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ABSTRACT

This report describes the final results of the continued evalua-
tion of the Norwegian Long-Period Seismic Array (NORSAR) by Texas Instru-
ments Incorporated at the Seismic Data Analysis Center over the period

1 April 1973 to 30 September 1973.

The major areas of study were:

° Noise analysis

° Array processing performance

(5] Effectiveness of matched filters

° Surface wave detection capability

® Performance of standard surface wave discriminants

A total of 133 Eurasian events and 36 noise samples were
processed and analyzed during this period. The results were combined

vith earlier data, when applicable, in order to maximize the data base.

Neither the Advanced Research Projects Agency nor the Air Force
Technical Applications Center will be responsible for information contained
herein which has been supplied by other organizations or contractors, and
this document is subject to later revision as may be necessary. The views
and conclusions presented are those of the authors and should not be inter-
preted as necessarily representing the official policies, either expressed
or implied, of the Advanced Research Projects Agency, the Air Force Tech-
nical Applications Center, or the US Government.




TABLE OF CONTENTS

SECTION TITLE
ABSTRACT
L INTRODUCTION
II. DATA BASE
111 NOIJSE ANALYSIS

A, INTRODUCTION

B, DATA BASE

C. TIME VARIABILITY OF THE
AMBIENT NOISE LEVELS

D, NOISE DIRECTIONALITY

E. SPATIAL COHERENCE

| CONCLUDING REMARK

1v. ARRAY PROCESSING PERFORMANCE

A, INTRODUCTION

B. DATA BASE

C. MCF AND BEAMSTEER NOISE
REJECTION

D, SIGNAL DEGRADATION OF MCF
AND BEAMSTEER PROCESSORS

E. MCF PROCESSING OF SIGNALS
USING ONE NOISE SAMPLE FOR
MCF DESIGN

V. MATCHED FILTER PERFORMANCE
A, INTRODUCTION
B, PROCESSING

PAGE

iii

I-1

I1-1

I1I-1
III1-1
II1-1

111-2
III-6
111-8
I11-11

Iv-1

Iv-1

Iv-1

IvV-2

V-5



UNCLASSITIED

SECURITY CLASSIFICATION OF THIS PAGE (When Dats Entered)

REPORT DOCUMENTATION PAGE DEFORE COMPLITING FORM
1. REPORT NUMBER 2 GOVT ACCESSION NO.| 3 RECIPIENT'S CATALOG NUMBER
AD-724 %40
4 TITLE (snd Subtitle) 5 TYPE OF REPORT & PENIDD COVERFEO
EVALUATION OF THE NORWEGIAN LONG-
PERIOD SEISMIC ARKAY - FINAL REPORT Special

6 PERFORMING ORG. REPORT NUMBER

ALEX(01)-STR-73-12

8

AUTHOR(s) 8 CONTRACT OR GRANT NUMBER(s)

Philip R. Laun, Wen-Wu Shen, and

William H. Swindell FOSERT VR B NS5

9

PERFORMING ORGANIZATICON NAME AND ADORESS 10 :sg(jR&AM ERLEPGENTT. pURMOBJEEgST' T ASK
WORK UNIT N
Texas Instruments Incorporated

Ryiptagas Gt o VELA T/2705/B/ ASD

Dallas, Texas 75227%
" COP&TROLLIN%OFFICE NAME AND ADORESS 12 REPORT DATE
va r r n
Advance Re‘sea.ch Projects Age.cy 3 December 1973
Nuclear Monitoring Research Office 13 NUMBER OF PAGES
Arlington, Virginia 22209 (134,

T4 MONITORING AGENCY NAME & ADORESS(If different from Controlling Ollice) 15. SECURITY CLASS. (of this report)
Air Force Technical Applications Center UNCLASSIFIED
VELA Seismological Center 715, DECL ASSIFICATION DOWNGRADING
Alexandria, Virginia 22314 o

DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBLIC RELEASE, DISTRIBUTION UMLIMITED

DISTRIBUTION STATEMENT (of the ebstrect entered In Block 20, If different from Report)

SUPPLEMENTARY NOTES

ARPA Order No. 1714

KEY WORDS (Continue on reverse side If necessary and identily by block number)

Norwegian Seismic Array Seismic event detection
(NORSAR) Evaluation Seismic event discrimination

Seismic noise analysis

Chirp matched {i'icr

—

20 ABSTRACT rContinue on reverse vide il necessery and identify hy biock number)

This report describes the results of the continued evaluation ~f the
Norwegian Long-Period Seismic Array (NORSAR) by Texas Instruments
Incorporated at the Seismic Data Aralysis Center over the period 1 April

Reproduced by
1973 to 30 September 1973, "NATIONAL TECHNICAL
The major areas of study were: INFORMATION SERVICE
¢ s il

° Noise Analysis J .

DD , 323",3 1473 EDITION OF 1 NOV 6515 OBSOLETE UNC LASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Date Fotere ]




UNC LASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

{ 20, continuzed

Array Processing Perforn 1ce

Effectiveness of Matched Filters
Surface wave detection Capability
Performance of Standard surface wave discriminants.

A total of 133 Eurasian events and 3% noise samples were pro-
cessed and analyzed during this period, The results were combined
with earlier data, when applicable, in order to maximize the data
base.

j &

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Fntered)




B s B

SECTION

Viee

VI.

VII.

VIIIL.

IX.

TARLE OF CONTENTS
(continued)

TITLE

C. REGIONALIZ ATION BY CHIRP
FILTER LENGTH

D CHIRP FILTER SNNR IMPROVE-
MENT

NORSAR LONG-PERIOD SURFACE WAVE
DETECTION CAPABILITY

BEHAVIOR OF STANDARD DISCRI-
MINANTS

A, Ms- m, MEASUREMENTS

B. AL-AR VERSUS m,
CONCLUSIONS

A, MAJOR RESULTS

B. SUGGESTIONS FOR FUTURE

ANALYSIS OF NORSAR
REFERENCES
APPENDIX A
APPENDIX B
APPENDIX C

APPENDIX D

PAGE

VI-1

VII-1
VII-1
VII-5

VIII-1
VIII-1

VIII-5

IX-1

A-1




LIST OF FIGURES

FIGURE TITLE PAGE
I-1 SITE DIAGRAM OF THE NORSAR LONG-
PERIOD ARRAY 1-4
II-1 m, DISTRIBUTION OF EVENTS ANALYZED
A'P NORSAR LCNG-PERIOD ARRAY APRIL
1971 - AUGUST 1973 I1-2
1I1-1 HISTOGRAM OF SITE AVAILABILITY 111-3
111-2 THE FREQUENCY OF LOWER MICRO-
SEISMIC PEAK OF NOISE SAMPLES 111-4
d I11-3 AVERAGE SITE RMS LEVEL OF NOISE
(20-40 SECONDS) 111-5
) 111-4 NOiISE SOURCE AZIMUTHS I11-7
III-5 MULTICHANNEL COHERENCE OF THE
7 AUGUST 1972 NOISE SAMPLE 111-9
{ 111-6 MULTICHANNE L COHERENCE OF THE
| 4 NOVEMBER 1972 NOISE SAMPLE II1-10
1I1-7 MULTICHANNE L COHERENCE OF THE
8 JANUARY 1973 NOISE SAMPLE 1I1-12
Iv-1 FULL ARRAY MCF IMPROVEMENT IN

NOISE REJECTION AND BEAMSTEER OUT-
PUT LEVEL VERSUS NOISE SAMPLE (OFF-
DESIGN NOISE 0. 025 - 0.059 Hz or 17-40 sec) IV-6

Iv-2 REDUCED ARRAY MCF IMPROVEMENT IN
NOISE REJECTION AND BEAMSTEER OUTPUT
LEVEL VERSUS NOISE SAMPIJ.E (OFF-DESIGN

NOISE 0. 025 - 0,059 Hz or 17-40 sec) V-7
V-3 #AT10 OF BEAMSTEER TO MCF NOISE OUT-
P (T (0.025 - 0. 059 Hz) IV-13
IV -4 THE,RELATIVE MCF/BS SIGNAL-TO-
NOISay RATIOS (0. 025 - 0.059 Hz) IV-15
l V-1 OPTIM (M CHIRP FILTER LENGTHS (IN

SECONDy) FOR LOVE WAVES AT NORSAR
FOR THE PASSBAND 0. 025 - 0.059 Hz V-3

o Lo et a0 i —a B b b




FIGURE

V-2

VI-1

VI-2

VI-3

Vi-4

VI-5

VI-6

VII-1

VII-2

VII-3

VII-4

]

LIST OF FIGURES
(continued)

TITLE .
OPTIMUM CHIRP FILTER LENGTHS (IN
SECONDS) FOR RAYLEIGH‘WAVES AT
NORSAR FOR THE PPASSBAND 0, 025 -
0. 059 Hz

SEISMIC REGIONS DERIVED FROM CHIRP
FILTER ANALYSIS

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR ALL EARTHQUAKES
1971 - 1972

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR THE KURILE-KAMCHATKA
AREA

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR THE CENTRAL ASIA AREA

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR THE PRESUMED EXPLO-
SIONS

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR THE SUMMER EARTH-
QU AKES

NORSAR LP SURFACE WAVE DETECTION
STATISTICS FOR WINTER EARTHQUAKES

RAYLEIGH M_- m_ PLOT FOR EVENTS
APRIL 1971 -NOVEMBER 1972

LOVE M_- m_PLOT FOR EVENTS
APRIL 1971 ->NOVEMBER 1972

AR - m,  DISCRIMINANT COMBINED 1971
AND 1992 EVENTS

AL - m,_ DISCRIMINANT COMBINED 1971
AND 1992 EVENTS

LOCATION OF ITA EVENTS FROM PDE
INFORMATION

PAGE

VI-3

VIi-4

VI-5

VI-7

VIi-8

VI-9

VII-2

VII-3

VII-6

VII-7

aanae ]

R o S R L L e o e

v el S, el bl e S e b

e -




FIGURE

D-2

D-3

LIST OF FIGURES
(continued)

TITLE
RAYLEIGH WAVE GROUP VELOCITIES
FROM ITALY MEASURED AT NORSAR

LOVE WAVE GROUP VELOCITIES
FROM ITALY MEASURED AT NORSAR

SPECTRAL RATIOS NORMALIZED TO
25 SECONDS

GROUP VELOCITY CURVES FOR ITALIAN
EVENTS AT NORSAR

GROUP VELOCITY CURVES FOR ITALIAN
EVENTS AT NORSAR




TABLE

v-1

Iv-2

1v-3

1v-4
V-1

A-1
C-1
Cc-2
C-3
D-1

LIST OF TABLES
TITLE PAGE

IMPROVEMENT IN NOISE REJECTION BY
MCF PROCESSOR FOR THE FULL AND
RI JUCED NORSAR ARRAY IV-3

SIGNAL AMPLITUDE DEGRADATION OF
BEAMSTEER PROCESSOR FOR NORSAR
FULL ARRAY AND ITS REDUCED ARRAY Iv-9

SIGNAL AMPLITUDE DEGRADATION OF
RAYLEIGH WAVE FROM MCF AND BEAM-
STEER PROCESSOR FOR NORSAR FULL

ARRAY AND ITS REDUCED ARRAY Iv-11
MCF PROCESSED EVENT LIST Iv-12
CHIRP MATCHED FILTER IMPROVEMENT

IN SIGNAL+NOISE/NOISE RATIO V-7
LIST OF EVENTS USED FOR EVALUATION A-3
1971 NORSAR NOISE SAMPLES c-2
1972 NORSAR NOISE SAMPLES C-3
1973 NORSAR NOISE SAMPLES C-5

EVENT PARAMETERS AND OPTIMUM
CHIRP LENGTHS




0

[

I
i
I
I
1
1
I

-

=

SECTION I

INTRODUCTION

This report presents the cumulative and final results of a study
of the Long Period Norwegiarn Seismic Array (NORSAR). The study began on

April 1971 for the purpose of evaluating:

° The array detection capability for Eurasian events

° The performance of various discriminants at NORSAR for

Eurasian ~2vents

° Methods ¢f sustaining or enhancing these capabilities.

These three objectives were achieved by the following studies:

° Noise analysis

° Signal analysis

° Arrayprocessing effectiveness

° Matched filtering performance

° Detection threshold estimation

° Behavior of standard discriminants,

The study consists of three reports: Texas /nstruments Special
Report No. 5, 1972; Texas Instruments Special Report No. 7, 1973; and this re-

port which is the third and final report.

The noise analysis is covered in some detail in both Special

Report No. 5 and No. 7,however, some additional data are presented here.

The signal analysis for the full array was completed in Special

Report No. 5 and results for the partial array are presented here.

