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1. Investigation of the Statistical Properties of Sea Waves
with Field and Simulation Data

Yoshimi GoDA* and Kohei NAGAI**

Synopsis

The statistical properties of sea waves and their relation with spectral characteris-
tics were investigated for 171 surface wave records at the coastal water. The relation
between wave statistics and wave spectra was further examined with four spectral types
of linearly simulated wave profiles. Among the field data, 92 records are of wind waves
obtained at Nagoya Port by means of capacitance wave probes; these waves belong to
the deepwater waves. Other 79 records are of high seas in the shallow water obtained
at the ports of Tomakomai, Rumoi, Yamase-domari (all with step-resistance wave gauges),
and Kanazawa (with an ultrasonic wave recorder).

The investigation establishes that the sampling period of wave profile should be less

than one twentieth of the wave period corresponding to the spectral peak. Rice’s theory
on the numbers of zero-up-crossings and maxima is found to require some modification
when applied for sea waves. For example, the mean wave periods estimated with wave
spectra on the average are (0.83+0.07) times those actually counted on wave records.
) The distribution of wave heights is confirmed to be well approximated with the Ray-
leigh distribution irrespective of spectral width parameter. The relation of Hi/;=4.09rms,
which is the root-mean-square value of wave profiles, holds for sea waves inclusive of
those with multiple spectral peaks; this indicates the possibility of estimating Hi/, from
prms without counting waves. Among various definitions of mean waves, the significant
wave height and period are the most statistically stable ones.

In the shallow water, the skewness of surface elevation and the ratio of »max/Hmax
increase as the wave height increases relative to the water depth, while the ratio of
Hmax/Hy/; decreases. Waves in the shallow water has large values of Ti,/T (1.23 on the
average) in comparison with waves in the deepwater (1.07 on the average). Most of wave
spectra in the shallow water exhibit the slope of approximately f~¢in the high frequency
range.

In addition to the above, the lengths of the runs of wave heights and other statistical
properties are examined and presented as fundamental data on wave statistics.

* Chief, Wave Laboratory, Marine Hydrodynamics Division
** Formerly, Senior Research Engineer, Marine Hydrodynamics Division
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EBEOHER, FERESCLIIVAWALEHTES, &
¥, hREE Hmea X 9 3 KE TS (H>Hmed) OFE
Y¥Ex, %7 - 28T BFEERE j1(Hmed) 310k
B8 TH D, T OADEFIEITHT HTFEER,
1.8 254.32CHMHL, BFHEL 2.58 THB, B
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S ¢ o %4‘4/ (single-peaked spectra)
1 #‘{A-- N ey * Nogoya
€ 20 Se an (multi-peaked spectra) ||
@ S e & Rumoi
= LIS 2 Tomakomai
& 4 Yomase-domari
» Kanozawa -
15, t 1 1 !
(6} | 2 3 4 5

Spectral Peakedness, Qp

B1-48 FHEo#E (H>Hmed) DFEHEL
A7 P ADOREE Qp & DBk

DREERIA 27 PV OREE Qr GR.20) THbh, HHE
VIiaV—Ya VEBWTIRROBEHED X 5 feEEAR
Bhht, Lal, BT - 2 0BSTE b0 Esk
&L, BRIEETREY S 2 T\3,

Wiz, BEEEY Hy, L L 2oFEE0E (H>
Hy) oF5E 1(Hiyn) ROIFERNE49 T 5o
ZOEOTHER LN 2.6 2 THMAL, BEHER
1.45 ThH B, A2 P ADLRHE Qp  DIEESLAEES
BEOMHEZLTO0.4 2B\, %/, Rl s v—vs
VIZ X BRI BEHLT — 2 O TR IEHEY T 5,

F-48,49 12 FHETH D, HxDBOE IR KRELE
1t3 %, H>Hmea DEEDEDBEDO > B, HFREXD
HEOMEHO AELRAERENE-50, Figc H>Hy,

KIHHEP

[\
[6;)
T
i

20 - o © —
Yoo o © &
o® ©o /6(\
I o
Siotee & 0% © &%
o -g’oﬁ 00% (OO -
o, o @ o c// °
B NS
. Conne P08 ° °
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I A
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o
T
B

