condition on the observed regressors. Remark 2 will discuss an
unconditional version of our results. For the observed regressors, we make the following as-
sumption:

Assumption 2 The kx 1 vector of regressors X in (12) is bounded: sup, , [|x;| < 0o. Further,

XX
inf Awin | —o— 0.
m ( T ) >

T>Ty,t

for some Ty, we have

Under Assumption 1 it readily follows that
E (a€; [X;) = x;,(XiXi) " X(E (€;1Xi) =0,
where x/, is the t'" row of X; = (X1, Xi2, . .., X;7)". Hence,
E (24 |X;) =0, (19)

which in turn implies that z; is a martingale difference process with respect to the non-
decreasing information set, Q;; = (X1, X2, ..., X;1). By construction Q7 = X;. Indeed, since
Q;; is a subset of ;, then by the chain rule of conditional expectations we have

E (Zit ‘ta) =F [E (Zit ’QZT) |ta] .

But in view of (19), E (z; [€ir) = 0, and it also follows that E (z; |€2;) = 0, for all ¢ and ¢.

We also require the following assumption that sets a lower bound condition on the non-zero
values of the pair-wise correlations.

Assumption 3 Let pyin = inf; ; (|pi;| |pi; #0). Then,

I In(T)
1m =
T—oo ﬁpmin

0. (20)

Remark 1 This assumption is needed for successful recovery of non-zero pair-wise correlations,
and 1s weaker than requiring pmin > 0, as it allows pmiy to tend to zero with N or T’ or both, so
long as its rate of decline is slower than In(T)//T.

4 Consistent estimation of «

Consider the sample estimate of the pair-wise correlation coefficients of the residuals from units
7 and 7,
T 'ele,

1.4 1/2 1 (21>
(T-'efe;) /" (T 'e)e;)

Pij = 172



where e; = (€1, €2, ..., €;7)’, e is defined by (13), and by construction the sample mean of e;
is exactly zero. We can re-write (21) equivalently as

T
piy=T7" Z ZitZjt, (22)
t=1

where z;; is defined by (15). In order to identify whether the pair-wise correlation coefficients
pi; are significantly different from zero we follow Bailey et al. (2018) and apply the multiple
testing estimator associated with p;;. This is defined by

. . . cp(n,d
po =t (Il > 2522, )

where

cp(n,8) = o~ ( - Jﬂ> = 1N(N - 1), (24)

n is the number of tests carried out, p is the nominal size of the individual test, which can
be set to 1%, 5% or 10%, ®~!(.) is the inverse of the standard normal distribution function,
and ¢ is a tuning parameter to be set a priori. This thresholding method is based on the
notion that for each unit (i, ) pairs we carry out a total of 1N (N — 1) individual tests of the
null hypothesis that p;; = 0 where j # 4, 2,7 = 1,2,..., N. Such tests can result in spurious
outcomes especially when N is larger than T". The critical value function, ¢,(n,d), is therefore
adjusted using parameter ¢ to take account of the effects of the multiple testing procedure
for the estimation of a. It is important to bear in mind that the multiple testing problem
encountered here differs from the standard one studied in the literature by Bonferroni (1935),
Holm (1979) and others. Our focus here is on identifying the range of values for ¢ such that
a can be consistently estimated, rather than controlling the overall size of the multiple tests
being carried out.

Accordingly, we propose to estimate a by

In (7 AT
%’ (2)

a =

Onz

where A = (4;;), with

pij, if | pij] > Cp(” Jfori#£j
dij =14 1, fori=j
0, otherwise

5 Theoretical Derivations

5.1 Main Results

To establish that & converges to «, in addition to Assumptions 1, 2 and 3, we also require the
following additional technical sub-exponential assumption:



Assumption 4 There exist sufficiently large positive constants Cy, C1, s > 0, such that

sup; ; Pr (Jeyr| > o) < Cpexp (—Cra’), for all o > 0. (26)

This assumption is used to allow a relatively simple bounding of an infinite sum of proba-
bilities, needed for the proof of Lemmas 2 and 3 in the Appendix. It can be relaxed to allow
for fatter tails, at the expense of smaller allowable values for N.

The rate of convergence of & to « is given in Theorem 1 below:

Theorem 1 Consider the panel data regression model (12) and suppose that Assumptions 1-4
hold. Let & and § be defined by (25), (23), and (24). Then, conditional on the observed X, as
N, T — oo, and if, for some d >0, N = O(T%) = o (exp(T)),

2(InN) (& —a) =0 (N> 4 O (N exp (—=CoT™)) + O (N™*) + O (N'72%) =
(27)

O (7?1 =270)) + O (exp [2d(1 — a) In(T) — CoT"]) + O (T~%) 4 O (T ~2*)
for any 0 < 3¢ < 1, and some Cy, Cy > 0.

As long as ¢ is set large enough (6 > 1 — ), the first term on the RHS of (27) can be made
sufficiently small.

Remark 2 If we do not wish to condition on the observed x;, one could obtain the result
of Theorem 1, unconditionally, if it is assumed that the regressors satisfy the following sub-
exponential condition for some s > 0,

sup, ; Pr (||xi|l > @) < Coexp (—Cha®), for all « > 0, (28)

v\ —1
and if for some Ty, <XTX> exists for all T > Ty. Under these conditions on X; (which

replace Assumption 2), we can then use Lemma A6 of Chudik et al. (2018) to establish suitable

5. i~ \ —1 I
probability bounds on <Ei;(l> (XTX) (XT€>, and to show that, for some Cy,Cy > 0, and
0<m<l,

sup Pr (yz;zﬁzﬁ\ > VTe, (n, 5)) < supPr (\z;@m > (1 - 1)VTe, (n, 5)>—|—exp (—=CoT) .
,J 2]

5.2 Extension to panels with weakly exogenous regressors

In the case of panels with lagged dependent variables, the use of OLS residuals for estimation of
a could still be justifiable so long as T' is sufficiently large, such that the time series bias in the
estimated residuals is not too large. This is supported by the Monte Carlo evidence provided
for dynamic panels below.

However, the mathematical proofs provided above will not be applicable to the OLS residuals
if the panel regression model, (12), contains weakly exogenous regressors, such as lagged values
of y;;. An alternative approach which avoids some of the technical issues associated with the use

9



of OLS residuals would be to base the estimation of a on the recursive residuals. Specifically,
one could consider the recursive residuals defined by

~ ~/
Cit = Yit — Vi 11Xt
where
t—1 -1 /e
-~ /
Yit—-1 = g XirX;- E XirlYir | -
=1 =1

Then the pair-wise correlations based on these recursive residuals are given by

t=h
where B
. €it
Zit = =T,
Oit
and
t
L2 1 )
Uit - n em—
=1

Here h is the size of the training period, which needs to be set by the researcher. It is then
easily seen that under cross-sectional independence, Z;Z;; is a martingale process with respect
to Q,;t—1, where Q11 = (Yir, ir; for 7 = t—1,t—2,...,1). This and other related results then
allow us to apply the mathematical analysis of the previous sections to the recursive residuals,
after suitable adjustments. The main open question is what critical value to use when checking
the significance of p;;, and hence the threshold value in the determination of the indicators d;;
defined above. This issue will not be pursued in this paper.

5.3 Confidence intervals for o

Quantifying the uncertainty surrounding the proposed estimator of « is clearly of interest.
Given the complexity of developing asymptotic inferential theory, a fruitful avenue is to use
bootstrap procedures. In the case of panel datasets a number of important data features
matter. One possibility is to consider a parametric bootstrap where residuals are resampled.
Again there are a number of ways to construct such a bootstrap method. The first is to
resample, with replacement, from the rows of the residual matrix with the rows referring to
time periods. This procedure applies if the residuals are serially uncorrelated, although block
resampling methods can be considered to deal with the serial correlation. It is important to
resample whole rows as otherwise the nature of the cross sectional dependence of the original
sample, on which o depends, is not inherited by the bootstrap sample. Initial experimentation
suggests that coverage rates for such bootstrap methods are very low. An alternative is to
use some estimation method for large dimensional covariance matrices, such as thresholding,
to estimate the covariance matrix of the residuals and then implement a wild bootstrap. This
approach has been considered, for example, by Gongalves and Perron (2018). However, its
desirable properties depend on the true covariance being sparse and certainly sparser that the

10



structures we consider in this paper. Another alternative is to resample from columns (cross
section units) of the residual matrix, namely to resample across units keeping all the residuals
(observations) on a given together. This procedure is robust to the serial correlation problem.
This resampling procedure, initially proposed by Kapetanios (2008), will be used to obtain
bounds on the estimator of o in the Monte Carlo section below.

6 Monte Carlo Simulations

We investigate the small sample properties of our proposed estimator of «, defined by (25),
using a number of different simulation designs, allowing for dynamics as well as non-Gaussian
errors. We consider the following relatively general dynamic panel data model

Yit = a; +19iyi,t_1 +’Yixit +5it7 for 1 = 1,2, .. .,N; t = 2,3,. .. ,T, (29)
with exogenous, but serially correlated, regressors:
Tit = PizTit—1 + (1 — P?x)lﬂ Vi, fore=1,2,...,N; t =-50,-49,...,0,...,T,

where p;, ~ II1DU (0,0.95), and v;y ~ IIDN (0,1), with x; 50 = v; _50 for i = 1,2,..., N. The
first 50 observations are disregarded for all units to minimize the effects of the initial values on
the observations used in the estimation.

We consider the following cases: (i) a static panel data model, where ¥; = 0, a; ~
IIDN (1,1), and ~; ~ IIDN (1,1), for i = 1,2,...,N; and (ii) a dynamic panel data model
with exogenous regressors, where ¥; ~ I DU (0,0.95), v; ~ IIDN (1,1),and a; ~ I[IDN (1,1),
for i = 1,2,..., N.2 Our estimator is robust to possible correlations between the fixed effects,
a;, and the regressors, x;.

We consider two different designs for generating the errors, €;, both with the same exponent
of cross-sectional dependence, « :

Design 1 We draw N x 1 vector by = (by,bo,...,by) as Uniform (0.7,0.9) for the first
N, (< N) elements, where N, = [N*4] and set the remaining elements to zero. Then, we
construct the correlation matrix Ry given by

Ry = Iy + byb)y — B3, (30)

where By = Diag (by) is an N x N diagonal matrix with its i diagonal element given
by b;. The degree of sparseness of Ry is determined by the choice of ag. If ag = 0 then
Ry =1y and a = 1/2, while if ap = 1 then all elements of Ry will be non-zero and we
have a = 1. For all intermediate values of aig, Ry will have a total of [N*8 (N*¢ — 1) 4+ N]|
non-zero elements. The exact relationship between a and oz is given by (11). Further,
we generate the variances of g; as oy ~ IID 0.5[1 +0.5x%*(2)], for i = 1,2,..., N, and
set Dy = Diag(oy;,7=1,2,...,N). We now generate ¢; so that its correlation matrix is

3We also consider (iii) a dynamic panel data model with no exogenous regressors, where ¥; ~ IIDU (0,0.95)
and v; =0, for i = 1,2,..., N. Simulation results for case (iii) are similar to those for cases (i) and (ii) and are
available in the online supplement, Tables Sla-S1d.
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equal to Ry. To this end we first obtain matrix Py as the Cholesky factor of Ry, and
then set Wy = D%QPN = (w;;), where w;; is the (4, j) element of W . We then generate
Eit AS

N

en =Y wyu, i=12...,N;t=12...T, (31)

j=1
where u;; are 11D draws from Gaussian or non-Gaussian distributions, to be specified
below.*

Design 2 The second design closely follows the set up in BKP and employs the two-factor
specification given by

git = Birfur + Biafor +uig, fore=1,2,... N; t=1,2,...,T, (32)

where f;; ~ IIDN(0,1), j = 1,2 and uy ~ [IDN(0,1) for i = 1,2,..., N. With regard
to the factor loadings, we generate them as follows:

Bi1 = i1, fori=1,2,... [N*] (33)
B =0, for i = [N*"] +1,[N*] 4+2,... N

Biz = Vig, fori=1,2,... [N*?],

Bin =0, for i = [N*?] 4+ 1,[N*?|+1,...,N,

where ;2 are then randomised across ¢ to achieve independence from fS;;. The loadings
are generated as ¥y ~ IIDU(py, — 0.2,y +0.2), for j = 1,2. We examine the case
where agy < ag; = ag and consider values of ag and age such that agy = 207‘3 We set
ty, = 0.71 and p,, = \/u% - N2<°‘B27°‘5)p%2 such that p2 + p2, = p2 = 0.75 - see BKP
for further details. Both p,, and p,, are chosen such that p,, # 0, j = 1,2, without ,u;js

being too distant from zero either. As before, the exact relationship between o and ap is
given by (11).

In both designs, we examine two cases for the innovations w;: (i) Gaussian, where w;; ~
IIDN(0,1) for j =1,2,..., N; (ii) non-Gaussian, where u;, follows a multivariate t-distribution
with v degrees of freedom. This is achieved by generating u;; as

v —2 1/2
ujt:( 2 ) I;jt7f0rj:1727"'7N7

v,t

where 7;; ~ IIDN(0,1) and 2, is a chi-squared random variate with v = 8 degrees of freedom.

For the estimation of «, in each replication » = 1,2,..., R, we first compute the OLS
residuals
ez(»:) = Yy — &Z(T) — 19Z(~T)yi,t_1 — ’Ayi(r)xit, 1=1,2,...,N; t=2,3,...,T,

,ET), 195”, and ’yl-(T) are the OLS estimators of the regressions of y; on an intercept, y;; 1

and x;;, computed using the observations ¢t = 2,3,...,T, for each i. In the case of the static

where a

Note that e, = Wyuy, and Var(e,) = Wy WY, = DY*PyPyDY? = DY RyDY?, as required.
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regressions where ¥; = 0, the residuals are computed from regressions of y;; on an intercept and

x; using the observations t = 1,2,...,T. The sample covariance matrix, 25@ = (0( n ), is then
computed as
T
6};) =7! Zeg)eg), fori,7=1,2,..., N,
t=2
and diagonal elements O’ ) collected in D N = Diag(o l(l), ;= 1,2,...,N). The corresponding

sample correlation matrlx is then given by

Ry = DY Dy
We evaluate the bias and root mean squared error (RMSE) of the exponent of cross-sectional
dependence @ computed as in (25) with the critical value, ¢,(n,d), given by (24). For p and
§ we consider the values p = {0.05,0.10} and § = {1/2,1/3}.5 Further, we compute the bias-
corrected version of the exponent of cross-sectional dependence estimator developed in BKP,
&, and compare its performance with that of .5 However, it is important to bear in mind
that BKP provide theoretical justification for their estimator only in the case of demeaned
observations, namely z;; — T;, and do not consider residuals from panel regressions as we do in
this paper. As a by-product, this paper also provides Monte Carlo evidence on the properties
of the estimator, &, when applied to residuals from panel regressions.

Finally, for the construction of confidence intervals for &, we propose the following bootstrap
procedure:

Bootstrap In each replication, 7 = 1,2, ..., R, we collect residuals in matrix £(") = < 5: )>
TxN

and proceed to resample (with replacement) from the columns a total number of B times.
More precisely, in each bootstrap b = 1,2,..., B, the N cross section units are reshuf-

fled with replacement to generate a new matrix of residuals E®) = ( E:))t( )) ,
TxN

where (i) denotes the resampled index of the N units. For each b, we then compute

the correlation matrix R(Nr)’(b) corresponding to residuals E(-®) and estimate a, which

b)

we denote by @) The bootstrap estimates of a are collected in the vector a2 =

(d(’")’(l), am-@ ,d(r)’(B))/ from where we obtain the estimates of o that correspond to

the 0.05 and 0.95 percentiles, and which we denote by &(()7_"())753 and d((fggB, respectively. Fi-

nally, we evaluate the frequency at which d((]?)gB <al < o?((fggB across the R replications

of each MC experiment.

®The value of § = 1/4 was also considered. Results are in line with those for § = 1/3 and are available in
the online supplement, Tables S2a-S2d.

6Recall that & corresponds to the most robust bias-adjusted estimator of the exponent of cross-sectional
dependence considered in Bailey et al. (2016) and allows for both serial correlation in the factors and weak
cross-sectional dependence in the error terms. It is given by

oy g, 1In(62) I (i) é
G=a(p) =1+ m(N) ~ 2In(N)  2[N mEVN)] 52 (34)

where 62, i2 and ¢y are consistent estimators of 02, u2, and cy - see BKP for further details. We use four
principal components when estimating ¢y .
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For all experiments we consider the values of a = 0.55,0.60,...,0.90,0.95,1.00, and the
sample sizes N,T = 100,200, 500, and carry out all experiments with R = 2,000 replications
and B = 500 bootstraps. The values of a;, ¥; and 7; are drawn randomly in each replication.

6.1 Small sample results

First, we consider the small sample performance of our proposed estimator, &, and investigate
its robustness to different choices of p and 9§, that govern the critical value, ¢,(n,d), used in
estimating it. The results for Gaussian errors are provided in Tables Ala to A2b, and the
results for non-Gaussian errors are reported in Tables A3a to A4b. Each table reports bias and
RMSE of & computed using the residuals from either static or dynamic panel data regressions.
Tables Ala and Alb give the results for static and dynamic panels, respectively, when the
cross-sectional dependence in the errors are generated according to Design 1, whilst the same
results for Design 2 are summarized in Tables A2a and A2b. Similarly, the results in Tables
A3a and A3b give bias and RMSE of & for static and dynamic panels when the errors are
non-Gaussian and the cross correlations are generated according to Design 1, whilst the same
results for Design 2 are provided in Tables Ada and A4b. In each of these tables, the left panels
give bias and RMSE for p = 0.05, and the right panels for p = 0.10, whilst the top panels give
the results for § = 1/2, and the bottom panels for § = 1/3. Specifically, each Table gives four
sets of results for the combinations (p,d), with p = 0.05,0.10 and § = 1/3,1/2.

Comparing the left and right panels of the tables, it is clear that & is robust to the choice
of p, irrespective of the value of §, and for all N and T combinations. Observing that n =
N (N — 1) /2 is quite large even for moderate values of N, the effective p-value of the underlying
individual tests is given by 2p/n®, which is likely to be dominated by the choice of § as compared
to p. Therefore, the test outcomes are more likely to be robust to the choice of p as compared
to 4.

Turning to the choice of §, comparing the results reported in top and bottom panels of the
tables, we note that for all N and T' combinations the choice of 6 = 1/2 produces smaller bias
and RMSE as compared to § = 1/3 for values of « close to 1/2 (a < 0.75). The reverse is true
when considering values of « close to unity (o > 0.80). Again, this is consistent with the result
of Theorem 1 which requires § to be larger than 1 — «. Hence, for o — 1/2 setting § = 1/2 is
more appropriate, while as & — 1 values of 0 below 1/2 are more appropriate. In cases where
there is no priori information regarding the range in which the true value of o might fall, the
simulation results suggest setting d to its upper bound value of § = 1/2.

Overall, irrespective of whether we consider static or dynamic panel regressions, with Gaus-
sian or non-Gaussian errors, the tabulated results show that the small sample performance of
& improves as the true exponent of cross-sectional dependence, «, rises from 0.55 towards 1.0,
uniformly over N and T combinations. This finding holds for both Designs, although & gen-
erally performs better when Design 1 is used to generate the error cross-sectional dependence.
Further, both bias and RMSE of & diminish as /N rises for all values of T" considered. These re-
sults are in line with our main theoretical findings as set out in Theorem 1. It is also interesting
to note that under Design 1, the bias and RMSE of & are particularly small for values of a in
the range of 0.9 —1, even if we consider dynamic panels with non-Gaussian errors. For example,
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for T'= 100 and N = 500, p = 0.05, § = 1/3, the bias and RMSE of estimating o = 0.95 by &,
in the case of dynamic panels with non-Gaussian errors are —0.00008 and 0.00067, respectively.

(see Table A3b).

Tables A2a and A2b summarize the results for static and dynamic panel data models,
respectively, when the error cross-sectional dependence is generated by Design 2 (the two-factor
structure). Compared with Tables Ala and Alb, both bias and RMSE are more sizeable across
the range of @ when T' = 100. However, as T' increases, the performance of & improves for all
values of «, especially when « approaches unity, as to be expected. Perhaps, the signal-to-noise
ratio implied by (32) becomes somewhat distorted when the 7" dimension is short and adversely
affects the accuracy of the multiple testing procedure used to identify the non-zero elements of
the error correlation matrix, Ry. To verify this conjecture, we repeated the same experiments
attaching a scaling parameter of ¢ = 1/1/2 to u;; in (32), in line with the simulation setup in
BKP. Performance of & is much improved in this case and comparable to those shown in Tables
Ala and Alb, even when T is small.” Our conclusions regarding the robustness of & to the
choice of p and ¢ arrived at under Design 1 continue to hold for Design 2.

We now consider the small sample performance of & relative to that of &, the estimator of
a proposed in BKP. & is a biased-corrected estimator of o based on the standard deviation
of the cross-sectional average of the residuals. As noted earlier, the asymptotic properties of
« are established only for demeaned observations, but it is conjectured that these asymptotic
properties are likely to hold even if & is computed using residuals from panel regressions. For
comparison we consider bias and RMSE of & computed using p = 0.05 and § = 1/2, and
note that similar results are obtained for other choices of p and §. Table Bl compares the
resulting bias and RMSE of the two « estimators when applied to residuals obtained from a
static (top panel) and dynamic panel data models (bottom panel). These results refer to Design
1 with Gaussian errors. Both estimators perform well for all values of «, and irrespective of
whether the panel regressions are static or dynamic. This is particularly so for values of a >
0.8. In comparative terms, & outperforms & on average, for all values of o, and all N and
T combinations. The superior performance & is more pronounced when o < 0.75 uniformly
over N and T. The results for Design 2 (where the cross-sectional dependence of the errors
are generated using a two-factor specification) are summarized in Table B2 which has the same
format as Table B1. In the case of these experiments, & (the estimator proposed by BKP)
performs better than & when 7" is small (7' = 100), but the bias and RMSE of & becomes more
comparable to & as both N and T rise. As noted above, scaling u;; by ¢ in (32) eliminates this
relative outperformance of &.8

Further, Table C displays bias and RMSE results for estimates of the exponent of cross-
sectional dependence, given by (8), and computed using the maximum eigenvalue of the corre-
lation matrices Ry derived from the residuals from a static or dynamic panel data model with
Gaussian errors generated under Designs 1 or 2. It is clear that all eigenvalue based estimates

of a perform rather poorly even for large values of N and 7', and even for values of « close to
1.