I-1
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The array processing performance study is continued through-
out the three reports. The first report was concerned with the feasibility of
routine MCF processing, noise stationarity, and signal degradation by the
beamsteer processor. The second report, with additional data, continued
the comparison of MCF and beamsteer performance for both the full array and

for various subarrays, investigated the azimuthal dependence of array gains, and

compared signal-to-noise ratio (SNR) improvements of the MCF and beamsteer

processors for several seismic events. This report contains additional partial

array MCF and beamsteer processing and a further investigation of the ef-
fectiveness of MCF': designed from noise which occurs many days before or

after the time of application.

The matched filtering periormance, detection threshold es-
timation, and the behavior of standard discriminants studies, which depend
upon a large ensemble of events for reliable estimates have been reported in

preliminary fashion in the first two reports. In this report, these carlier data

have been combined with ' 33 additional events from August and November 1972

and the final results are presented.

The data used in this report are discussed in Section II.

Sections III through VII contain the various studies listed above. Section VIII
summarizes the results, presents conclusions and lists areas for further study.
Appendix A contains the list of all events used in the evaluation, Appendix B

discusses the events which have been dropped from the data base, Appendix C

contains a list of the noise samples used, and Appendix D contains some obser-

vations on linear group velocity chirp filter design.

The long period NORSAR is an array of 22 seismometer sites

spread over a circular area approximately 100'km in diameter, and is located

north of Oslo, Norway. Each site consists of three orthogonal seismometers




(vertical, north-south, east-west) with a response centered at 25 seconds. A

diagram of the array is shown in Figure I-1.

Long-period NORSAR data is received at the Seismic Data
Analysis Center (SDAC) from Norway by a communication system called the
Trans-Atlantic Link (TAL). These data are recorded on magnetic tape, along
with ALPA and LASA long-period data, and saved for future analysis. The
analysis was performed at the SDAC using an off-line array evaluation software

package developed by Texas Instruments under Contract No. F33657-69-C-1063.

-\.
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SECTION 11
DATA BASE

The daia used in this report consist of the signals and the
noise samples analyzed in the two previous reports, Special Reports No. 5
and No. 7, plus an additional 36 noise samples from about two to seven hours
long recorded from August 1972 to March 1973, 133 events from August and
November 1972, and all 1973 presumed explosions through August 1973,

Appendix A contains the total list of events processed, and
Appendix C contains the list of noise samples edited along with the various
paramete s associated with them. A histogram of the bodywave magnitude

(mb) distribution of the events processed is given in Figure II-1.

With a few exceptions, only those events originating in Europe
and Asia were selected. Since one of the primary objectives of the analysis
was to obtain good estimates of detection threshold, many events were needed
at the lower magnitudes with mbS 4.5, These events were obtained mostly
from the LASA and NORSAR bulletins with the remainder obtained from the
PDE bulletin, The various event information sources are detailed in Appendix

A,

The events in Appendix A are 515 events successfully processed
from a list of 839 events considered. The events not processed were rejected

for the following reasons:

Lack of data or gaps on tape 175
Parity errors, spikes, other tape problems 17
Mislo-ated events 4
Interfering events 103
Events later shown to be deep (>>50 km) __2_5_
324

11-1
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Thus, aside from the technical difficulties of recording which
account for 21% of the total events, one can expect a certain loss of signals

due to interfering events (17% in this case).

The basic signal processing consisted of editing the event
including at least 1200 seconds of noise preceding the P-wave arrival,
rotating the components to vertical, transverse and radial, and beam-
steering in the source direction using 3.5 km/sec for the vertical and
radial and 4.0 km/sec for the transverse. Processing of the 1971 events
was done using three different passbands to determine which was the most
suitable. On the basis of this study, a 17 - 40 second band (0.025-0.059 Hz)
was decided upon and used for the 1972 and 1973 data. This particular
band was not used for the 1971 events, so 1971 results from the 17 - 50
second (0.020-9.059 Hz) band were used.

II-3




SECTION II1
NOISE ANALYSIS

INTRODUCTION

The noise znalysis presented in this section is an extension of
the noise field study performed in the preceding years (Special Report No. 5,
1972; Special Report No. 7, 1973). The objective of this analysis is to char-
acterize the noise field at NORSAR to improve signal enhancement and detec-

tion performance.
The long-period noise investigation includes:

Time variability
Noise directionality

Spatial coherence,.

B. DATA BASE

ln addition to the noise samples of Special Report No. 5 and
No. 7, a total of 36 new noise samples were edited for this report ccvering
the period from August 1972 to March 1973. The duration of these samples
ranged from about two to seven hours with an average length of about four
hours. A list of the complete noise ensemble used ‘n this study is in Ap-

pendix C.

The data were sampled at two-second intervals and were re-

corded in 256-second segments. After quality checking the data, cross-power

matrices were then computed at 64 frequencies from 0.0 to 0.25 Hz for each

noise sample. Quality checks included plots of the vertical components of
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three or four sites to check for unreported curfuce waves, and inspection

of the individual segment powers and the site auto-power spectra for unusual .
5
values. - |
The average number of sites available was nineteen, an increase 'g

| of four from last year. Figure III-1 shows a histogram of the number of

times a site was deleted versus the site number, -

T L L TP rreres

C. TIME VARIABILITY OF THE AMBIENT NOISE LEVELS L

The comparison of earlier noise spectra with the spectra of the
latest data showed that the vertical and horizontal components of the noise
field have continued to show the same spectral behavior. In addition the
horizontils contained both Love and Rayleigh wave energy and were slightly o

less coherent than the verticals (Special Report No. 5), so for these reasons,

the study was done only of the vertical component.

In general, the noise spectra showed two miuroseismic peaks:

a lower one at about 0,06 Hz (15 second period) and an upper one at about

0.12 Hz (6 - 8 second period). The former occurs near or within the signal ‘
processing band (0.025 to 0.059 Hz or 17 to 40 seconds) while the latter )
is far beyond it. For the purpose of signal processing and detection, the i

noise in the signal band is our primary concern. Figure III-2 shows the

-y
frequency of the lower micros:ismic peak for each sample. The peak fre- ot
quency ranged from 0,051 to 0,083 Hz (about 12 - 20 seconds) with per- -
haps a slight tendency to be nearer the lower frequency range in the winter ol

than in the summer. This lowe1iing of the peak frequency to the edge of
the signal processing band during winter, coupled with an increase in noise !

level and coherence (discussed below) suggests that the use of MCF processing

may be advantageous during the winter months. This is discussed further in

Section IV,

Monitoring the seasonal changes in noise levels was continued

from Special Report No. 7. Figure III-3 shows the average single site RMS level

II1-2
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(20 - 40 second period band) of each noise sample versus time. This figure in-

cludes the entire noise ensemble from May 1971 to March 1973. These data

confirm the seasonal ncise trends of the 20 to 40 second period band at NORSAR

as discussed in Special Report No. 7. From early spring, about February or
March, NORSAR has low (7my RMS),mildly fluctuating noise levels until late

fall. Beginning in October, the noise starts to rise rapidly and erratically to
the mid-winter months of December to February, during which the noise level
is highly variable and probably dependent on the severity of the North Atlantic

weather. In February or March the noise level rapidly assumes its summer

level when the severe winter storms apparently abate.
In summary, the conclusions of this study are:

° The frequency of the lower microseismic peak lies in the
range of 0.05-0,08 Hz (20 - 12 seconds) with a strong ten-
dency of dropping to 0.06 Hz (17 seconds) in winter.

° The 20 to 40 second RMS noise level was about 6 to 7 mu in
the summer, about 14 mu in late autumn and early winter, with
erratic fluctuations in the late winter up to a maximum. The
maximum observed level of 79 mu would increase the detection

threshold from summer to winter about 1.2 Ms units.

D. NOISE DIRECTIONALITY
The directionality of the noise was investigated by means of high
resolution f-k spectra computed for the vertical component of each noise

sample at the frequency of the lower microseismic peak.

Figure III-4 chows primary noisc directions of each sample.

The solid dots indicate the azimuths of maximum power density at a velocity of

3.5 km/sec for the corresponding frequencies shown in Figure III-2. The range
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of azimuths where the power was within 6 dB of the peak power is shown by
vertical straight lines for each noise sample. Figure I1I-4 shows that the

noise power was generally isotropic in the summer, but was primarily from

- . : : o o) 0

the north to northvest in the winter with azimuths near 0, 250, and 280
occurring most often. The noise directions of the last four noise samples (in
March 1973) were typical of winter noise even though the noise levels had drop-

ped back to summer values. This shows more evidence of the low correlation

between noise level and direction observed previously.

SPATIAL COHERENCE

Multichannel coherences were computed for the 7 August, 4
November, 1972 and 8 January 1973 noire samples (Figures III-5, 11I-6 and
III-7). Because ol *~~ interest in small array ( £ 8 sites) performance, two
cases of multichannel coherence were computed: first, site 1 was predicted
from all the other sites in the array, and second, site 1 was predicted from

only the inner-ring sites.

For all three samples, the coherences of both the inner ring
and the full array are nearly the same although the inner ring coherence is
slightly less due to the fewer number of sites used. These figures also illus-
trate some of the problems involved in MCF design. Coherence plots in Special
Report No. 5 of summer and winter data indicated that the highest coherences
were at the lower microseismic peak, however, Figure II1-5 shows that the noise
from 7 August 1972 has its highest coherence at 0.08 Hz when the microseismic
peak from Figure III-2 is at 0.055 Hz. At this lattar frequency, the coherence
is very low so that MCF processing would not be worthwhile, Figure I11-6, for
4 November 1972, shows high coherences within the signal band but that the peak

power is at 0.066 Hz, outside the signal band. These are indications of potentially




FIGURE III-5
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high MCF effectiveness. The 8 January 1973 sample, Figure III-7, has both
microseismic peak power and high coherencies outside the signal band. Even
though this noise sample is typical winter noise, the low signal band coherence
indigates that an MCF would probably be ineffective. As will be shown in Section

1V, the predictions of MCF effectiveness for these noise samples are horne out.

F, CONCLUDING REMARK

The thirty-six long duration noise samples, covering the periods

from summer 1972 through early spring 1973, have been found to have time va-

el = e e OGN OE U8

riability, and directionality consistent with previous results, therefore, their

major characteristics can be considered well -defined. The coherences of the

)
[ =2 [ o ]

noise is not ag well defin;d , but the coincidences of the microseismic peak
power and maximum coherence in the winter gives strong evidence of discrete
noise generating sources. MCF effectiveness beconies a function of the position
of the microseismic peak in relation to the signal processing band, In the summer {
the psak power often occurs in the signal band but the noise is largely incoherent

and isotropic so that MCF processing may not be justified. l
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SECTION IV

ARRAY PROCESSING PERFORMANCE

INTRODUCTION

The principal objectives in this extension of the NORSAR array

processing performance evaluation were:

Coniinued exploration of the feasibility of routinely design-

ing and applying multichannel filters (MCF's).

Comparison of the effective noise rejection and signal de-
gradation of the full NORSAR array and a reduced array con-

sisting of only the inner ring sites.
These objectives were accomplishea by:

Estimating the noise rejection achieved by the MCF and beam-

steer (BS) processors for the full array and the reduced array.

Measuring the signal degradation caused by the MCF and BS

processors for both arrays.
MCF processing of signals using only one noise sample for
MCF design.

DATA BASE

Twenty- three samples of noise data for the period from 7 August

1972 to 20 February 1973 were used for MCF design. Both the MCF and beam-

steer processor were then applied to two portions of a noise sample called on-
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design noise and off-design noise. The former was in the MCF design gate

and the latter outside of the design gate. Each portion was 4096 seconds long.

Twelve events from the 1972 summer event ensemble were used
for signal beamforming loss and noise reduction meczsurements for the full
NORSAR array and the reduced array. Similar measurements were made

on seven August 1972 events processed by an MCF beamforiner.

Using the 19,?200-second data from the 7 August 1972 noise
sample, MCF's were designed and applied to the noise preceding 31 events
occurring between 3 August and 18 August 1972. The purpose was to compare
the noise reduction achieved by MCF and BS processors on data increasingly
displaced in time from the MCF design interval. Relative signal-to-noise

ratios were computed on the 19 events having moderate signal-to-noise ratios

on the single site,
C. MCF AND BEAMSTEER NOISE REJECTION,

The MCF's were computed for only the vertical component of

the data, using the design parameters of Special Report No. 7:

. Dispersive signal model oriented to a beam direction of 90°
° Signal-to-noise ratio equal to fcur at all frequencies

° Two percent white noise added to the data

[ ] Frequency domain design by transforming, cross-multiplying

and stacking 256-second segments at all frequencies 0. 00 -

0.246 Hz. The data were not hanned

On the average, 20 sites were available for the full array and

seven sites for the reduced array.
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Table IV-1 presents the relative MCF/BS noise rejection for

the full and reduced arrays. Among the three passbands computed, the bcst
improvement in noise rejection by the MCF generally was obtained in the wider
band of 0.02-0.10 Hz. For the reduced array, the MCF was 4 dB more effective
than the beamsteer processor in the signal processing band, however, this ad-
vantage dropped to less than 2 dB with the full array. Although the array gain

of the full array is 4.5 dB (10 log (number of sites) ) greater than the small array,

the use of an MCF with the smaller array could reduce this site difference to

less than 1 dB.