Mean Length of the Run of H>Huws, ji{His)
o
T

Spectral Peagkedness, Qp

E-49 EEo#E (H>Hy) OFGHE:
A7 P ADLEE Qp & DEIR

DHERDONTHNRICDONRE-51 Th b, oL 2, AE
BEOERD S BHARIZ PADE - 27N 1HOF— 2%
607 — =, HBIEHKS,BIFEHABFHA IR TNB, ZDOF—
R BT H>Hmea O EOENL, 52485 b, +
D5 34.5%% H>Hmea O I FERERT2HE IR
H<Hmea £75bh, RUTL23.7%DECIE H>Hmea O
2T IHER I H<Hmed LT3, Fho
[A—DF — 2k T H>Hyy OFEBOMEIL 717 #ED
b, D5 HbD65.6ZBEDOEIHN 1Y, 21.8%3HD
BIMN2WTH B, Tibdh, H>Hy,olEEnEd
Ll Z BB THAEERTH 5,

ERoARZ v A -2 B—RoAEBEOIRIL,
SEsgAgupE (Q5=2.32) MARZ b A ¥ — 7 BEROW
(Qr=1.42) X D3 AEL, COLDPEBOENEVD
DOMBOAENREEL Y DS L> T3, PEER
DL, BHEBEDORAR7 M-y BT @EH D

05 Run : H>Heu
E 04 Nogoya  --------emo-e 1524 runs
3 (single-peaked spectra)
o3 Nagoya  ------------ 970runs
ol (multi-peaked spectra)
] I~
g Coastal Waves ----1466 runs
o 0.2
w
2
s [oX]
©
'3 .
0 [.L I PP Il L ol
12 14 16 18 20
Length of Run , j

E-50

EEOHE (H>Hmed) DEIOBOAEST
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FROFEH BB 5 79% - f74T

0.8
Run: H>Huys
o7
06}
Nagoya ~-e=m===-TI7 runs
0.5 (single ~peaked spectra)
Nagoya  --—--- -— 429 nmns

(multi -peaked spectra)
Coostal Waves ----- 726 runs

04+

03

Relative Frequency of Run (j)

0.1

I 2 3 4 5 6 7
Length of Run, j

B-51 ERodE (H>Hy) OkIOBOAEST

FROEDORIXRLTEY, ChiZA<27 FADLE
EOTHEL Q,=1.70 : £HEHOBBOFROMC
BT LAHL T 5,

ek, BHBHEOARZ VA Y- 2 EHEROKBT —
ZDBFHUT 4,565 B, IDEWEBET,1058;, ST
20,051 TH 5, & DBWEH bHET S &, H>Hmea
DEEBOBIFIHL TS.1 ¥ 1 EHbh, FOFEE
R2.6¥THb, ¥, H>Hy, OWEBEOBITFEESL T
10. 785 1 #Blbh, £OFERILASHFL W5 LT
5,

25 LAEROEDOR I, WAEIOMY, Hck
HEDOHE FMEREELRORER LY, B
HNTHRRAUBEOEHCBGRT 50Tt ELD
ha, BAED L Z 5 BAMAEARRREHEIATWE,
A, SBROEKRLHMBEO—2TH S S,

.6 3 U

EANRE TR X S i, HBREKEHICTEHD
REVWHEHRTHD, BENRZEX W 3Tl
Vo ABETIR, BEMHBINy — 2B L08R 5 .
V- VIZ X DEERHAIAEEOFN & S v
T, HROFEGEAX BN LA, ZoEoBENT
RO ATT A LN CEEATFTHERKRO L
K¥hTH3,

(a) BORADEFEARY FLOBEICOWNT

1. BHOBEAKERIVERT » P27 v AEPESEC
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AT BB, A7 P ARSOEERDE
BfE foax BFFETHEAICENT, V7YV
FRE 4t<0.2/fmax, FIRIMELEEEY
SN22.5fmax LT HLEND B,

2. BRBGICSDAR2 P AEEYBOHBRD
WTER7 » 77 v RFHREECRDBI-DIT
12, A7 A0 — 2B TAEY Ty &
LT, dtSTHp20 L35 2 3B TH 5,

3. BEORRZFPAFEARAFT 2213, XE e=1
DEXESIDLELLR, <1 OF - XIK
BERC T 3 AEENTRLCERLEESL
%,

4. RiceDBRIC L » TARZ bAMLBHELI YR
7 v 72 v AFMOEEME T: 3, BEE)» HEE
kot PEEMT X b @<, FERRT:=
TN.2 ThB, Z0ERXFEOFRAE T oMM X
530:Bbh32, HEHIRETHD,