"These results are available in the online supplement - see Table S3.
8Comparison of & and & when errors are non-Gaussian are provided in Tables S4a-S4b.of the online supple-
ment.
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Turning to the problem of sampling uncertainty, we compute bootstrapped confidence inter-
vals for the estimate & in the case of Design 1 with Gaussian errors. The results are summarised
in Table D and give the average coverage rates (in percent) over the R simulations of & being
between the Hth and 95th percentiles of its empirical distribution. The related confidence in-
tervals are constructed by applying the resampling procedure with replacement to the residuals
obtained for the static and dynamic panel data models, with the results summarized in the
top and bottom panels of Table D, respectively. We set 6 = 1/2 in the critical value function
¢p(n,6), and p = 0.05 (left panel) p = 0.10 (right panel), in each replication of the MC exper-
iments and in each bootstrap. For a = 0.60 coverage is low for small values of N, but rises
steadily towards unity as N increases and for all values of T" considered. For 0.65 < a < 0.95
coverage stands universally at 100% but drops significantly when o = 1.00. Indeed, in this case
for small T" coverage is relatively high and improves as N rises but drops toward zero when the
T dimension is increased for all values of N considered. This is to be expected since, as noted
earlier, the error in estimating & becomes negligible when o = 1.00.

Overall, we can conclude that using multiple testing for identifying non-zero elements of
Ry when computing & is computationally attractive, has sound theoretical properties, with

comparable performance to the estimator of the exponent of cross-sectional dependence, «,
developed in BKP.

7 An Empirical Application: identifying the weak factor
component of CAPM

In their paper BKP investigate the extent to which excess returns on the Standard & Poor’s
500 (S&P 500) securities are interconnected through the market factor by computing rolling
estimates of «, the degree of cross-sectional dependence of S&P 500 securities. According to
asset pricing theories such as the capital asset pricing model (CAPM) of Sharpe (1964) and
Lintner (1965), and arbitrage pricing (APT) of Ross (1976), such estimates of a should be close
to unity at all times. This is because both CAPM and APT assume security returns have a
common factor representation with at least one strong common factor, with the idiosyncratic
component being weakly correlated - see also the approximate factor model due to Chamberlain
(1983). Such a factor structure implies that all individual stock returns are significantly affected
by the common factor(s) and in consequence they are all pair-wise correlated with varying
degrees.

The subsequent analysis in BKP reveals that a disconnect between some asset returns and
the market factor does occur particularly at times of stock market bubbles and crashes where
these asset returns could be driven by non-fundamentals. In this paper, we focus on the
exponent of cross-sectional dependence of the residuals obtained from different versions of the
CAPM model, and provide rolling estimates of the exponent of the cross-sectional dependence
of the errors from CAPM and related APT models. This is important since under CAPM, after
allowing for the market factor, the errors can not be cross-sectionally strongly correlated. It
is therefore of interest to see if this is in fact true at all times, or if there are episodes where
market factors are not sufficient to capture all the significant interdependencies that might exist
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across the security returns.

We update the BKP analysis and consider monthly excess returns of the securities included
in the S&P 500 index over the period from September 1989 to May 2018. We obtain estimates
of « using rolling samples of 120 months (10 years) to capture possible time variations in the
degree of cross-sectional dependence.’ Since the composition of the S&P 500 index changes
over time, we compiled returns on all 500 securities at the end of each month and included
in our analysis only those securities that had at least 10 years of data in the month under
consideration. On average, we ended up with 442 securities at the end of each month for the
10-year rolling samples. The one-month US treasury bill rate was chosen as the risk-free rate
(r4), and excess returns were computed as 7 = r;; — 7, where r; is the monthly return on
the i'" security in the sample inclusive of dividend payments (if any).!°

First, following BKP, we estimated « for excess security returns to see the extent to which
securities in S&P 500 index are fully interconnected at all times. As noted above, under CAPM
we would expect estimates of o to be close to unity. To this end we used our proposed estimator,
&, defined by (25), and computed 10-year rolling estimates &y, for ¢ = September 1989 to May
2018 - a total of 345 estimates - with p = 0.05. To check the robustness of the estimates to the
choice of § we computed the rolling estimates for § = 1/2 and 1/3.!! The resultant estimates
are shown in Figure 1.12 As expected, estimates of ay, for § = 1/2, lie below those of ay, using
d = 1/3, but the series track each other very closely. Also the quantitative differences between
the two estimates are not that large. Specifically, all the 345 rolling estimates d; (6 = 1/2) fall
in the interval 0.82 to 0.96, whilst the corresponding estimates &, (6 = 1/3) all lie in the range
0.86 — 0.97. These estimates show a high degree of inter-linkages across individual securities,
and are very close to unity at the start and at the end of the sample, with important departures
from unity in between. Considering &, (6 = 1/2), it recorded lows around 0.86 in 1998 before
recovering temporarily and falling further to 0.84. This episode coincides with the Russian and
the Long-Term Capital crises of 1998 which originated in bond markets but rapidly transmitted
through international equity markets. The & estimates remained low, falling to 0.82 — (.83,
around the turn of the century which saw the burst of the Dotcom bubble and 9/11 terrorist
attacks in the US. During the less volatile period of 2003 — 2007, & rose slightly to about
0.85 before a new low of 0.82 was recorded in August 2008, around the time of the sub-prime
mortgage crisis in the US, and the ensuing global financial meltdown and economic recession.!?
The estimates of & gradually increase to pre-1997 levels of 0.92 — 0.93 in 2011 and have since
remained in this range to the end of our sample, May 2018.

We now turn our attention to the exponent of cross-sectional correlations of the error terms
of the CAPM model, and two well known extensions using additional Fama and French factors.

9We also consider rolling samples of size 60 months (5 years). Results for this setting are shown in the online
supplement - Figures 3 and 4.

OFor further details of data sources and definitions see Pesaran and Yamagata (2012).

HFor the remaining parameters in (25) we set p = 0.05 and n = Ny(N; — 1)/2, where N; is the number of
securities in a given 10-year rolling window (¢t = 1,2,...,345).

12The same estimates including their 90% confidence intervals are shown in Figures 5 and 6 of the online
supplement, where in critical value ¢,(n,d) we set 6 = 1/2 and 1/3, respectively.

13The measured increase in & estimates during 2003 — 2007 is partly attributed to the length of the rolling
windows being set to 10 years (120 months). Opting for 5-year rolling windows (60 months) produces more
pronounced increments in & estimates which is expected - see Figure 3 in the online supplement.
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Figure 1: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of S&P
500 securities’ excess returns
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====10-year rolling estimates of a (&, with 6=1/2) based on excess returns
= 10-year rolling estimates of o (&, with 6=1/3) based on excess returns

Specifically, the first regression is the usual CAPM one-factor representation given by
Tio — T = @+ Bi (Tt — Tpe) + Uiy, fori=1,2,... N, (35)

where 7,,; is the market return computed as the value-weighed returns on all NYSE, AMEX]
and NASDAQ stocks. The second and third regressions assume the following extensions to (35)
proposed by Fama and French (2004):

Tit — Tre = Q4 —Fﬁh (Tmt — ’f'ft) +52ismbt +Ugi’t, for 7 = 1,2, Ce ,N (36)

and
Tit —Tpe = @ + Bi (rmy — 7pe) + Boismby + Baihmly + ugiy, for i =1,2,... N, (37)

where smb; stands for average return on the three small portfolios minus the average return
on the three big portfolios formed by size, while hml; refers to the average return on securities

with high book value to market value ratio minus the average return of securities with low book
value to market value ratio.

As noted previously, under CAPM we would expect the errors, u,,, to be cross-sectionally
weakly correlated, with «,, to be close to 1/2. But this need not be the case in reality. In
fact the introduction of FF factors, smb; and hml;, could be viewed as an attempt to ensure
cross-sectionally weakly correlated errors for the augmented CAPM model. It is therefore of
interest to consider the estimates of « for the errors, w1, +, u9;+, and us;+, and see if they are close
to 1/2 as required by the theory. To this end, we compute 10-year rolling estimates of o based
on the pair-wise correlations of the OLS residuals 4y, t2;; and ug;¢ in the panel regressions

MFor further details of data sources and definitions see Pesaran and Yamagata (2012).
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(35), (36) and (37), respectively. These estimates denoted by &g, j = 1,2,3 for t = September
1989 to May 2018, are shown in Figure 2.1%-1¢

Figure 2: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of residuals
from CAPM and its two Fama-French extensions
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====10-year rolling estimates of o (&, with 6=1/2) for the residuals of the CAPM model
= 10-year rolling estimates of o (&, with 5=1/2) for the residuals of the CAPM model augmented by the SMB factor

10-year rolling estimates of o (&,with 6=1/2) for the residuals of the CAPM model augmented by SMB and HML factors

Notes: CAPM model includes excess market returns, CAPM model augmented by SMB
includes excess market returns and small minus big (SMB) firm returns, and CAPM model
augmented by SMB and HML includes excess market returns, small minus big (SMB) firm
returns and high minus low (HML) firm returns as regressors in (35), (36) and (37), respec-

tively.

As expected, estimates of o based on the residuals are smaller compared to the estimates
obtained for the securities themselves (as depicted in Figure 1). It is also interesting that all
the three estimates av,¢, Qe and v, are closely clustered over the two sub-periods September
1989 to September 1997, and February 2011 to May 2018, suggesting that the standard CAPM
model provides an adequate characterisation of the cross-sectional correlations of securities,
and the additional FF factors are not required in these sub-periods. It is also worth nothing
that, over these two sub-periods, estimates of « fall in the narrow range of 0.63-0.71 which are
sufficiently small and support CAPM as an adequate model for characterising cross-correlations
of S&P 500 security returns. In contrast, the estimates g, ¢, Qg and agy,e tend to diverge over
the period from October 1997 to January 2011, and more importantly they all start to rise
sharply, suggesting important departures from the basic CAPM model. Using only the market

15We set p = 0.05 and § = 1/2 when estimating « for the residuals, since a priori we would expect the true

value of « for the errors of CAPM models to be close to 1/2. See the discussion in Section 6.
16The same estimates including their 90% confidence intervals are shown in Figures 7, 8 and 9 of the online

supplement, respectively.
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factor, as in (35), results in &g+ jumping to levels around 0.74 — 0.76. Adding smb; to (35)
reduces the a estimates of the resulting residuals to 0.69—0.73, suggesting that the size portfolio
does have some influence on individual security returns during this period. Adding the second
FF factor (as in (37)), further reduces the estimates of a to the range 0.66 —0.68. These results
are also in line with the sharp drop in the estimates of o we reported for the excess returns
during the period 1998 — 2010, and provide further evidence in favour of the argument that
the presence of factors other than the market factor, namely smb; and hml;, tend to become
relevant during periods of financial crises and turmoils.

8 Conclusions

Cross-sectional dependence and the extent to which it occurs in large multivariate data sets is
of great interest for a variety of economic, econometric and financial analyses. Such analyses
vary widely. Examples include the effects of idiosyncratic shocks on aggregate macroeconomic
variables, the extent to which financial risk can be diversified by investing in disparate assets
or asset classes and the performance of standard estimators such as principal components when
applied to data sets with unknown collinearity structures. A common characteristic of such
analyses is the need to quantify the degree of cross-sectional dependence, especially when it is
prevalent enough to materially affect the outcome of the analysis.

In this paper we generalize the work of Bailey et al. (2016) by proposing a method of
measuring the extent of inter-connections in the residuals of large panel data sets in terms of
a single parameter, a. We refer to this as the exponent of cross-sectional dependence of the
residuals. We show that this exponent can be used to characterize the degree of sparsity of
correlation matrices, or the prevalence of factors in multi-factor representations routinely used
in economic and financial analysis. We propose a simple consistent estimator of the cross-
sectional exponent and derive the rate at which it approaches its true value. We also propose
a resampling procedure for the construction of confidence bounds around the estimator of «.

A detailed Monte Carlo study suggests that the proposed estimator has desirable small
sample properties especially when o > 3/4. We apply our measure to the widely analysed
Standard & Poor’s 500 data set. We find that for individual securities in S&P 500 index, the
10-year rolling estimates of cross-sectional exponents are sufficiently close to unity over the two
sub-periods 1989 — 1997 and 2011 — 2018, but not during the intervening period 1998 — 2010,
when markets have been subject to a number of financial turmoils, starting with the LTCM crisis
and the Dotcom bubble, and ending with the credit crunch of 2007 — 2008. These results carry
over when we consider the cross-sectional dependence of errors from the CAPM model and its
multi-factor extensions using Fama-French factors. Estimates of « based on the residuals from
the CAPM model lend support to CAPM during the sub-periods 1989 — 1997 and 2011 — 2018,
but not when we consider the period 1998 — 2010.
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Appendices

Appendix I: Statement of Lemmas

Lemma 1 Consider the panel data regression model (12) and suppose that Assumptions 1-4 hold. Then,
sup Pr (17 2251 — B (suznlQiia) | > VT (n,0)) < supPr (121 &atse — B (€0s5sl Qi) | > (1 = VT, (n,6))
2,] 7

+ exp (fCOTcl) ,

€it

or some Cy,C1 > 0, where z;; = ——St—
f 0,“1 ’ it (T*le;Miei)l/Q

Lemma 2 Let

N
WRp=N"2Y"T1 (

T
71 o
Z’Ltzjt
i#] t=1

where zjp = ——Ct——. Under Assumptions 1-4,
(T eiM,yei)

> Cpf;%é) lpis = 0)

E (Wip) = 0 (N0} 1.0 (N2 exp (~CoT™) ) |
for any 0 < s < 1, and some Cy,Cy > 0, where § is defined below (23).

Lemma 3 Let

N
Wihp=N2*Y"T1 (

i#]

a cp(n, )
7! Z zinzje| < L | pij # 0)
P VT

Under Assumptions 1-4, and as long as N = o (exp(T')), inf; ; |[E(p;;)| > 0,
E (WJ{,T) =0 (exp (—C’oTcl)) ,
for some Co,Cy > 0, where § is defined below (23) and z;y = ——5t——75.

(T—'eMe;)

Appendix II: Proofs of Lemmas

Proof of Lemma 1

Recall a; s = (a1, - ,ai,tT)/ = X;(X!.X;)"!x;;. Then, using (15),

T T T T
>z =Y (fit +y ai,tsfis> (fjt +y aj,tsfjs> =
=1

t=1 s=1 s=1

T T T
D G+ > i (Z aj,tsﬁjs) +
t=1 t=1 s=1
T T
Zgjt <Z ai,t55i5> +
s=1

t=1

T T
§ ai,tsfis § aj,ts’fjs/
1 \s=1 s'=1

A;.

M=

Il
'M*’*

&
Il
—
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We focus on A4. As and A3 can be treated similarly. We have

T T
Z <Z a; tsgis> <Z Ajts! 5]3’) Z Z glsgjs/ Z A5 1505 ts!

t=1 \s=1 s'=1 s=1s'=1
T T T T T
g E fisgjs’ = E gisfjs + § fis § gjs’
s=1s'=1 s=1 s=1 s#s!,s'=1
Further,
T T T T T
E E gis&js’ § Qi tsAj ts’ = E gisfjs § Qi tslyj ts’
s=1s'=1 t=1 s=1 t=1
T T T
E gis § Sjs’ § Qi tsQjts' | -
s=1 s#s’,s'=1 t=1
Define
T
QT ij,ss" = T § Qi tsQj ts! -
t=1

By Assumption 2, supy; ; ¢ o a1ij,ss < K < 0o. Further, define

Elijs = &is&jsT 35,55/
and
§2,ijs = is T Z §js' | aT,ij,ss -
s#s!,s'=1
Then,

M=

T T T T
§ fisgjs § Qi tsj ts! + éis E fjs’ E Qi tsQjts’ | =
s=1 t=1 t=1

s=1 s#s’,s'=1

1 <A - 1 -
T ;51,13‘5 + Wi ; §2,ijs-

It can be easily seen that & ;s — F g},ijsmi,j’t) and &5 — F (gz,ijsmi,j,t) are martingale difference

series with finite variances, and that if p;; = 0 then E <§~17¢j5|Qi7j,t> =F (527ijs|Qiijt> = 0. Define ¢;;; =
E (2i42j1/€ j+). Then, using Lemma A3 of Chudik et al. (2018), it easily follows that

sup Pr (121 2251 = cijal > Ve (1.6)) < supPr (|21 € — B (6s6ols) | > (1 = mVTey (n,))
,] ]

+ exp (—COTcl) ,

for some Cy, Cy > 0.

Proof of Lemma 2
Note that W]Q,T can be written as

N
Wiy =N2Y"T1 ( T

i#]

d ¢p (1, 0)
1 D )
ZitZjt| > lpi; =0
; J \/T J
Since by assumption &;; and ;; are distributed independently when p;; = 0, it also follows that

E (zirzje Qg ) = B (&i&Ge | ) + B (Caeqje | ) + B (Eeie |ige) + E(qieqje |0 )
P 0’
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and hence {212+, j+}, is a zero mean martingale difference sequence, where Q; ;; = Q, ; UQ; ;. Then, we
note that z;;z;; is a normalised process since z; = W Then, noting Lemma 1, using Chudik et al.
Tree;

(2018), and, in particular, their Lemmas A3 (which provides a martingale difference exponential probability
inequality under (26)), A4 (which handles exponential probability tails for products of random variables) and

A9 (which handles the normalisation by ( —lef ez)l/ 2), we have for any 0 < 7 < 1, any bounded sequence,
dr > 0, and some Cy,C; > 0,

+exp (—CoT"). (38)

1—7)%¢, (n,0)”
T o) < ( p (7,
sup Pr (|Zt:12n2]t| > VTe, (n,6) |ps 0) = eXp 2(1 + dr)

2¥)

Note that (hg) < 1, but can be made arbitrarily close to 1, and that, by Lemma A2 of Chudik et al. (2018),

exp [ (n 6)} O (n_%‘s). Then, for any 0 < s < 1, and some Cy, C7 > 0,
sup Pr (I 2ol > VT, (1.6) Ipi = 0) = O(n™ )40 (exp (~CoT™)) = O(N~2)+0 (exp (~CoT™)) .
i.J

Then,for some some Cy,C; >0, any 0 < »c < 1, and if N = O (Td)

T
E(WY,) = N~2 ZPr ( T3 iz > C”%‘;) lpij = o) ~0 (N2<1*a*”5>) ) (N2<1*a> exp (—00T01)> —
i#] t=1

0 (T“(l*a*”‘”) +0 (exp [2d(1 — a) In(T) — CoT]).

Proof of Lemma 3

We need to derive hy 7 in

E ZitZjt

T
Prl

t=1

<VTc, (n,6) |pi; # 01 =0 (hnr).

Let ¢ijr = E (242t ;,+), and note the inequality
Pr(| X +B|<C) <Pr(|X|>[B|-0),

where X is a random variable, B and C are constants, and |B| > C' > 0. Then, for some 0 < 7 < 1

e

— cijt) + Cije — B (cije) + E (cija)| < VTep (10,6) |pi; # 0]

T T
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But, by (28), (40) is bounded by exp (—CoT“") for some Cy,Cy > 0. We consider

~ VT, (n,5)] |pij # 01 (40)

l Z zitzjr — Cij)| > (1 —m) ZE ciji)| — VTe, (n,5)] lpij # 0]
But, by (20) of Assumption 1, imy 700 % = 0. Therefore, using again Lemma 1 and (38) of Lemma
t=1 \Cij,t
2, we have
T T
sup Pr Z (zitzjt — cije)| > (1 —m) Z (Cije)| — —VTe, (n, 6)] |pij # O] <exp(—CT),
s t=1 t=1

for some C > 0, proving the result.
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Appendix III: Proof of Theorem 1

We prove that & converges to a under our assumptions of exogenous regressors and symmetrically distributed
errors. We first note that

In (TNeaT N2o¢) 1 In (‘r](féa‘r)
In N 2 N

1
2
(lnN)(o?—a):%ln (T Av 1+1> (41)

+ a,

and
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N2a

2(InN) (6 — o) = ~1+0

Further
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AT* I il > s
.%é. (|PJ| T >
i#]
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« —2c N C(TL,(S)
oA 1= 8 Y (lol > 2 s o) (12)

i#]
N
_ . cp(n, o
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We now have
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- 2021(| il <2 f |U¢o>
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Hence,
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Py |]| \/T |pJ

N
,0
31 (1ol < 20 oy 20) -

i#j

which we write more compactly as
T2 AT — 1= Why — Why + 0, (N7%),

where

Wor =N MZI(m 20 1y =0,

i#]

Wiy =N Q“Zf<m|_ 0015, 0).
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It is worth noting that E |W3,| = E (W3;), and E ‘WJ{,T’ =F (WJ{,T), and hence,
E|N“2rAr —1| < BE(WRy) + E (Whr) +0 (N) +0 (N2,

Lemmas 2-3 provide bounds for E (W%;) and E (VNVI{,T) proving the result.