Previous analysis of only winter noise using the full array did
not show much correlation between beam or single site noise level and improve -
ment in array gain. With additional data covering the transition from summer
to winter noise conditions. the winter rise in noise level is accompanied by a
rise in MCF improvement although sample to sample correlation of level and im-
provement is still poor (Figure IV-1). However, for the reduced array, there is
a strong correlation between the BS level and the relative MCF/BS noise rejection

from sample to sample (Figure IV-2), particularly in the signal processing band.

Multichannel filter array gain improvement showed distinct changes

related to the seasonal noise changes. For the full array, MCF-over-BS gains

in the signal band fluctuated around the zero dB level before the 12 November
noise sample, but showed significant improvements ra’ ging from 0 to 7 dB with
an average of about 4 dB in the winter. This implies that a decrease of 0.2 Ms
units in the detection threshold could be achieved at NORSAR using an MCF pro-
cessor in the winter. Even better gains were obtained for the reduced array;
these ranged from 0 to 9 dB for both summer and winter at NORSAR with slightly

less seasonal change being observed.
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D. SIGNAL DEGRADATION OF MCF AND BEAMSTEER PROCESSORS

The signal amplitude degradation of the beamsteer processoys
was measured using twelve 1972 winter ensemble events and sixteen 1972
summer ensemble events. Seven of the summer events were also MCF pro-

cessed for comparison. Both the full array and the reduced array were used

for these measurements.

Events were selected io have at least a moderate signal-to-noise
ratio on both the reference site (usually site 1) and the output beam traces. Am-
plitude degradation of the unfiltered signal was measured by taking the ratio of
the amplitude of a particular wave cycle from the reference site to the amplitude
of the same cycle of the output beam. Three such ratios were averaged for each

trace and the average ratio was then expressed in decibels.

Table IV-2 shows the signal loss of the beamsteer processor for

|

the full and reduced arrays. Negative values indicate that the output beam am-
plitudes exceeded the reference site amplitude. Rayleigh wave signal loss ranged
from -0.8 to 6.2 dB for the full array and -0.6 to 3.1 dB for reduced array with
averages of 2.0 dB and 1.4 dB respectively. The beamforming loss of the Rayleigh
and Love waves are not significantly different. The smaller loss of the reduced
array is significant, however, and reflects the high signal similarity among the
inner ring sites. Loss contributed by errors in the estimated phase velocity used

for beamforming is also less for the reduced array.

The average signal degradation obtained for these events are

approximately 1.0 to 1.4 dB larger than those obtained from the 1971 events.

The reasons for this are not clear. The measurement technique of the earlier re-
sults was slightly different, using only one wave cycle instead of three. This has

contributed a part of the difference. A second possibility is that one of the channels

had inverted polarity causing partial cancellation of the signal for a few of the events.

However, periodic checks of the data were made to check for that condition.

IV-8




" ' TABLE IV-2
SIGNAL AMPLITUDE DEGRADATION OF BEAMSTEER PROCESSOR
' l FOR NORSAR FULL ARRAY AND ITS REDUCED ARRAY
' Signal Degradation (dB)
2 Full Array Reduced Array
' N:i:: No. of | Rayleigh Love No. of | Rayieigh Love
: Sites Wave Wave Sites Wave Wave
' SIN%002*10 19 0.3 0.5 7 1.8 1.0
i ' T AI*004%12 17 0.3 0.7 6 0.3 0.4
: T AI*006*06 16 2.5 1. 4 7 1.6 0.4
1 'R A%006%09 16 2.5 1.6 7 1.8 1.4
1 ' SIB*013%17 19 1.2 2.9 6 0.8 2.0
SIN*042 %05 18 (-0. 8) 1.9 8 (-0. 6) 1.9
| ' SIN*047%23 16 0.7 I 7 0.6 :
KUR*057%02 18 2.0 1.3 8 1.2 0.6
‘ YUN*057%18 17 1.9 1.4 6 2.1 28]
' ' TIB*075%06 20 2.7 4.2 8 2.0 4.9
' KUR*077%07 19 3,2 3.5 8 0.8 1.4
: T AD*077%09 19 1.6 3,9 8 0.2 3,8
. WRS*2 04%05 18 2.1 al,'T 7 2.1 -0.9
TIB*204%16 17 0.7 2.1 7 0.7 0.3
' KUR*209%00 16 3.9 1.2 7 1.9 0.9
KUR%*211%21 19 3,9 0.8 6 18 0.6
‘ KAM#*216%12 18 1.7 3,2 8 1.1 1.8
l IRA%*216%22 18 1.7 s 7 1.0 :
_ TUR*216%21 19 0.9 1.5 8 0.9 L5
: TUR%217%05 19 2.0 1.6 8 2.0 1.4
l IRA*221%19 14 4,0 5.6 6 3,0 4.2
BAI*222%19 12 0.3 1.0 7 0.7 002
l ERS#*222%20 17 6.2 3,2 6 2.4 "
MON#*231%12 13 2.1 2.0 7 0.5 -
KUR%*231%21 14 3.2 . 7 3.1 2
l CHUI*243%15 18 0.5 1.3 7 0.8 0.5
SIN%243%17 18 2.4 6.4 7 2.4 5,3
CHI*243%18 18 0.6 2.1 7 1.0 0.6
' Average 2,0 2,2 1.4 1.6
A
IV-9
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Table 1V-3 gives the vertical Rayleigh wave signal loss from
the MCF processor. The beamsteer losses are included from Table IV-2 for
comparison. Average MCF signal losses for the full and partial arrays were

3.2 dB and 2.3 dB respectively, This is close to the average beamsteer loss for

these events of 2,9 dB and 1.8 dB respectively.

The event ERS%*222%20 had a very high Rayleigh wave loss of 6, 2
dB for the full array but a near-average loss of 2.4 dB for the partial array.
This event was found to have significant off-azimuth (probably multipath) energy.

The Love waves from this event showed no unusual behavior.

E. MCF PROCESSING OF SIGNALS USING ONE NOISE SAMPLE FOR MCF
DESIGN

Earlier results (Texas Instruments, Special Report No. 7, 1973)
have shown that a single noise sample might be useful for design of multichannel
filters to be applied to events,days or weeks before or after the noise sample it-
self. This implies that either the noise field is generally stationary or that it
changes slowly, perhaps gradually reducing the effectiveness of the MCF. This
possibility would permit routine MCF processing of the data without the consi-
derable expense in computer time needed to estimate cross-power spectral ma-
trices. To further investigate the possibilities of this idea, 31 eveuts occuring
between the third and the eighteenth of August 1972 were processed using MCF's de-
signed from the 7 August 1972 noise sample. These events are listed in Table

IV-4. The MCF design noise sample had typical summertime characteristics of

low level and isotropy.

Figure IV-3 shows the MCF/BS relative noise reduction in the
0.025-0.059Hz signal band computed in a 1500-second gate prior to the P-wave

arrival of each event. Among the thirty-one events, sixteen favored the MCF

Iv-10
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TABLE IV-3

SIGNAL AMPLITUDE DEGRADA TION OF RAYLEIGH WAVE
FROM MCF AND BEAMSTEER PROCESSOR FOR NORSAR
FULL ARRAY AND ITS REDUCED ARRAY

Signal Degradation (dB)

Event Full Array Reduced Array

Name No. of
MCF Sites

.

TUR#*21621 0.8
IRA#*216%22 2.4
TUR#*21705
JRA#221%*19

ERS#*22.2%20

MON=*#231%12
KUR#*231%*21

Average
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and fifteen the beamsteer. Although not shown, other passbands also were com-
puted. In general, the results are in agreement with those shown in Table IV-1,
That is, the MCF was superior in wider bands with higher frequencies, but not
in narrow, lower frequency bands. Figure IV-3 shows that the MCF/ BS re-

lative gains are rather randomly distributed positively and negatively and that

R G g m——— T RN W mm——

they do not seem to be a function of the event-noise sample time separation in-

dicating that the supposed necessity of using a noise sample close to the signal

may not always be valid.

PR, wepee

Nineteen of these events had good signal-to-noise ratio (SNR)
and were suitable for comparison of MCF/BS SNR enhancement. Figure IV-4
shows the relative MCF/BS SNR's for the 0.025-0.059 Hz band. Eecause signal

E loss for the MCF and BS are about the same, the SNR's were mostly affected by

noise reduction and consequently, the results were close to that of the noise

! analyeis shown in Figure IV-3, l

The results of this investigation show that although the summer
noise is well-behaved, .its almost isotropic character allows an MCF little ad- Ll
vantage over a conventional beamsteer processor. On the other hand, the directional
nature of winter noise which offers definite MCF improvements, is complicated o

by severe level changes and other transient phenomena which would effectively

limit the use of fixed MCF's. Time-adaptive multichannel filters would seem o

to offer strong potential for eliminating the directional noise while coping with |

the transient level changes and should be investigated in any future analysis.

Iv-14




(zZH 650°0 - €20 °0)
SOILVY ASION-OL-TVNDIS S4/dDW JFAILVIZY AHL

-Al 3401014

2L61 “Isndny
61 81 L1 91 . 01 6 8 4 9 S 14 €
1 T 1 LI 1 ¥ i ] ] 1 1 L
v
17
—~S¢- =
B
v P
- z- M
v w
=t
v v 11" w n
v — —
v ] i
- ) :
~1 = v of &
v H ¢ ¥ %
=
v - ~ o
v % > e
astoN udisaQ S
= of
JOW jo st 42 5
a
o
—1¢
i 4

'Y



e

SECTION V
MATCHED FILTER PERFORMANCE .

A, INTRODUCTION E

The goals of the matched filter performance study were to de-
termine the available signal-plus-noise-to-noise ratio (SNNR) improvements
of the matched filters as compared to a bandpass filter and to regionalize the

events by matched filter parameters.

The matched filters used in previous studies have been linear
group velocity chirp filters (linear with frequency) and reference waveform
filters (RWF). Because RWF's did not show a clear-cut superiority over
chirp filters in SNNR gain (Special Report No. 5, 1972) and there was no a i
priori means of selecting ''good" reference waveforms as filters (Special
Report No. 5, 1973) this report is solely concerned with linear group velocity
chirps. Appendix D contains a study of the limitations and errors involved

using this linear frequency design.

B. PROCESSING

A suite of five chirp filters and one bandpass filter (0. 020-0. 059
Hz or 17-50 seconds in 1971; 0.025-0. 059 Hz or 17-40 seconds in 1972 and 1973)
were routinely applied to the three component beamsteered traces of each event.
The lengths of the five chirps were determined, at first empirically and later

from the maps of optimum chirp lengths described in Special Report No. 7.

The SNNR of a signal was measured as the ratio of zero-to-

peak signal amplitude to the RMS noise amplitude. The signal was picked as the
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maximum amplitude within a signal gate determined by a velocity range of 4.0
km/sec to 2.5 km/sec and the noise was measured over a 1209 second gate
usually immediately preceding the P-wave arrival. The optimum chirp length

was the length which produced the highest zero-to-peak amplitude.

e

C. REGIONALIZATION BY CHIRP FILTER LENGTH _;
An additional 96 LR vertical and 93 LLQ transverse optimum chirp 3

filter lengths were added to the data of Special Report No. 7 and were used to "

:

update the maps of optimum LR vertical and L.Q transverse chirp lengths., Se-

WS

veral events which were listed in Special Report No. 7 as having non-optimum

chirp lengths were re-analyzed, Most of these events were from Taiwan, with

the rest from central Asia and the Mediterranean area.

Figures V-1 and V-2 show the results of the entire ensemble -l
contoured on the Eurasian Continent. During contouring it was assumed that 1
the chirp length would increase monotonically with distance from NORSAR, The -

data also were smoothed to show regional variations rather than point to point l

variations. The contoars have changed little from Special Report No. 7. The
region of the Caspian Sea still shows the extraordinarily long chirp lengths which i

cannot be reconciled with the monotonicity rule.

The regionalization is suggested by changes in the direction i

and gradient of the contours. Figure V-3 shows the seismic regions derived

from the chirp length maps. These regions are essentially unchanged from =
Special Report No. 7. As Appendix D shows, the optimum chirp length is not

only a function of dispersion but also of the signal spectrum received at the array.

The signal spectrum usually has been modified by the effects of radiation pattern,
multipath interference, and attenuation. While these effects are important con-
siderations in any regionalization scheme, they have been neglected here. Signal
spectrum effects are most likely the cause of the unusual chirp behavior around

the Caspian Sea.
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D. CHIRP FILTER SNNR IMPROVEMENT

The average chirp filter SNNR improvement was computed
for the events in each of the seismic regions shown in Figare V-3, The indi-
vidual chirp gains for each event within each region are given in Table V-1,

Included in Table V-1 are the best chirp lengths, SNNR of the bandpassed beam,

the improvement of the chirp filter SNNR over the bandpassed beam SNNR, and

the averages of chirp filter improvements by region. Non-detection on a par-

& a

ticular component is indicated by a dash. Events with a SNNR less than 6.0 on

the bandpassed data were not used in the computation of the average improve-

1

menrt and are indicated by an asterisk., Chirp lengths which are not considered

to be optimum are also indicated by an asterisk and likewise are not included

-l

in the computations.