(b) HE&SLTAHMICOVWT

5 €w7 .77 uRETCEREINRCEEDOSMIL,
e Dfichhbbicd, EAEVv-Y -FfiTct
FElTE 5,

6. EEORFTHEDN DT Hyy BRI EE
Thb, Hiy=4.09rms OEGERBILT — 2o
WTERALT 0

7. AfoRFEEoOS TR Ty, HHFANCRLLE
ThHh, FEE Tyy=0.94T Th 5, i
REAPCBLTE, Tmax=Tye=Ty, T=
0.9T; DEEFHFIHIICERIY T %,

(¢) EBEOEBICOWLT

8. RBREEDIEL LT Hypnlh 5L, oM
z o T skewness, Pmax/Hmax 238N, Hmax/
Hyy 315,

9. BEEOETIIA R 7 + LOBEFHEEOFEL
5 rodEemnchy, i, TinlT ol
K&V,

(d) HBOHICPLT

10. H>Hmes DEFHOIBFHL TS 13k 1 EH
bhTXDFEEEM 2.6, H>Hy/, OBEEOE
RIEH LT 10.7 Fiz 1 @Hbh, TOEGEMN
1.458Ch %,

11. EEOFEDEIRARS M VOEGEOKRE WS
MEWH, FHHNFLWHEEESHE 9k
o

iz, XEGECAMLLBRERT - 2% BEL,
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B bhic» THEFMRAY RE EHBIT (BA47EE
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e LEEL, #EXETIIOTH S,
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1) AHBE: EoMHAELEELE Rk 2 »
T, FRTN46 EE BISHTTATE RS aE,
197148128, pp. 1-1~1-33.

2) Longuet-Higgins, M.S.: On the statistical distri-
butions of the heights of sea waves, Jour.
Marine Res., Vol. IX, No. 3, 1952, pp. 245-
266.

3) Bretschneider, C.L.: Wave variability and wave
spectra for wind-generated gravity waves, U.S.
Army Corps of Engineers, Beach Erosion
Board, Tech. Memo. No. 113, 1959, 192p.

4) Goodnight, R.C. and T.L. Russel : Investigation
of the statistics of wave heights, Jour. Water-
ways and Harbors Div, Proc. ASCE, Vol. 89,
No. WW2, 1963, pp. 29-55.

5) Collins, J.I.: Wave statistics from Hurricane
Dora, Jour. Waterways and Harbors Div.,
Proc. ASCE, Vol. 93, No. WW2, 1967, pp.
59-77.

6) AHEBE - XHFT: AEBHBACKT 2 HEREN
2 R—EBARERTH OBIRITRER, HEEH
20kt No. 61, 19684E12H, 64p.

7) Goda, Y.: Numerical experiments on wave sta-
tistics with spectral simulation, Rept. Port and
Harbour Res. Inst., Vol. 9, No. 3, 1970, pp.
3-57.

8) FHRE - KRV - FHEE: FHEBCSTS
WRER 53 H—HHEROBEHIBRE: b0 H
HAMEE oW T—, EEEPIER No.120, 1971

46 A, 24p.

9) Davenport, A.G.: Note on the distribution of
the largest value of a random function with ap-
plication to gust loading, Proc. Inst. Civil Eng.,
Vol. 28, 1964, pp. 187-224.

10) Rice, S.0.: Mathematical analysis of random
noise, reprinted in Selected Papers on Noise and
Stochastic Processes, Dover Pub., Inc., 1954,
pp. 133-294.

11) Phillips, O.M.: The Dynamics of the Upper
Ocean, Cambridge University Press, 1969, p.
114.

12) Pierson, W.J. and L. Moskowitz: A proposed
spectral form for fully developed wind seas based
on the similarity theory of S.A. Kitaigorodskii,
Jour. Geophysical Res., Vol. 69, No. 24, 1964,
pp. 5181-5190.

13) BE - KHETF: £REERE0 FFT Hike
ED AR W AEHIAOIEH, WEHEBIER No.
155, 19734£3 A, 33p.

14) FH1L) p. 118.

15) £R¥4 : KBARE(BRGEHETRD, 19714,
p- 480.

16) FEiBEHs - HAEE - 4K B -BE B-BE
—5 - AR HIRT - x ORPAEH RO
T, EEHMHRIRE H10% 18, 197143
H, pp.43-76.

17) fHRE: WRHKTEET 2, Z0E%E, BBk
PPEk No.39, 19674E12F, pp. 237-255.

18) %5 E: RAEOR=7 M oREL—HRLRE
Bl s B RO AR P rOHIOWT—, §
17EER TH#EA R, 19706114, pp. 1-7.

