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Abstract, An examination of a set of well-
determined source parameters for Japanese intra-
plate earthquakes shows that small earthquakes
cbey a scaling law different from large earth-
quakes: Mo « L® for small events but Mo « L® for
large events where Mo is seilsmic moment and L is
rupture length. Also an offset of a factor of 1.5-
2.2 in the seismic moment is found at the transi-
tion between small and large earthquakes. Since a
linear dimension of earthquakes at the transition
is comparable to the thickness of the seismogenic
layer, the difference in scaling strongly suggests
that the fault width for small earthquakes is
unbounded while that for large earthquakes is
bounded by the thickness of the seismogenic layer,
Namely, it implies that y « L « W for small earth-
quakes and that u « I, but ¥ = constant for large
earthquakes where u is slip and W is fault width.
Thus we can classify earthquakes into large and
small earthquakes according to whether or not an
earthquake fault cuts across the entire thickness
of the seismogenic layery The offset in the sels-
mic moment appears to be due to the difference in
boundary conditions between buried and surface
faults; in a certain idealized case, the amount of
dislocation for surface fault is theoretically
expected to be twice that of a buried fault if the
stress drop 1s the same for both faults, The
effect of the free surface has. been overlooked
probably because it tends to be masked by the
difference in the slopes of the linear relation-
ship between swall and large earthquakes, A naive
least-square fitting results in Mo « L3 relation-
ship for the whole data set, The maximum likeli-
hood estimate of the parameters and the selection
of a statistical model based on the Akaike Infor—
mation Criterion show that the whole data set is
not satisfactorily modeled by one regression line.
But it Is best modeled by two regression lines,
one for large event and another for small event,
with the threshold moment of 7.5 x 10 dyne-cn,

Introduction

Most empirical relationships indicate that the
selsmic moment is proportional to a cube of the
fault length [e.g., Kanamori and Aunderson, 1975;

Geller, 1976], Because the seismic moment Mo is
expressed gs a product of the rigidity u, the
fault area S, and the average dislocation u [Akd,
1966] Mo = puS, the empirical scaling relation
suggests that both the fault width and slip' are
proportional to the fault length L for a rectan-
gular fault, However, Wesnousky et al. [1983] ob-
tained a least-square solution log Mo = 1.94 log L
+ 23,5 for 18 well-studied intraplate earthquakes
with selsmic moment larger than 10°° dyne-cm in
Japan, This relationship suggests that the seismic
moment is proportional to a square of the fault
length, which is consistent with Scholz's [1982]
L-model in which the slip is proportional to the
fault length but the fault width is not. A simple
explanation {s that the width of an intraplate
fault has an upper limit as the faulting is bound~
ed within the seismogenic layer [Scholz, 1982}, In
fact, most of the Japanese intraplate avents take
place within the upper 15 km of the crust [e.g.,s
Oike, 1975; Takagl et al., 1977; Watandbe et al,
1978], Only in a limited part of the Japanese is-
lands, is found microearthquake actlvity as deep
as 20 km. Thus we can classify Japanese intraplate
earthquakes into small and large events according
to whether or not an earthquake fault cuts across
the entire thickness of the seismogenic layer,

If the interpretation on the scaling relation

" Mo = L2 for large earthquakes is correct, we can

expect that the ordinary scaling rule Mo = 13
holds for smaller earthquakes., In this paper, we
will examine this prediction. We will also see
some complication at the transition between small
and large earthquakes, which suggests an effect
of the earth's free surface on seismic disloca-
tion. We use a data set of Japanese intraplate
earthquakes because the fault length of moderate-~
sized earthquakes have been accurately estimated
on the basls of the distribution of well-located
aftershocks determined by recently installed
microearthquake observation networks.