R T N T R R R R

.

The majority of regions have an average from 1 to 2 dB SNNR

improvement with matched filtering. The exceptions are the Eastern Kazakh

&

test area which have poor chirp filter improvements (less than 1 dB) and the
Western Pacific area from Taiwan to the Kuriles, which have improvements

above 3 dB. The results of these data differ little from Special Report No. 7

S

except in the Taiwan region where re-analysis of several previous events has

improved the average gain in that region,

boed

Omitting those events with a bandpassed SNNR of less than 6,

87 percent of the Love wave chirps have positive SNNR improvement and 45 per- it |
cent have 2 dB or greater improvement. For the Rayleigh wave 91 percent of
the chirps have positive SNNR improvement and 50 percent have improvements

greater than 2 dB. At ALPA, 60 percent of the Rayleigh wave chirp improve-

ments exceeded 2 dB., A 2 dB increase in SNNR is equivalent to about an in-

crease of 0, 1 m, units, For the 1972 winter events (Section V1), for example,

this increase in apparent magnitude would raise events at the 50 percent de-

tection level to the 62 percent level and events at the 90 percent detection level

to the 93 percent level,
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TARLE V-]

CHIRD MATCHED FILTED [MPRPAVEMENT [N STGNAL#NNISE/NNTSE RATIN
(PAGE 1 NF 14)

REGINN *TTA' - CENTRAL [TALY, ANHCTRTA, NORTHFRN YUGRNSLAVTA

FVENT FHIRP LFNGTH AANNPASSEN SNMR SNNR TMP
Lov LRV LRR LQT t RV taee LoV

AIS®RONE*04 £0 100 100 161 1.7 f,9
AUYS*169206 70 120 120 172.3 2N, 4 14,6
ITA®038%0? 6% As RS 224.,4  A2,T 53,1
ITA*N2AREQC i A& 65 131.7 31,4 24,5
TTASNIS*]7 7% €5 105 114,66 20,8 25,7

[TA%Q35*1Q 1A 65 () 28,7 R, 5 4 b*x
ITAXN6%05 65 Q5 a8 22.9 125 19.7
1TA%036%07 85 108 106 39,4 71,3 19,R
ITA*06*15 A s R& 99,7 26,9 4 o6
ITA%037%01 65 65 €5 AR, 0 ?27%.1 2641

1TA%N37#21 20 - - 12.7 - -
ITA%029%12 75 105 10 231.0 10,6 10.4
ITA¥166%]1A &6 180 180 R4T,T 4604 381,90
1TA*166%21 65 110 110 ag,1 29,7  14.0
YUGK1TT*04 ") 160 160 Fe3  15,°

YUG*1A0*01 80 175 150 4?2.7 C.F°
ITA*231%x16 200 e 271.0 -
TTA*336%]11] 200 = 10,7 -
YUG*226%27 220 220 24640 bh
YUG*242%00 100 1 RO 14,72 3, 2,1*

MEAN GNNP [MPRNVF MENT
STANNAPN NEVIATINN
NIMRER DF FVENTS




TARLF V-1

CHIRP MATCHED FILTER IMPRNVEMFNT IN SIGNAL#NOTSF/NOISE RATIN
(PAGF 2?2 OF 16)

PEGION *TUR' - GRFECE ¢ TURKFY,RIACK SFA,F FUROPF,F MFNITFRRANFAN

FVENT CHIRP LFNGTH RANNPASSEFN SNNP SNNR IMP (DR)
LQT LRV LRP LOT LRY LRR LOT (RV LRR
RLS/263/06 120 217 217 N. 0 0.0 0.0 1.3 2.8 3.3
RLS/2+3/10 3813 235 2135 0.0 0.0 0.0 3.2 3.0 1,0
CAt)/2R3/00° 87 87 87 0.0 0.0 0.0 1.0 0.9 0,2
TRS/251/22 108 217 217 0.0 N.0 0.0 2.6 246 ob
TUR/126/04 122 3414 34R 0.0 0.0 0.0 3.2 Fu2 4,2
TUR/143/01 108 30% 305 0.0 0.0 0.0 2.5 6.5 bHets
TUR/161/0° 139 283 2813 0.0 0.0 0.0 46,8 K6 4,9
RUL *06R%2?2 300 450k 450 12,8 37.1 14.0 Goh 2,6 7,9
CAYL0T9%03 100 = 100 16.6 = Se2% —-1.5 N 1.7
CAy*20A8*1A 60 160 200 21.1 26.1 13.2 Nt 1.R 2,0
CRF%017%05 100 400 400 6.l Sel%* 43k 1,3 2,7 2.9
CRF%026%1?2 £ 750 - = 2.3* = = =2.1 =
rfRF*161%07 10 250 250 179.0 161.4 10,7 D5 3.8 2.7
DNN%*020*0?2 100 200 300 26.R 64,0 6645 1.2 3,1 2,9
GRF%002*0Q 150 280 2Rr0 Lo T™ L, 1% 4,8k 2,0 2.6 0,5
GRF®0]12%]13 250 200 = 67.5 126.? = 2.7 4,1 =
GRE*X044L*17 150 240 240 43,19 15,4 11.3 1.6 =-.8 0,7
GRE*x047*00 1650 280 260 51.8 11.0 12.5 2.1 -.8 0.2
GRE*157*10 100 280 220 138,1 69,2 70.5 —e? 243 7.3
GRF%167+00 1R0 320 280 Ala.,l 562.9 403,.1 3.1 F.AR 5,3
GRF%]190*0S 75 240 240 11.7 12,18 Q.5 1.0 44?2 5,5
GRE*200*13 140 160 = 21.9 15.1 = 3.7 1.7
MED*191%]12 100 - = 14.1 = = 2.2 - =
MFED*]99%x03 220 280 280 26,4 14,8 1R, 4 1.1 3.4 1,2
MEN%*205%*18 160 2R0 2P0 9.1 15,2 Be7 1.7 3.1 12,8
SWR*2T7T7%0R 50 40 60 Q. ?5.6 13,2 D6 D3 0.6
TRS*160%12 100 280 220 13,2 e 9% Sel* Dot 2.1 1,6
TUR*N?22*17 12% 250 250 Gob¥ bob¥ G.0% 1,9 3,2 ?,R
THUR*]156*16 125 250 200 12.0 8.4 Tet 3.0 2.5 2,?
TUR%]170%2? 100 320 320 15.2 Be 7 9.7 2.8 2.9 -1.7
TUR*]173%05 75 100 100 19,4 65.6 3R, 5 0.2 -1 D0,®°
TIR*175*04 120 240 280 1.0 23.8 14,0 3.4 R,2 6.0
THR*1B6*06 100 240 - Re3 13.7 = 2.1 0.5 =
TUR*198%0? 120 320« 320% 575.4 335.1 270.0 2.3 2,7 3.6
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TARLF V-1

CHIRP MATCHEN FTILTFR IMPRNVEMENT TN SIGNAL#MDISF/NNISE RATIN
(PAGE 3 NF 16)

REGINN *TIHR - GRFFCE,TURKFYBLACK SEA,F FUPNPF,F MENITFRRANTAN

EVENT CHIRP LFENGTH RANNDASSED SNNR SNNP TMP (DR)

LOT Lav LRR LOT LRV Ler LOT LRV LFR

TUR®206%10 100 320 20 34,7 24,4 10,2 1.2 2,6 2,2

CRF%x235%02 250 200 200 7.2 R, 5 5¢9% N3 3,72 2.k

CRF%2472%22 260 230 220 11.4 12.4 Q,? 1.5 3.7 .7

3 CRE*310*19 7200 40C 400 34,2 53.6 20,0 1 ALK 6,2
! CRE%=211¢«00 150 250 = §olek 3.2% = -e@ Nehr =
CRE*321%03 - 150 - - SeA® . = 2.0 =

CRS%244%14 160 - - 342.8 - . 2.0 = =

CYP#2165%15 150 200 200 90.7 14.6 2460 1.9 «5 N,°

NON#219*10 180 230 - 18,5 27.3 - 2.R =45k -

& GRE*221%08 100 320 320 36,0 28,6k 20. A 1.4 4.0 5.0
GRF*?g?*Ub 140 ?90 200 BCR 12., 1’07‘ 'c? 5.0 ?oﬂ

GRE®*225%(? 260 200 200 24.0 1R.1N 2N.1 N0 4,1 4,3

GRF%329%(01 1R0 260 260 52.9 25,9 20,9 2.1 2,1 7,1

GRE#*329%013 180 260 260 145,7 294,33 144,0 Lo} 743 2,1

GRF*3I3N%1S 220 260 7230 4o B bol® SeR* N, 7T &4, 1,7

MEN*219%013 150 250 250 226 15,3 15.0 " =11 4,1 2,5

MEN®2642*21 200 MET) 280 31.7 17,8 25,1 1.0 2,8 4,9

MED®320%1? 150 350 10.1 Teb T3 Tebh 1,9 NA

MEN*333%13 150 : 400 10.6 2646 20,7 562 0,7 N,?

MEN®334%(01 = 200 - . A, 6% - = —e?? =

TUR*216*0? 100 200 200 192,13 6T.7 49,6 1.2 N7 1.9

TUR*216%21 130 200 200 309.1 151,33 1n2,2 1.5 1.0 =,

TUR*Z’.?‘OS 160 240 - 12646 43,1 - 1.1 1.9 =

TIIR*220%05 130 3?0 240 147 14,4 3.0 1.6 N4 3.1

TUR*236%21 120 240 280 10.8 o228 Se2* N8B 4,9 4,44

WRS*204%05 80 120 = 23,4 SR, 4 = 1.4 0.5 -

MFAN SNNR [MPRNAVF MENT
STANDARN NEVIATINN
NIIMRED N EVYFNTS

1.80 2,69 2,42
1,91 1,094
61 4Lh a7

[ ! |
.
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TARLF V=) _]

CHIRP MATCHEN FILTFR [MPROVEMENT TN SIGNAL#NNISF/NNTSE PATIN -
(PARE 4 NF 16)

‘l
RFGINN 1CASY — CASDTAN SFA, FASTFRNM CAUCASUS .
FVENT CHIRP { FNATH AANNDDASSEN SNNR SNNFE IMD (NR) "!
10T LRV | RR LoT (RY IR (AT {RY (RO
FAS/135/04  ?R7 60 €9 0.0 0.0 0.0 2.4 1.2 1.0 Jd
CAU/262/0A - 3Q? - - N, 0% - - 0.N -
CAU/2R8/17 305 452  4€2 0.0 0.0 0.0 2.5 2.3 2.4 -
WK7/356/06 261 174 174 n.0 0.0 0.0 1.0 1.6 1.2 4
CANX166%00N 280 200 ann 2246 T4, 4 44,0 V+? 1.3 1.0
12A%018#21 1720 600 600 43,1 16,7 13.2  =,2 2,0 1.5
MEAN SNNR TMDPRNYFWVENT = 1,87 2,03 1,67
STANNARN NEVIATION = 1,62 1,17 1.00
NIIMRER NF FVYFNYS = 5 5 R