27



"000g = Y 03 398 st suorjest[dal Jo Iaquunu o], (gg) Ul umors ampadoid Surysey o[drynur oY) Ul pasn onyea
[eo131I0 Y3 03 spuodser1od (¢ ‘u)% -(Nq)Seiq = Ng a1oym ‘(0g) Aq ueatd Xg — NqNq + NT = N ‘s10110 973} JO XLIJRUI UOIIR[DLIOD 9} JO UOIONIISUOD oY}
ur ‘N g T = 1 ‘NQ 109004 JO sjuetuale (A7 S) IN 18I 911 10 (6°0°L°0)2 ~ *q seuwmsse T uSsoq (T¢) Ut (1‘0)NTII ~ ¥n se pojeIousd oIk SIOLID URISSTIRY)
N e T =110 (T T) NQII ~ % pueg="0(5600)72~ %d (1‘T) NQII ~ " :se payersuad aIe ‘(gg) ‘[opout eyep [oued d11e)S ] JO SI9I9TIRIRJ :S9ION

0000 8000 €€0°0 €800 TLT'0 &IE0 L8P0 €960 TEST TEE'E | 00S 0000 2000 FI00 OFO'0 S80°0 1S0°0 081°0 SOP'0  F28°0 O06LT | 00S
0000 €200 FE0'0 €800 TLT0 TIT20 S9F°0  GS0°'T  OF9'T 96T'E€ | 00T 0000 8200 L£0°0 0600 LS00 0800 9IT°0  9SF°0  F09°0 T¥Y'T | 00T
0000 6S0°0 L8T°0 TgT'0 S8E€E0 L0E0 TG0 PS80 68¢'T GFG'E | 00T 00S 0000 8900 6360 6L1°0 OLI'0 SET'0 1610 ¥S20 ¥250 €691 | 00T 00G
0000 8000 T€0°0 6000 99T°0 10Z0 6970 €360 6ILT €2TE | 008 0000 2000 €10°0  9€0°0 180°0 ¥FO'0  L9T°0  LLE'0 0TS0 E69'T | 00S
0000 200 T€0'0 €00  €9T0  €0Z0  LPFO  SPO'T  86ST  60T°¢ | 00T 0000 800 1800 @600 2S00 800 6010 9ZF0  0L8°0  6SST | 00T
0000 800 S8T'0  2gl'0 GEE'0 9820 GGG'0 9380 T€CT T1Z°€| 00T 002 0000 8900 06’0 TIST'0 1910 LET'0 O0ST'0 GSZ'0 GLPO 2S9T| 00T 00T
€100 €100 L300 0L0°0 0ST'0  9LT'0  92F0 F¥SC80  9¥9T  ¥HO'E | 00S ge0’0 €500 61000 TEO'0 L1900 LEO'0  €ET0  TGE0  TTl0  TIPS'T | 00S
6000 9200 TEO'0 SS0'0  €ST0 PRSI0 9TF0 €660 S6F'T 166G | 00T 9100 9€0°0  9F0'0 TOT'0  €S0°0  €60°0 8600 8LE0  06F'0 TI9V'T | 00T
8000 T90°0  T6L'0  €2I'0  9I€0 08¢0  FIS0  06L°0 T6F'T  ¥El'¢ | 00T 00T SI00  CL0°0  9¢°0  LST'0  €ST'0  €PI0  OLI'0  8PZ'0 8PP0 T.ST | 00T 00T
ASINY N L ASINY N L
0000 1000 0£0°0 080°0 8910 L0Z'0 €8F°0 2560 Lg8'T LZ€'€ | 00S 0000 G000~ 0100 LEO'0 @800 OFPO'0 €410 6680 L9870 €8L°T | 00G
0000 €10°0- €000 9100~ PST'0 G8T'0  IPF0  290T 919T GLI'E | 00T 0000 S20°0- 0£0°0- €800~ 8200 6£0°0- FSO'0  GEP0  FIS0  E€I9°T | 00T
0000 SPO'0- 9LT0- TLO0- OI€0 TPE0  G6V'0 S8LLO LICT 26T | 00T 00 0000 F90°0- STg0- L9T0- FFI'O FHO'0- GEO'0  TPO'0  98€°0 L2291 | 00T 00%
0000 TO00 8200 9000 €9T°0 9610 FI¥0 8160 FILT LIT'E | 008 0000 900°0- 6000 FEO'0 8L0°0 EEO0  TI9T°0  0LE'0  €I8°0  ¥89'T | 00S
0000 PI0°0- TO00 0200~ SPT'0  9LT0 €2F0 080T TLST 680°¢ | 00T 0000 920°0- T€0°0- 2800~ ¥20'0 9¥0°0- 0V0'0  €0F'0  63S°0 TE€S'T | 00T
0000 9P0°0- 9LT0- GLO0- L0E0 81’0 I6V'0 TCL0 TOFT 6ST°E | 00T 002 0000 S90°0- 9220~ 69T°0- TFT'O 8500~ 0800 8100 08€'0 S8S'T | 00T 00T
€00°0- F00°0- TG00 9900 9FT'0  OLT'0 IgF0  6F80 IP9T LE0'€ | 00S 600°0- STO'0- TO0'0- TG00 T90°0 8000 €TI0 PIE0 GIL0 €€5T | 00G
€00°0- LT0°0- F00°0- 8200~ 9T°0 LST'O 1660 ¥L60 GLPT 0L6'C | 00G 900°0- 200~ 8€0°0- L60°0- OT00 9900~ T10°0 ¥SE0  SPP0  €EFT | 008
300°0- 00°0- TIST'0- 80°0- 6830 TIg0 &S0  EIL0 SIPT T.0°¢ | 00T 00T S00°0- 0L0°0- €30~ LLT'0-  LgT'0  GLO'0- €00°0- €10°0- 8820 L0S'T | 00T 00T
serg N L serq N L
e/1=2¢ ¢/r=9¢
0000 0100  S00°0 6000 €200 @800 LS00 ghO'0  FZT'0  0SP°0 | 00S 0000 TT0°0 2000 F#00'0 T10°0 ¥OT'0 8600 SOT'0 €900 €0T°0 | 00S
0000 €€0°0  TS0'0  92T'0  9S0°0 ¥ST'0 6610 680°0 €610 0950 | 00z 0000 S€0°0 L5070 SET'0  GL00 G2T0 8920 9310 6480 81T | 00T
0000 G200 TSZ'0 0Tz0 €80°0 T1Z0 GPE'0  L68°0 9S€°0 86L0 | 00T 005 0000 S8L00 €92°0 0G0 €F0'0 8920 LEE0 €950  F8S'0  PLE'0 | 00T 00S
0000 TT00 9000 800°0 1200 G80°0 €900 0S0°0 0010 62F0 | 00S 0000 TT00 2000 F00'0 0100 L0T'0 @OT'0 9IT°0  SL0°0 €LT°0 | 00S
0000 €£0°0 TS0'0 8TT'0  8S0'0  88T'0 2020 @800 0IE0 6090 | 00T 0000 S€0°0 1500 OFT'0 900 822’0 FTLZ'0 €810 1680 €81°0 | 00T
0000 G200 TSE0 g0 1800 LIZ'0  €Pg’0  OTF'0 TI8€0 69L°0 | 00T 00z 0000 6L0°0 €920 TFe'0 ThO0 Lz0 8E€0 TL8°0 1190 LPE0 | 00T 00T
ZS0'0 TE0'0 0800  6F00  SPO'0 G0 OO 860°0  890°0 SPE0 | 00S 6L0°0 2200 92000 8L0°0 €000 GO0 LST'0  LLT°0  LET'0  SIT°0 | 00S
€800 €60°0  TL00  LPT'O 6800 110 €820 F60'0  SSG0  9LF0 | 00T €60°0 0200 €600 TLT0 FET0 1920 S0E0 FLI'0 8EF0  SPI0 | 00T
920°0  280°0 €930 SET0 L0 €8T0 6920  8€F'0  L0F'0  ¥IL0 | 00T 00T TPO0  gOT'0  28G'0  F9z0  I1S0°0 9620  F9E0 9650 €890  TI€0 | 00T 00T
HSINY N L ASINY N L
0000 0T0°0- 000~ 900°0 1200 080°0- €S0°0- T1g0'0- S0T'0 0LV0 | 00S 0000 TT0°0- 900°0- 0000 6000 FOT'0- L60°0- SOT'0- LPO'0- 6S1°0 | 00S
0000 €€0°0- 0S0°0- SZI'0- 6V0°0- G6LT°0- S8T'0- 000 6ET°0- 6150 | 00T 0000 S€0°0- 9S00~ SET'0- €L0°0- €3Z'0- S9°0- OTT'0- L9E'0- LST°0 | 00T
0000 €20°0- 1920~ 910~ 6S0°0 T6T°0- 00~ 9S'0- 1ST0- 8IL0| 00T 005 0000 8L0°0- 2920~ 6£2°0- 61000 1920~ SGE0- 6VC0- 995°0- L0 | 00T 00S
0000 0T0'0- ¥#00°0- S00'0 610°0 ¥80°0- 6S0°0- SE0'0- T80°0 SIF0 | 008 0000 TT0'0- 900°0- 1000~ L00°0 90T°0- TOT'0- FIT'0- $90°0- 8ST°0 | 00S
0000 €€0°0- TG00~ LZI'0- &S00~ F8T'0- S86T°0- €000 T9T°0- 0LF0 | 00T 0000 S€0°0- LS00~ 6ET°0- FLO0- 93¢0~ T30~ 0TT'0- 08€0- SIT°0 | 00T
0000 $L0°0- 1920~ 81&°0- 9%0°0 T0G'0- TIG0- TL&'0- 1620~ 989°0 | 00T 002 0000 8L0°0- 2920~ 0Fg0- LIO0 L9Z'0- 8GE&0- LSC'0- ¥8G°0- €Fg0 | 00T 00T
€z0’0- FE0°0- 620°0- T1g0°0- 600°0- SIT0- €60°0- 6L0°0- 1200 TEE0 | 00¢ 00~ 0S0°0- 9%0°0- P00~ GE0°0- 6VT°0- FFI'0- T9T'0- 0TT0- 060°0 | 00S
¢10'0- 9F0°0- S90°0- E€FT0- 0L0°0- S0Z'0- SGE0- FE0'0- 615°0- S6£°0 | 00T €Z0'0- 800~ 080°0- S9T'0- T0T0- ¥SZ'0- G0OE0- 9¢1°0- 9gF'0- 990°0 | 008
6000~ €80°0- 1920~ 0£0- THO'0 81E'0- SPE'0- SOP'0- F2&'0- $£9°0 | 00T 00T 910°0- ¥60°0- 62670~ 6550~ 100°0- 6820 SSE0- ¥8G°0- 609°0- $0z'0 | 00T 001
serg N L serg N L
G/1=9¢ o/1=9¢
010 =d pue g/(1 — N)N = u qua (¢ ‘u)® 600 =dpueg/(1— N)N = u qua (¢ ‘u)®
00T S60 060 S80 080 GLO 0L0  S90 090 G50 | ® 00T S60 060 S80 080 GLO 0L0 S90 090 G50 | ®

SIOII9 UBISSNRY) UM T USISO(] SUISN POJLIOUSS oIe SUOIJR[ILI0D SSOI))
[epowt ®yep [pued D1IR)S ® WOIJ SIOLIS 91} JO JUeu0dXd [RUOIIDSS-SSOID YY) JO d)eUII)se 0 o) 10] (001X ) HSINY Pue serq :RIY 9[qR],

28



"000g = Y 0% 39s st suoryeordal Jo Ioqumnu oy [, (gg) Ul umoys ampaooid Surysey o[dIjnur a3 Ul PIsn SnfeA [BIIILID 33 O}
spuodse1100 (¢ ‘u)® -(Nq) Seiq = Ng oa1oym ‘(0g) Aq uoa18 Ng — NqNq + NT = Ny ‘SI0110 Y[} JO XII}RUL UOIR[IIOD [} JO UOIIONIJSUOD S UL ‘A7 * " ‘T ‘T =1
‘Nq 103004 Jo syuewo (A7 >) I\ 1814 oy) 10] (6°0°L4°0)2 ~ 'q sewmsse T udisoq (T1€) ul (1‘O)NTII ~ ¥n se pojeIdotogd ole SIOLD URISSIRY) “AT ‘"' ‘g‘T =1
107 (TT)NAII ~ " pue (660‘0)2 ~ ¢ (6°0°0)2 ~ **d (1‘T) NAII ~ ' :se pojerousd oIe ‘(6g) ‘[Ppow ejep [oued omueusp o) JO SIojouweIRd :SOJON

00000 8000 €€0°0 @80°0 TLT'0 ¥IZO LSP'O G960 O0E8T LZ€€ | 00G 0000 2000 ¥I00 6€0°0 S80°0 2S00 O0ST'0  L0P'0 1280 28L'T | 00G
0000 €200 ¥E0'0 SO0 89T'0  9TZ’0 99F°0 980°T GE9T €61 | 00T 0000 8200 L€O0 0600 9S0°0 180°0 9IT'0 ¥SP'0 090 9£9°T | 00T
0000 8S0°0 28T'0 T2T'0 LEE0 ¥0S0 %990 9980 I8S'T 9¥¢'€ | 00T 00 0000 8900 820 6L10 TLI0 FEI'0 @810 €920 6250 00L'T| 00T 00G
0000 2000 2€O0 600 99T°0 1080 LOV'0 GT6°0 TLLT 92T°€ | 00S 0000 2000 €100 L€00 180°0 GFO'0 GOT'0  LL8°0 9280 ¥69°T | 00G
0000 €200 ¥E00 €500 99T°0 G0Z0 ISF0 SSO'T G691 LTI | 00T 0000 8200 LE00 1600 €S0°0 ¥80°0 6010 O0SF0 8990 6LGT | 00T
0000 6S0°0 8810 0ZI'0 GEL'0 ¥6¢°0 8FS'0 €280 OFST FLI'€| 00T 002 0000 6900 0820 0810 6910 GEI'0 GLT'0 2¥20 98%0 &€9'1| 00T 00T
¢10'0  8T0°0 6200 0L00 6FT'0 GLT0 €Cv0 €880 SF9T FH0'E | 00G 9200 €€0°0 6200 LEOD  690°0 9L0°0 0ST'0 610 FELO  TRCT | 00G
2100 620°0  FEO0  9S0°0 gST'0  G/T0  TTFO  T00T 60ST 966°C | 007 0200 €700 6V00 SOT'0 0900 860°0 G600 €8€°0 €670 6SHT | 00T
8000 2900 @6T'0 gT'0 SIS0 ¥LZ0  FIG0 2840 99F'T €2I'€ | 00T 00T STO0 900 8660 L8T'0 0ST'0 FPI0  S9T0 &Fe'0  T¥F0 9.1 | 00T 00T
ASINYI N I m N L
0000 2000 0£0°0 600 89T'0 8020 €870 1960 ¥e8T 12€€ | 00G 0000 S000- 0100 9200 W00 FL10 T10V0 980 08T | 00G
0000 €10°0- €000 GI00- 2ST'0 68T°0 €0 8907 TI9T ELI'E | 00T 0000 GZ0'0- 0£0°0- €80°0- 8€0°0- 1500 TE¥0 €950 6091 | 00T
0000 GP0'0- FLI°0- €L00- 0I€0 T¥¢0 2090 8LL0 ZIST 961°€|00T 00 0000 ¥90°0- €3¢0~ LOT'O- 0¥0°0- 0¥00 0F0'0 ¥8€'0 ¥€9'T | 00T 00S
0000 1000 6200 9000 €9T°0 96T0 9%'0 6160 S9LT 0TL'€ | 00S 0000 900°0- 0100 ¥€0°0 ge0'0  8ST'0  TLE'0 6180 989°T | 00¢
0000 ¥T0°0- €000 LI00- 0ST'0 LLT0 Lg¥0 GEO'T T.ST 90T'€ | 00% 0000 920°0- 0£0°0- €80°0- ¢r0'0- THO'0  LOF0 6890 2SCT | 00T
0000 L¥0'0- 8LT°0- €L0°0- 2060 0£20 L8¥'0 0SL0 T.FT gU'€ | 00T 002 0000 S90°0- LZg0- S9T°0- $G0°0- 2200 LT0°0  TPE0  69S°T | 00T 00T
900°0- L00°0- 0Z0°0 S90°0 CFT0  69T°0 SIF0 8F0 TFYT 8L0'E | 00S 1100- 610°0- F00°0- 8100 000 6IT0 TIE0 9TL0 EST | 00S
$00°0- 6T0°0- ¥00°0- 620°0- SET'0 9910 L8E0 €860 98F'T ¥L6'C | 00T 800°0- S€0°0- 0F00- 660°0- 690°0- 6000 6S€°0 0SF0 TEVT | 00T
£00°0- 670°0- TI8T0- LL00- 060 8080 GS¥'0  80L0 L6ET 0L0€ | 00T 00T 9000 TL00- ££8°0- LLTO- $L0°0- G000~ 920°0-  6LZ0  60ST | 00T 00T
serg N L serg N L
e/1=2¢ e/1=2¢
0000 0I00 9000 6000 €200 2800 LS00 &F0'0 €210 8LF0 | 00S 0000 TI00 2000 %000 TI00 ¥0OT'0 8600 LOT'0 G900 8610 | 00S
0000 €£0°0 TS0°0 LZI'0 9S00 €810 6610 6800 S61°0 €950 | 00T 0000 GE0'0 LS00 QET'0 W00 ¥Ze0 0L60 €10 8.8°0 €1T0 | 00T
0000 SL00 TS0 0%80 F80'0 80Z0 9€Z’0  COV0  09€°0 SISO | 00T 00S 0000 600 920 T¥g0 SPO'0 2920 TEE0  €9¢°0 0860 CSLE0 | 00T 00S
0000 TT00 S000 8000 TG00 SRO'0 €90°0 6¥0°0 00T'0 LTHO | 00G 0000 TTI00 2000 %000 0T00 LOT0 gOT'0 9IT0 200 69T°0 | 00S
0000 €00 TG00 LTT0 2800 L8T0  L02°0 G800 800 TICO | 00T 0000 SE0°0 2S00 6ET0  9L00 9250 F.60 TIET0 680 0610 | 007
0000 G000 €S20 Tgg0 ©80°0 9TZ0 9Fg’0 EIF0 T80 G9L°0 | 00T 00z 0000 600 F920 T¥g0 €F0°0 €LZ0 6880 €.80 0090 ¥SE0 | 00T 007
0900 €200 6900 1900 9900 OLT0 6IT0 gOT0 €200 OFE0 | 00G 0600 L0T'0 ©OT'0 20T0 OT'0 ¥LT0 6.0 G8T'0 FHT'0  LIT'O | 00G
P00 890°0 080°0 FCT'0 880°0 6120 LELO 9600 GST0 6£F0 | 002 $90°0  F60°0 90T0 €8T°0 9210 ©l¢0 91€0 0ST0 FFF0 €910 | 008
L2000 06000 L9Z0  GEE'0  0L00 8€C0  0LZ0 FFFO  TIPF0  ©0L0| 00T 00T GPO'0  80T'0 6820 9920 990°0 GOE0 GLE'0 L2090 ¥F9°0  Z0L0 | 00T 001
ASINY N L HASINY N L
0000 0T0'0- #00°0- 9000 100 080°0- €S0°0- 020°0- LOT'O L9%0 | 00G 0000 TT0'0- 900°0- 0000 6000 FOT'0- L60°0- FOT'0- 6¥0°0- SST'O | 00G
0000 €£0°0- 0S0°0- SZT°0- 6F0°0- GLT°0- 06T0- €200 6ST0- FICO | 007 0000 G€0'0- 9G0°0- LET'0- TLO0- TEZ'0- 99Z°0- S0T'0- 99€0- €ST'0 | 007
0000 €L0°0- 6F20- 912°0- 0900 06T°0- S0Z0- T98°0- 9¥Z0- LELO | 00T 00S 0000 8L00- T19g0- 0FZ'0- 0200 T192°0- €Z€0- 0SG°0- 0GS0- 1820 | 00T 00G
0000 0T0'0- #00°0- 000 6T0°0 F80°0- 090°0- FE€0'0- 800 LIFO | 00G 0000 TT00- L00°0- TOO0- 2000 90T°0- TOT0- €IT0- €90°0- 9ST'0 | 00G
0000 €£0°0- 0S0°0- 92T°0- TS0°0- €8T°0- 86T0- 8000 09T0- 6970 | 007 0000 G€0'0- 9S0°0- 6ET0- ¥L00- SEZ'0- CLTO- SITO- T8€0- €210 | 007
0000 TLO0- TS0~ LIZ'0- 2800 00Z°0- 91Z0- 926°0- 0820- 1890 | 00T 00z 0000 8L00- €9%°0- 0FZ'0- SI00 992°0- 08€0- 199°0- €.6°0- €S20 | 00T 007
020°0- SF0'0- L80°0- 620°0- 9T0°0- 0ZT0- ZOT'0- ¥80°0- SI00 92€0 | 00S 6¥0°0- 990°0- 6G0°0- ¥S0°0- 9¥0°0- 8ST0- SST'O- 69T°0- €2T°0- ¥80°0 | 00S
610°0- €50°0- 690°0- 8FT'0- FL0°0- T1Z0- 6260~ GE0'0- 8IZ0- 86£0 | 00T €60°0- 0L0°0- 880°0- €LT0- SOT'0- 292°0- 60£°0- T9T°0- ZEF'0- ¥90°0 | 00C
g10°0- S80°0- ¥92°0- 0£g0- 6£0°0  12Z0- SFg0- gI¥0- 0£8°0- G290 | 00T 00T 1g0°0- 660°0- ¥8Z'0- T920- L000- G620~ £9£°0- F6G°0- 129°0- S6T°0 | 00T 001
serg N L serg N L
/1=2¢ Z/1=2¢
0T0=dpueg/(T— N)N = u ynn (¢ 'u)® c00=dpueg/(T— N)N =u ynn (¢ 'u)®
00T S60 060 <S80 080 GL0 0.0 990 090 S50 | © 00T S60 060 S80 080 SL0 0.0 S90 090 S50 | ©

SIOLIO URISSNRL) [[JIM T USISO(] SUISN POIRIIUSS 91 SUOIJR[IILION SSOI)
SI0SS0I891 SNoua80x9
)M [9poul ®jep [oued OIUIRUAD ® WOIJ SIOLIS 9} JO JUou0dXa [RUOI}ISS-SSOID 9T JO 9)RWI)se © oY) 10 (00T X) HSINY Pue serq :qry o[qrl,

29



‘0002 = Y 03 39s st suoryeordar Jo Toquunu oy T, (g€)
pue (gg) ut ‘(°g7 (so_cov)gN — m:\/ = torf ‘10 =" 480 =" ‘T T="C(g0+ “c0o— )aqIr ~ e {(T'0)NQIT ~ *n pue #{ ‘(TT) 1pun © 03 soye[e
g0 oroym ‘g/fog = %0 108 op\ “A[arpoodsol ‘10j0e] PUODVS PUB SI oYY 10j SBUIPRO] OIoz-uou [““PN7] pue [TPN7] YIM [9pOW 1030RJ-0M]} © SOWINSSE 7 USISO(]
N T =110 (T'T) NAII ~ " pueg="0(560'0)2 ~ “*d (1‘T) NQII ~ " :se pajerousd ale ‘(gg) ‘[opout eyep [aurd d11e)S o1[) JO SIojoUIRIR] SOION