19) Neumann, G.: On ocean wave spectra and a
new method of forecasting wind-generated sea,
U.S. Army Corps of Engineers, Beach Erosion
Board, Tech. Memo., No. 43, 1953, 42p.

20) Bretschneider, C.L.: Significant waves and wave
spectrum, Ocean Industry, Feb. 1968, pp. 40-46.

21) Mitsuyasu, H.: On the growth of the spectrum
of wind-generated waves (1), Rept. Res. Inst.
Applied Mech., Kyushu Univ., Vol. XVI, No.
55, 1968, pp. 459-482.

22) XIHEF: TR BOBEDOEN 5 LU @0t
B, HEHEmPIERESG 1% F25, 1972466

— 34 —




BB OGEHIREICEIT 5B - BT

H, pp. 47-119.

23) MBAS - Zy B - e K KBERCsT
ZEBOEHIZOVT(2), FOEEREIEERSH
4, 1973411H, pp.535-538.

24) HFEHRSE - KT BUROLEER L R4
FHAUFEO AR + e oWT, HEHATERS
& #8% #38, 196949 A, pp.47-75.

A;:

f

S
fmsx
Smin
SN

So

h

H
Hmax
Hmed
Hy,,
Hy,

H

i
J1(Hmed)
J(Hiys)
L

L,

m

Ma

n

N

ES-ExX

C THRAEOBR Y s  v—-v s viesit

RSB DIRIE

T AW

: BRI R BEE (=111
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No
Ny
p(C)
Qs

r(H, T
S(H
Sx(fa)

123

Tm ax
T
T,

Tl/lo
Ty,

VB
B
At
Aty

1]

m M
~

/A
Pmax :

Nrms

oT
72

rE¥R7 57 e ABETCERIRLEHOK
: WRESFOBXHROH
() ROBROBREE
AR PADRGERRLT T A X

- (K. 20)

: FEBARE

: TR O¥ER - BoHEEEGRE (X 13)
T HEDO=FAF—RARZ P
FEHRIEEhic=% A F—-RAR7 b

: R

 IFRIEENCEE (=¢Ty)

: WO

: RREO B

P ARZYADE—270AM (=1/fp)

: Rice 0B (X.17) cHEEIBFY

Ji3ht]

: o BABDAM
: s BKBORM
: PR

: FHo skewness (BE) (.3)
: T kurtosis (LBIEE) (K. 4)
vy v R

s FbEhicy v 7'y v 7@l

(=4t T)y)

P ARZ MAEAT 22— (K.18)
Ny & Ny WoHEINRD AR + VIR

Ry 2—1—- (X.19)

BRI SKAELERE
 ERIEEhie KB ERE (=9/7rms)