e bl bl = e el

v
L

[ ]
sres

=i =i

—




l TRRLF V-]
CHIQP MATIHFIN FILTFR TMPRNVEMINT TN SIANALENNTCE/NDTSFE PATTN
(PAGF € ne 1)
l REGTNN *JRA* - SNIITHFEN I[RAN
EVENT CHIRD LFNGTH AANNPACGEN SNNP SNNP ITMP (NR)
I NT LRV Lee 107 {RY 1RP LAY ypy | RO
' IQA*OO(\*OQ ANN* 1‘20 - ‘07010 ’1.] = "?o6 O.D =
IRA®N14%?22 250% 560 560 02, A 22,4 19.8 =2,1 -8 2,1
1 IRA*041¥*NQ 200 440 Lan 21.R 7.7 heb -.P 17 2.4
IOA*Ol‘l*IA 650 ‘00" 1400 ]‘.R ?3.‘; ﬂ.ﬁ ﬂ.ﬂ non ‘on
TRA*DARRD LA - 4C0 10,4 = 22.° Ne? = Pe?
I TRA*]55%NA7 160 60 - 11.3 2,9% = 0.4 1.7 =
TRAX] 56%()2 - 540 c40) - 2,3 4T - e DGR
[RAX]ISTx]1 160* 300 260 45,4 A.R A =27 1.7 -1.1
I TPAXLADP*#10 160« 480 48N £3,6 20,7 15,8 =1 .,A 2,2 .
IRA%164%13 100 50 28N 267, N AR, 4 TR ? Neh 2.2 1,5
T [RA®] 65%N( 160 sS40 LRN 444,929 14R,0 12n,N —efh 2,4 7€
I lqh*16q*?3 ]60‘ 10" 10” ?,o, ,"ol‘ Q.Q -?oa no7 ‘o‘,
YQA*l'Iq*O“ ]60* 100 ’Oq 100.“ ?‘01 "..% "o“ 1.“ ".O
IRA*1RGL*)? 200 = - 1777,.? - = -1 .Ah - -
I TRA*IR4%14 GO0 180 200 2. 0% 2ol Deb® 1,7 2,2 0,2
IRA%] RS%()? - ann 200 - 17,5 21.5 - 2,2 3.4
I TRA®1RS*]? - 260 - - 7.7 - - 0.5 -
TRA%IRG%D] 100 150 300 242 oA 7. R 03,12 lp@® &2 20
'Q&*‘R7*‘() \00 ?5(” ?fq 1.‘:'." ?)oq ?].“ 1.q ?.L 1.’
l [RA®1RT%2 120 - - 2,7% = - 1.4 - -
IRA*1BR*NS - 261 380 - PR SeT* - 1.6 0,7
TRA%193%29 = 200 200 - K4,? €T.0N - 3,3 7,0
I [RA%1Q6*]2 100 400 - 21,2 7.3 - Ned 0.6 -
TRA®1QA*17 100 - - Ao - - 1.1 = -
IRO*QAKO*0P 28N 400%  40N% 11.7 3,5% hox 1,1 17 =2,.4
I IRA*D16%22 1an 200 - LoT* 11.5 - 2N =-,0 -
IRA%217+00 70 200 200 he® 1T 2 1Y a8 N6 N1 n,?
ITRAXD219%Q7 70 120 2P0 €hen 110,? 57,0 1.7 0,6 72,0
I 'DA‘??I*IQ 70 7“0 7"0 ]?lol‘ ,’qu ‘,’o“ ‘,o“ -o] "07
[RA®I29%NK 160 200 2Cn 12.9 12.4 Q,6 Al N4 N,
I [RA%3I21%10 100 2RO 440 14,4 7,1 a,7 2.8 1.5 2,0
IRA%225%()2 160 440 20n 10,4 Gob7 S.Re 2,7 3.1 Pie®
[RA*33N%2?2 13n 280 2RN 69, % 19,4 2484%N 3.1 74 |
I MEAN SHNNR TMPOAYFMENTY = 1,40 1,40 2 QO°
QTA'\'DAQU n:V'AY‘nN = !o-“ 101‘1 ‘ol“,
l NijMRFQ NE CYFENTS = 17 24 ~n

v-11
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TARLF V-1

FHIRP MATCHEN EILTER [MORNVEMENT TN SIGNAL#NOISE/NOTSE RATIA
(OARF 6 NF 16)

REGINN *PAK®Y - PAKISTAN, FASTERN TRAN

FVENT CHIRP LENGTH BANNPASSED SNNP SNNR IMP (NA)
LoT LRV | PR LQY LRV LRR tNT LRV LRR

1RA%(29%09 200 160 260 Go?% 6.1 7.9% -1.,0 =-1.2 0.9
[RA*193%15 220 = = 6g2% = > 2.9 = =
PAK*165T*11 240 160 320 2601 14.8 14.0 3.2 1.1 1.1
PAK*162%*11 = 100 780 = 4646 32.5 = 2.7 1.4
PAK®170*10 280 240 160 48,5 17%2.1 R3.5 0.7 2.1 1.7
PAK*]195%18 = 240 - e 6.5 = - =

?
PAK*#231%10 200 1 200 14,6 27.% 22.3 0.7 0O

MEAN SNNP TMPRAOVFMENT = 1,54 1.73 1.16
STANNARD NFVIATION = 1.45 1.51 0,588
NUMRFR OF EVENTS = 3 6 &

v-12
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CHIRP MATFHFN FILTFR IMPRAVFMFNT [N SIGNALNNTSE/NNISF RATIN

REGINN TTNY® - TANPHIK, KIRGIZ?, HINDU KUSH, N AFGANISTAN

FVFNT

KRG/301/7113
TNDZ2/7147/00
TN1/274/716
AFG*059%18
AFG*1R1%03

HNK*(053%08
HNK 1 77%07
KRG*006%0%
TAN*O0T77+09
TN?*005*1?

HNK*178%20
HNK%]179%15
AFG%215%12
AFG®226*09
AFG*229%10

AFG*3NR*23
AFG*320%*14
HNK*2213%(1
HNK*240%*16
TNZ7*311=*12

TARLF V-1

(PACF

CHIRP LENGTH

197

122
248
4R
250
100

?50
2180

80
4nn
450

110
210
160

190
210
160
110
100

LRV

182
397
479

400

250
100
3150
450

700
200
350
400

440
400
100
120

L RR

382
479
400
“00

250
130
3850
450

700
200

400

440
400
200
120

T NF 16)

RANNOASSEN SNNR

LoT LRV LRR
0.0 0.0 0.0
0.0 0.0 -
0.0 0.0 0.0
Y] - 13.5

64,1 55,6 50,7
7.8 4.5%  1,7#
48,7 - -
Gol® 0,7 K7
69.3 176,27 121.0
fe?  bub o6
- G 6™ SNk
= 107.7 T6e6?
2.8% 2,1 -
Sl * 9,7 )
4.]* - -
T6E.A 262,09 210.7
e 6 = -
16,6  4L,2%  2.1%
2.0 1,5%  2,0%
19.7  11.3  11.1

MEAN SNNR TMPROVFMENT =
STANNARD DFVIATINN =
NUMBFR CF FVFNTS =

V-13

SNMR TMP (NR)
LQT tev | PP
1.5 2.9 1.°
2.1 3.6 =
‘3.? 107 1oq
3.“ = h.,
OQR -‘on 0.0
2.1 0.3 2.0
e - -
=1.5 0.3 2,?
1.2 1.0 1.1
2.3 0.7 0,5
= 32 b
= 2.1 7.5
1.? ‘o“ =
0,6 2,1 2.7
2.6 - -
21,3 (5.2 5,2
-1.9 - -
007 -oq °o°
—-of lon 707
3.0 1.7 1.9
1.12 2.Y6 2,50
2.09 1,91 1,41




TARLF V-1

CHIRD MATCHEN FILTFR IMPRAVEMENT TN STANALENNTST/NNISE PATIN
(PAGE R NF 16)

RFAION *TTRY - Q SINKTANG,y TIRET, N QUPMA, HIMIAYAN MOUNTAINS

FVFENT FHIRD {FMNGTH AANMNDACSEN SNNP SNNP [MP (NnPR)
1QT Lev LR®? .07 LRV | PR LOT 1PV LRR

SIN/219/18 174 s 308 0.0 0.0 0.0 2,1 3.0 0.7
SIN/241/71 5 - 174 - - 0. 0% N = 0.7 =
TiR8/7123/00 194 NS aps 0.0 0.0 0.0 4.5 1,72 13,F
TIR/185/20 RltA 479 47¢ 0. n,o0 D0 3.7 1.0 1.6
TIR/7302/17 217 R7 R7 N 0 0.0 0.0 2.7 1,0 1,2
PIIR*]160*16 28Nn A00 700 19,7 7645 13.7 1,7 -1.4 —oh
CHI*184%16 250 a0 420 42,9 16,5 12,8 2.4 2R 3,1
INN&®184%20 250 A40 = 10.R T8 - 1.0 =,7 -
TIR*QT5406 N0 100 00 4N, 7 27,1 24,0 DT 240 D2,R
TIR*]1A0¥22 120 100 178 16.4 SeR* fe2% 1,2 1.0 2.3
TIR*170%04 249 260 260 %52 6,2 14.3 .2 3.2 1.1
T1A%]10&8%0K 200 = = he 7 & = 2.2 = =
' TIA*1QR%(? 280 - = 66,6 = = 1.4 = N
TIR*198%N2 200 = S 10.6 = = 2.0 = -
TIAX204%14 180 200 200 5416, 06,4 K11.R8 2.2 1.2 =1.0
TYR*?O#*?I 150 — = ?700 = = 107 - i
TIRk2(Q6%273 150 = & Re A = = 1.5 = =
TIar?NA*14 TE0* 200 200 20.° 2?07 16, =7 1272 0.8
TIR%ED4D4773 150 350 280 13,5 1n0.8 11.3 0.7 1,0 =-1,?
Q'K*?%lf"l" 400 40N 40n 1“.‘9 16,0 lQ.ﬁ no‘ -1.R -l
SIK®24%1R 400 200 = 44 0% by = -1 2.0 =
SIK*211¢1N 200 200 200 46,1\ N, A 294,64 N0 2.7 4,7

MFAN SNNP T MDDAYFMENT
STAMNARN NEYTATI NN
MUMRER NF FYEMNTS

2.19 1.5 1,24
1.R4
19 13 12

W
—
®
o
N
=a
®
~
o)
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TARLF V-1

FHIRP MATFHED FILTER [MORNVFMENT [N STGNALSNALSE/NRISE PATID
(PACE o NF 16)

} RFECINN *CHI' - CFNTRAL CHINA

FVENT CHIRP LENATH AANNDASSFN SKAR SMNR TMD (NR)
LY Lev I RR? LQT | RV {RRQ LtQY PV LRR

rHll"?QIOQ 15? 479 47¢ 0.0 0.0 Oon ,.1 /. 40 /‘.1
fH17229/717 15?2 19¢ ¢4 n,n 0.0 NeN Teh 1.0 1.6
£H1/25°/07 174 41 671 0. N* 0. 0% N0% 2.5 7.2 2.1
FHIXN34*NT 180 550 RN 37,7 12,2 Q.7 2.7 143 o1
FHI*1RO* 273 1”N - - 15.9 % = 1.5 - =
CHI*203%16 310 400 400 38,3 (9, £ ?Q,0 Sl 2 h b F
MOMN*1653%1 ] 200 = - 9,09 - = 1.7 = =
MONRD 44 %17 180 = - £ = = 2.5 = =
YHUNEOST*]1 nn 200 A00 45,7 17,2 ?7N43 NS = -1.6
CHI*226%0? 1€0 200 = 23,R 9,7 = 1.5 =.% =

CHI#242416 160 200 200 124.4 11442 128.3 4.1 0.6 0.0

MEAN SNNR TMPRNVYEMENT
STANNARN AFVYTIATINON
NUMREP NF EVFNTS

2,20 1,57 1,09
l.q? lOQ-' ‘)o%’.‘
10 7 ‘,

nonn




TARLE V-1

CHIRP MATCHEN FILTFR TMPROVEMENT TN SIGNALENNTSE/NCTISE RATIN
(9AGF Y0 NF 16)

REGION 'SIN® - SNUTHWESTFAN, WFSTFRN, NORTHWESTERN S INK T ANG

FVENY CHIRP LFNGTH RANNPASSED SNNR SNNR TMP (DR)
LOY LRV LRR LOTY LRV LRR LOT LRV LPR
SIN/166/22 87 174 174 0.0 0.0 0.0 1e6 162 0.0
S'N/lbb/?? o5 ?l7 ?]7 0.0 000 0.0 1.’0 -oh "o,
SIN/Z1T0/17 10R 217 217 0.0 N.0 0.0 0.7 1.2 1,.°
SiN/221/701 104 78 78 0.0 0.0 0.0 1.9 0.6 0,2
CRS/276/16 113 23a - 0.0 0.0 B 2.6 2.5 =
SIN/2T72/12 104 176 174 0.0 0.0 0.0 1.7 1.5 0.4
RAT*N58%22 1n0 300 100 7.7 12.7 Re& 1.2 2.7 2.5
FKT *0TR*07 - 50 50 = Lo 1™ 1,3* = 0.6 1.7
HRG*028%20 80 320% 320%* 9.7 4,5% A, 7% 0.R -1,8 ='.3
SIN%00?*10 RO 100 100 T0.4 AT 62,4 2.5 1.1 1.0
SIN%042%05 100% 100 100 $3.3 70.6 52.6 0,9 1.1 Ne.4
STN&®04T7%23 80 150 150 17.1 1.8 220 0.8 0,5 O0.R
SIN®]1R4*06 80 17% = 22,0 F, A% = 1.5 1.2 =
SIN®]1R7%Q] 60 175% 175« 256,N 78.7 53,0 1.1 1.5 7.2 {
SIN®187%04 140 175 175 R. 0 12.7 Rel 6,2 2,2 2.
SIN®192%*]09 160 1% 178 6,9 4566k ?6.4 1.2 16 M1 i
SIN#*200*03 100 - = Teh . - 0.7 - l
SIN®2365%16 60 75 15 126 11,1 5¢3% 044 1.7 2.4 :
SIN®243%17 120 7% 75 1,0% 2.6% 2.9% 2,0 1,2 1,1 .
SYN*'!OT"]? 60 75 ‘7‘ 3.8‘ 206* l’o‘* loq 0.1 -06 "i
STIN®2]6*]14 60 15 150 H,5% boh* V% =5 =2 2.7
SIN®*325%05 60 160 . 24,0 3,5% = 1.1 1.6 ';
MEAN SNNR TMPRNVEMENT 1.51 1,27 0,97