0000 €200 8ST0 0920 2L0¥0 TIS0 €180 S¥e&T GSTT  09S°€ | 00G 0000 S90°0 8ET0 LIZ0 ©g€0 6¥e0 GIC0 LIR0 ¥ECT  S90°T | 00C
0000 LIT'0 8220 C€E0 9980 SS90 GOO'T T99T 06TC 98¢°€ | 00T 0000 SOT'0  S6T°0 9920 FE€¥0 LEFO 890 €90T 008T T60°T | 00Z
0000 89T°0 g6T0 TFFO TI60 LIGO 98T €IST 9FEC  €28°€ | 00T 00S 1000 OST'0 6FT°0 0G0 G620 1690 O0I60 280 00T SFET | 00T 00S
2eT0  880°0 €600 69T0 TOS0 ¥6E0 8890 GOZT S00T 66£°€ | 00G 08T°0 ¥FT'0 TIT0 #2100 @6T'0 800 LSE'0 €890 6F0T 8L8T | 00¢
6IT0 6800 CPT'0 82¢0 OFF0 ¥ES0 280 €281 6F0C €S¥'€ | 00T I8T0 CET0 GET'0 GST'0 1860 ¥820 €970 €.80 ¥IOT @g6'T | 002
1210 0210 OFT'0 9280 08L0 08.L0 O6T'T T.8T TITC 889°€ | 00T 008 L8T'0 €ST°0 GLT'0 9Ig0 89S0 69%0 TTL0 6790 920°T 69T°C | 00T 00Z
€OLT LPOT ©9ST  GOFT  GEST  ¥eTT S€6°0  €¥90 9T TILT | 00G gLt 0TeT  FRTT €90C 996 T 9T6T €691 GZET  99L°0 LTI0T | 00S
QYO'T  99¢'T LLVT  OTFT ©gg’T CeT'T  F980 ¢6L0 O0SCT S6LT | 00T We'e  0LTC  L60C T90C 9061 €881 €80T O0IZT 2980 2OT'T | 00T
G8O'T  €09T TIOT 6ZFT  €L0T 6V0T  L98°0 gE80 ZEET  620°C | 00T 00T G28%  L9Z'C  908C €STC 86LT TPRT Q09T S8SPT 1660 6FET | 00T 00T
HSINY N L HSINY N L
0000 T.00 LST0 6S¢0 900 OIS0 TI80 9¥ET STT  99S°€ | 00G 0000 900 LET0 9TZ0 g€0 S8¥e0 IS0 GIR0 T1€CT  090C | 00S
0000 TIT0 7220 82€0 €90 0990 6660 €S9T LLTC TLGE | 00T 0000 6600 T6T0 1920 TIEF0 ¥EF0 €90 LG0T 9OST'T  €L0C | 00Z
0000 0ST'0 TLT0O 6270 €060 C060 g€l L8FT O0IZC G8L€ | 00T 00S 0000 TET0 €T°0 8€€0  8FL0 TP90 8680 L6L°0 09T'T SOET | 00T 00S
880°0- 6g0°0- 2S00 0ST'0 0620 ¥8€°0 €890 0081 T00T ¥6E€ | 00S GeT0- 980°0- LI00- 6800 9ST0 €LT°0 LEE0 290 O0FOT  0L8'T | 00S
280°0- 6000 €IT0 €020 8F0 0TS0 €980 CIST T80T 9LHe | 00T 0ST°0- 950°0- 200 0800 0ST0 9FZ'0 8EF0 G980 0660 006'T | 00T
080°0- 6€0°0 LFPOO €620 €9L°0 8SL0 LOT'T SEST 0.0 6¥9°€ | 00T 00¢ IET°0- 8£0°0- ¥90°0- FET'O SES0  SIF0 1290 0650 2960 0ZIT | 00T 00Z
90F'T- LOF'T- 9T€T- 0T¢'T- S90°T- 0S6°0- 069°0- FI00 LI0'T S89°C | 00S 166'T- 6S6'T- 6G8'T- GLLT- 2L9T- F€9'T- 86€T- S00'T- 62€0- G060 | 00G
96¢°T- €I€T- 012 T- OFPT'T- S68°0- L8L0- €68°0- S€0  0L0T 0SLC | 00T 0V6'T- T.8T- 06LT- 8SLT- TLGT- ¥SGT- COST- 0LL0- LL€°0- 986°0 | 008
TOP'T- CIST- €Ce'T1- €60°T- 6090- €L6°0- 9¢T°0- 8020 TIT'T LP6'C | 00T OOT GS6'T- 9C6'T- TL6'T- 68L'T- TLE'T- LEP'T- T9T'1T- €C0'T- OTI¥P0- TZI'T | 00T 00T
serg N L serg N L
g/1=29¢ e/1=9¢
1000 6800 @gT'0 ¥8T0 0920 0820 #6280 FIF0 LOSO F080 | 00G 1000 LS00 SIT0  LLT0 9FE0 9020 0SC0 CEE0  LSE0  FES0 | 00G
1000 2600 PLT'0 €220 LS€0 TOS0 SOF0 8290 C¥S0  SFO'T | 00T 1000 €600 99T°0 800 TEL0 LSO 6280 €960  STE0 2690 | 00T
1000 TPT0  L2T°0 €080 2L90 OIS0 2890 TISH0 1290 S6F'T | 00T 006 €000 9ST'0 9IT0 650 1890 &FF0 1260 CLZ0 LESO  890°T | 00T 00S
LEC0 0060 2S00 9T80  L6T0 TIZ0 9610 ¥ITO €820 TLS0 | 00S 9¢v°0  8TF'0 9980 9Z€0 G620 82E0 6680 €90 TFTO €080 | 00S
6620 1520 8020 9020 S6T°0 6610 €80 IZF0 9880  ¥280 | 00T ¢Iy0  L9€°0 8I€0 SIE0 1620 9620 .60 L0E€0 1680 LS¥0 | 00Z
182°0  6€2°0 GLT0 2120 9ZF0 S0S0 8EF0  FIE0 ISK0 LTI | 00T 002 66€0 6980 COV0  ZIE0  FGE0 8630 9FE0  69€0  LLE0 €080 | 00T 007
08G'¢  €€9°€  6GV'E  98€'€  90€'€ 6C€ GOT'E I6LC S6TC  SIT'T | 00G 9ST Ty TIFY  98€F  09TF  9LTF  €STF  SE€6'€  08G'E  668C €991 | 00G
TeTe 68T°€  Sgl'e CITE  9L6C 186C S6LC T1S8'T 00T  F68°0 | 008 06TF  0L0F 600F C00F 6C®'E  8I%E€  GGO'E  L9T'E  8FLT  SCHT | 00T
LET'E 1606 GST'E  €0'€  T1L9C  @SLT  GFST  CIFG  LL8T 9780 | 00T 00T TS0F  620F F60T  PL6'E €69 669°C  69F'E  T0SE  889'C  ©ST’T | 00T 00T
HASINY N L ASINY N L
0000 8500 TET'0 ¥8T0 6920 6220 ¥680 ¢IF0 #0080 6640 | 00G 1000~ 9S00 AIT0 9LT0 9F¢0 G0Z0 6FE0 TEE0 GSE0 0850 | 00G
0000 1600 6910 8IZ0 GG€°0 8620 T0F0 FL90 6280 TE0T | 00T 1000- 21800 1910 €020 6280 ¥ST0 9280 0SS0 €IE0 €890 | 002
0000 TTT'0 8600 68¢0 9990 20S0 €290 9ZF0 I8S°0  €9¥°T | 00T 00 T00°0- FIT0 ¥80°0 F920 G290 €80 €950 L¥Z'0 G620 €FO'T | 00T 00S
992°0- g0~ €9T°0- FOT'0- 8€0°0- 6L0°0- TIOO- ¥60°0 6020 TIPSO | 00S 89€0- GTE0- L92°0- TIT0- €ST°0- 90T0- SST'0- 980°0- ¥20°0- 6120 | 00S
82Z0- 99T°0- L60°0- TL0°0- 990°0 T000 F60°0 0980 9620 ¥8L0 | 00T 92€°0- 692°0- 902°0- T6T'0- €90°0- OFT'0- 980°0- FPET'0 890°0- SLED | 008
L02°0- TET'0- LLT0- 20000~ 290 g6T0 9F€0 6810 %620 L0ZT | 00T 00% F0OE0- &he0- 662°0- SPI'0- G0Z'0 60000 O0ZT0 09T°0- 060°0- SOL0 | 00T 00T
gTTe- CLT'e- 860°€- 970°6- SVET- €96°C- GLLT- E6VE- ¢S6'T- 0T16°0- | 00S L1807 TIOF- TE6'6- 698°€- 6LLE- 08L°6- T8G'E- 9976~ 8¢9°Z- T0GT- | 00C
€88°C- TT8T- TGLT- 0SLT- 068°T- 029 SE€VT- 886'T- TeLT- &FS0- | 00T VILE- 8C9'e- T6C6- G6C'E- FEVE- TOVE- L90°€- 008°C- 08V'G- 183 T- | 008
Q8L 6697~ £9.T- 6090 088T- 82€C- GITT- TP0G- €6CT- ©60°0- | 00T 00T 869°8- 9.8°6- 8F9'€- 60C°€- TET'E- TET'e- 9706~ 2063~ 8.8G- 088°0- | 00T 001
serg N L serg N L
g/1=2¢ Z/1=9
010=dpueg/(1— N)N = u qsa (9 ‘u)® c0'0=dpueg/(1 — N)N = v qua (¢ ‘u)®»
00T S60 060 G80 080 GLO0 0.0 G990 090 S50 | © 00T S60 060 S80 080 GL0 0.0 G90 090 S50 | ©

SIOLIO URISSNRL) [[}IM g USISO(] SUISN POJRIOUDS dIe SUOIIR[OIIOD SSOI))
[epowt ejep [purd dI1R)S ® WOIJ SIOLI® o1} JO JUoUOdXd [RUOIIDNNS-SSOID 9] JO dJRUIISS © o) 10 (00T X) HSINY PUe serq :egy 9[qeL,

30



‘'000Z = Y 01 90s st suorjeorjdal Jo oqunu oy ], ‘(gg) pue (gg)
ut ‘(3 (so—zom)gN — m:\/ =t 0= "800 = "1 ‘g T="C g0+ “go— “)AqIr ~ “a {(T'0)NGII ~ #n pue #f ‘(TT) pun o 03 soje[al #0 d10TM

‘e/f0g = o o8 op\ “A[oA1p00dsol ‘1030€) PU0DIS PUR JSIY Y} 10§ SSUIPRO[ 0I0Z-UoU [*PA7] pue [7PA7] Y3im [9pOU 1030v-0M) © SOWNSSE g USISO A" ‘g ‘T =12
101 (TT) NQII ~ " pue (660'0)2 ~ ¢ “(36°0°0)2 ~ ** (1‘T) NQII ~ ' :se pojerousd oIk ‘(6g) ‘[Ppowt vjep [oued omureusip o1} JO SI9joUIRIR (SOION
0000 ¢L0°0 8ST0 69¢0 900 OIS0 TI80 €PET 04T'¢ €99°€ | 009 0000 9900 ®ET0 91¢0 ¢ce0 6VE0 VIGO0 €180 66T 690°¢ | 009
0000  9TT°0 8cCc0 0€€0 9960 ¥99°0 7VOO'T T¥99'T €61°C 68SE | 00C 0000  ¥OT'0 9610 ¥9¢0 7VEVO LEVO 9€90 ¥90°'T T0¢'T G60°¢C | 00
0000 6910 ¥6T°0 OFVFO 9160 ¥c60 obeT GIST €9¢'¢ GERE | 00T 00G¢ 71000 TST0 TIST0 8PEO 6920 9990 <¢I60 Ge80 00¢T 19€°¢ | 00T 009
€10 4800 <¢600 G910 960 T16€0 P890 <0CT €00¢ L6EE | 009 €810 ¢Pl’0 <¢IT0 T1eI'0 9810 700 190 6690 9v0'T  VLY'T | 00
0€T'0 €600 OVI0 LIcO 0€V0 ¢cs0 880 8OST 9€0¢ <cEV'E | 00 86T°0 8PT°0 TET0 €ST°0 ¢lc0 €Lc0 8PP0 1980 900°T 906°T | 00
66T°0  LcT'0 OPT°0  91€0 89L°0 7¥LLO 96T'T 08T TIIT°'¢ 00L€ | 00T 006 €I¢0 TLT°0 8810 9I¢0 G890 LGP0 80L0 Gp9°0 GIOT 191G | 00T 00G
PO6'T  €P8'T  9GL°T  PE9T  60S'T  06¢T 980°T GIL°0  980°T  L99°C | 00G Teq'c L9y’  L8€'Cc  €0€'c 68T'c 0€T'c  G68'T 88T €480 69670 | 009
618T €PL'T OP9T GLGT 8LET 99¢'T  LL6°0  €6L°0 6LT'T 99L°C | 00C €9¥'c  86¢c 0I€C 9Lcc €IT'c 990C Le8'T GEET 6860 TLO'T | 00C
T98°T  €LLT  G8L'T  ¥8Y'T  OFE'T 90T 1960 €980 G6¢'T €.6'Cc | 00T 00T L99°¢  T6V'c  8€4'c 99€'¢c T¥0'c  890c P6LT €19T G80'T 68¢'T | 00T 00T
HSINY N L HSINY N L
0000 TL0°0 LST0 ®5C0 90¥V0 6050 OI80 IvET LVI'C 6VSE | 009 0000 €900 LETO 91¢0 ¢ce€0 QPO €190 TI80 9cc’'T  €90°¢ | 009
0000 TIT0O ¥¢c0 Lc€0 €590 6790 6660 LS9T 6L1°'C €LSE | 00C 0000  860°0 1610 09¢0 T€P0 €EV0 ¢e90 LSO'T L8T'T  LLO'C | 00C
0000 ¢ST'0  0LT0 80 6060 €160 Lo&€'T 687’1 6Icc 86LE€ | 00T 00¢ 00000 <€T0 ¢ol'0 Gee0 ¢8L0 9790 0060 66L0 <9T'T T11€¢ | 00T 00S
160°0- T€0'0- 8¥0'0 9PI'0 98¢°0 G8E'0  8LY0 86T'T 666'T <T6E€ | 009 0VT°0- 880°0- ¢c0'0- €900 TST°'0 0LT°0 0€€0 AT90 20T 998°T | 00S
€60°0- T00°0- ¢OT'0 68T°0 9I¥'0 8090 G¥80 967’1 0cO'c SIV'E | 00 9¥1°0- 0L0°0- TI00 1900 7¥e€g’0 1€C0 S8IFVO 1I¥80 6L6'0 €881 | 00
160°0- 0€0°0 6£0°0 9.L¢0 6¥VL0 6VL0 TLT'T SP€T ¢L0C ¢99°€ | 00T 00¢ 8¥I'0- ¢S0°0- 8L0°0- ¢CIT'0O 8IS0 90¥V'0 €990 1830 1960 <¢IT'c | 00T 002
0P9°'T- 8LG'T- 98%'I- €LET- 9I¢’T- ¥60°'T- GgL'0- 960°0- €60 I¥9'C | 009 €1¢'c- LGT°C- VL0C- ¥86°1- 8981~ Ce8'T- LLG'T- LGT'T- 9PP'0- OFP80 | 00
09G°'T- 69¥'T- 69€T- 18¢'T- ¢¥0'T- 0060- 919°0- P¥4¢’0 T00°T LIL'C | 00T €VI'c- GL0C- 86T~ LP6'T- C9L°T- CIL'T- TI.LV'I- 006°0- G97°0- 1680 | 00
894 T~ VLV'T- L8V'T- LVC'1- ¥LL0- GELO- TLZ'0- 1600 6¢0°T G88'C | 00T 00T L0C'G- TPI'G- 061°G- L66°T- L6S'T- ©99'1- PPeET- 98T'T- €¢S°0- S¥0°'T | 00T 00T
serq N seiq N
&/1=2¢ e/1=2¢
10000 6900 €¢1'0  P¥8T'0 09¢0 0€c0 G650 €IP0 G050 <¢080 | 009 10000 L%0°0  8IT'0 9410 9¥c'0 G0C0 0Sc0 T€E0 9490 T1€9°0 | 00S
10000 €600  PLT'0 Tec'0 LS€'0  TOCO0 €0F'0 9490 0PS0 8¥0'T | 00 10000 @600 9910 L02'0 ¢€E0 L9¢'0 8c&'0 T199°0 920 8690 | 00¢
10000 T¥1°0  6¢1°0  00€°0 9.9°0 €IS0 9890 LGP0 ¢¢90 TOST | 00T 00¢ <000 GE€T°0 8IT'0O 9.20 ¥E90 €PP0 €L4°0 <¢Lc0 <¢ee€0 G90°T | 00T 00§
cre0  T0€0  89¢0  T¢c0  ¥6T°0 6060 L6T°0 LIC0 180 L99°0 | 009 €970  ¢ch’0  9L£0 GEE0  96¢°0 6CE0  90€0  WLEO  GPEO0 G680 | 009
Lce0  GLc0  €e€c0  0¢c’0 L0C0 €Ic0 6¢c0 <Iv0 €0 9180 | 00 €40 T0¥°0 99€°0 P9E€0  ¥8C'O 0EE0  90€0 T0E0 60 8FP0 | 00¢
LT€°0 6920 T0€0 ¢be0 GIP'0 90¢€0 8EP'O 8IEOD OFVPO0 L9C°T | 00T 00 9¥PP'0 86E0 OFPF0 G99€°0 69€°0 92€0 6960 €660 €660 ¥6L0 | 00T 002
¢E6'C  I88°¢€  €08'€ GoLe 9c9Ee  Lege  T16€€ ¥o0'€  GLET  LOT'T | 009 0L8F ¢e8¥ OvLV 6997 V49V  ¢I9Vv  €LEV  6V8°€  T0T'€  69L°T | 009
€46°¢  L6V'E 8I¥E VOV'E 8ICE €ECE OV0E 9€9'C  €ET'C  G96°0 | 00¢ L6V SVPY L9€Y 8GEY  80CTY  OLT'V  PS6°€  86E€  ¢06'C  9€ST | 00
0E7'€  €8E'E€ €GFV'E 96C€ 9L6'C 8EOD'E €8LC T1¢9¢ ¢E0'C  T.8°0 | 00T 00T TI¥P¥y 8LEYV GS9P'¥  T0EV I86'€ TEO0T <9L'€ 6VS€  9.8°C 09€T | 00T 00T
HSINY N L HSINY N L
0000 2900 ccl'0 €810 69¢0 6c¢0 V60 ¢Iv'0 @090 L6L°0 | 009 1000~ GS0°0  ATIT°'0  9.T°0 9¥¢’0 7¥0c0 6¥c0 0€€0 €9€°0 Lgg0 | 009
0000  680°0 0LT°0 LTg'0O 99€°0 86¢0 66€0 ¢L90 8g9'0 T€0°T | 002 T100°0- 9800 €910 <¢O0c'0 0€e0 €9¢0 ¥ece'0 8¥s'0 €I€0 9890 | 00T
0000 Ter'0 9600 98¢0 0L9°0 W0S0 9L90 O0€P'0 €890 99%'T | 00T 00¢ TO0°0- GIT0O 1800 1920 Lg90 9€V'0 G990 8¥c'0 7620 Ov0'T | 00T 00S
GLc0- 0€c0- €LT°0- VITO0- LPO'O- 980°0- ¢&c0'0- 2L80°0 ¥02'0 8ES'0 | 009 08¢0~ L€€0- 18¢0- G9¢c’0- 991°0- G1¢’0- O0LT'0- G60°0- €€0°0- 600 | 009
€4¢°0- 681°0- ¢cl'0- 660°0- €v0°0 ¢c00- 8900 ¢Gve'0 0cc’0  ¥LLO | 00T 09€0- T0€0- 0Pc'0- Lgc'0- G960°0- LLT0- 0CT'0- SIT°0 680°0- LS€°0 | 00C
0€¢'0- €9T°0- 661°0- G€00- ¢€e0 €910 6c¢E0  GIT°'0 08¢0 P6I'T | 00T 002 9€€0- L0~ 6¢€0- I8T°0- 9910 0€0°0- 8800 6L1T°0- 60T°0- 689°0 | 00T 002
€VG'e- 06V'€- 60V'€- 0€€€ GE€CE- Loce- Ge0'€- G0L'C- 611°¢- LOO'T- | 009 6EV V- 88€V- V0EV- CCcv- Vel'v- LOT'P- 068°€- LIGE- 6V8°C- 0I9°1- | 00
€91°¢- P01~ Ge0'€- TI0€- 998°¢C- 9P8'¢C- T1L9C- GLT'C- 8E8'T- Lg9°0- | 00¢ L80'7- €007~ Ge6'€- B8I6'E€- €9L°€- GPL'E- 84G'E- ¢E0°€- ¢P9¢- 0c¢ET- | 00¢
¥c0'€- 8L6'C- LV0'€- 6148°C- 605°C- ¢09C PSE€C- ¥4¢c- T69°T- 9T¢0- | 00T 00T ¢S6°€- ¢c6'€- 866°€- B8ERE- 6LF'€- 89G'€- 61€€ €8T€E- TLGG- 9101~ | 00T 00T
seid N L seid N L
e/1=2¢ t/1=29
o1 0=dpueg/(1 — N)N = 3 (¢ ‘u)® coo=dpueg/(T— N)N = u s (¢ ‘u)b
00T G6°0 06°0 G8'0 080 6.0 040 G9°0 090 Gao © 00T G6°0 06°0 G8'0 080 G6L0 040 G9°0 09°0 Ga'o o

SIOLI® URISSNRL) [[JIM g USISO(] SUISTL POJRISUSS IR SUOIIR[OIIOD SSOI))

SI0SSOI891 SNOUa80xX9

)M [9pou ®yep [oued DIUIRUAD ® WOIJ SIOLID 91} JO JUoU0dXo [RUOI}IDS-SSOID ST} JO 9)RWII)S © o) 10} (00T X ) HSINY Pue serq :qgy o[qrl,

31



000z = Y 0% 90s st suorjeor[dal Jo Ioqunu o[, *(£z) Ul UMOTS

ompooord Jurysay o[dIjnut o) UL Pash dnfeA [@dYLID oY) 03 spuodsariod (¢ ‘u)® (Nq)Seiq = Ng o1oym ‘(og) £q wead Mg — NqNq + NT = Ny ‘sio11o a3 jo

X1IYRUI WOTYR[OLIOD O} JO UOIPONIISUOD Y} UL ‘A7 """ ‘g ‘T = 1 ‘N 10900A Jo sjuaurafd (A7 >) N7 98I o) 10] (6°0°L0)/] ~ 'q sowmsse T udiso “(Tg) Ul ‘WIOPoATJ

ax
4

c—A

JO S90I30p § =A )M d)eLIRA WOPURI parenbs-1yod ® sI ﬁmx pue (T‘0O)NJII ~ *a ‘N " ‘g‘T=110] ‘¥ A v = #n se PoJRIOUIS OIR SIOLIO URISSIIRL)-UON
/1

N T =110 (TT) NQIT ~ "% pueg="'0(5600)2 ~ “d ‘(1‘T) NQII ~ "0 :se poyerousd aIe ‘(gg) ‘[opout eyep [oued d11e)S 9] JO SI0joMIRIR] :SOION