Data Set
Source parameters for several recent earth~

quakes are added to a data set in Table 2 of
Wesnousky et al, [1982] and will be used in this
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TABLE 1. Source Parameters of Japanese Intraplate Earthquakes

Name Date Fault Type L, km Mo, 1026 dyne-cm Ref
Japan Sea May 26, 1983 thrust 120 75 1
Niigata Jun 16, 1964 thrust 80 32 2
Shakotan Aug 1, 1940 thrust 100 24 3
Nobi Oct 28, 1981 strike-slip . 80 15 2
Riku-u Aug 31, 1896 thrust 50 14 2
Tango Mar 27, 1927 strike-slip 33 4.6 2
Oga May 7, 1964 thrust 50 4.3 2
Tottorl Sep 10, 1943 strike-slip 33 3.6 2
Fakui Jun 28, 1948 strike-slip 30 3.3 2
N, Izu Nov 25, 1930 strike~slip 22 2,7 2
Izu~0shima Jan 14, 1978 strike~slip 17 1.1 2
Kita-Mino Aug 19, 1961 mixed 12 0.9 2
Mikawa Jan 13, 1945 mixed 12 0.87 2
Saitama Sep 21, 1931 strike-slip 20 0.68 2
Tzu-0k1 May 8, 1974 strike~slip 18 0,59 2
Gifu Sep 9, 1969 strike-slip 18 0.35 2
Wakaga~Bay Mar 26, 1963 strike-slip 20 0.33 2
W. Nagano Sep 13, 1984 strike~slip 12 0.3 4,5
Akita Oct 16, 1970 mixed 14 0.22 2
Shizuoka Jul 11, 1935 strike-slip 11 0.22 2
C., Tottori Oct 30, 1983 strike-slip 7 0,035 6,7
Kawazu Aug 17, 1976 strike~slip 9 0.0021 2
S. Izu Mar 21, 1934 strike-slip 7 0.0095 2
Amagil Jul 9, 1974 strike-slip 3.5 0.0032 2
Yamasakl May 30, 1984 strike-slip 4,5 0.0032 8

References for data; (1) Shimazaki and Mori (unpublished manuseript, 1986), (2)
Wesnousky et al. [1982]), (3) Satake [1986], (4) Takeo and Mikami (unpublished manuscript,
1986), (5) Mikumo et al, [1985], (6) Dzlewonski et al. [1984], (7) Tsukuda et al, [1984],

and (8) Tsukuda [1984].

study. Also revised parameters will be used when
they are available. All the parameters used in
this study are listed in Table 1. A few typo-
graphical errors in Table 2 of Wesnousky et al.
[1982] are corrected. .

Five among twenty-five events used in this
study took place in the eastern margin of the
Japan Sea and may represent interplate events
between the North American and Eurasian plates as
a new plate boundary is proposed in this region
[e.g., Nakamura, 1983]. Thus it wight be neces—
sary to treat these events separately. However,
the faults of these events appear to be mostly
confined in the uppermost 15-20 km of the earth,
thus no distinction is made, Well-relocated
aftershocks of the Japan Sea earthquake of 1983
are bounded in a region between the earth's
surface and a depth of 15-20 km [Sato et al.,
19841,

All events can be classified into three groups
according to their focal mechanisms, thrust,
gtrike~slip, and mixed events. However, no sig-
nificant difference is found for the following
discussions, unless otherwise stated,

Scaling Relations

The seismic moment 1s usually determined di-
rectly from the amplitude of seismic waves and 1s

the least ambiguously determined source parame-
ter, On the other hand, the fault length is de~
termined from the length of fault lines on the
earth's surface or more often from the distribu-
tion of aftershocks and is intrinsically much
less well-defined than the seilsmic moment, Thus
we use the logarithm of the seismic moment, x =
log Mo as the independent variable aud that of
fault length, y = log L as the dependent vari-
able; we apply an ordinary linear regression
analysis in which it is assumed that only the
variable y contains errors., Also the variance of
y 1s implicitly assumed to be independent of x.
Because the accuracy of the fault length of
small events depends mostly on the acturacy of
the location of aftershocks, we only use fault
parameters of events whose aftershocks are well
located,

As was already mentiloned, the seismic moment
of the large Japanese intraplate events are
roughly proportional to a square of the fault
length, However, smaller events do not appear to
fit to this relation. Thus the whole data set is
divided into two, one with selsmic moment larger
than a certain threshold value and another with
moment less than that. We will examine in a later
section whether this segmented fit is statisti-

. cally better than a single line fir.