1.06 0.98 0.RO &
1R 14 17

STANDARD NFVIATINN
NIIMRER NF FVENTS

V-16
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TARLF V-1

CHIRP MATCHED FILTFR IMPRNVFMENT IN SIGNAL#NNISE/NOISE RATIN
(PARE 11 NF 16)

REGINN *FK7' — EASTERM KAZAKH TFST ARFA, CFMTRAL KAZAKH

EVENT CHIRP LFNGTH ' BANNPASSFD SNNR SNNR TMP (NR)
Qv LRV LRR LO7T LRV L RR LNT LRV LPR

FK7/145/04 - 113 - - n,o* = = 4.0 =
EX7/157/04 91 200 200 0.0 0.0 0.0 1.3 1.A 0,2
FX7/170/04 52 139 129 0.0 0.0 NeN 0.5 0.7 1.8
FX2/282/06 = 139 = - 0.0% = = 2.7 =
F.KI/?O‘.’06 29 1?2 127 0.0 0.0 0.0 0.0 0.9 -1.‘.\
EX?/323/06 52 69 69 0.0 0.0 0.0 1.6 0,5 1.1
EX7/364/0% 65 7 R? 0.0 0.0 N0 1.7 1.1 1.2
FKZ*070%04 50 100 100 10.0 9,9 6e.h 1e0 V& 1.7
EX7*0RR*N4 130 50 &0 ?.8% 4,0% J2% 4,2 0.1 D7
EK7 %#229%01 = 60 eo0 - he? Sel® = N.2 9,
1.8 1.6

FKZ*345%04 50 50 15 77,7 24,0 29,1 -2 0,9 1,
WK7#%233%0? 60 °0 15 11.2 2T.8 2245 0.1 0.9 .l
WRS*204*05 = - 120 - o 64,0 - = Y53
UIR*3I06%04 - 80 120 = Ge 7% Lol ® = N.2 0N,.9
KA7*181%00 s - 100 = = 4,7 - = Vet
£K7~-240-03 - 20 = = 13.6 = 7 1.1 =
EX7-047-05 40 40 - Be? G, A% = 1ol =ob =
EK7-204-01 N ’O = = 98,2 = - 1.7 -

MEAN SNNP TMPROVEMENT
STANDARPN NFVIATICN
NUMRFR NF EVENTS

Ne72 1.01 NL90
N.97
10 12 10

W wn
2
.
o
N ¢
>}
.
Uq
»

. FK7%*307*01 40 RO 100 21.9 27.8 20.5 =el
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TARLE V-1

CHIRP MATCHFN E11 TFR [MPRAVAMENT N SIANAL #NNTSF/NOTSE RATIN
(PAGE 1?2 NF 16)

RANNDPASSEN SNNR

RECINN YTATY - TATWAN,
FVFNT CHIRP L FNGTH

10y 1PV LPR (MARS
CHI*02R%04 230 700 7C0 11.72
RY|*156%07 300 s00 s00 108,?
QYU*107*02 240 520 £20 26,72
RYU*20Q%16 36C 640 A40 261.4
TAI#004*05 500* 1000 & S o N*
TAT*004*)? 280 600 600 97.9
TAI*0NA%06 200 AOQN 600 19,7
TAY%010%NSK 700 00 LIal) 50.6
TAT#*#]178%08 200 00 £00 16,7
TAT®*]1R2*1P 200 sne con 548,°
TAT*]1065%212 300 = - 20.)
TAI*]19R*12 200 400 400 30.0
RYY%231%1P 210 720 720 ?2,R
TAT#235#2]) 250 = - 73."
TAT%312¢«06 240 440 440 12 ,A
TAT%320%07 2720 260 260 24,7
TAT®226%02 220 440 1RO V1RO, 4
HON*INK*0A 340 7?60 26C 14,4

ME AN
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Leyv

7.5
101.7
48,0
106.°
A,2%

64,0
10,5
29,N
a4, R
152,.3

58 R
20,8

T6.1

35,8
€q,1
20.4

SNNP TMPROVEMENT
STANNARD NEVIATION
NUUMRER NE FVENTS

LPR

LN
66.5
14,1
6R 5

507
13,5
17.7
QL4
PN

o5
74,9
1.5

5740
14,1

k|

—

< RYUKYU ISLANDS, FAST CHINA SEA

SNNR MDD (DR) .‘
LOT eV LPRR
1.f 0.0 2,2 '!
1.7 b H,.0
1.1 3.0 2,4
2.9 3,0 1,3 i
,.n ‘.9 =1
4.5 1.5 2,0
1.‘ ncl —.O
0.2 4.9 7,7
2.2 L2 b o -~
6,7 0.8 2,4 1
A0 = -
2,6 3.8 4, %
2.1 le&6 1.1 al
?OQ - -
4,1 5.5 K,9 £
1,3 2.2 1.7 -
404 ﬂ.ﬁ qoh -
,.‘, ?.6 1.‘
L J
00 2,91 3,11
L2 1,07 ) R4 i
17 15 1% .

R i -

ol i o o L g e | e o didiine Tl N B DI I I




.’......-....-...-..-.--H---nHm—ﬂ;ﬂ-_‘-.;.;-“-_;.--....-..-Hi.-....

| TARLE V-1
CHIRP MATCHED Il TFR ‘MPPﬂV"MFNT TN STGNAL#NOT SF/NNTSF PAT TN
' (PAGE 12 NF 16)
REGINN 'KURY = KURILE ISLANNS FRAM JAPAN TO KAMCHATKA
I FVFNT FHIRP LFMGTH RAMNPACSEN SNNR SNNR [MD (NR)
LOT IRV LPR 1ov 1oV Lop  LNT 1RV t@e
i 1
i ' KUR/13§/21 R2R  B0O6  ACH 0.0 0.0 Y T
KUR/146/01  S66 767 TE? 0.0 0.0 0.0 8.7 ha A7
KUR/147/16 470 A28 R?R 0.0 0.0 NeD  he? 4.8 T,
‘ KUR/152/21 566 K97  KQ7 0.0 0.0 N.0 247 5.2 4,0
KHR/190716 928 1002 1002 0.0 0.0 0.0 A0 bl bok
KUR/191703 T4) 958 988 0.0 0.0 0.0 62 4o 7.2
KUR/191709 523 871 PT 0.0k D Nt 0.N% N5 0P NS
KIJR/213/0? 481 Aa3  pea 0.0 0.0 Nen 4.7 8.7 T.O
KAM*O’B*IR 9“0 = - 3.6* = - ‘oq = =
i KUR*NO1%16 700 s s 1,64 = = 12 -~ -
KUR&001 %18 - 700 - = 4.5 = - n. -
I KIJR®005%*02 700 ©n0 200 L.TR L TR .6k D6 ALl 6.2
£ KIJR*0NQ*] & - - Q00 = & 2,9« - - 2.
‘. KHR*022*0) - 700 1150 = A,6%  hoa% = 1.0 NLN
i KIIR*0?28%23  9AD = = 2,4% = - 4,2 - =
' KURXDGE*L6 R60 850 ARQ 2, 4% -1 2,0% N,8 S,n ..?
' KIJR*049%18 960 880 RSN L.2% 4.0k 2 A% AR =R 1.7
i KURKOS4%02  A20 1000 1000 26,8 246 23,2 2,0 0,7 1.7
KIR*056%27 740 1000 1000 55.0 10,6  1h.9 38 2,2 2.7
KIR*054%37 420 1000 *N0D 20,7 %4.4  21.7 2.1 1.1 N.9
i KUR#NGS%1N 980 1000 1000 4h.T 17%.6 Q0.4 1.5 ST 8.7
KURXO56%22 620 700 700 aLGx 4 Nk 3, TE 1.7 =1.5 0.2
, KIR®N5T*0? QR0 700 700 Ghofh 137.5 107.1 7.7 1R N.A
I KYR*QST#05 ©R0 280  #S8D fe P Teb 6.6  R.b T,1 7O
KIIR%063%23 740 1000 1000 4.5% 11,8 6.6 2.0 K.l 1N.R
I KUR®QTO*NA 620  BSN = 2.5%  3,0% - 2.2 1.8 -
KIR*0TT*07 9RO - . 11t = = Aot = =
KUP#153%00 500 700 700 8.5 P S DU A T
I Ki)p*]16Q%19Q 740 1000 1?7200 11,7 1N, 7 BeTR 2.5 2,7 N,°
KUR*171%18  ©80 700 1150 16,2 20,7 0.7 N¢? 0.k 2.0
KIR*171%22 - 1000 - = T = - 2,7 -
I KUR%*190%21 SN0  R”&0 1000 5.7% B0k 2,0% 1,0 1.6 4,5
KR 1 92%06 - 8sp = E &1 .1 - e  Fgn =
:e t(llR*ﬂqlo*OO 6N QSO 1000 ?101 510: 100" l’oq 707 -’o(’
' I KIJR*195%1&  S00 700 700 4.8% 0,9 ho8 b7 L.T 7.7
8
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TARLF V=1

CHIRD MATCHEN FILTER TMPRNAVFMENT IN SIGNAL+NOISF/MOISF PATIN
(PAGF 14 NF 16)

REGION 'KURY - KURILE ISLANNS FRNOM JADPAN TN KAMCHATKA

FVENT CHIRDP LFNGTH AANDPASSFD SNNR SNNR TMP
Loy LRV LR? Loy LRV Lee LT  LPV

KUYR*211%21 500 700 700 5546 1.1 3.6
KIIR*216%02 500 RS0 &850 10.0 16.7 11.R
KUYR*217*17 720 Qa0 QRO 188.,6 ?205.R 12P.0
KYR*226%11 40 980 - 4Ly 5% fe b ®
KiJR*229%10 830 1120 1120 Ae ¥ 1,6% .1%

KUYR* 231221 = R50 - s 10.5
KIje%x232%17 S00 40 Qf0 161 12.
KIk®222%2] A0 = = 3. 3%
KUR%®232%27 720 eq0 9R0

KIJR*235%03 - 1120 =

KIIR*236*10 720 9870 980
KUR®3I06*16 500 700
KYR*311%16 = 700
KUR*318%0) €10 =
KIIR*227%15 S00 -

KIR%322%17 230 1,1*
KYR*323%]17 720 Se 2%

MEAN SNNe [ MPRNOVFMENT
STANNARN NFVTATINN
NUJMRER NF FVYFNTS
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TARLE V-1

CHIRP MATCHED FILTER [MPPAVFMENT TM STGNAL#NOTSE/NNISF RATIO

(PAGE 15 NF 15)
REGINN 'KAM?' — KAMCHATKA DEMINSULA, KNMANNCRSKY 1S ANDS

FVFNT CHIRP LFNGTH RANNPASSFN SNNR SNNR [ MP
LOT LRV PR 1QT LRV LRP  LOT LRV

KAM/166714 €10 1046 1046 0.0 0.0 0.0 =-.1 1.3
KNM/ 148710 S23 69T 697 n.n 0.0 0.0 0.0 &6
KAM*003%06 560 700 700 12,5 16,5 14,3 5,3 2,0
KAMXN03%]19 700 - - 3,5+ - - 0.R -
K AM¥004%*0? 600 900  R00 A, 6% 3,0%  2.T% -1,2 2.2
KAMX0N5%16 620 B850 RS0 A,k 2,4% A, Tk 2, T 1R
K AM%009 *14 620 - - 2, 7% - - 1.1 -
KAM®N]12%20 S00 1050 1200 15,1 13.3 11.2 2.6 1.4
KAM#0)462%21 740 1000 850 beb 6o? .0 =2 2.0
KAMX0S 2% 2D - 1000 - - 2,0% - - 7.9
KAM%]156%07 - 1150 - - £,3% - - l.6
KAM®157%04 620 1300 700 Re? 8.3 61 2.6 0.5
KAM®1A3XL4 - 1000 - - 5.6% - - Nn,2
KAMX]1T7T7*17 620 1150 - 0,1 S bk - 3,3 4,)
KAM*180%*14 - 1200 1000 = 3.3% 6,0 = 1.R
KAM*IBb*‘3 - Q"O . - "00* - - l‘o“
KAM%189%05 - 1300 - - 1,2% - -  &,9
K LM% ]193%08 500 - - 4o N* - - 2,7 -
KAM®1QT*112 - 1000 = - 2,2+# - - 1.3
KAM*206%113 < 700 700 - 8,2 hob - 2
KOM®046%22 740 700 700 2,2 ,7x 3,2% 3.0 2,2
KNM*]153%21 aR0 700 700 6o 6,00 6,1 =1.6 2.7
KUR®209%00N SO0 1150 1180 104.4 98,1 KRR hel 1,0
KAM®?16%03 610 700 700 14,0 4.6% 10,1 1.5 4,2
KAMX216%12 610 700 700 71.0 120.% 50.5 2.1 4,0
KAM%231%19 500 RS0 850 12,3 22.7 B,2% 2,1 1.k
KAM%233%0R K10 R4N 700 62.6 54,1 214 0 5.3
KAM%217%02 S00 700 R40 10R.4  S7,6 30,4 2,7 2,.°
KAME33]1%14 610 R40 - 940 28,7 10,13 22,4 N2 4,2
KAM*332%21 610 9RO 1120 1.4 19,4 16.5 3.0 2.0
KNMx D2 2G%0R - Q/Q = - 2,1 % - - 22
KNM%229%10 a 700 980 - R,2% 4,8k - 1,9
MEAN SNNR TMPRNVEMENT = 1,92 2,63