: BB oREKmLAR (BREES)
1 KELEAROBEREREE

: WP OHBOBRREFEME

: EEP o RO EEREME
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f%&-1

FROMETRE OFIHE & BieREED

LAEEBET -5

AEEET - %

" A £ 7 - x REEEET X0 PABM—F 2R A EER BEERT — ¥
F - oz B 171 [131] 92 [52] 60 [34] 32 [18] 79 [79]
% &3
Pems  (m) 0.573 (0.540) | 0.121 (0.072) | 0.127 (0.066) | 0.109 (0.081) | 1.099 (0.330)
Hmax (m) 3.474 (3.115) | 0.823 (0.457) | 0.866 (0.417) | 0.741 (0.513) | 6.562 (1.744)
Hy, (m) 2.292 (2.180) | 0.474 (0.275) | 0.505 (0.251) | 0.416 (0.308) | 4.409 (1.365)
H (m) 1.442 (1.381) | 0.300 (0.174) | 0.319 (0.161) | 0.264 (0.190) | 2.772 (0.896)
08 3
No 118.1 (35.7 )| 140.7 (21.8 ) |140.0 (21.1)|141.6 (23.3)| 91.8 (30.3)
Trmax  (sec) 5.96 ( 3.99) | 2.55 ( 0.54) | 2.53 ( 0.50) | 2.58 ( 0.62) | 9.94 ( 2.18)
Tis  (sec) 588 ( 3.69) | 2.68 (0.47) | 2.62 (0.46) | 2.79 (0.48) | 9.61 ( 1.82)
T (sec) 4.99 (2.88) | 2.52(0.44) | 2.51 (0.47)| 2.55(0.39)| 7.86 ( 1.52)
T:  (sec) 411 (2.32) | 209 (0.33) | 2.09(0.33)| 207 (0.30)| 6.47 (1.08)
[ #1
,\/—Ei 0.467 (0.291) | 0.325 (0.211) | 0.330 (0.191) | 0.316 (0.244) | 0.632 (0.285 )
B2 3.74 (0.67 ) |3.71 (0.66) |3.63 (0.62) |3.8 (0.69) [3.77 (0.69 )
Hiys/Lo 0.0363(0.0132) | 0.0410(0. 0158) | 0.0456¢0.0139) | 0.0325¢0.0157) | 0.0307¢0. 0054)
Hiylh 0.190 (0.175) | 0.052 (0.030) | 0.056 (0.028 ) | 0.046 (0.034 ) | 0.352 (0.131 )
[A=Z 2]
Es 0.854 (0.057) | 0.833 (0.037) | 0.829 (0.036) | 0.842 (0.036) | 0.879 (0.065)
er 0.684 (0.105) | 0.628 (0.087) | 0.599 (0.079) | 0.685 (0.073) | 0.750 (0.084)
Q» 1.87 (0.52 )| 2.02 (0.63)| 2.32 (0.53 )| 1.42 (0.28 )| 1.70 (0.27 )
[EiEbopia=r=
Pmax/Hmax 0.647 (0.081) | 0.604 (0.070) | 0.597 (0.068) | 0.619 (0.070) | 0.697 (0.061)
Prmax/His 1.062 (0.171) | 1.065 (0.178) | 1.032 (0.159) | 1.126 (0.196) | 1.058 (0.162)
K110
Hmox/Hiy/, 1.653 (0.262) 1.769 (0.258) | 1.739 (0.251) | 1.825 (0.262) | 1.519 (0.194)
HipolHiyy 1.274 (0.056) | 1.286 (0.050) | 1.281 (0.049) | 1.298 (0.053) | 1.259 (0.059)
H,|H 1.588 (0.064) 1.580 (0.054) | 1.586 (0.056) | 1.570 (0.050) [ 1.596 (0.073)
oulH 0.512 (0.052) | 0.500 (0.045) | 0.502 (0.047) | 0.496 (0.043) | 0.519 (0.056)
V—Y =5 Ag? 10.1 (5.6 )|10.5 (5.8 )|10.4 (5.8 )|10.9 (5.8 )| 9.6 (5.3 )
L]
r(H, T) 0.497 (0.203) | 0.318 (0.183) | 0.308 (0.199) | 0.337 (0.146) | 0.615 (0.107)
Trax/ T/, 0.990 (0.131) | 0.953 (0.139) | 0.968 (0.114) | 0.926 (0.173) | 1.033 (0.107)
Ty10] T/ 1.006 (0.052) | 0.993 (0.056) | 0.994 (0.033) | 0.990 (0.085) { 1.021 (0.042)
T/ T 1.139 (0.112) | 1.066 (0.080) | 1.050 (0.076) | 1.095 (0.079) | 1.225 (0.078)
ToT 0.832 (0.072) | 0.832 (0.067) | 0.841 (0.061) | 0.815 (0.075) | 0.832 (0.077)
or|T 0.346 (0.061) | 0.329 (0.078) | 0.297 (0.062) | 0.391 (0.071) | 0.357 (0.042)
Tyl Ty 0.937 (0.065) | 0.960 (0.069) | 0.957 (0.051) | 0.965 (0.094) | 0.910 (0.047)
T|T» 0.833 (0.118) | 0.906 (0.100) | 0.917 (0.088) | 0.887 (0.117) | 0.747 (0.068)
[E &R DB DOFHR]
F1(Hmea) 2.58 (0.42) | 2.63(0.40) | 2.77 (0.37) | 2.36 (0.31) | 2.52 (0.43)
FXe: 75 1.45 (0.26) | 1.47 (0.21) | 1.55(0.20) | 1.34 (0.16) 1.42 (0.30)

1) EREFEEMENNORETS 5,

2) r(H, T), on, LU or RBATAHABR [ ] ROBDOF— 2o THELKCIDTH S,
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%2 FEHEROHEBEFRR
7-2EP | ea | oo | oo |on | TR |din| oo | o | of | e
[EmEET] [~ EHA]