The division of the data set into small and
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Fig. 1. A plot of logarithm of fault length

against that of seismic moment. The whole dataset
for Japanese Intraplate earthquakes are divided
into two at the selsmic moment of 7.5 x 1025 dyne~
cn and the linear regression analysis is applied
to each dataset. This segmented fit is shown to be
statiscally better than models shown in Figure 2.

large events is arbitrarily set at Mo = 5, 7.5,
and 10.0 % 10°” dyne-cm. The obtained least—
square solutions for the first case are:

log L = 0,473 log Mo - 11.06
for Mo z 5 x 1025 dyne-cnm (1)

and

log L = 0.279 log Mo - 5.93
for Mo <5 x 102% dyne-cm, (2)

where the seismic moment is in unit of dyne-cm
and the fault length in km, In the second case
the obtained solutions are:

log L = 0,524 log Mo - 12.44
for Mo z 7.5 x 1028 dyne-em  (3)

and

log L = 0,281 log Mo ~ 5,98
for Mo < 7.5 x 1025 dyne-cm. (4)

And in the third case, we obtain

0.477 log Mo - 11,16

log L
for Mo z 1.0 x 1026 dyne-em  (5)

i

and

log L = 0.239 log Mo -~ 4.97
for Mo < 1.0 x 1028 dyne-cm. -(6)

It now becomes necessary to judge which model
fits to the observation better than other models.
This could be easily performed by estimating the
varlance of the error or by calculating the sum of
squared errors. However, In the next section, we
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need to compare models with different numbers of
parameters. Thus we introduce the Akaike Infor-
mation Criterion (AIC) [Akaike, 1974] as a measure
for selecting the best among the competing models
under a fixed data set. Thils is a measure to see
which model most frequently reproduces similar
features to the given observations and is defined

by

AIGC = (-2)Max(In-L)
+ 2{(number of used parameters) 7

where L and 1n denote the likelihood and the natu-
ral logarithm, respectively, The model with the
smaller AIC shows the better f£it to the data, It
should also be noted that the maximum likelihood
solution is the ordinary least-square solution in
the present problem. The likelihood function is
shown in the appendix., The obtained AIC are as
follows

AIC = -39.5
for threshold moment of 5.0 x 102° dyne~cm,

ALC = -45.2
for threshold moment of 7.5 x 1025 dyne-cm,

and

ATC = -37.5
for threshold moment of 1.0 x 1028 dyne-cm.

Thus the best-fit model is that with the threshold
moment of 7.5 x 1073 dyne~cm and is shown in
Figure 1. The 95% confidence intervals for the
slopes are 0.281 * 0,069 for small events and
0.524 * 0,088 for large events, These correspond
to that Mo « L% %% 7 oy small events and that

Mo & LY 6%20 3 gop large events. The result indi-
cates that the difference in scaling relations
between small and large earthquakes is statisti-
cally significant and suggests that the seismic
moment 1s proportional to a cube of the fault
length for small events while for large events the
moment 1s proportional to a square of the fault
length, This is consistent with our simple predic-
tion.

By substituting Mo = 7,5 x 102% dyne-cm, we
obtain L = 13 and 20 km, from (3) and (4), re-
spectively. For faults with dip angles 90° (ver-
tical), 45°, and 30°, the meximum widths con-
strained by the seismogenic layer thickness are
L5, 21, and 30 km, respectively. Thus the fault
length at the transition between small and large
earthquakes 1s comparablie to the maximum thick-
ness of the fault bounded within the seismogenic
layer. This suggests that the aspect ratio of the'

- fault L/W 1s roughly one for small earthquakes.

Perhaps more important is that the two regres-
slon lines, one for small and another for large
events, do not meet at the threshold moment. Ac-
tually, we will have a poorer fit to the data, if
we constrain two lines to meet at the threshold
moment., This point will be discussed in the next
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Flgure 2, Two statdistical models for a relation

between logarithm of fault length and that of
seismic moment. These models are shown to be sta-
tistically inferior to the segmented fit shown in
Figure I,

section, Thus we expect that the complication
shown at the transition between small and large
events should have some physical significance. We
will interpret it in the following as caused by
the difference of boundary conditions between
buried and surface faults,

In an ideal case of infinitely long strike-slip
fault, the solution to the crack problem indicates
that average displacement for a surface fault is
twice that of a deeply buried fault, if the tweo
faults have the same stress drop and the same
width [Knopoff, 1958}, Thus the factor of two
difference in seismic moment can be expected bet-
ween the surface and buried faults with the same
fault size and the same stress drop. Figure 1
shows that two different moment values may be
observed for earthquakes with the same fault
length, If we substitute L = 20-25 km in {(3) and
(4), a factor of 1.,5-2.2 offset in seismic moment
can be obtained between large and small events,