0000 6600 6£C0 L2G0 9660 SYLT S86C ¢96F GS9L 681 TT | 00G 0000 €L00 S8ST'0 €SE0 €990 CST'T L00C €8F'€ G89'G 188 | 009
0000 €0T°0 G820 €FS0 9¥T'T O08LT €96C 198F O0STL €9£0T | 00T 00000 €900 GLT'0 82€0 9¥L0 COT'T GO6'T 9I€'€ G86'F 9292 | 00T
0000 GZI'0 €Fc0 €690 €8¢T 9I6'T 820°€ €09F 8699 S0L'6 | 00T 00 0000 0800 €910 ¥FE€0 ¥26'0 9LIT €06'T LL8C QIGT 886'0 | 00T 00G
1000 880°0 89Z0 9I¢0 9¥6'0 LILT GL6C 6FLF 002L F9¥°0T | 00G 1000 0900 9610 TS0 1€90 9911 €90C G2€'€ ¥8I'S LL8L | 00G
1000 TOT'0 9820 €650 80T 9LLT 8¥8C LLOF 689 06L6 | 00T 1000 ¥90°0 T80 63€0 L1990 9¥I'T 6881 L0T'E GOLF E€FI°L | 002
1000 S2I°'0 #9200 2090 69¢'T ST 086'C G2y OIF9 1286 | 00T 00¢ <000 880°0 681°0 99¢°0 9260 6FVI'T ST GL8C LLZF €S9°9 | 00T 002
¢e0'0  0.L00 G2¢0 GSF'0 ¢Z6'0 GSSGT 9897 0SCF 6989 L9866 | 00G €60°0  G90°0 PST'0 160 190 8201 8I8T 068C ¢T6F 18l | 009
0200 0600 8F¢'0 8SF'0 F.60 CELT 80LC €IEF 0.9 0C€6 | 00T GO0 9900 @ST'0  T0£0 €090 9ST'T 99LT 68T SKEF Tal9 | 002
6200 2II'0 950 889°0 gIZ'l TZL1 ¥6LC SI0OF 6209 9¢8'8 | 00T 00T SPO'0 6600 0220 GLE0 8LL0 FS0T 9GLT 9£9Z 8L6'E 619 | 00T 001
ASINYT N L ASINY N L
0000 8900 6020 CLF'0 0260 LI9T €¥8C ¥9LF SS¥L 68601 | 00G 0000 6200 LZ1'0 1620 G8S'0 L00'T ¥¥S'T ¥EC'E 928°G F0E'8 | 009
0000 GL00 T¥C0 LOF'O €VO'T 6991 LI8T G69F OF6'9 LSGT0T | 00T 0000 €200 8210 6£C0 €€9°0 0860 L¥LT ¥IL'E T1€L¥ 0682 | 002
0000 6900 8ZI'0 26V'0 ¥92T L8L'T LL8T GEEF G8F'9 CES6 | 00T 00 0000 I00 2g0'0- 0120 96L°0 60T LgL'T ¥99°C 8¢y LFL'O| 00T 00S
0000 1900 9610 ¥EF'0 TP80 CICT ¥69C 89FF 6869 90201 | 00G 0000 €200 6110 6920 LgS0 1860 TELT €86'C 9F8F ¥2G'L | 009
0000 2900 G220 0SF'0 6260 T.GT LE9C 90FF TIPSO GES6 | 00T 0000 2200 9IT'0 8280 €¥S0 6060 16GT €.8C TLEF G6L9 | 002
0000 6S0°0 %600 <9F'0 01T 1991 C0LC ¥el'F S¢I'9 0906 | 00T 002 0000 F000 9F0°0- 6810 LSGL'0 660 L8G'T €6FC L68'E€ ¥0E9| 00T 00T
LT0°0- €00 FST0 L9E0 6FL0 €0ST 0SEC €I6'E 2TF'9 6976 | 00G L20°0- €00°0- €L00 €020 PFF0 €2L°0 €8V S8F'C 8GET  GLL'O | 009
€10°0- €700 LLT0  SCE0  LE8°0 FIPT I8E'T 986'€ CI6'G 986’8 | 00T 120°0- 200°0- 690°0 E€FT'0 T9F0 LLLO 9LE'T 96V'C TI8LE T0OT9 | 00T
010°0- G800 8200 F6E0 690°T Z6V'T 10SC T89°€ TE9C  96F'S | 00T 00T S8T00- F200- F80°0- LgI'0 FE90 G8L0 TIFT SOT'C LVP'E 0SLG | 00T 00T
serg N L serg N L
g/1=9 ¢/1=9
0000 L¥0'0 600 6L1°0 ¥EE0 L9S0 %960 OIST 9OI0E 8I0C | 00G 0000 O0¥0'0 LS00 8210 6820 SOV0 0990 86T SSI'C F0L'€ | 009
0000 LE00 €600 LLT'O ¥Z¥0 09¢0 9660 6061 €16C LI6T | 00T 0000 €E0'0 9900 8ET'0 F¥620 L¥E0 9190 8T 96T I¥SE | 002
0000 %900 ¥LI'0 %020 %290 €890 VEI'T GILT €06¢ CESF | 00T 00 0000 %900 €020 9L10 GFF0 ¢I¥0 0890 GIOT 0061 TSE'E| 00T 00S
1000 F€00 810 8810 0TE0 9660 62T OVLT €SLC LSV | 009 1000 2200 SOT'0 6ET'0 020 680 L98°0 S9T'T G961 OFZ'€E | 009
1000 0V00 €010 9¥20 8SE°0 6V9°0 0001 606'T LISZ G9¥'F | 00T 2000  FEO'0 900 0020 OVZ0 gOV0 €990 6FET €6l GST'E | 002
2000 9,00 G610 GPZ0 €89°0 00L0 OST'T 1081 GEL'¢ LGP | 00T 002 €000 €L00 L120 110 6SF0 9990 LPL0 O06T'T G9LT T6T°E| 00T 00T
FOT'0  PIT0 0Z1°0 1IST'0 €280 6IS0 0001 9FF'T 989°C LZIF | 00G GyT'0  6ST°0  6VT'0  €ST'0 0920 L6E0 €6L0 IE0T ¥86'T 990°€ | 00G
8,00 9800 FIT'0 €020 gIE0 92L0 LIOT GLOT SIFE €617 | 00T ZIT0 0210 6ET0 ¥IT0 6120 98¢0 T€L0 I9T'T ZF9T SI0E | 002
8000 ZIT0 €Pg0 88T°0 €6F0 TIP90 TISOT E€FST 08SC  €8TF | 00T 00T 8600 FPI0 @820 280 O0SE0 FSP0 0ZL0 gE0'T ZILT 0.8% | 00T 001
ASINY N L ASINY N L
0000 TI00 0S0°0 LZI'0 GSZ0 ¥BE0 0LL0 OLV'T 0F9C LLGV | 00G 0000 €000 6200 600 TII'0 €020 6¥VF0 0160 6ILT O0LI'E |00S
0000 0000 8E0'0 9S0°0 2620 800 LOS'O L99'T G9G'T COSH | 00T 0000 F¥T00- 1000 610°0- LST°0 ¥9T°0 660 <IOT 29T GE0'E | 002
0000 S200- 6IT°0- 8200 63F0 €I¢0 260 O0SH'T L0GC LZG¥ | 00T 00S 0000 LFO'O- LLT'0- 6L0°0- ¥OE'0 €020 TEP0 LLO0 99T 886'C | 00T 00S
0000 2000 LPOO ZIT'0 220 GPe0 LILO TIET 982°C FE6'E | 00G 00000 0000 2200 6900 OFT'0 SLT'0 SIF0 6.0 OFF'T TF9'g | 009
0000 S000- TE00 TG00 9820 ¥9€0 €0L°0 66F'T S8CT €66°€ | 00T 0000 LT0°0- F¥00'0- ©g0'0- TIT'0 FET'0 €2€0 0680 6081 F09°C | 002
0000 0€0°0- SET'0- €100 T9F0 9¥F0 €28°0 ¥e&'T G€Z'c OPTF | 00T 002 0000 0S0°0- 8ST'0- 060°0- 98¢°0 9ST°0 69€0 ¥6G0 OST'T 089°C | 00T 00T
6S0°0- LS00~ €20°0- 6300 LET'0 6610 €6V0 S¥6'0 6261 LIEE | 00G 980°0- 060°0- 290°0- 9£0°0- SE0'0 000 €120 ©8F0 €ST'T SET'T | 009
T70°0- SV0'0- 920°0- ©€0'0- 9ST°0 €S0 6€9°0 1081 66LT L8F€ | 00T 290°0- 8L0°0- 9.0°0- ¥IT'0- 0%0°0 Lg0'0 6L1°0 689°0 6680 ¥8I'C | 00T
0£0°0- 890°0- 6LT°0- 8F0°0- 0S€°0 SIE0 0L90 1660 L¥T €59°€ | 00T 00T LP0'0- €0T°0- €¥g0- 6ST0- 9LT0 &F0'0 1560 €180 1880 §,T' | 00T 00T
serg N L serg N L
t/1=29 e/1=9
010 =d pue g/(1 — N)N = u g3 (¢ ‘u)® c0'0=dpue /(1 — N)N = u gun (¢‘u)®»
00T G60 060 G80 080 GL0 0L0 G90 090 G50 | ® 00T S60 060 G80 080 GL0 0L0 S90 090 G50 | ®

SIOLIO URISSNBL)-UOU [[}IM | USISO(] SUIS POJRIOUSS dIe SUOIIR[OIIOD SSOI)
[opowt ejep [purd O1jR)S ® WOIJ SIOLI® o1} JO JUOUOAX0 [RUOIIDNS-SSOID 9] JO dJRUIIISO © o1} 10 (00T X HSINY Pue serqg :egy 9[qel,

32



‘000¢ = Y 03 308
st suorjeotdor Jo Tequmu ot T, *(gg) Ul umots ampadold Surysey ofdrynur oty UI Pasn anje [LdIILID a1} 0} spuodsarrod (¢ ‘u)d (gg) ur umors ampasoxd Surysay
o[di[nur oY} Ul POsT dN[eA [BIIILID o1} 03 spuodsor1od (¢ ‘u)% -(Nq)3eiq = Ng a1oym ‘(0g) Aq uwoad Mg — NqNq + NT = N ‘SI0110 973} JO XLIJRUI UOIJR[OLIOD
9T[} JO UOIONIISU0D oYY UL ‘N " ‘g ‘T = ¢ ‘Nq 103904 Jo syuowdo (N >) 9N 91 oyl 10F (6°0°L°0)/1 ~ 'q sowmsse T udiso *(1g¢) Ul ‘WIOPIdI] JO S9a130p § =A

)M 9jeLIeA WOPURI pPoIenbs-1yd & sI ﬁwx pue (T‘O)NAII ~ *a ‘N*‘ " ‘¢‘T=110] ‘¥a ) Ammmv = #n sk PoIRISUS 9IR SIOLIO URISSNIRL)-UON A """ ‘G‘T =1
/1
101 (TT) NQII ~ " pue (660‘0)2 ~ '@ ‘(36°0°0)2 ~ **d “(T‘T) NQII ~ ' :se pojerousd o1k ‘(6g) ‘[Ppowt vjep [oued omureusip o1} JO SI9joUIRIR (SOION
0000 920°0 L&¢'0 LcS0 P90'T <ol G90°¢ 0867 €L9°L LET'TT | 00G 0000 Lv0'0 GST'0 99€°0 LELO O0€T'T €60Cc 86V'E ¥8F'G T€S8 | 009
0000 90T°0 ¥Lc0 8690 O9IT'T <O8'T L86'C GP8T GS0°L <6101 | 006 00000 2900 9910 @OV'0 <¢cl0 8I'T P61 0CE€ 86T €8F'L | 00C
0000 TCI'0 0S¢0 G090 €9¢'T 8O6'T 696'C SIST 9999 9996 | 00T 00§ 00000 8L0°0 LLT'O TGE0 L68°0 PAT'T 6€81 €I6°C 8LV'P 996°9 | 00T 009
10000 8600 8¥¢'0 €¢S'0 0€60 999'T G08'¢ 0SLV T1STL PP Ol | 00§ 10000 €00 TLT°0 09€°0 0¢90 CIT'T 9L8T 8pe€ LyI'S L¥8L | 009
700°0  6TT°0 T16C0 8LG°0 €80'T LILT P¥68C LOLT €8L9 8¥86 | 006 000 G80°0 <¢61°0 ¢8E'0 60L0 0601 LO6T 69c'¢ TELV ¢Clc'L | 00T
10000 ¥¢1'0 10€°0 6990 GIET €8T 898'¢C 88CT L8E9 GLE6 | 00T 00 TO0'0 G80°0 9¢¢'0 84GF0 T80 TIT'T TIST <€EL'C VLcV <¢IL'9 | 00T 00¢
90’0 TL00 <Ic0 80 6060 0091 6S5°C L8V CIY'9 CcL'6 | 00 2900 L90°0  TPT'0 €L20 6290 SOI'T 00LT ¥e6'c V0S¥ LLT'L | 00
6€0°0  00T°0 €59¢0 @870 PL6°0 GES'T PC9C 10cT ¥60'9 9806 | 00 8G0°0  ¥80°0 9910 @¢6c0 €190 PS6'0 6691 ¥6LC G8OT 99¥°9 | 00¢
¢€0'0  G¢I'0  T19¢0 ¥¢4'0 69¢'T VOL'T L0L'C 896€ ¥.8G PolL'8 | 00T 00T 6¥V0°0 9010 €¢gc0  S0€0 8y80 TPO'T 8ILT 1I8F'¢ Te8€¢ ¥0T'9 | 00T 00T
HSINY N L HSINY N L
0000 ¥90°0 60C0 9970 8¥V6'0 86S'T 888C V8LV 8IV'L V601 | 004 0000 G€0°0 8CI'0 @60 6090 €660 G881 €4GC°E 98¢'G 69C8 | 009
0000 GL0°0 €€C0 olv0 9I0T €891 6¢8¢C 1997 LS89 GEO0T | 006 0000 €€00 ¢el'0 GPc’0 <¢I90 €66'0 <CSL'T 680°€ 6997 T.LCL | 00C
0000 990°0 6IT0 L6V'0 G9C'T GLLT L8C 0€E€V TIP'9 €876 | 00T 00§ 0000 6000 Lc00- 910 9640 TcOT €891 €L9¢ <¢0cv ¥0L9 | 00T 009
0000  ©90°0 V610 <EV0 880 ILV'T ¥09C cbP¥v 0889 LE6TOT | 00G 0000 €00  LITO 690 LIG0 0060 €991 T196'¢c €6LT OTSL | 00S
0000 890°0 8IC0 8EVO P60 VEST T¥P9C LOVT CIY'9 699°6 | 00C 00000 8c00 ¢IT'0 0cc0 8340 6480 0091 PL8C €0ET GI89 | 00¢
0000 990°0 90T°0 09%0 8LT'T €99'T €¥9'c ¢e0¥ 0609 <cOI'6 | 00T 00 0000 <000 LE00- T6T°0 0€L0 Tc6'0 ¥PS'T GOP'C €88°€ 67€9 | 00T 00T
1¢0°0- 600 L¥I'0 ¥#PE€0 6IL°0 98CT G9¢'¢c ¢c6'€ 6¢1'9 CEE6 | 009 7€0°0- 800°0- 9900 49810 <¢cv'0 0FL'0 99€T 66V'c L8OT G¥9°9 | 009
L10°0- OP0°0 99T°0 ©9€0 9180 8OET 60€C 068°€ LPL'G €PL'8 | 002 8¢0'0- 800°0- 8%0°0 8ET'0 ¥¥P'O 0690 Pce'l Teh'c 8¢9t 8009 | 00
G100~ TEO'0 €900  €LE0 L90'T @ly'T 98€C €€9'€ G0S'G LLE'8 | 00T 00T Tg0'0- 820°0- 060°0- 60T°0 €€9'0 0LL0 9c€T 840°C B8EE'E 699°¢ | 00T 00T
setd N L seid N L
e/1=2¢ e/1=9¢
0000  Tc0'0 G200 06T°0 0CP0 9€5°0 P90'T OIST 098C TL6F | 00 0000  GT0°0 €500 €PI'0 TEE0 0LE°0 P9L°0 L8CT 6961 T199°€ | 009
0000 T¥0°0 4800 VL0 OIF0 0830 090'T @¢S6'T G88'C <TLITV | 00C 00000 G€0°0 0900 LEG'O 98¢0 TLE'0 POLO 9G€T LG6'T LSTE | 00C
0000 ¥90°0 G8T'0 0cc’0 880 9690 €L0'T TLLT 1498¢ €I8T | 00T 00§ 0000 G900 O0Ic0 6810 €0F0 9€¥V'0 €290 G60°T Te81T €9¢°€¢€ | 00T 009
10000 L¥0'0  L60°0 T0C'0 91€0 695°0 8060 8¢81 V4iLc VIVY | 00§ ¢000  0OV0°0  GL000  GST°'0 66¢0 €0V'0 9290 98C'T 1661 G61°C | 00S
G000 ©90°0 €cr0  LPcO0 <¢I¥0 6690 T0T'T ¥w00'C ¥e8C ¢LSV | 00C 9000  ¥90°0 6600 <G00 T6C0 €cr'0 06L°0 06V'T ¢66'T 66¢¢€ | 000
10000 1200 T€2'0 T19€'0 0890 9990 TIIT'T PS9'T 1IvLC G¥P9¥ | 00T 00 ¢<¢00°0 TL00 ¥Pc0 TEE0 ¥POV'O PIPO &cl0 crbO'T L8LT 9%¢°¢ | 00T 00¢
Le1'0 Tel'0  Tel'0  €ST°0 0LE°0 €990 8¥8'0 €8FV'T 9¥g'e L66°€ | 009 GLT°0  0LT°0 T19T°0 9910 WIEO0 6FPS0 €290 9S90'T LVS'T 6€6°C | 009
L60°0  PIT'O €E€T°0 ¥6T°0 TI¥€'0 <€ES0 6960 T69'T 8LZ'C LI6E | 00C 9€T°0  99T°0 69T°0 €160 <¢9¢0 9IF'0 9890 960°T LOS'T 0€LC | 00T
9L00 ¢cl'0 €9¢°0 T€¢0 €690 ¢E90 L60'T 96V'T 89€c 9IT'F | 00T 00T OIT0 99T°0 TOE0 2920 LSP'0 ¥#PP'0 89L°0 1860 2LcS'T 8I8C | 00T 00T
HSINY N L HSINY N L
0000 800°0 0500 GcT'0 €LC°0 LLEO POS80 &8V'1T <¢69C 1I¥Sy | 009 0000 TO00 6600 8L00 94T°0 8610 8LV'O 8160 VLT 8ET'E | 00S
0000 0000 €00 @900 ¥8C'0 CIV'0 €I80 &C99T Tosc €8T | 002 0000  ¥10°0- <¢00°0- €T0°0- 9¥PT°0 O0LT°0 <COV'0 SO0'T WLV'T €1I6°C |00C
0000 Lc0'0- €cI'0- €€00 98%¥'0 T19°0 1680 <9%'T L8F'C 68F'F | 00T 00§ 0000 8P0°0- 621°0- 920°0- €0€0 €0c0 GOV'0 %690 0%€T ¥.6°C | 00T 009
0000 8000 49¥0°0 ¢CIT0 8Ic'0 92€0 6990 00€T PSecec GI6°C | 00 0000 TO00 9200 6900 9€T0 ¥I9T°0 0LE'O T6L0 0cV'T ¢c9c | 009
0000 €00°0- 6¢00 9¥0°0 6¥Vc0 OveE0 €IL°0 6671 Lvec'c €107 | 00C 0000 9T0°0- G00°0- Gc0°0- <¢cl'0 9IT'0 PeE'0 ¥68°0 08C'T ¢E9C | 00C
0000 ¢€0'0- 6¢I'0- LTI00 OFVPF0 LEVO 96L°0 8FCT 6€cc <617 | 00T 00 0000 TS0°0- €8T0- 980°0- 69¢°0 6VI'0 8€€'0 T€90 6ST'T 61L°C | 00T 002
¢L0°0- L90°0- GE€0'0- <CI0°0 6IT0 A8T°0 9¥P'0 PS6°0 €ILT <Ig€ | 00§ G0T°0- GOT'0- €80°0- T90°0- LIOO0 GTI00 TAT'O €870 9960 €VO'C | 00
160°0- 690°0- L€0°0- ¢v0'0- TI¥PI'0 L8TO0 G670 €VI'T 6691 8OEE | 00C LL0°0- 960°0- 060°0- 8¢I'0- G000 ¢€0'0- OVI'0 6850 T¢8°0 ¢E0C | 00T
G€0°0- €L0°0- 88T'0- L90°0- LPEO SOE0 0C90 9960 G9LT 18¢'¢€ | 00T 00T ¥40°0- OIT°0- 9%¢°0- 8LT°0- TLT'0 Lg00 0670 €660 0LL°0 ¥ec'c | 00T 00T
setd N L seid N L
t/1=20 t/1=2¢
oro=dpueg/(I— NN = v qya (¢ u)® 00 =d pue g/(1 — N)N = v qis (¢ u)®»
00T G6°0 06°0 680 080 G0 0.0 990 090 €90 o 00T G6°0 06°0 G680 080 €20 0.0 990 090 €¢0 | »

SIOLI® URISSNRL)-UOU [[JIM | USISO(] SUISTL POJRISUSS dIe SUOIIR[OIIOD SSOI))
SIOSSOIZOI STOUIFOXD
)M [9pou ®yep [oued DIIRUAD ® WOIJ SIOLID 91} JO JUoU0dXd [BUOI}IDS-SSOID ST} JO 9)RWII)SO © o) 10} (00T X ) HSINY Pue serq :qgy o[qr],

33



‘000 = Y 01 198 st suorjeor[dal Jo Ioqunu oYy, "(gg) pue

(2€) w “(“g7 (sro—zem)e N — m:\/ ="l g0 =" g0 =" ‘T =L (g0 + g0~ 1) AdIr ~ o (1€) W ‘WOpasIy Jo $00180p § =A TIIM SJRLIRA TIOPTRI

poaenbs-io © st "3X pue (T0)NGII ~ " ‘NG 1 = 110§ ‘¥ N\HANL

2a
X

v = ¥n :ge pojeroudd ore siolrd ueissnen-uoN (1 ‘0)NIT ~*f pue (1) 1opun 0 0}

sojea1 fo oToym ‘g/dog = G0 1j0s op\ A[oA1300dS0I ‘1030R] PUODSS PUR JSIY AT} 10§ SSUIPLO] 010z-Uo [*“PN7] pue [“PA7] [3im [opOu 1030.J-0M) © SOWINSSE g USISI(]
N C T =110 (T'T) NI ~ % pueg="0(c600)0~ *(1T) NII ~ ' :Se pojyersuds o1e ‘(gg) ‘Topout eyep [oued d1)e)s o1[} JO SI9joUTRIRJ SOION