Hmax~7rms M&a%1M%o%20mﬂmmh 0.959] 0.615 0.697| 0.609] 0.769
Hijo~7rms 0.995/ 0.991] 0.986] 0.997 0.973|H~T 0.963 0.582] 0.678| 0.467] 0.821
Hi/y~%rms 0.998 0.996 M%omgamMHT%mm 0.657 0.021{—0.194] 0.468| 0.164
H~7rms 0.997| 0.995 0.994 0.998| 0.984l|r(H, T)~ecr 0.620] 0.524 0.562 0.485| 0.241
Hiy~H 0.997| 0.997| 0.996] 0.999| 0.987|r(H, T)~dt|T, |—0.580|—0.523|—0. 517|~0. 542|-0. 429
Nmax~rms 0.974] 0.946] 0.927] 0.969] 0.851
Pmax~Hmax 0.992f 0.967{ 0.957| 0.980] 0.956 [Yl-iﬁflg/;"*

Pmax~Hi/s 0.978) 0.946| 0.927| 0.969 0.877 r(H, T)| ©-288 0.084 0.091 0.139 0.167
F—— Tisol Toys~r(H,T)| 0.281 0.164/—0.082 0.463 0.121
Tamex~Ti/s 0.982] 0.726] 0.816 0.612] 0.880] LT ~7CH, T | 0.894 0.876 0.934 0.830 0.807
Tie~Tiss 0.997] 0.941/ 0.981f 0.880 0.978 T/ T~ar/T 0.607 0.524 0.400 0.525 0.790
To~T 0.991| 0.889] 0.901 0.901| 0.9azjoT/T~er 0.529 0.693 0.604| 0.668| 0.334
Tis~T) 0.995 0.927 0.952 0.881 0.962°7/ L ~Q> ~0.671/-0.791)-0.713-0.706-0. 231
T~T, 0.984 0.775 0.808| 0.730 0.892|T4T~vB —0.484] 0.115/ 0.001] 0.261(-0.690
TT, 0.979 0.883 0.013 0.538 0. s42|THT~Hinlh  |—0.474/—0.114/~0.349 0.368/~0.680

Ty T~4t| T 0. 198)—0. 047|—0. 071|—0. 041| 0. 422
[¥mEEH] T|Ty~r(H, T) |—0.809—0.715(—0. 822/—0. 578|-0. 624
Nmex/Hmax~~"B1| 0.649] 0.472| 0.483 0.488 0.546
pmox/Hmax~Bz | 0.284) 0.157 0.012] 0.339] 0.518(F #]
Tmex/ Hmax | 0584 0.088 0.217-0.012) 0.323 @««nms 0.576] 0.238 0.198| 0.283 0.321
max] H./a~léi 0.678] 0.692 0.608] 0.785 0.667 v/ Bi~Hiylh 0.702{ 0.233] 0.183] 0.288| 0.708
WPBi~Hi;lLy  |—0.078] 0.330{ 0.101| 0.309] 0.211
C#RL] v Bi~B2 0.536| 0.453 0.462] 0.471] 0.734
Hpax!Hizs~Ny 0.502] 0.205] 0.290] 0.053] 0.548 Ba~7rms 0. 034]|—0. 140|—0. 184/—0. 033| 0.006
Humox[Hijo~B2 0.474/ 0.666 0.638 0.693 0.433\p _Fy, Ik 0.143|—0.127|—0. 156|—0.034] 0.327
‘max/Hi/s~ —0.521{—0. 220|—0. 181{—0. 231|—0. 128
’/a/h Q
Hipeol Hiys~ B 0.589] 0.697 0.632 0.783 0.548|L*<7 ]

’/”[;ﬂ/ii'/i? 0.445 0.471] 0.551 0.442 0.512] €5~%rms 0.493( 0.636] 0.696] 0.634! 0.291
Hwﬁ¢f 0.559 0.560 0.565 0.693 0.566l €5~44T>» —0.931/—0. 860{—0. 854|—0. 875|-0. 995
Hiy/H~ou/H | 0.962) 0.950 0.882 0.853 0.966] ST~€S 0.679) 0.538 0.526 0.526) 0.425

ET~7ems 0.529/—0.054] 0.044'—0.087| 0.035
22 er~dt|Tp —0.732/—0. 543/ 0. 535!—0. 684|-0. 692
yi~cT —0.068] 0.060—0.055 0.060—0. 052i Qp~7]rms —0.297 0.141] 0.048 O0.248/-0.241
Z2~9P 0.053]—0.028] 0.162/—0.155! 0. 212| Qp~er 0.503'—0. 583 —0. 343 —0. 721|-0. 074
oulH~er 0.356] 0.310] 0.146] 0.328] 0.323
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