The ratio of seismic moment of surface to
buried faults with the same stress drop and the
same fault size, varles with source mechanism, the
aspect ratio of the fault L / W, and the depth of
the upper edge of the buried fault, It is also a
function of the stress drop distribution on the
fault. Boore and Dunbar [1977] carried out calcu-
lations for a case of constant stress drop over
the vertical strike-slip fault. Figure 1 of thelr
paper shows that the ratios are [.2 and 1.7 for
the aspect ratio of one and two, respectively. For
a case of constant displacement over a dip slip
fault with a dip angle of 30°, the ratios of the
shallow to deep faults are shown to be 1.3 and 1.6
for the aspect ratio of 0.67 and 1.5, respectively
[Sykes and Quittmeyer, 1981], In this case, the
depth of the upper edge of the shallow fault 1s
6.,7% of the fault width and the stress drops
determined at the center of dislocation are the
same for the shallow and deep faults,

An effect of a low rigidity surface layer is
considered by Kasahara [1964] for a case of infi-

nitely long strike-slip fault, He noted that the
maximum fault displacement becomes almost doubled
when the rigidity of the surface layer decreases
one-ninth that of the underlying semi-infinite
layer., These theoretical results suggest that the
observed offset In selsmic moment is mostly ex-
plained by the effect of the earth's free surface
on seismic dislocation.

Thus the stress drop seems to be independent of
whether a fault is buried or not, although the
observed offset in seismic moment at the transi~
tion may appear to indicate a systematic differ-
ence in moment, The relationship that the seismic
moment is proportional to a cube of fault length
for small earthquakes also suggests that the
stress drop does not vary systematically with the
selsmic moment., Scholz [1982] suggests that the
stress drop becomes proportional to u / L instead
of u / W, if the fault cuts across the entire
thickness of the seismogenic layer, This is called
an L-model. If this is the case, then the obtained
scaling law for large earthquakes also indicates
that the stress drop is constant.

However, Scholz's [1982] L-medel implies some
special physical boundary condition at the bottom
of the selsmogenic layer. Das [1982] examined an
appropriate boundary condition by numerically
modeling spontaneous rupture propagation [Das,
1681], but failed to produce the scaling u « L by
realistic models of earthquake source with con-
stant stress drop. The realistic boundary condi-
tion at the bottom of the seismogenic zone which
satisfies Scholz's L-model is not yet found. Ac~
cording to the ordinary model in which the stress
drop is proportional to u / W, the stress drop of
the largest event dis calculated to be about 100
times that of the smallest surface faulting.

Discussions

In the previous section, the segmented fit to
the whole data set was shown and we gave its
geophysical interpretations. However, a question
arises whether or not the data set can be fitted
statistically better to a single line than the
double line segment. Thus a single line is fitted
to all the data and is shown In Flgure 2, The
obtained result is log L = 0.325 log Mo - 7.10 and
AIC = -28.3, The AIC shows that any segmented fit
shown in the previous section is statistically
better than this single fit, The result corre-
sponds to a scaling rule that the seismic moment
is proportional to a cube of fault length. A com-
parison with Figure l indicates that the effect of
the free surface tends to be masked by the differ-—
ence 1n the slopes of the linear relatlonship
between log L and log Mo. This probably explains
why the effect of the free surface has been over-
looked so far.

One might further argue whether or not the off=-
set in selsmic moment suggested in the previous
section is statistically significant., An alterna-
tive would be that which constrains two lines to
meet at the threshold moment. The details of this




statistical model are given in the appendix. The
obtained result for the threshold moment of 7.5 x
1025 dyne-cm is:

log L= 0,444 ( log Mo -~ log ( 7.5 x 1025 ) )
+ 1.22 for Mo z 7.5 x 1025 dyne~cn,
log L = 0,234 ( log Mo - log ( 7.5 x 1025 ) )
+1.22 for Mo < 7.5 x 1025 dyne-em,
and

AIC = -34.2,

Again any model with an offset shown in the previ-
ous section 1s statistically better than this
model,

According to the interpretations of the offset
in seismic moment, all large earthquakes should be
surface faults and all small earthquakes should be
buried faults. The reason why we do not observe
small surface faults is given by King [1986]. He
suggests that stress relaxation occurs by chemical
processes in joints and fissures near the earth's
sutface. Thus the stress relaxation time is long
enough for the surface layer to act as a relaxa-
tion barrier preventing slip for small earthquakes
from reaching the surface,