T000  L0T'0 9460 L¥PS0 PIOT FOLT TP6C  €PSF  €LP°L OG0T | 00G 1000 1800 GIZ'0 60V'0 68L0 G6I'T 090C LSP'E PSF'G  €€e'8 | 00G
1000 09T°0 S9€'0 8P90 IST'T 0381 086C FILF 0V6'9 T80°0T | 00T T00°0  TET'0  T8G0  €LF0 €980 SGPTT  CPOT  T198°€  SI6T  SSVL | 00T
L0000 022’0 26870 €6L°0 TSST  290C  e8TE  OFF 1SS0 0966 | 00T 008 80000 IST'0 @S0 €8G°0 98T'T  THPT  616C  966'C 90ST  ¢S6'9 | 00T 00S
981°0  STT'0  LST'0 60 P80 SIST FEL'T ¢eSh  €60°L TIFOT | 00S 8GZ'0 €030 TST'0  PETO 08S0 L0 SE8T LT’ TET'C  L9S'L | 00%
08T°0 STIT'0 6260 68F'0 CIOT €S9T T08C 68SF 9999 8zL'6 | 00G L6270 €81°0 FI9T'0 64670 S€9°0 GEO'T 8e8T  Tel'e  959F  PETL | 008
Z81°0  SPT'0 6260 P90  PPET IS8T FE6T €617 129 TFL'6 | 00T 002 €920 @6T0 8610 GLE0 8360 S6T'T SP6'T 984G 90TF T2¢°9 | 00T 00%
966'T 2381 G991 €EFT  IETT  ¥SOT  988'T  F6S'E  GLT9  T1SS6 | 00G 8LV'T  968C 995C @80°C 60ST  0SST  S9ET  8LI'T  TLOF  988°9 | 00%
068'T €921 TI8ST 6SE'T S66°0 @S6'0 SeL'T €eF'€ €29°¢  8GL'8 | 008 08V'c 18€C Thee 980G O0SLT  6SP'T  G0ZT 6161 €5F'e 209 | 00T
CI6'T  GLLT 8991 GEE'T  6V6'0  PEOT  LG8T 6IT'E 912°¢  ¥#2g'8 | 00T 001 1SS'G  ¥SP'c  60PC  OP1'g 2991 €6F'T  GLTT 0691  €F0°€  68F'C | 00T 001
HSINY N L HSINY N L
0000 FOT'0 €920 6IS0 0960 L09T 908C 089F L6TL 0£L0T | 00S 0000 ¥80°0 9030 SR80 890 680°'T LO6T 09G'€ 995G 860'8 | 00%
0000 GCT'0 S0 8290 CGPI'T  €GLT  €88°C GhOT  88L9  9T6'6 | 00G 0000 931°0 .50 LSF0 @e80 6LI'T GV6'T Gae'€ €6l STl | 00T
0000 F0G'0 TEL0 S9L0  LIST 00T IO’  SPET  GIF9  TIF6 | 00T 00¢ 10000~ ¥P9T0 G2g0 GSG0  CST'T 8L8T 63l'C  SS8'C  1€€F ©LL'9 | 00T 00G
€eT°0- €F0°0- S0T°0  TSCE'0  0LL°0 8L&T 028G 865F 608°9 TET0T | 00S T61°0- Tel'0- 600°0- T9T°0  LFF0 6I80 66T 698G LOLF  98FL | 00¢
IET0- €000 T6T'0  9FF0  0S6'0 ¥EST  829T  9¢EF  10F9  6SF6 | 00G P61°0- 060°0- FPO0 9060 TS0 TG0 TFOT  TL8T  SIEF  FLL9 | 00G
GeT'0- 6V00  LST'O 860 98T 9OFLT €6LC T166'€ 186'C T16'8 | 00T 00 O06T°0- T90°0- G200~ 9220 8980 0L0T 9LLT 647'C  T06°¢ 0L29 | 00T 008G
€80T~ FECT- €9¢T- S60°T- PPO0-  LI00  IPET  EITE 084G LPT'6 | 00S Wz~ 0902~ 926'T- 62LT- 60V’ 1- FL6°0- 680°0- 0GET T0V'E  LOEO | 00S
965'T- 99V'T- GLZ'T- ST0'T- 6LF0- 0ST'0 16T 890°¢ €F&'C  TOF'S | 00C 6812 0F0Z- 006'T- TPLT- €E€T- LE6°0- SEI'0- ¥2e'T 8G8°C  LIGG | 00G
T19T- L9FT- 29€1- L1860~ G120~ L1620  90V'T  98L'T  998'F 206, | 00T 00T 61~ 10T~ 0.0~ 29L°T- 69T'T- G68°0- 660°0- G080  8€F'E  620°S | 00T 00T
serg N L ser N L
g/1=2¢ ¢/1=9¢
€000 890°0 LST'O  LLT0  69F°0 0890 FPI'T TI6T SS0°€  L98F | 00S P00'0 900 OFT'0 860 0680 0850 I.80 EEPT  0S2T  S09°€ | 00S
€000 60T°0 610 LE€0 P6S0  LLLO 95T FITT 000€ T6LT | 00G P00'0  001°0  €61°0 08¢0 98F'0 850 CI60 9SS'T  L0I'C  99F°€ | 008
6000 8CT'0 0610 SF0 G860 6£0T €8T 0861 &l0¢ 926 | 00T 00¢ OT00 FPPI0  9ST0  LLE0 1680 9080 06T'T 09T LS0G 69¢°€ | 00T 00S
0FF'0  ¥68°0 0880 9920 PLT0 FEPO  LG8°0  L6GT SELTG  T6FT | 00¢ 160 6290 L0 00F'0 €PE0 TS0 8660 TOT'T TE6'T 6LE'E | 00S
6650 FEL0 TLE0  0FT0  PEE0 180 9660 8G8T  1SLG  FIST | 00G TeG'0  TLV0  €TFO0  TLe0  LIE0  88€°0 0990 T8GT €981 91T | 00T
€L6°0 L0870 €I€0  68¢0 LE90  6SL0  CSET  9TLT  LILG  099F | 00T 00 800 ISF0  €LF0 €860 8LF0 TS0 I980 IETT  P6LT  £I16°€ | 001 00T
60L°€ TFO'E  OFS'E  60FE  LITE 020°C  68G°T 8L0T 8%0°C T8FE | 00¢ 91GF TSPV LSeV  LETT  890F  G06'€  €6V'E  688°C 08GT  68V°C | 00S
09V'€  F8¢'€ I8C'E PRI'E  €68°C GLOT L3ET  GL9T TIST  STEE | 00G T6TV  L5ev OFTF 9907 96L€  ¥E9E  F0TE  66V'T  T96'T  6LIC | 00T
96€'€  1.3'€  990°¢ €506 G09C €8V €30T  eelT €081 €IFE | 00T 00T 90T 29TF  I8TF  666'€  9.G°€  66F'E  GE0'E  1€9C  886'T  S9T'C | 00T 00T
HASINY N L HASINY N L
1000~ S90°0 TST'0 8560 92F0 980 TL60 L99T 6€4C OIS | 00G Z00°0- 0900 GET'0 €GO €S0 TI€F0 L4690 VAT 968 T 931°¢ | 00G
1000~ FOT'0 €10 $2€0 6980 LIL0 GST'T 8961 ¥94C 1e8¥ | 00C Z00°0- F60'0  LST'O 0LG'0 L9F0 GTG0  GEs0  LTFT  TGST  €91°¢ | 00G
1000- OPT°0  6ST°0 ¥gF'0 9260 ¥L60 1ISPT 18T 908°¢ SILF | 00T 008 2000~ S2I'0 1210 6VE0 F6L0 TFL0 9601 O0ST'T  ¥28T LE€'€ | 00T 00S
9ve’0- ¥6°0- SI60- TIT0- €F0°0  GLT'0 89S0 60T 9€6C ST6'€ | 00S 097°0- TIP'0- The0- 850~ SET0- 9L0°0- 0610 TP90  6SET €29C | 00S
CIE'0- GE3’0- TPI'0- €S0°0- S8T'0  Pged T16L0 GeST TI€C  Se0F | 00Z 067°0- T9€°0- €820~ 9220~ 9£0°0- 0Z0'0 LOE0 9880 GEET SS9 | 00G
I8G°0- FST'0- LST'0- TF0'0  0€S'0  GLE0  6E0T  9LE'T 2ged 98TF | 00T 00 ¥6£0- SIE0- 9¥&'0- 6ST°0- 0,20 1330 S50 oh90 S9zT F9LC | 00T 00T
962'6- 633'€- 9TT'E" €66'G- S6LG T8ST SPOT- €9T'T- 8€50  FOVT | 00S €907~ 866'¢- T06'€- T8L'e- CI9°¢- 9SP'e- 8006~ 19¢°C- SVO'T- 8680 | 00G
CG0'e- 6L6'C- 68T T6LG S8P'G GLTTT SeLT- 8CL0- 980 €0ST | 00C VIS LLL'ET €696 T€9°e- L6e'e- 0Tge GLLG 0S6°T- FOO'T- €86°0 | 00C
166G 698G 6.8 SP9G VEL'G- ¥00'T- L0PT- L6L°0- L6V0  SELT | 00T 00T PGL'¢- €IL€- GhL'e- T6G'e- €80°6- Fo0'€- L28'a- LS0'G- 6V6°0- 9TT'T | 001 00T
serg N L serq N L
¢/1=2¢ ¢/1=2¢
010 =d pue g/(1 — N)N = U g (¢ u)® 600 =d pue g/(1 — NN = U qus (¢ u)®
00T S60 060 980 080 GL0 0.0 990 090 S¢S0 | ® 00T S60 060  S80 080 GL0 0LO 90 090 GS0 | ©

SIOLI® URISSNRL)-UOU [[JIM g USISO(] SUISTL POJRISUSS IR SUOIIR[OIIOD SSOI))
[epowt ejep [purd OI1R)S ® WOIJ SIOLS 9} JO JUsUOdXd [RUOIINNS-SSOID 9] JO d)RWIISS 0 o) I0] (00T X) HSINY Pue serqg :eyy o[qeL,

34



000 = Y 01 90s st suorjeor[dal Jo Iequnu oy T, *(gg) pue (gg) ut Amm3§|%3m2 — mi\/ =" ‘1)0 = "l
280 =" ‘¢'1="C"(0+ “winm.o — N Narr ~ fa (1) Ul ‘wopesly Jo S99I80p § =A UM OJRLIBA WOPURI POIenbs-Iyp © S ﬁmx pue (1‘O)NTII ~ *a
‘N ‘2T = 1 0] ‘Pa Agmxv = #n :se pojerouas aIe sIolrd wewssnen)-uoN (T'0)NTII ~*f pue (I1) pun © 0} soje[al Fo aloym ‘g/dog = o

~ N\ﬂ G—N
o8 oA\ A[eA1300dsol ‘1030€] PUODRS PUR ISIY oY) 10§ SSUIPRO] oloz-uou [““Pn7] pue [TPp7] UM [OpOW 1030€J-0M} ® SOWINSSE g USISO( N U] = ¢ 10§
“(T1) NTII ~ " pue (G60°'0)2 ~ ‘¢ “(60°0)2 ~ “ “(1‘T) NQII ~ '» :se poyerousl are ‘(gg) ‘Topout ejep [pued OTUIRUAD oY) JO SIojourRIRd :SOJION
10000  GOT°'0 8920 T€S°0 8860 L99°T 668C 66LF €E€¥'L €98°0T | 00G 10000 9800 8020 ¥6€0 OIL0 9PI'T 900Cc 00v'E CEV's  48e¢'8 | 009
€000 T9T°0 €260 @990 90¢T 098°T 6¢0€ T1e8F 9669 TETOT | 00 €000 <CET'0 060 880 1880 ¥6¢'T TIT°'C 6EVE 900G ¥PS'L | 00C
¢000 0ccO  T19€0 G6L0 699°T 980°¢ 9¢c’e€ ovSv 9999 G896 | 00T 00§ €000 I8T'0 S9¢'0 6L9°0 88I'T 7PSV'T  9¥cc G90°€  ¥I9F 080°L | 00T 00§
I6T°0 9¢1°0 091T°0 ¥OP'O0 9980 TcS'1T OILC <¢cev  O0v0'L 9ve0rl | 00S 99¢'0  L0¢0 99T°0 G99¢0 7990 9660 T€8T GST'E€E  €80°G 66LL | 009
8610 ¢GET'0 Gec0 GLy0 ¥660 ©¢c91T Vhl'e olvv 6999 €196 | 00¢ I8¢'0  0I¢0 GLT'0 9.0 ¢c90 9101 T6LT €90°¢ 1.9V  Ge0'L | 00C
861°0 €ST°0 ¢cc'0 ¥6S0 O0€ET PEST Pe6'c 981'F 80C9 1¢I6 | 00T 00¢ L8CO 61¢0 1160 <¢%€0 <¢o60 €91'T 9I6'T VILTC O08TF ¥EG9 | 00T 00¢
9€0'c  €E6'T €LLT OPS'T GICT <¢90°T 0€LT 6¢v'e  ¥L6'G  91€6 | 009 ¢c9'c  9eGc  LOVC  Gece  Lv6'T  8Y9'T OVl 990'C  688°€ G999 | 009
GG0'c  Lc6'T 0941 LeS'T  SPI'T 9¢0°T 0691 9¢e'e  TIGG €P98 | 00¢ 889'¢c 069'C 94F'¢c 10€¢ 096°T 099°T Lye'T G881 99€'€ €C6'¢ | 00
€L0¢  ¥P6'T  6E8T 00S9T SPO'T TP0O°T 692417 8G0'E 9491°¢ 008 | 00T 00T €SL'C¢ 899'C Lg9C  6VE€EC  OP8'T 8I9T FOET KEIT G96°¢  OFF'S | 00T 00T
HSINY N L HSINY N L
0000 €0T°0 ¢9¢'0 G190 €960 869'T €6LC 1997 9L¢°L G0L0T | 009 0000 ¥80°0 €00 I8€0 0890 60T Q68T €PCE GEL'S €L0'8 | 009
0000 ¥4T°0 09€0 Q€90 QST'T Q9L'T L68'C €997 G089 1I¥6'6 | 002 100°0- G¢I'0 6420 0970 0€80 €6I'T T196'T 09¢'€ 99LF ¥8c¢'L | 00¢
0000 G0c0 OvEO ©LLO 0ES'T 620C VPI'E 9IVV  PIS9 €96 | 00T 00§ T000- G91°0 ¢cec'0 6990 €9T'T 66¢T ¢I9I'c 616'c Lov'y €889 | 00T 00§
IvT°0- 090°0- 00T°0 ¢be'0 994°0 99€'T L8F'C GS9¢¥  67L9 ¢90°0T | 009 €0¢'0- ¢ET'0- 0c00- 0ST°0  €€V'0  66L°0 L99°T 8e®c SOLV TIv'L | 009
¢vT'0- 600°0- 6LT°0 G¢v'0  Ge6'0 867’1 0L8C ¢9¢v  01€9  05€6 | 00T IT¢°0- 80T°0- 800 ¢8T'0 8ES'0 ¢L80 06T GI8C 8ECT ¥.9'9 | 00¢
9€T°0- T€00 &vI'0  GP9'0  LLET CELT ¥8L'C 6L6'€ €96'¢ 6488 | 00T 00¢ 80¢'0- 980°0- €v0°0- 99¢°0 O0¥P80 9¥P0'T GGL'T 99¥'¢c ¥98°€ 919 | 00T 008
TLLT- 699°1- ¢09°T- 6€¢’T- 06L°0- 9€1°0- <¢LO'T LI6'C €199 G068 | 009 61€¢- Vve€C'c- €0T'¢- OI6°T- 685°T- GST'T- 1I8¢0- OIT'T 9L1°¢€  090°9 | 00S
09L°T- ¢€9°'T- OPP'I- O06T°1- LP9°0- LIOO- €E€T'T G¢6'c <¢OI'S ¢Lg8 | 00T 6ve€'c- 149¢¢- TIT¢- ¢S6°'1- 8PS'T- ¥PPI'T- 0C€0- 6S0°T €0L°C 98€°G | 00T
T6L°1- L19°1- 9191~ ¢IT'I- ¥p€0- 98T1°0 TOET G99'C G8AF  ®98°L | 00T 00T 8LE'C- €6C¢C- ¥9¢'¢- 096'T- TPE€T- Ly0T- Lpc0- 1690 LEEC L96F | 00T 00T
selg N L selg N L
e/1=¢ e/1=¢
¢00°'0 2900 T9T°0 €920 6€V'0 1¢90 €901 6I8T L96'C <6LF | 009 €000 1900 GET0 9cc0 ¢9€0 8IP'0  8LLO 61T TVET'C <0S°€ | 009
G000 60T°0 Gcc'0O 6V€0 6190 880 GeET L0CGC col'e  VI6T | 00¢ 9000 6600 86T°0 1660 6050 T1€90 TO0OT T99'T ¥4¢¢ 8I9€ | 00
7000 LS9T°0 68T°0 ¥PPO0 LP6O0 LEOT €8G'T LcO'c GOT'E€ T190°G | 00T 00§ 9000 €PLI'0  P4T0 99€0 8080 T6L°0 €I'T 98T LgT'c ¥L9°€ | 00T 009
GGr'0  90¥'0  IPE0 1660 8cE0 <CIG0 0860 <¢E€9'T 0€LT 84GF¥ | 009 166°0  Gp90 €870 Govr'0 ¥6€0 9870 80L0 I8T'T G96°'T 0L¢€ | 009
9y 0 vLEO VOE0 GLE0  €VED 9290 0L60  98LT  ¥89'C  TIevv | 00C 6,90 ¥¢¢0 9970 Veb'0 L9€°0  TEP'O0 8990 OICT 9I8'T GETE | 00C
80¥°0  LVE0 LPEO L8C0 €090 L0L°0 OICT GL9T L89'Cc €€4¥ | 00T 00c G990 €090 T1eg'0 LOv0O €970 ¢6V'0 €640 O0L0T TGLT T161°¢ | 00T 002
0€6'¢ 898'€ LGL'E€ 8C9E€ CEV'E €T 98LC  ¢ETe  190°C  Teee | 009 Q8L LILV  ¢e9V 909V T€ETV  TI9TV  CGELE  VOT'E  L9€'C  Vev'c | 009
LEL'E T99°C  ¢99'E  69FV'E 68T°C  L96'C  <¢0S9C  TI98'T LL8T G8C'€ | 00¢ 9¢9v 699V VLVY  90V¥ 99TV 696'€  1¢9€  ¥PL'C  99T'C  61¢’¢ | 00C
169°€  OP9'€ LEGE  L0€€  0P8'C 9.9¢c 9.T'c  L6L°T G9L°T 8GE'E | 00T 00T GISY 88y'F L0SF 90€F €98°€  6VL'E€E 99¢°€ ¢8L¢ ¥I0¢ AIT'C | 00T 00T
HSINY N £L HSINY N L
100°0- 9900 6¥VI'0 99¢°0 0cb'0 L99°0 696°0 T199'T <ccl'c 6877 | 009 ¢000- 6900 €ET0 Tee'0 8PE0  Cov'0 9890 8ST'T 6481 99T1°€ | 009G
100°0- <¢0T°0  9I¢’0 9¢€'0 GLS°0 Lcl'0 €LT'T <¢66'T 96L¢C LS9V | 00C ¢000- @600 TI61T°0 <¢Le’0 TILV'O Q€S0 6680 6EV'T €881 ¢0c€ | 00T
100°0- 6€1°0  ¥91°0  9¢¥'0 Lc6'0 6860 GOS'T 8I8T 988°C ¢I8¥ | 00T 00¢ ¢00'0- ¥¢I'0 GcI'0 6VE€E0 ¢6L0 6VL0 €EIT'T ¢oc'T 8881 6IF€ | 00T 009
G9€°0- ¢I€0- €€C¢0- OET0- Ge0'0 <CST°0 T€9°0 S8LI'T 88I'C 698°€ | 009 G8%°0- 9€¥°0- 99¢0- 18¢°0- T9T°0- 860°0- 1910 0190 TIET 894°¢ | 00S
0v€0- €9¢°0- 99T°0- 980°0- LST°'0 €660 T0L0 C8V'1T 1I¥cc 0S6°€ | 00T P9¥°0-  L6€°0- 91€°0- 892°0- 0L0°0- 8T00- 99¢°0 7VEO L9¢'T 8LGC | 00C
L0€°0- 9I¢’0- LIc0- 7100 1090 @&PS0 €I0T @¢S€T ¥6cc 0ST'V | 00T 002 T€P°0- 69€0- L8ED- ¥6I°0- GE€C0 0810 9050 6190 6V¢'T 6VL°C | 00T 008
096°€- 88¥'€- L8EE- 94¢€- GG0'€- ¢E¥'C- L6c'e- €IVI- ¥00'0- €91°¢C | 00§ 08€ V- ¢lI€V- 9I¢V- 0017~ 9¢6'€- ¢4L€- V6c'e- VeS¢~ L6CT- 69970 | 00§
LE€°¢- T9¢°¢- 6S1°¢- CLO'C- PLL'C- TPSC- 686°1- 696°0- 1610 08€C | 00 P8I P- 8IT'F- 6C0F- 696°¢- 80L'E€~ PEGE~ 690°€- G91°¢- G611~ €180 | 006
c91'€- TIT'E- ¥ol'€- €88°C- 8GE'CG- ¢C0CC- L6GT- 6E€6°0- G960 €99°¢ | 00T 00T 9€0°F- 800F- GPOF- 8ER'E- LGEE- 0LC°€- TLLC- 1P¢C- €0T'T- 910°T | 00T 00T
seid N L setd N L
t/1=2¢ t/1=29¢
010=dpueg/(1— NN = u qua (9 u)® G00=dpueg/(1— NN =u qua (9 u)h
00T 60 060 G80 080 GL0 0LO G90 090 G&0 | ® 00T 60 060 S80 080 GO 0L0 G690 090 GG0 | ®

SIOIIO Qﬁwmmﬂﬁmh@lﬂog Qﬁg N Qwﬁwug wgwmﬁ @@Hﬁh@ﬁww ole mQOEdﬁw,EOU mmO,HO
SI0SS0I891 SNoua80x9
)M [9pou ®jep [dued OIIRUAD ® WOIJ SIOLIS ) JO JUoU0dXo [RUOI}IDS-SSOID 9T JO 9)RWI)se © oY) 10} (00T X) HSINY Pue serq :qyy o[qrl,

35



‘000g = Y 01 99s st suoryeor(del Jo Ioquunu oY, “© I0oJ uorsseldxe oy ur N9 Jurjewrr)se ueym syuauoduod edourid Inoj osn oA\ "SULID) IOLID
1) Ul 9dUaPUdep [RUOIJIVS-SSOID Yeam PUR SI0)0®] 91} Ul UOIIR[ALIOD [RLISS 1[I0 IO0] smO[[e pue (97(g) ‘T8 10 Ad[req Ul PalepIsuod souapuadap [RUOI}D9S-SSOID
Jo jueuodxo o1} JO I0JRUIISO JSNCOI JS0U o) 0) spuodsor1od © *(gg) Ul umoys ampoadold urysey oidiymu oy ut go'0 = d pue g/1T = ¢ ‘¢/(1 — N)N = ¢ [am
(¢ ‘u)® 3usn pondwoo st © *(Nq)Jerq = Ng amym ‘(0g) £q woals g — NqNq + NT = Ny ‘s10110 97} JO XLIJRUI UOIR[IIOD Y[} JO UOIONIISUOD o) Ul
‘N T = 1 CNQ 109004 Jo syuewafe (N ) A 9s1g oyl 10] (6°0°4°0)2 ~ ' sewmsse T uSso( (1¢) Ul (T‘O)NTII ~ *n Se PajeIouss oIt SIOLI® URISSIRL)
N T =1107 (T°T) NTIT ~ * pue (66°0°0)2 ~ ™ “(1°T) NQII ~ 'p :se pojelouad oI ‘(gg) ‘Topowt vyep [oued o1 Jo siojourered Surureway] :$9J0N