STANDARPD NFEVIATION = 2,02 1,52

NIIMRFR NFE FYFEMTS = 1A 14
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TARLF V-1
CHIRD MATCHFN FILTF®
(PACF 16 NF 16)
REGINN 'OTHFRY - NTHFR FVENTS NOT GRAUPEN
FVFNT CHIRDP | ENGTH RANNPASSFN SNNR
LQT LRV LR® Lot (Y
WAR®1RN*0Q 200 460 460N  156,6 TR0
ARA%333%10  19C 440 44N 26e0 65,1
CAR%®324%07 160 440 440 1,0 00,0
TPAX319%12 100 320 320 10.7 ¢ 8
CHI/Z156/10 YR 348 49 0.0 N.0
FH1/2649/71 292  TR4 T84 0.0 0. O*
CHI*N20%02 150 300 340 16,R  27,.R
K AM®051%20 - asn RE() - 2o
LOM#¥157%19 220 160 160 1602 33,7
NRSwNSR%1N 220  28N&  2&0% 41,2 92,1
NRS*Q&Q%17 220 20C 200 L% T.6
RYII*106%1 A - Ren  eAQ - 1,2%
CRS*P4AX1G - 160 160 - '00.6
FRS/1465/13 174 292 16 0eN 00
FRS/266/21 152 NS 205 Lo 0.0
AKL #*035%02 200 100 200 2,7« 3,0%
PAT*227%19 180 150 150 73,9 199,12
Epgxn15%1R8 200 300 300 2006 13,5
FPS%172%0Q 400 - - .7 -
FRS*222420 200 300 - c1,8 24,7
FRS*216%13 150 750 - 4,2%  4,6%
£ERE#*220%13 150 200 200 70,0 23,7
QTRA%21a%04 150 40N - 1,6% 4, 0%
STIA%013*17 400 RNO Q0N  16T.R F6.1
STA*NI4*03 20N  AOO  ACO 1,318 & ]+

MEAN SNNR | MPROAVEMENT
STANNARD DFVIAT(ON
NUMRER NF FEVENTS

TMPRPAVENENT TN STGNALENNTSF/NOTSE RATIN

SNNR [MP

LRR 1L.OT 1RV
99,3 - 3 5.0
2641 N.,9 2.9

112,72 0.1 1.0

7.5 -1l 1,5

NeD IO ?2.?

DeN* 2.1 2.7

9.8 2.0 1.5

1.1* = ?.Q
20,2 2.7 2.4
A2 7 kP Nl

be? 3.1 0.5

A2 51 2.4
e, 5 - 3.1

N.0 4.7 1.0

0.0* 708 -OF‘

1,6 2,1 1.1
qf‘ob -lo" "'08
12.1 3.9 N,5

- -.7 -

- 7.3 0.5

Aot -‘o? 001
37.? 46,1 2.4
== "'ol‘ 2.7
283,12 1.6 Seh
RaN% 3,6 4,1
= 1,77 1.92

& 1.,R9 1,96
= 16 16

(tna)
L PR

>
[ ] [ ]
»

-9 1 DN N -
e e o o o e o o
» 0O n Q0N

P

D - N D -
e o o o O

D92
{ o o o
D™ I N D DD

?e1

AN
4,0

7,39
1.47
16

& d




The number of events not detected on any bandpassed beam
but detected with a chirp filter was 15 (out of 556) at ALPA and 13 (out of 515)
at NORSAR. Ten of these 13 NORSAR events were from the Kurile-Kamchatka
area. These regions tended to have larger chirp gains than the other regions,
therefore this preference is not unexpected. The exclusion of these events from
the detection threshold estimation would not change significantly the 90 percent
detection threshold of this region bit would appreciably raise the 50 percent

detection threshold level. This is discussed further in Section VI.
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SECTION VI

NORSAR LONG-PERIOD SURFACE WAVE
DETECTION CAPABILITY

The detection history of the 517 events in the data base was
used to estimate the NORSAR long-period surface wave incremental detec-
tion probability curve. Smoothed estimates of detection probabilities were
obtained by a new method (Ringdal, 1974). This method models detection
as a random Gaussian process and obtains maximum-likelihood estimates
of the process parameters based on the experimental data at hand. For
a detailed description of the theory and its limitations, and a derivation

of the likelihood functions, the reader is referred to Ringdal (1974).

Detections were determined independently for 2ach component
except for the 1971 events where detections were assessed only on the

vertical component.

The criteria used to classify the events as detected or non-

detected were:

° A peak on the bandpass or matched filtered trace, in a signal
gate defined by a 4.0 km/sec arrival and a 2.5 km/sec arrival,
which is 3 dB larger than any other peak within a 15 to 30

minute gate (depending on distance) centered at the peak.

. The peak and its code should show signal-like, i.e., dis-

persive characteristics.

VI-1




After an examination of a number of events from a particular

region, the analyst gains an intuition for the output trace characteristics that
play a major part in marginal detection cases. In most of the marginal
detection/non-detection cases the judgment for detection was conservative with
the result that the false alarm rate was low (estimated at less than 1

percent) and that the detection threshold was also conservative.

The subsets of events used for detection threshold estimation

and their thresholds, based on the assumptions of the detection model, are:

° All earthquakes in Eurasia, Figure VI-1. The 90 percent
detection threshold is at m, = 4.5 which is the same as reported

in Special Report No. 7 for NORSAR.

° Kurile-Kamchatka area, Figure VI-2. The 90 percent
detection threshold is at m, = 4,5 which is less than Special
Report No. 7 butis 0.4 Ms units higher than ALPA. ALPA
is substantially closer to this area, however, than NORSAR.
This area also had the majority of chirp-filter-only detections.
Although the 90 percent detection threshold is essentially un-
affected by these events, the omission of the chirp filter detec-

tions would raise the 50 percent detection threshold level from

mb = 3.9 to about mb = 4,1,

® Central Asia events, Figure VI-3. The 90 percent detection
threshold is m, = 4.6 which is greater than last reported.
These set of events is different than the last report, however,
as this set includes only events of short chirp lengths ( <250

seconds) of the Sinkiang, Tadzhik, Tibet, and China areas.
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Because of the number of points falling outside of the 90

percent confidence interval, this estimation is not as r:liable

as the two previous. The 90 percent detection threshold value .
at ALPA for this area is m, = 4. 4.
° Presumed explosions, Figure VI-4. The method of detection ]

threshold estimation used here is subject to possible large
errors when the number of events is small as in this set.
Although the indicated 90 percent detection threshold is at

m, = 5.3 this estimate is highly unreliable.

° Winter and summer events, Figures VI-5 and VI-6 respectively. -
The winter 90 percent detection threshold is at m, = 4.5 and |
the summer 90 percent detection threshold is at m - 4. 3. -
These sets contain only the 1972 events. The summer threshold
r estimate is not as reliable as the winter estimate due pri-
marily to the noise level. During the summer when the noise
| level is low, a small change in absolute noise level produces
a large change in the equivalent surface wave magnitude of the
noise. The winter detection threshold curve in contrast, has
a steeper slope and narrower confidence limits, indicating a
stable estimate of the detection threshold. Section IV of this
report shows that an average of 3 to 4 dB improvement using
MCF processing can be expected in the winter at NORSAR. This
would be a change of 0.15t0 0.2 Ms units in the detection thres-

hold at NORSAR in the winter.

The difference of 0.2 M units in the 90 percent detection thres-
s
1 holds for Central Asia events between NORSAR and ALPA seems unusual since

NORSAR is 300 to 40° closer than ALPA to this region. This difference can be
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explained by the spectra of the Central Asian signals (Eyres, 1972). The sig-

nal spectrum of the events in Central Asia at NORSAR tend to be strongest at
the high end of the passband limit of 0. 059 Hz which is also near the predom-

inant microseismic peak. Thus by using the passband of 0. 025 - 0.059 Hz,

much of the signal energy of these events is rejected which in turn may raise o
their detection threshold. The spectra of these events at ALPA, however, do ’i
not contain as much higher frequency energy and thus are less attenuated by )
bandpass filtering. -;
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SECTION VII

BEHAVIOR GF STANDARD DISCRIMINANTS

The three standard surface wave discriminants AL versus m,
AR versus m, and M versus m, were measured routinely from the three com-
s

ponent bandpassed beams of the 381 detected events.
A. MS -my MEASUREMENTS

The surface wave magnitude (Ms) was computed from the

bandpassed beams by the following formulas:

M_- log2- + 1.66 log A (A 2 25°)
M_=logA +logA +0.92 (A< 25°)
T
where A = maximum peak-to-peak amplitude of signal in milli-

microns

—
1"

period in seconds of cycle corresponding to A

-
n

epicentral distance in degrees

Figure VII-1 shows the vertical Rayleigh (LR) wave M versus
s

m, and Figure VII-2 shows the Love (LQ) wave M versus mb. In both figures
s

presumed explosions are plotted with an asterisk and earthquakes with a circle.

Complete separation between classes for this data set is obtained

by the M -m, discriminant for both Rayleigh and Love waves. The minimum
s
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'separation between earthquakes and presumed explosions having the same m,
is 0,3 Ms units for the LR vertical and 0.8 Ms units for the LQ,

These MS - m. results differ from those of Special Report No.

b
7 because not only have an additional 138 eveats been added, but Love wave
Ms values have been computed for the 1971 presumed explosions. In addition,
the eight events previously having poor separation have been reinvestigated

and found to contain some mistakes in the Ms calculations and some incorrect

m, values.
b

The presumed explosion labeled 'l' in Figure VII-2 is actually
a double event (EKZ*345%04) and has a higher than expected MS value, The
"PDE'" bulletin did not assign a magnitude to the second event thus we have
used the m, of the first event. Results from the short period NORSAR indi-
cate that the second event is actually larger and is near m, = 6.0 (Ringdal,

1973).

The earthquakes lying closest to the presumed explosion popu-
lation were investigated for reginnal biases, radiation pattern effects or com-
- putation errors. In particular those events processed also at ALPA (Special

Report No. 8) were used to corroborate the NORSAR Ms values.

There was no region which had consistently low MS values., The
events in common at NORSAR and ALPA with low MS values had low MS values
at both arrays, except where a radiation pattern effect was obviously the cause,
for example, as in YUG*243%00 which had MS Rayleigh = 3,0 and MS Love =
2.9 at ALPA and had MS Rayleigh = 2.0 and MS Love = 2.7 at NORSAR.

Four events with m, values taken from the PDE bulletin caused
some problems due to averages of a wide range of m, values, For example,
YUG*180%01 had an average m, = 4.6 from four stations with A > 15°. The
m, values were 4.0, 4.1, 4.1, and 6.1 with the last value given by a station

o . .
over 80 away. Fortunately, these instances are rather rare, While we have

uncritically used published m, values, except for recomputing where possible

VII-4
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to include only teleseismic stations, we are aware that careful examination
of the short period data would result in better m, values and probably in better

class separation. These problems are discussed in Texas Instruments Special

Report No. 9, 1973,

B. AL-AR VERSUS m,

The AR parameter was introduced by Brune, Espinosa and
Oliver (1963) as a measure of the total Rayleigh wave energy. The AL parameter
is the equivalent measure of the Love wave energy. Evernden (1969) has used
these parameters to discriminate between earthquake and presumed explosions.
Our AL-AR measurements were made from the bandpassed beams in a signal
arrival gate corresponding to a velocity window of 4.0 to 2.5 km/sec and have
been scaled (Harley, 1971) so as to permit a comparison with Evernden's results.
The scaled AL-AR values were then normalized to a body-wave magnitude of 5.0

and a distance of 20° (Brune, 1963).

Figures VII-3 and VII-4 show AR versus m, and AL versus
my respectively. In both figures the earthquakes are plotted as circles and the
presumed explosions as asterisks. (The presumed explosion labeled 1 is the

double event on December 10, 1972 (EKZ*345%04)).

Both AL and AR isolate the two populations with AL being slight-
ly superior to AR. A straight line at AL = 8.0 would, with the exception of
EKZ%345:%04, give complete separation of populations. A line at AR = 12, the
nighest value of a presumed explosion, would include two earthquakes in the pre-
sumed explosion populaticn. Recomputing AL and AR for EKZ#*345:04 using an
m = 6.0 would improve separation considerably, however. In the range above
the estimated 50 percent detection threshold for presumed explosions m_ = 5.1,

both of the discriminants are good.
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In conclusion the measurements of M , AL and AR versus mb
s

provide good discrimination capabilities at NORSAR. In most cases. these

Careful selection of available information with greater weight being given to

the LASA and NORSAR values would be a direct approach to this problem.