Surface breaks were observed for all large
earthquakes presented in this study, except for
those occurring under the ocean and the 1948 Fukul
earthquake and the 1961 Kita~Mino earthquake. The
Fukuil earthquake is of strike-slip fault type and
Kasahara [1964] explained co-seismic horizontal
crustal movements by assuming a low-rigidity sur-
face layer overlying the seismic fault, As dis-
cussed in the previous section, he showed that the
Llow-rigildity surface layer has only a minor effect
on selsmic dislocation compared with the effect of
the free surface. This explains why this earth-
quake belongs to a group of surface faults in our
analysis. Also the following discussion shows the
reason why the Kita-Mino earthquake belongs to a
group of surface faults in our analysis, This
earthquake 1s a thrust event with considerable
amount of strike slip, Sykes and Quittmeyer [1981}
showed the dip-slip compoment of dislocation for a
shallow fault is significantly affected by the’
free surface as was discussed in the previous sec-
tion, According to the analysis made by Kawasaki
[1975]}, the upper edge of this earthquake fault is
only 2 km deep.

No surface breakage was observed for all small
earthquakes but one. The exception is the 1974
Izu-Oki earthquake, Abe [1978] estimated the
amount of fault slip to be 1.2 m from the leveling
data, But the maximum fault slip observed on the
surface was only 50 cm [Matsuda and Yamashina,
19741. It is most likely that the fault slip is

concentrated in the deeper part of the fault, If
this ie the case, it contradicts the assumption of
a crack model for the source for which the fault
elip is a maximum at the surface and goes to zero
at the lower edge of the fault.
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Conclusions

An examination of a set of well-determined
source parameters for the Japanese intraplate
earthquakes shows (1) the seismic moment for large
earthquakes is proportional to a square of the
fault length while the moment for small earth-
quakes is proportlonal to a cube of the lengthj
(2) the fault length of earthquakes at the transi-
tion between swall and large earthquakes is compa-
rable to the thickness of the seismogenic layer;
and (3) There is an offset of factor of 1.5-2.2 in
the seismic moment at the transition.

Since a linear dimension of earthquakes at the
transition i¢ comparable to the thickness of the
seismogenic layer, the difference in scaling
strongly suggests that the fault width for small
earthquakes 1s unbounded while that for large
earthquakes is bounded by the thickness of the
seismogenic layer. Namely, it implies that uelL«
W for small earthquakes and that ual but W =
constant for large earthquakes where u is slip and
W 1is fault width. Thus we can classify earth-
quakes into large and small earthquakes according
to whether or not an earthquake fault cuts across
the entire thickness of the seismogenic layer. The
offset in the sedsmic moment appears to be due to
the difference in boundary conditions between
buried and surface faults; in a certain idealized
case, the amount of dislocation for surface fault
is theoretically expected to be twice that of a
buried fault with the same linear dimension if the
stress drop is the same for both faults., If a
special boundary ‘condition at the bottom of the
seismogenic layer exists as was suggested by
Scholz [1982], these observations suggest that a
stress drop is independent of seismic moment for
the Japanese intraplate earthquakes with selsmic
moment ranging from 5 x 1023 to 1028 dyne-cm,

The effect of the free surface has been over-
looked probably because it tends to be masked by
the difference in the slopes of the linear rela-
tionship between small and large earthquakes, A
naive least-square fitting results in Mo « L3
relationship for the whole data set. The maximum
likelihood estimate of the parameters and the
selection of a statistical model based on the
Akaike Information Criterion show that the whole
data set is not satisfactorily modeled by one
regression line. But it is best modeled by two
regression lines, one for large event and another
for small event, with the threshold moment of 7.5
x 1025 dyne-~cm.