GT0°0 T€0'0 950°0 9800 0€T'0 90¢0 ¥8&'0 ¥OVP'0 T199°0 TLSO | 009 g10'0  G00°0 6000 LT00 0200 €0T0- ¥¢l'0- ¢Ic0- ¥9¢°0- 991°0 | 00G
L7100 690°0 2600 8LT°0 7020 ¥S€°0 7990 9090 1880 9681 | 00T L10°0  0T0°0- 820°0- 70OI'0- T1€0°0- TI61°0- S02'0- ¥c0'0 8EOOD 68F'T | 00C
8T10°0 TIT'0 9%¢°0 ¢6c0 OI¥'0 ¥499°0 0060 89T 09¢°€ ¥6¥'9 | 00T 00§ 8I0°0 T€00- L8T'0- ¢vI'0- ¥8T'0 €¥0°0 €I€0 €960 LL9C GP1'9 | 00T 009
070°0 8900 €600 8ET'0 S0C'0 960 €0OV'0 6850 9vL0 T¥LO | 009 0¥0'0 ¢€0'0 ¥eE00 P00 8FP0'0 690°0- 00T°0- 00¢0- 8ECO- VETO | 00G
970'0 G800 6¢1°0 Tgc0 ¥6C'0 6EV0 €190 G940 €c0'T 99T°T | 00¢ 90’0  8T0°0 T00°0 T80°0- TIO'0- 6VI'0- Lcc'0- TOT0- €9€0- L¥S0 | 00C
1600 GET°0 9L2°0 9¥€0 9L¥V'0 T09°0 €98°0 ¢ST'T ¥PPP'T 869°C | 00T 00¢ TSO°0 €00°0- OLT'O- 6I1°0- GST°0 €80°0- 960°0- 8GI°0- L9T°0 8E6'T | OOT 00T
1800 6600 9¥I'0 0I¢0 W60 LOP'O %9590 O0I80 986°0 6S0°T | 009 1800 €L0°0 ¢80°0 1600 €600 T€00- €S0°0- 8&I'0- 8LI'0- ¢ST1°0 | 009
760°0 9€T°0 G020 LOEO Tcr'0 8090 <¢I80 ¥PO'T 6IET O8F'T | 008 ¥60°0  690°0 LS0°0 T€0°0- €V00 <COT'0- <CLT'0- 080°0- €9€0- &l¥0 | 00c
90T°0 @610 ATE€0 9¥P'0 6190 6080 T60°T OTP'T <col'T 091°C | 00T 00T 90T°0 9900 €2T0- G80°0- 88T'0 €E0°0- LET0- ¢6c0- T10°0- 61¢’T | 00T 00T
0 N L % N L
0000 TT00 1000 ¥000 TIO'O ¥OT'O 8600 L0T°0 9900 8610 | 00S 0000 TTO'0- 900°0- 0000 6000 ¥OT'0- L60°0- ¥OT'0- 67V0°0- 48T0 | 00S
0000 GE€O'0 LS00 SET0 P¥LO0 Pec'0 0LE'0 €CT°0 8LEO €I¢0 | 00C 0000 S€0°0- 9S0°0- LET'0- <€L0'0- <¢cc'0- 99¢°0- 80T0- 99€0- €ST°0 | 00C
0000 6L0°0 €920 1Tvec'0 S¥PO'0 L9C°0 <¢e€'0 €99°0 0890 GLE0 | 00T 00§ 0000 8L00- T19¢°0- OV¢0- 0c0°0 19¢°0- &c€0- 099°0- 099°0- I8c¢°0 | 00T 009
0000 TT10'0 1000 %000 OTO'0 L0T0 <¢OI'0 9IT0 ¥L00 691°0 | 00S 0000 TTO'0- ZL00°0- TOO'0- 000 90T°0- TOTO- €IT0- €90°0- 9410 | 009
0000 GE€O0 LS00 6€T0 9L00 9¢¢0 VL0 TET0 ¢6E0 0610 | 00 0000 G€0°0- 9S0°0- 6€1°0- PLO'0- GCc'0- <¢Lc0- SIT0- 18€0- €¢I'0 | 00G
0000 6L0°0 ¥#92°0 1TIvc’0 €¥0'0 <¢lc0 6€€°0 €L5°0 0090 ¥4€°0 | 00T 00¢ 0000 8L00- €9¢°0- 0P¢0- 8100 99¢°0- 0€€0- 199°0- €L9°0- 99¢°0 | 00T 00¢
0600 L0T°0 <¢OT'0 <010 <010 ¥LT'O GLI°0 G8T°0 ¥PI'0 LITO | 00S 6¥0°0- 990°0- 6S0°0- ¥50°0- 9¥0°0- 8ST0- 84T°0- 691°0- €CI°'0- ¥80°0 | 009
790°0 7600 90T°0 €810 9¢1'0 <¢lc'0 91€0 0810 ¥rP0 €S1°0 | 00C €€0°0- 0L0°0- 880°0- €4T°0- 80T0- ¢9¢'0- 60€0- T19T°0- &&EV'0- 7900 | 00C
G70°0  80T°'0 68¢°0 9960 980°0 G0€0 €LE0 2090 ¥¥9°0 <¢0€0 | 00T 00T T20'0- 660°0- ¥8¢0- T19¢0- L000- G6c°0- €9€0- ¥65°0- T1¢9°0- 8610 | 00T 00T
v N L 0 N L
N 2T =110 (G6°0°0)/ ~ '@ :S10S89I801 SNOUSG0XS [IIM [9POW dTUrRUA (]
Gr0'0 T€00 GS0°0 6800 €¢I'0 G0C0 08¢0 L0 ¥Pe'0 LPS0 | 009 G10'0 000  TIT00 LI00 @e00 6600- 8IT0- 91¢0- 69¢°0- 8YI°0 | 00
L10°0 LG0°0 860°0 8LT'0 ¢Ig0 €¥e€0 LLVO L09°0 1880 6981 | 00T L7100 ¢I0°0- Lg0°0- ¥OT°0- L€0°0- ALLT°O- Tcc'0- €€0°0 Tc00 G6¥'T | 00C
8100 TIT'0O 95¢°0 T16¢°0 SIP'0 G990 ¢€6'0 ¢c9T €8€€ GL9°9 | 00T 00§ 8I0O0 0€0°0- 06T°0- €ET0- 9810 SPO'0 G2¢€'0 860 Ge8c 10€9 | 00T 009
0¥0°0 9900 ¥60°0 IVI'0 <¢0c0 160 SCcv'0 GLG°0 6S9L°0 <¢¥Ll0 | 009 0v0'0  T€0°0 9¢00 ¥PO'O €500 T80°0- 980°0- 8810~ ¥PCc0- VPO | 00
Gr0°0 9800 6€1°0 ¢cc'0 86¢°0 V4GP0 S19°0 L9L°0 9€0°T €CI'T | 00¢ Gv0'0  ¢c00 <¢00°0- GL0°0- €000 9LT°0- T¢c0- €PI0- GLEO- 0€9°0 | 00C
060°0 6E€T°0 GL2°0 9P€0 <CSP'0 G090 ¢r80 <ST'T €LV'T 9.4¢C | 00T 00¢ 0S0°0 T000- 89T°0- PETO- LPI'O €60°0- 160°0- 80c°0- GST°0 916°T | 00T 002
080°0 600 ¢¥PI'0 €0c0 S6¢°0 98¢0 GLG'0 <¢9L°0 9660 LSO'T | 00S 080°0  0L0°0 0800 0800 1600 9100~ 0T00- 9IT0- &8T0- <910 | 00G
€60°0 9€T°0 9020 1660 9I¥'0 6850 9280 900'T ¢6c'1T <C6ET | 008 €600 0400 9500 ¢co0- 0OV00 T160°0- T6T0- 9¥0°0- G0E0- €970 | 00
GOT'0  88T'0 PCE€'0 8EP'0 0190 9820 9v0'T GEP'T L0O9'T 80CC | 00T 00T GOT'0O TG00 STIT0- 960°0- 910 0€0°0- 060°0- L8O~ 9¢1°0- 0ce'T | 00T 00T
% N L % N L
0000 TT0'0 1000 %000 TIO'O ¥OT'0O 8600 8OT'0 €900 €020 | 00S 0000 TTO'0- 900°0- 0000 6000 ¥OT'0- L60°0- GOT0- LVPOO- 6810 | 009
0000 GEO'0 LS00 8ET0 SL0°0 G6c'0 8960 9¢I'0 6LE°0 8ITO | 00¢ 0000 G€0°0- 9S0°0- 8ET'0- €L0°0- €¢c¢0- 499¢°0- OIT0- L9€0- LST0 | 00G
0000 8L0°0 €920 0Pc'0 €¥0°0 ®89C0 LEE'O €99°0 P8GO PLEO | OOT 00§ 0000 8L00- ¢9¢°0- 6€¢0- 6100 19¢°0- G¢€0- 674°0- 999°0- LLZ'O | 00T 00§
0000 1100 4000 %000 O0TO'0 L0T'0O <¢OT'0 9IT°0 GLOO €410 | 00S 0000 TTO'0- 900°0- TOO0- 000 90T°0- TOTO- PIT'O- ¥90°0- 8ST0 | 00G
0000 GEO'0 LS00 OPI'O 9L00 86c'0 VLE'O €E€T°0 1660 €810 | 00¢ 0000 S€0°0- LS0°0- 6€T1°0- PLO'0- 9¢C0- TLC0- 0¢I0- 08€0- SITO | 00G
0000 6L0°0 €920 ¢vec0 <¢V0'0 <¢lc0 8€€'0 TLG°0 T19°0 L¥PE0 | 00T 00 0000 8L00- ¢9¢°0- 0P¢0- LI00 L9¢°0- 8¢€0- LGS0~ P8GO~ €¥¢'0 | 00T 00¢
6,00 LL0°0 9200 8200 €400 99T°0 2LST°0 LLT°0 LET'O 8IT0 | 009 170°0- 090°0- 970°0- ¢rv0'0- G€0°0- 6¥1°0- ¥PI'0- €91°0- 0¢I'0- 0600 | 009
€60°0 0L0°0 €600 TLT'0 ¥eI'0 T19¢0 80€0 ¥LT'0 8EV'O G¥I'0 | 00T G¢0'0- 890°0- 080°0- 991°0- TOT'0- ¥4C'0- ¢COE0- 94T°0- 92¥'0- 990°0 | 00g
1700 ¢0T'0 &8¢0 ¥9¢'0 1900 96¢°0 ¥9€0 969°0 €€9°0 TI€0 | 00T 00T 910°0- ¥60°0- 6.¢°0- 69¢°0- T00°0- 68¢0- G9€°0- ¥84°0- 609°0- ¥0c'0 | 00T 00T
£ N L 0 N L
N ' T =110 0 =@ [[PPOW 1Rl
HSINY setd
00T 90 060 4980 080 G40 0L0 990 090 4990 | ® 00T 46°0 06°0 80 080 6.0 040 490 090 §¢0 | »

SIOLIO URISSNEY) [[}IM T USISO(] SUISIL POJRIOUDS dIe SUOIIR[OIIOD SSOI))
SI0SSOIFOI SIIOUDSOXd LM [OPOoW Rep [ourd dIURUAD

puR d19R)S © WOIJ SIOLID 9 JO JUSU0dXd [RUOIPIVS-SSOID 91} JO S9JRUIISO D pue © oY)} 10J (00T X) HASINY pue serqg jo uostredwo)) :7¢g d[qel,

36



‘000c =4 01
10s ST suoryeoI[dal Jo Ioquunu o], "0 10} uolssoxdxe o1y ur N9 Juryeuwryso uoym sjuouodurod redourid Mo osn oAy "SULISY I0LI0 9} Ul 9oUePUadop [RUOIIIIS-SSOI0
Yeom PUR SI0J0] o) UI UOIYR[OLIOD [RLISS [[J0( I0] SMO[[e pue (9T(7) ‘T 10 Ad[leq Ul PoIoPISUOD 9dUpUadep [RUOIJIFS-SSOID JO Juatodxoe oY) JO I0JeUW)So JSNCOl
Jsow o1} 0} spuodser1od » *(gg) Ur wmoys ampadoid Surysay oidrynum oty ut ¢o'0 = d pue g/T = ¢ ‘¢/(1 — N)N = ¢ 3 (¢ ‘u)% Susn panduod st 0 *(gg)
Puv (28) W (gl (o ceope N — g1l [N = Tt 10 = Tl ugg = M1 G = [ (g0 + G0~ M) AaIT ~ “a (T0)NGIT ~ " pue f {(TT) 29pm v 0y sarepor
zdo

g0 oroum ‘g/dng = 290 308 oA\ A[oA1300dsol ‘1030€] PU0IAS PUB ISIY AU} 10§ SSUIPRO[ OIoz-UoU [“PN7] pue [“PA7] YIIm [opOW 10308J-0M} € SOWNSSE g USISI(]
N C T =110 (TT) NAII ~ " pue (66°0°0)2 ~ % (1‘1) NQII ~ '» :se pojersuds oIe ‘(6z) ‘Topout eyep [oued o) Jo siojourered Sururemwoy] :S9j0N

9100 ¥80°0 9ST°0 0O¥¢0 €9¢0 ¢cLy'0 0290 6G€6'0 ¥06'0 GS6°0 | 00 9100 €900 Ter'0 €810 ¥.Lec'0 ¢6¢0 L6E0 ¥PO0 1€9°0 9€9°0 | 008
8100 60¢°0 0L£0 ¢¥90 6£6°0 9LT'T €GL'T €ve€c 09¥'¢c ¢E6°¢ | 00C 8100 €VI'0 9920 67’0 €cL0 €880 LEV'T 9¥0¢c LOT'Cc  €09°C | 00T
6100 LcS'0 6¢8°0 S¥F'1L ¢cc'ec 029C 969'¢ 6V8¢ 16C°¢ VTILL | 00T 008 6100 LLE0 6L5°0 8ST'T 086'T ¥e€ee GS¥'¢ 6¢9¢ 7067 88€L | 00T 009
0r0'0 TO0T'0 ¥LT0 ¥¥PC0 CEE0 6960 €LV0 0690 €€L°0 1080 | 00S 0v0'0  TS0'0  €¢T°0 0810 LEZ0 1IST'0 90¢0 0OFc0 ScI'0 1920 | 009
9700 2910 1920 <cLE'0 ¢FS'0 €290 980 L6T'T ¥ST'T €9¥'T | 00T 970’0 ¥IT'0O GLT°O TIC0 SP€0 060 9IF0 6L90 <CEFV0 1880 | 00T
160°0 G0€0 ¥IP0 80LO T9T'T 08C'T TI6'T 068'T LLE'C G6E°¢ | 00T 00C TG00 LST'O S9T°0 ¥IFP'O0 8L80 ¢€&80 G9¢'T <CEI'T €L9'T 16L°C | 00T 00¢
I80°0 ¢¥I'0 SIC0 86¢'0 66860 LSF'0 L8S'0 <TLLO 8460 OIT'T | 00S I80°0 9IT0 AST'0 ¥#0C0 LS2'0 S8T'0 €610 <910 ¢€€0°0- 091°0- | 00S
760°0 T0C'0 S0€0 SIF0 98G°0 L1890 8880 €9T'T €9¢'T O0LV'T | 00T 7600 8YT'0 T0C0 ¢cc0 1Ive0 T1S¢0 98¢0 ¢&v0 800°0- LST'O | 00T
G0T'0 68C°0 98¢0 L6S°0 8S6'0 L¥O'T €681 ¢6V'IT ¥ES'T ¥LZ'C | 00T 00T GOT'0O L8810 0€T0 1I6€0 %990 9670 ¥L90 <CIE0 GSCE0 ¢60°T | 00T 00T
v N L i% N L
T00°0 LS0°0 SIT'0 9.T°0 9¥c’0 <020 0820 T1€e0 GSe0 TE€S0 | 00S 100°0- <€S0°0 AIT'0O 9.T°0 9¥¢0 ¥0T0 6Vc0 0¢€0 €960 Lgg0 | 00G
10000 ¢60°0 99T°0 L0C'0 ¢€e€'0 LSC0 8¢&0 199°0 9280 8690 | 00C 100°0- 9800 €910 <00 0£e0 €S20 ¥c&'0 8¥s'0 €10 G890 | 00T
¢00'0 SET'0 SIT0 9L¢°0 ¥E€9'0 €¥P0 €L9°0 <¢Lc'0 ¢e¢0 G90°'T | OOT 00S TO00- GIT0O 1800 1920 L2900 9¢¥0 9990 8¥¢0 ¥6¢0 O0OV0'T | 00T 009
€970 2’0 9L6'0 GEE0 96¢°0 6¢E0 900 ¥LCO SPC0 G6C°0 | 00G 08€°0- Le€0- 1I8¢0- Gcc'0- 991°0- ST¢’0- 0LT'0- S60°0- €€0°0- 60c¢0 | 00S
€670 T0¥P'0 GS€'0 ¥SE0 ¥8C'0 0€e0 90¢0 TOE0 ¢6c0 S¥r0 | 00T 09¢°0- TOE0- 0¥Vc0- Lec'0- G60°0- LLT'O0- 0CT'0- GIT'0 680°0- LSE0 | 00T
977’0 86¢°0 OFF'0 GSE0 6960 9260 6960 €660 €660 ¥6L°0| 00T 00C 9€€0- <Lc0- 6¢€0- 1I8T'0- 99T°0 0€0°0- 8800 6LT°0- 60T°0- 689°0 | 00T 00T
0L8%v ¢c8V OVLV 6997 PeG'¥ C¢ISVy €LCTv 6¥8¢ T0T'¢ 69L°T | 00 6S¥V' V- 88CV- VOETV- ¢’V ¥el'v- LOT'v- 068°¢- LIG'E- 67V8¢- O019'T- | 009
L6V'V SVPY L9€T 8GET 80CT O0LT'V ¥S6'€ 86€¢ <¢06'¢c 9¢S°T | 00¢ LG0T~ €007~ G¢6'¢- 8I6'C- €9L°¢- GPL'¢- 899'¢- ¢e0'¢- ¢¥9'¢- 0¢e'1- | 00T
IV’ y 8LEF GSP'¥ TOET 1I86'¢c 1€0¥v <¢9L°€ 67VS'¢ 9.8'¢C 09€'T | 00T 00T €S6'¢c- CC6'¢- 866'C- 8ESE- 6LV'E- 89G'¢- 616€¢- €8T°¢- TLG'C- 9T0°T- | 00T 00T
0 N L [y N L
N T =1 108 Amm.o novb ~ ' :SI0SSOISDI SNOUDSOXO [IIM [oPOUL DTWRUA(]
9100 9800 9ST°'0 ¢¥c'0 0LE0 6L7V0 6290 €960 LI60 8¥6°0 | 00G 9100 ¥90°0 TIZT'0 G810 1820 <S0E0 6660 <90 6250 €290 | 009
8T0°0 €¢c’0 €860 0L9°0 ¥86°0 TE€C¢'T TIST L6EC S0S°C 956°¢C | 00T 8T00 99T°0 GLg'0 06V'0 €9L°0 0v6'0 G671 <cO0T'c ¥SI'c LE9C | 00T
6100 ¢cS'0 G¢80 ISV'T €¢cc €€9C G89'¢ 1I88¢ S8ITS ¢¢L'L | 00T 008 6100 ¥LE'0 2L8S'0 ¥ST'T 9L6'T GS¢'C L¥VP'E€ <CLS'E L68T GC¥'L | 00T 009
0v0'0 00T°0 99T°0 6£¢°0 G¢e0 €960 89F0 ¥I9O FILO TI8L°0 | 00G 0v0'0  TS0'0  LZT'0 ¥LT'0 6620 ©CLT'0O L6T'0 6I¢0 6010 97¢0 | 009
970’0 ¥9T'0 <920 €L&°0 0FVS0 ¢I90 6980 O6LT'T T19¢'T SLV'T | 00T 970’0  LIT'0O 8LT'0 SIC0 LS€0 TOEO0 TE€EV0 L8890 6570 9060 | 00T
160°0 88¢'0 ¥IV0 6690 LST'T LLC'T 68T <C98'T 1T0¥V'¢c QE¥'¢ | 00T 00¢ TG00 TIST'0O 1I8T0 Scvr0 ¥68'0 ¥#¥80 6¢6T SOT'T L8S'T 908'¢C | 00T 00¢
0800 ¥PI'0 SIT0 T0€0 0070 LSP'0 €850 GGL°0 0760 990°T | 00 0800 0210 ¥9T°0 €I¢0 6920 ¥0c'0O O0I¢c0 €810 ¢€00°0- S¥I'0-| 009
€600 G0c’0 <¢Ie0 <¢Iv0 0650 ¢L90 8L0 ¥wI'lT FICT €S¥V'T | 00C €600 ¢ST'0  L0Cc0 ¥ec'0 8S€0 ¢Lc0  0c¢e0  L9v'0 GPO'0 0S¢0 | 00T
POT'0 T0€0 €6€0 ¥I90 <00'T €L0T 0ev'1 €PS'T 698'T 6¥V€'¢ | 00T 00T ¥OT'0O 8610 ¥PI'0O  0I€0 00L0 T1€50 LgL'0O €860 €SP0 ¢CLT'T | 00T 00T
© N L v N L
T00°0 LS0°0 SIT'0 LLT'O 9¥¢'0 90¢°0 0820 ¢Ee0 LSE0 ¥ES0 | 00S 100°0- 9600 AIT'0O 9.T°0 9¥¢’0 G0T0 6Vc0 T€€0 GSe0 0£9°0 | 00S
10000 €60°0 99T°0 80¢'0 ¢e€'0 LGC0 6¢€0 €99°0 Gce'0 L1690 | 00¢ 100°0- .80°0 T19T°0 €00 6¢c0 ¥SC0 9260 0990 €160 €890 | 00T
¢00'0 9€T°'0 9TIT°0 640 T€90 ¢C¥P0 TLS0 <¢Lc'O0 LE€0 S90°T | OOT 005 TOO0- ¥ITO ¥800 ¥#9¢0 G290 €E€v0 €990 L¥yec'0 S6¢0 €¥0'T | 00T 009
967'0 STF'0 99¢'0 9¢¢’0 S6¢°0 8CE'0 66¢0 ¢9¢'0 TIvec0 €0€0 | 00G 89¢°0- GC¢E'0- L9¢°0- <CIc0- €ST°0- 90¢'0- 8ST'0- 980°0- ¥c0'0- 61I¢0 | 00
GI¥'0 L9¢°0 SIE0 GIE0 TS0 96¢°0 ¥wLE'O L0OEO 160 LSPO | 00T 9¢¢'0- 69¢°0- 90¢0- TI6T°0- €90°0- 9PT°0- 980°0- ¥EIT'0 890°0- GLEO | 00T
6660 69¢°0 GO0F'0 <CIE0 PEe0 86C¢'0 9¥€'0 69¢0 2LLEO0 €080 | 00T 00¢ ¥0E0- ¢¥c0- 66¢0- SPI'0- S0c'0 6000 0¢I'0 091°0- 0600- S0L0 | 00T 00T
9G¥y TPV 96€V 09¢'¥ OLTV €ST'F 8E6'¢ 08¢'¢ 668'¢ <99'T | 00 LGSOV~ TT0P- PE6'¢- 698°¢- 6LL°¢- 08L'¢- 1I8G¢- 99¢'¢- 899'C- T0SGT-| 00G
06Ty 0L0F 6007 <00 6S8°¢ QIRE GG9'¢ L9T'¢ 8PL'C GSPV'T | 00T VIL€- 8G9'¢- T169°¢- G69°¢- VeEV'E- ¥IV'e- L9¢'¢- 008'¢- 08V'¢c- 1¢c'T- | 00T
1607 6207 7607 ¥L6'C €29'C 669¢ 69¥'¢ T0€'€ 889'¢c <cS¢'T | 00T 00T 86S°¢- 9LG9°¢- 8¥9'¢- 606°¢- T€1'6- ¢ec'e- 9¢0°€- ¢c6'¢c- 8LE'¢- 088°0- | 00T 00T
1Y N L bY N L
N g1 =1 105 {0 =g Ppow d1ye)g
HSINY Serd
00T S0 060 G980 080 G20 0L0 990 090 €90 0 00T G6°0 06°0 8’0 080 cL0 0L°0 S9°0 09°0 Ge'o v

SIOLId URISSNRY) [[JIM g USISO(] SUISTL POJRISUDS dIR SUOIIR[SLIOD SSOI)
SI0SSOISAI SNOUDOXD [IIM [OPOW BB
[pued orureuUAp puR O1YR)S © JO SIOLIS ) JO JUSUOAX [RUOIIISS-SSOID 9 JO D pue © oY) I10] (00T X) HSINY pue serq jo uostredwo)) :gg o[qr],