Appendix

A Single Line Fit

In an ordinary regression analysis, we assume
that

y =a+bzx +ri (L =1, 25, sauy n)

1 1
where ¥y and x; are observed data for the depend-
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ent and independent variables, respectively, a

a constant, b the regression coefficient which
gives the slope, r. normally distributed random
errors with its mean 0 and variance v, and n the
number of data points., The_ likelihaod functlon is
given by

L (er vy Yn | a, b, v}
n 1 1
= N —= expl ~=—{y, -a~ bx,)?
1 P v vy 2]
~-n/?2 1 n
= (2 - 2
(21v} exp[ v i-—z-l 8% ]
where .
ei=yi—a—bxi.
Then we get
- - .n 10 2
l=1n L= - 5~ln(2wv) 53'151 e,

The maximum likelihood solutions for a, b, and v
are given by

; 9 g n n
X, Y, = L%
a=i=1 i =171 1-11 111
n n
nz X" - (% x,)2
i=1 i=1 *
n n n
nrxy, - ILx, B Iy,
p=_i=L 1 o7 5574
n n
nx?-(xx)?
i=1 4 i=1 2
( no, n n
v = Iy, “-aty, ~-bIxwy,)/n
f=1" i=1"% i=) 173

Since max(l) {is given by - n In(2wv) / 2 - n / 2,
we get

AIC = n In(2wv) + n + 6.

Double~Line-Segment Fit.

We divide the whole data set at Xy and assume
that
yy= 2y + b1 xy + r, for Xy 2 xq (A=1, ..., m)
and
yi=az+b2xi+ri forxi<xo (1 =mtl, ., n)

where a. and a, are constants and bl and b the
regress%on coegficients which give the slopes. The
likelihood function is given by
L(Yl, ...,ynlal,bl,az,bz,v)
-n/2 1
(27v) expl 37 .
where
f11 T V1T 8
€21 7 Y17 %y
Then we get i
In L
(20) /2 - 3e 2/ P e, 2/
= - n In(27nv - e, ., 2v - I e,, v H
i=1 14 T iemel 2 ;

The maximum likelihood solutions for ays bl, ay,,
b2’ and v are given by

% - %, X,
a = i=1 1 i nE R LR L DAY
1 m m
2 _ 2
m ¥ x, (L x)
i=1 * f=1 +
i Tx I
my %y, - % R
= R I A A Tt
! L) ™2
mEx,“«{2x)
i=1 * i=1 *
, X, -, E x. I x,
ay = =il demta’d gemi)’d seme) 5
n
{n-m) T x,% - ¢ x,)2
i=mil * i=mt+1 *
n n
(n~m) Z Xy I ox, I .y,
b2 - 1=m l i=m+l * f=m+1” L
n
(n-m) E %22 ( ¥ x,)2
j=m+l 1 i=m+l 1)
n m
ve=(Iy2-a Ly -b ¥ xy -
imi T 135V 1im i¥4 a21a5+lyi
n
- y.) / n.
2i—m+l 174

Since max(l) is given by - n 1n(2nv) / 2 -~ n / 2,
we get

AIC =

n In(2mv) + n + 10,




Fit to Two Lines Meeting at x = %q

We divide the whole data set at xq and assume

that
yi =vp + by ( x4 - Xg ) + o,
for x; 2 % 1= 1,...,lm)
and
vy =y + b, (%X, =~ %, )+ 1,
fgr xi2< X (i =0m+l,.,ln)
where y,. is a constant. The likelihood function is
given by
L ¥y erer ¥y | Ygr Pys By V)
_ -n/2 .1 n 2 .1 n 2
= {27v) expi §V'i§leli 1 expl 5o i=§+1ezi ]
where
ey =% "% "B (¥ - ) form oz
ey =Yy "V " b, (x; - % ) for x4y < xg.
Then we get
In L
(21v) / e .2/ P e, 2/2
= - n ln(27v 2~ e., 2v - e, . v
™) j=1 I1 i=mel 21

The maximum likelihood solutions for Y b by
and v are given by

n m
¢ iu 2a, +d

n
y L ou, L o4, - Ly,
v P I T e S T To ey o SR Pl L AF Y
0 m 9 n
of Eru)? 4 a( 2 u)? - n
i=1 i=m-fl 1
N m m
1= oGl gy - v,k uy)
b a( Ii? b )
= u, ¥, - I u
2 i=mtl 1¥1 y°i=m+l i
n n m
= 2 — oy
v (i’E ¥y yoiilyi bliz_luiyi
-b, ¥ uy,) /n
2i=m+l 11
where
u =X - X
e=1/ ¥uw? a=1/ I u?2
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Since max(l) is given by - n 1n(2wv) / 2 - n / 2,
we get

AIC = n 1n(2wv) + n + 8,
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