37



‘000 = { 03 3es st
suoryeotdel Jo IoquINU o1, "Bgy PUR BTV SO[QR], JO $910U100] 09 I9Jol g pue T sudise( uo s[resp 104 (1¢) ul (T ‘0)NTII ~ *n se pojeIauiaf aIe SIOLId URISSNRL)

NCC T =110 (T T) NAIT ~ " pue (66°0°0)2 ~ % “(1‘1) NQII ~ ' :se poyerauads oIe ‘(6z) ‘Topout eyep [oued o) Jo siojoureled Sururemoy] :S9j0N

¢eevl LTV 8OT'VT  LSOWT #CO¥PI 9911 G6CFI  LOLTI 009°GT  GER'LT | 00 60¢¥T- 09T°%1- G60¥I- ¥POVI- OIOFI- <ST¥I- 08CVI- C69VI- G8G'GI- T1&8'LI-| 009

0LL°9T GPL9T 9TL9T 6LL°9T TCL9T 89691 O00€LT 8PL'LT GGP'61 ¢10°¢e | 008 GGL9T- 6¢L9T- 00L°9T- @€9L°9T- €0L°9T- 096°9T- 08¢'LI- 9¢L'LI- €EV'6I- 166'1¢ | 00¢
9LE6T LOV'6T 699°61 TPS'61 6CE61 98L°61 6V¢'0c 9€€'1c G80°¢c T109°Ge | 00T 009 99€°61- 98€°61- 8€G'61- 8IG6I- POEL6I- 69L°61- 006'0c- 90€1¢- PS0°€C- oLv'Ge- | 00T 009

L0EVT Teo vl 860FI 096°€T 9I8ET  G6L°E€T 8OLET G8LET &8T¥IL  99¥°GT | 009 LLCYT- 16T7I- 890FI- 0€6°€T- 98L°E€T- G9L°€T- 6L9°€1- 99L°€T- 9GT¥I- SGPPGI-| 00G

69T €98°91T 0891 T9L9T 00991 OIL 9T €48°91 610°LT 8EC'8T GI6°6G1 | 00C 968°91- G¢891- ¢vL'91- GoL91- ¢949°91- 1,991~ GI8'9I- ¢86'91- €0C8I- G88°6GI- | 00¢
G0G'6T 00G°6T 8LG6T LLV'GL V0C'6L ¢oS'61 LOS'6L 969°0¢ LIGIC ¢Peec | 00T 00¢ 6SV°61- PSP61- €961~ 6aV'61- GGT61- €LV'61- LGL'6I- LPS0¢- 1L8'1¢- ¢0S°¢c- | 00T 008

9IGvL 6VETL 6ITVI CP8'El TIGEL TECEl T6L°¢l GLECT LVO'Cl 660°CI | 00G Ve vI- L8CVI- LSOVI- G8LET- CSPE€l- PLI'CI- 9€L°Gl- PCe€el- €00°¢l- L90°¢I- | 00

00T°LT G96°9T 69291 91991 L0E9T &8T9T GT0°9T G9L°GT 69291 G9L°9T | 008 9¢0°LT- 08891~ 98991~ €PSG9T- 9€¢9T- CIT'91- LP6°GT- TOL'GT- ¥IC9T- &ol'91- | 00
608°6T GTL6T 96961 69761 €V0'6I ¥¥I'6T OET'6T 69761 ¢60°0¢ 894°0¢ | 00T 00T 98L°6T- €€9°61- ¥I96I- L8EGI- 096°8T- €90°6I- TG0'6I- G6€61- S¢0°0c- 914°0¢- | 00T 00T
poroxdde anfeausdie 3ulsn 9)eMWIISS O N 1 proxdde anfeatus3ie 3ulsn 9jRWIISS O N L

N T =110 (66°0°0) /] ~ ‘@ - S105891301 SNOULTOXD IIM [9POUT DIWRUA(] g USISH(]

68TFT OVI'PI 8L0FT <CcOVI €66°€T LETVL €9CFL LS9TI €GG°GT TO8'LT | 00 LLTVT- LeT'¥1- G90%I- 600%I- 086°€l- Vel'¥I- 0SCVI- PPOVI- 6€S°GT- L8L'LI-| 009

TEL9T CIL9T €89°9T TGL9T G69'9T ¥I96'9T ¢C6C LT €SL°AT G9¥'61 800°¢C | 00T GTL9T- 969°9T- L99°9T- VEL9T- 8L99T- 9V6'91- <CLC'LI- CEL'LI- EVV61- L86'TC | 00C
60€°6T <CPe6T 86V'6T GLV'6I 1I8C'61 GCELGL T10¢°0c LLE'IE VEO'€C 967°Gc | 00T 009 68¢°61- ©€ce6l- 9LV'61- C4¥'61- 84C61- 80L'6I- GLT'0C- 6V¢'1¢- 900°€Cc- 89¥'Ge- | 00T 009

167D OST¥PT 990FT 616°€T TI8LCT PLLET 989°€T OLLET &ITFIL 0S¥ GT | 009 0¥¢v1- 6VI¥I- Gc0¥I- 888°€CT- 0GL°€I- €PLE€I- G99°€1- OPL€l- IPIVI- LTV GI-| 00G

LIS9T  TGL9T 69991 P99°91 L0S'9T ¥#C99T 9GL°9T L¥6°9T LIT'8T €Y8°6T | 00¢ 08L°9T- VILO9T- 82991~ LI991- 697 91- 98491~ BILI9I- 60691~ CET'VI- €TY6I-| 00C
69661 69€°61 LVP'61 99€°61 <¢LOGL ¥8E6L 8LIGL 16V'0C €E8'1¢ 88Y'¢c | 00T 00¢ ¥ee€61- VIC6L- cOv'61- OI€6l- FCO61- Le€61- 0€9°61- ¥PP0c- 68L°1¢- 8¥p'ec- | 00T 00

0P CIT'PL 8EE'ET O0L9ET GGEET C60EL ¥99°¢l ¢8¢'¢l 06611 €80°CI | 00G 09¢VI- €OTPI- 6L8°CI- €I9°€l- 86¢€l- 8€OCI- ¢I9¢l- €E€C¢l- 8V6'II- ¢%0°¢l- | 009

G88'9T  €PL9T 09991 LoV 9T <¢cl'9T 0€0°9T 698°GT 9€9°GT G8T'9T  9€L9T | 008 €I8°9T- ¢L99T- 687’91~ LGE9T- T1S0°9T- T196°G1- T6LGT- 0LGGT- 8191~ 68991 | 00¢
SPS6T  T9V'6T  TSP'6T GEC6I PO8'8T TI6'8T 6E6'8T  90€°6T TL6'6GT  ¥6¥°0¢ | 00T 00T 8GF'6T- LLE°61- L9E'6I- TST'61- 0TL'8T- 8G8'8I- 64881~ TE€C6I- ¥06'61- T¥y'0c- | 00T 00T
yorordde anfeausSio Juisn oyewI)se O N 1 yorordde anfeausSro Julsn 9jewIlse O N L

N g T =1210]° 0 ="@ - [PPOW RIS :g USISH(

yerL csrL  Ovr’L  6¢U’L  Tel’lL  0c€l  LESGL  686°L  TG0°6  S€9TT | 009 Gyr'L-  €pTL- T€T°A-  8IT°L- OTT°L-  80€L-  GeG'l-  GL6°L-  LE0°6- CC9'TT- | 00¢

2668 G6€'8  CI¥P'®  Cee'®  8¢E'8  ¥P8®  09¢°6  V6L6  PPLTT Tl | 00T Pre8-  €8€'8-  66€'8- 809’8~ CIG®-  8¢88-  &Pe6-  VLL6-  VELTI- TOLVI- | 00T
0L96 0996 9¢8°6  968'6 69L°6 <¢0E0T 68801 €VI'Cl SPe¥l 99¢°LT | 00T 009 ¥99°6- ©¢€96- 8086~ 9.L8°6- 9€L°6- 9Lg°01- ¢98°0T- 9ITCl- LIg¥I- LECLI-| 00T 009

¢6¢’L Lol TleL  VET'L  6E0°L  6PT'L  €61°L  €6V'L  9L1'8  L80°0T | 00¢ 69¢’L-  G0c'Ll-  68T°A-  TIT'L-  GI0°L-  Gel'l- 691°L-  0LV'L-  PST'8- L90°0T- | 00G

¥9¥'8 0098 I8%'8 LG8 ¢8F'8  CGIL® 806 88€6 <CcO'Tl 0ChEl | 00T 8EY'8-  0LV'8-  €GP'8-  96¥'8  ISP'8- €898~ L66'8- G9€°6- T66°0I- S6E€I- | 00¢
8IL'6  86L6 6V6'6 L06G €€L6 OIS0l TOL0T 09411 ¥9G€l ¥PL9T | 00T 00¢ ¢89°6- ¥9L6- ¢CI6°6- 0L8°6G- T1696- 691°01- LS9°01- LILTI- ¥¢S€l- 601°91-| 00T 00T

oyl 9cv’L  LLEL  80T'L  ¥E6'9  9€8'9 0899 6699 €GL9  €I8L | 009 €0v'L-  08€L- 1€c’L- 690°L- 688°9- ¢6L9- €€99-  GGG9-  €IL9-  ¢8LL- | 00¢

9LL'8  GTL'8 0698 9698  P8E® IS8 1998 6998 ¢6L°6 GCV'IT | 00 €CL8- 6998  9€¢'8- VPGS~ 6CE8-  LGP'8 8098 GI9'8-  PPL6-  L8ETI- | 00T
2666 TL6'6  ¢IT'0OT 2966 8496 ¥60°0T 89€'0T OICTT ¢LGCl €ce¥l | 00T 00T G€6°6- L06°6- 6FV0°0T- G06°6- 8096~ ¢c0'0l- 00€0I- €PITI- €TS¢l- €L¢¥I- | 00T 00T
yorordde anfeausfio Juisn ojewI)se O N I yorordde anfeausFio Juisn 9)ewIlse O N L

N T T =110 (66°0°0) /] ~ ‘@ - S105591301 SNOUSTOX IIM [oPOUT DIWRUA(] T USIS(]

yer'l GIT’L  GOT'L  G80°L 960°L  ¥wIEL 68V°L 196°L G106 92911 | 00S PIrL-  90T°L-  G60°4- ¥L0°L-  G80°L- ¢O¢€L-  9LV'L-  8V6°L- €006~ €T9°T1I- | 009

¢EE'  09€'8  €LE'®  GIG8  06V'8 9188 €166 ¢8L°6  8CLTIT GLOVI | 00 0c€8-  LE€'8-  09€'8-  T09'8-  PL¥'8-  66L8 G61°6- ¢9L°6- LOLTI- G99¥I- | 00T
6¢9'6 9696 0086  9¥8'6 V696 949¢°0T 848'0T ccl'¢l 9€C¢¥I 8¥¢'LT | 00T 009 €196~ LLG6- 08L°6- 9¢8°6- 0L96- 0€¢0I- 0€8°0T- G60°CI- 80&¥I- Tcc'LT-| 00T 009

661°L ¢8T'L 8yI'L 8E0L 000L 990, GET'L 8OV'L  Gel'8  LE0'OT | 009 LLTL- 6ST°A-  €el'L- €10°L-  LL6°9-  QEO'L-  OIT'L-  ¥8EL-  ¢O0T'8- 8I00T- | 009

¢0¥'8  €¢¥'8  00F'8  6LF8  00F'8 O0F9'® G168  LgE'6 97601 ¥REET | 00¢ GLE'8-  G6E'8-  TLE®-  0SF'8  89€'8- 6098~ €888  ¥66°6- 9I6°01- LSEET- | 00C
9L96 9896 .86 €P86  VI96 LITOL €99°0T %911 61G€l ¥#c0°9T | 00T 00¢ 1¥9°6- 099°6- 6686~ 908°6- <¢LS6- 9L0°0I- 0CG0T- PEITI- 6LV'EI- L8G'GI-| 00T 00T

8¢e’L 6€C’L  VIT'L  LL6'9  96L9  8eL9  GIG9  ILV9  O0IL9  TG9L°L | 009 €8¢°L-  L6T'L- 6904 1€6'9- 0949- ¢899~ 697’9~ Lov'9-  1L99-  6IL°L- | 00

8898 96V'8  90¥V'8  8IP'8  GPg'8  €CE'8  €6E'8 VIS8 €eL6  T6CTIT | 00¢ PeG'8- €V~ ¢9€'8-  P9E'8- 6818~ L9C'8  8EEB- 6098~ VLI96-  €GCTII- | 00T
GLL6  €9L°6  GP8'6  TLL'6  TLV'6  688°6  CST0T ¢p60T T6ECT TETHT | 00T 00T 90L°6- 00L°6- ¢8L°6- G0L6G- 90F6- LI18°6- 880°0T- T88°0I- ¢CEEGI- 080FI-| 00T 00T
yorordde anfeausSio uisn 9)emI)se O N L yorordde anfeausFro Julsn 9)ewIIse O N L

N g T =110]° 0 ="@ - [PPOW d1Y®IG 1T USISH(
HSINY setd
00T 46°0 06°0 480 080 6.0 040 490 090 gg'0 © 00T 46°0 06°0 480 08°0 6.0 040 990 09°0 490 ©

SIOLIO URISSNRL) [[}IM g PUR T SUSISO(] SUISTL POJRIOUSS oI€ SUOIR[ALIOD SSOI))
SI0SSOIZ9I STIOUDSOXd LM [OpOow Biep [ourd OIURUADP pUe O11R)S ® Ul XLIJRUW UOI}R[OII0D
o[dures 1o} JO oN[RAUSSI® WNWIXRUW 9} SUISN SIOLID ) JO JUSUOdX0 [RUOIPIS-SSOID Y} JO SojeMIISd © JO (00T X) HSINY Pue serq :0) s[qr],

38



00s=4¢g
09 108 st sdBI3$300( JO IDQUINU O} PUB 0007 = Y 03 398 SI suorgeor(dol Jo WqUNU oYL, g " "‘C'T=qQ pPue I " ‘¢‘T = 4 o10yM nmmm_,w@ > (P > mmwm%@ PIgMm
ye Kouenbaij o1y 07 s19ja1 o8eI1oao)) *(gg) url umoys ampasoxd Sunsey odiynu oy ut 01°0 ‘g0°0 = d pue /1= ¢ ‘¢/(1 — N)N = v 3 (¢ ‘u)% Sursn poyndurod
are uonnqLysip reourdwe sit pue © (Nq) Serq = Ng areym ‘(0g) £q uweald >mm — NqNq + NT = N7 ‘SIOLI® 9} JO XLIJeU UOIJR[II0D B[} JO UOIIINIISTOD d[)

ur ‘a7 fg T =1 ‘NQ 109994 Jo syuewee (A7 ) A7 98I o) 10f (6°0°L°0) ~ 'q sewmsse T uSwsoq (1) Ul (1‘0)NTII ~ ¥n se pojeIousd oIe SIOLID URISSIEL)

N T =110] (T°T) NQII ~ % pue (66°00)2 ~ ™ “(1‘T) NQII ~ 'p :se pajelauad a1e ‘(6g) ‘opowt vyep [aued o1} Jo siojourered Surureway] :S9J0N

000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0000T SS'66 000 | 00C 000 00°00T 00°00T 00°00T 00°00T 00°00T 0000 0000 0L66 000 |00C
000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T OF6S 000 | 00 000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0Z'SS 000 | 00
000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T S0'Sz 000 | 00T 00 00°0 007001 007001 00°00T 00°00T 00°00T 00°00T 0000 0STZ 000 | 00T 00S
¢z 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0866 000 | 00C 09’2 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T G266 000 | 00C
00 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0006 000 | 00G 040 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T S6'88 000 | 00G
010 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 069z 000 |00T 00z 010 00001 00001 00°00T 00°00T 00°00T 00°00T 0000 040z 000 | 00T 002
€9'66 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 066 000 | 00¢ €866 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T S9°66 000 | 00S
09°'68 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0z'88 000 | 00z 0976 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T G298 000 | 00z
02'8¢  00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T SEFZ 000 | 00T 00T S6'69 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T O£ST 000 | 00T 00T
N L N L
>Np o FN T_H =1 10} Ammo FOVD ~ .&%\ :SI0SS0.I801 SNOUIF0XD JHMm [opouwt UﬁEﬁ.C%Q
000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0666 000 | 00C 000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0000T G266 000 | 00C
000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0Z06 000 | 00G 000 00°00T 00°00T 00°00T 007001 00°00T 00001 00°00T 0688 000 | 002
000 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0z'8z 000 | 00T 00 000 007001 00°00T 00°00T 00°00T 00°00T 00°00T 0000 €60z 000 | 00T 00S
€8z 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 06'66 000 | 00¢ ¢€'9 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 06'66 000 | 00¢
€z'0 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0888 000 | 00G €90 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T OF'SS 000 | 00G
000 00°00T 00°00T 00°00T 00°00T 00°00T 007001 00°00T S0°SG 000 | 00T 00¢ ST'0 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 08'6T 000 | 00T 00Z
06'86  00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0L'66 000 | 00S 09°66  00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 0466 00°0 | 00S
0£'¢8  00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T ST'06 000 | 002 0£726 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T O0£68 000 | 002
0L'€¢ 00001 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T S£2L¢ 000 | 00T 00T S6'G9 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 00°00T 000z 000 | 00T 00T
N L N L
N g1 = 110§ ) = '@ [opou d1yesg
0r0=dpueg/1=¢c/(1 - NN =u s (¢ u)® c00=dpueg/1=0¢¢/(1 - NN =u s (¢u)™
00T S60 060 S80 080 G0  0L0  S90 090 G50 © 00T S60 060 S80 080 G0 0L0  S90 090 G50 ©

SIOLI® URISSNRL) [[JIM | USISO(] SUISIL POJRISUDS dIR SUOIIR[OIIOD SSOI))

SI0SS9IZ9I SNOUQS0XO

)M [9poW ®yep [oUed SIUIRUAD pUR DIJe)sS ® WOIJ SIOLIO 91} JO JUoU0dXd [RUOI}IDS-SSOID 91[) JO 9)RWIISO D o) 10} (00T X ) 98eIon0)) (] 9[qeL

39



An Online Supplement for

Exponent of Cross-sectional Dependence for Residuals

Natalia Bailey
Department of Econometrics and Business Statistics,
Monash University

George Kapetanios
King’s Business School,
King’s College London

M. Hashem Pesaran
Department of Economics,

University of Southern California and Trinity College, Cambridge

April 4, 2019



This online supplement provides additional Monte Carlo and empirical results.

Appendix A

Additional Monte Carlo results

The Monte Carlo results provided in the tables below are based on the designs set out in Section
6 of the paper.
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Appendix B

Additional Empirical results

The figures below provide the estimates displayed in Figures 1 and 2 but using the shorter
5-year rolling samples.

Figure 3: 5-year rolling estimates of the exponent of cross-sectional correlation (&;) of S&P 500

securities’ excess returns
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—-=-=5-year rolling estimates of a ( & with 6=1/2) based on excess returns
5-year rolling estimates of a ( &,with 6=1/3) based on excess returns

Figure 4: 5-year rolling estimates of the exponent of cross-sectional correlation (&;) of residuals

from CAPM and its two Fama-French extensions

0.75
[4)
0.70 S
-
] “vans” AN
] | "
v
! '. o
! \
! \
]
0.65 4 ]
f) P
New L o
VTN - -~
TN ona,” -
0.60 MDA A
“
0.55 T T T T T T T T T T T T T T
o — IS v o~ =3 — [Sa) [7a) o~ =N — o Is} ~
x Q QX N Q N < < < < < s iy s i
=% o o o =% o o o o o =9 o =% o o
o ) 53 33 D ) 33 D 33 53 ) 53 53 ) o
7] %7} 7] 7] 7] %] 7] (7] [%7] 7] %2} 7] 7] %2} 7]
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5-year rolling estimates of o (&, with =1/2) for the residuals of the CAPM model augmented by the SMB factor

5-year rolling estimates of o (&, with =1/2) for the residuals of the CAPM model augmented by SMB and HML factors

Notes: CAPM model includes excess market returns, CAPM model augmented by SMB includes
excess market returns and small minus big (SMB) firm returns, and CAPM model augmented by
SMB and HML includes excess market returns, small minus big (SMB) firm returns and high minus

low (HML) firm returns as regressors in (35), (36) and (37), respectively.
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The figures below provide the estimates displayed in Figures 1 and 2 including their 95%
confidence bands.

Figure 5: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of S&P
500 securities’ excess returns, with 90% confidence intervals

0.98

0.96

0.94

0.92

0.90

0.88

0.86

0.84

0.82

0.80

Sep-89
Sep-91
Sep-93
Sep-95
Sep-97
Sep-99
Sep-01 -
Sep-03
Sep-05
Sep-07
Sep-09
Sep-11
Sep-13
Sep-15
Sep-17

= 10-year rolling estimates of o ( &, with 5=1/2) based on excess returns
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= = - 10-year rolling estimates of 0.95 percentile of o's empirical distribution

Notes: In the critical value, ¢,(n,d) we set p=0.05 and § = 1/2.

Figure 6: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of S&P
500 securities’ excess returns, with 90% confidence intervals
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Notes: In the critical value, ¢,(n,d) we set p =0.05 and § = 1/3.
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Figure 7: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of residuals
from CAPM model, with 90% confidence intervals
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=== 10-year rolling estimates of o (&, with =1/2) for the residuals of the CAPM model
= = -10-year rolling estimates of 0.05 percentile of a's empirical distribution
= = -10-year rolling estimates of 0.95 percentile of a's empirical distribution

Notes: CAPM model includes excess market returns as regressor in (35). In the critical
value, ¢p(n,d) we set p = 0.05 and § = 1/2. Confidence intervals are computed using the

boostrap procedure described in Section 6.

Figure 8: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of residuals
from CAPM model augmented by SMB, with 90% confidence intervals
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=== 10-year rolling estimates of a (&, with d=1/2) for the residuals of the CAPM model augmented by the SMB factor
— = -10-year rolling estimates of 0.05 percentile of a's empirical distribution
= = -10-year rolling estimates of 0.95 percentile of a's empirical distribution

Notes: CAPM model augmented by SMB includes excess market returns and small minus
big (SMB) firm returns as regressors in (36). In the critical value, c,(n,d) we set p = 0.05
and § = 1/2. Confidence intervals are computed using the boostrap procedure described in

Section 6.
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Figure 9: 10-year rolling estimates of the exponent of cross-sectional correlation (&;) of residuals
from CAPM model augmented by SMB and HML, with 90% confidence intervals
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= 10-year rolling estimates of o (&, with =1/2) for the residuals of the CAPM model augmented by SMB and HML

factors
= = -10-year rolling estimates of 0.05 percentile of a's empirical distribution

— = -10-year rolling estimates of 0.95 percentile of a's empirical distribution
Notes: CAPM model augmented by SMB and HML includes excess market returns, small

minus big (SMB) firm returns and high minus low (HML) firm returns as regressors in (37).
In the critical value, c,(n,d) we set p = 0.05 and 0 = 1/2. Confidence intervals are computed

using the boostrap procedure described in Section 6.
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