VII-8

discriminants would periorm even better if better m, estimates were available.
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SECTION V1l
CONC LUSIONS

The major conclusions from the five studies of the NORSAR

long-Period Array Evaluation are summarized below. These conclusions

are based on all the results obtaired during the past two and one-half years.

i
I
I
I
|
!
i
i
4

l A, MAJOR RESULTS

Noise Analysis

The noise level in the 20-40 second band is strongly seasonal.
Summer levels (March to October) are around 7 mu RMS and
fairly constant, Winter noise is more erratic with levels vary-

ing frcm 8 to 15 mu RMS., The maximum observed level was

79 mu RMS,

The high winter noise levels are cavsed by storms in the North
Atlantic Ocewu and many last from 12 to 36 hours. The noise

generating mechanism is not understood.

Noise directions are also seasonally dependent at NORSAR but
are not strongly correlated with noise level. Winter noise tonds
to be strongly directional with preferred azimuths of 00, 2500,
and 280°. Winter noise coherence is high at the frequencies of
peak power. Summer noise is generally isotropic often with
weak easterly direction and has low coherence particularly in

the signal processing band of 17 to 40 seconds.
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Signal snalysis

Based on energy spectra, uncorrected for instrument response,
the majority of the signal energy generally lies between periods
of 17 to 40 seconds. Some Central Asian events, however, con-

tain significant energy down to 13 seconds,

The arrival azimuth of the signal is along the great circle path
with only small deviations. Some events have shown shifts in

arrival azimuth deep in the coda and at the higher frequencies.

Signal similarity usually is very high along the propagation

direction but degrades rapidly normal to the propagation path.
Array Processing Performance
a) Full Array

° Multichannel filter improvements in array gain are sea-
sonally dependent for off-design noise in the signal band
(0. 025-0, 059 Hz). The MCF averaged 4.0 dB more ar-
ray gain than the beamsteer in winter noise conditions.
This implies that the use of an MCF in winter could lower
the detection threshold by 0.2 Ms units. Little gain im-

provement was obtained in the summer.

° Signal amplitude degradation of the beamsteer processor
is 2.0 dB for the Rayleigh wave and 2.2 dB for the Love
wave, The MCF signal degradation is slightly greater

than the beamsteer for the samples used.
b) Reduced Array

° The high signal similarity over the reduced array sign-

ificantly increased the performance of both the MCF and

i'—ai——-ii-ﬂ—-l
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beamsteer processors. For the 22 noise samples inves-
tigated, the MCF averaged 4 dB more noise suppression

than the beamsteer processor.

° In contrast to the full array, the MCF improvement over
the beamsteer is strongly correlated with the beamsteer
noise level. The MCF improvement over the beamsteer
for the reduced array is slightly less seasonally depen-

dent than is the full array.,

° The signal amplitude degradation for the beamsteer is
1.4 dB for the Rayleigh wave and 1, 6 dB for the Love
wave. These values are 0.6 dB less than for the full
array, MCF signal loss is slightly more than the beam-

steering loss,
c) MCF Processing Using One Noise Sample for MCF Design

° Using a single sample of summer noise for MCF design,
array gain improvement of the MCF, when applied tc
events up to 15 days from that sample, showed no cor-

relation with time separation,
Matched Filtering Performance

Considerable effort was expended to determine the signal pro-
cessing band. The 17-40 seccnd period band (0. 025-0. 059 Hz)
seemed to show slightly better overall performance than the

other bands investigated and was adopted as the routine signal

processing band for NORSAR,

Chirp filter lengths were successfully used to regionalize the
events, Chirp filters giving optimum SNNR improvements
were found to have lengths which vary in a regular, consistent
fashion over the Eurasian continent allowing contour maps of

equal chirp length to be made.
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The SNNR improvements of the chirp filter averaged 2 dB
more than the equivalent bandpass filter. For a given region,
the standard deviations of the giins were typically 0. 6 times

the mean gain.

Reference waveform filters (RWF) were not used on a routine
basis at NORSAR. The marginally superior performance of
the RWF did not seem worthwhile because chirp filters offered

more stable and uniform results, were less Lensitive to the

presence of signal-like noise, and parametric values were simple

to generate and determine,

Chirp filters produced a small increase in the number of de-
tected events at the 50 percent detection threshold level but

did not materially affect the 90 percent detection threshold

level,
Detection Threshold Estimation

The 90 percent detection threshold (with a false alarm rate
estimated at less than 1 percent) was estimated for the various
event populations using a maximum likelihood method. Under
the assumptions of this method, the 90 percent detection thres-
holds for the events studied here are:

All Eurasian earthquakes m, = 4.5

b
Central Asiam, = 4.6

b
Presumed explosion mb = 5.1 (this value is based on a
few events and may be unreliable)

Kurile-Kamchatka areas mb = 4,5

Summer events mb = 4,3

Winter events mb = 4,5




The difference between the summer and winter 90 percent detecion
detection threshold is attributed to the increased noise level at

NORSAR during the winter months,

6. Behavior of Standard Discriminants
® The Ms-mb criteria achieved complete separation between

event classes for both Rayleigh and Love waves.

e AL and Ar also achieved complete separation betv/een classes
and appear to give slightly better s=pavation of classes than

at NORSAR. At ALPA the AL, AR versus m_ criteria

le-m b

b
performed more poorly than the Ms-mb criterion.

B. SUGGESTIONS FOR FUTURE ANALYSIS OF NORSAR

The results from the NORSAR evaluation conducted during the

past two-and-one-half years have pointed out areas which should be studied

in any future analysis of NORSAR.

] The correlation of ambient noise level with the presence of

winter storms in the North Atlantic ocean suggests two areas

of investigation. First, the noise generation mechanism should

b

be identified as either a coastal surf action, an interaction of

deer water waves with continental shelves, or an open ocean

mechanism. This would require fairly comprehensive wave
and weather information from both Norway and England and

possibly seismic data from English stations. Second, multi-

channel filters should be used on wintertime data. The.,e may

= =1 bk

be fixed or possibly time-adaptive. If the first study demonstrates

a structural effect, fixed MCF's may be useful for processing

of winter data.

More events from central Asia should be analyzed. Some areas

show unusual behavior in both spectral content and dispersion,

oy g
*
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particularly around the Caspian Sea, Tadzhik, and Kirgiz.

These events tend to have particularly large high-frequency
energy content, relatively wide dispersion, compared to
Sinkiang, China, and more northerly areas, and occasionally
reverse dispersion. It may be desirable to use wider processing

bandwidths for central Asian events.

] Chirp matched filters should be evolved to more sophisticated

non-linear models while maintaining simplicity. This may

realize si -nificantly higher signal-to-noise ratio gains for the

central Asian events in particular.

° Maps of chirp {ilter length were successful in indicating seismic
region boundaries. There is some evidence that the boundaries
of the tectonic systems of Asia can be correlated with these
maps. It may be possible that such maps, computed for several
seismic stations, may be helpful in pointing out geologically

interesting areas.
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APPENDIX A

Table A-1 presents the entire ensemble of events processed
during the evaluation of the NORSAR Long-Period Array. It includes 59 events
from 1971 and 456 events from 1972. The latter group includes 133 new events
processed since rclease of Special Report No. 7. Processing of the 1971 events
was discussed in Special Report No. 5. A number of events previously included
in the original 1971 and 1972 ensembles have been deleted. These are discussed

in Appendix B,

The events are ordered chronologically and are identified by a
name consisting of a three letter area code, the julian date, and the hour of
origin. The year is indicated by the symbnls separating the three parts. A '/"

s,

indicates 1971, a '""*" indicates 1972, and a ' - " indicates 1973'.‘.

Other informaticn includes the origin date and time, epicenter

coordinates, delta and azimuth from NORSAR, m,, Rayleigh and Love surface

wave magnitudes, normalized AR and AL, depth (if repourted), and coded com-
ments. The latter consist of a letter indicating the source of event informa-
tion, an "X' if the event is a prosumed explosion, and the number of sites used
to form the array beam. The source codes are '"P" for the Preliminary Deter-
mination of Epicenters (PDE) bulletin of the National Ocecanic and Atmospheric
Administration, "L" for the Seismic Data Analysis Center bulletin for the LASA

array, '""N' for the NORSAR bulletin, and "I" or "J" for the Massachusetts

% Note that these symbols are the same as usecd for the ALPA evaluation
but are displaced by cne year. Thatis, for ALPA, a ' - " was used for the
1972 events, etc.




Institute of Technology - Lincoln Laboratory bulletin for the International

Seismological Month (ISM) which was from 20 February to 19 March, 1972,

The events obtained from PDE, and those from the ISM group
which were also listed by PDE wera checked for . determination, Any m
values reported by stations closer than 15 degrees to the event were deleted

and the average m, was recalculated. If a change in m_ resulted, an asterisk

b

was placed next to the revised m, .
Non-detection of a event on the Love or Rayleigh components

is indicated by a dash in the Ms column;a "C" in those columns indicates de-

tection by a chirp match>A {ilter only., Love wave magnitudes of the 1971

events were computed only for the presumed explosions,

!
B
i
i
i
A
i
i
!
I
I
I
l
l
I
l
!
!




{e1? 0o W - - - 9% v°9 e®0l /<09 $°Usl/0°47 4e®10°50 01/.0 ou/lol/ZainM
tvyi) a9 St 9L Lo - 7°% ©v°*% o®le /7¥°09 X AVERES | 20°%2°¢d 01/4L0 eC/lcl /ali
tol) a 9% %22 i< - 2w &7 o®*it /o°®oY IRIRAVERE R I1*729°91 o072 91/Col/sani
tsl) o N LLe SO0c = et'h &S e’y /4°79 t%0l /9°1% to®tce®Lll 61790 LI/0LT/NIS
’ (s1)dra C s (RN (il ¢ 6% %% &@%a 9°4el /Y9y °Ll: i®Le /1G°0s 85°z0°2C o1/30 2G/0L 1/ X3
(C1) 0 w Be 2¢ = 1*% &y £®co /999 ¢®6e /191 ye®l1°®°eld S1/90 t¢/S991/NIS
(st) o N e9% 7wc = %% G v /97 v®olL /8% 1% gl1°70°22 51/%0 CClI9IFT/INDS
tll) a vS <c¢ oY = L°% 1°s L°01 /99 " I31/0v°25 gd*720°%{ Gl/90 91/G31/nwu
(91) a N - - - - 9° v vlw /9%y v ¢/ %94 la®3c®7?v 271/%0 21/5%1/Sai
(1i) a N oec 10Z - 9°s v °*§ 2°0%7 /7°1¢4 G%ccl/c®9s vG6°®372°cl 91/30 RWADEWAY-F
(vy1) ¢ N = = = £®°7 o0°% t®e2l/L 72 ¥®°al /1°5¢ s¢*lg*c0 0O1/90 20/151/738111
(eidra O gl O e =tk 5% 2®SL /9°%°Le w®Ll /0°0S Ls®cu®70 90/30 SU/ILS T/ eda
tus1) o N 9l 2ol = U%e S o®bys /L°LY L% 11/ 2Ly g2*1é°Cl  50/930 01/941/1HD
fel) o Oc el - 1°*% 0°s 0°Co /1°3% Tees e ee ga®u9*0Z 20/9%0 Oc/eS1/ull 4
_ (il) ¢ 11 14 = S*e  Y°9 1°Ce /72°0L 2°Csl/9%e” L2t re WAL lcs2sl zdnnn <
|
“ (72L) a N 201 10¢ = A N 2°s1 /o°19 GoyIi/B 45 e7°l¢*01l wvd/s0 Ol/e7V /WU
[ {TL) a 9 6¢ z - 2°% Z°4 L°2¢ /c®09 7°97i/8°%cYy 1e®06°91 Lc¢/s0 S1/7L21/7dMi
(vy1) a e L9 8Y = i°vy u®9 ¢®so0 /0°%¢"n 0®o9y /t®dt 82°J0c°00 &<¢/S0 00/L91/4¢3d1
(s1) o o3 ¢t 0% — O BT Y®°cle /L0 L®991/9°” 11°99°10 92750 10/79% 1/ g
{21)xd C = vl = e 25 2°4L /0°%be %3 /38°5% sa®c0*%0 52/50 40/%71/ I%4
t210) o - - = 0°7 %°9 8°e9 1/ °9¢ T°0 /9°%LE 3=°¢0°lu  vc/s0 10/e%1 /7901
(o ) a 87 1% 2l = e 2% 2°2c /0°69 ISOR A VRS Ip°c0°*lé 61/s0 12/Ge1/aii
(6 ) a N uY 1% 3 = (2 ) 2°911/0°ck 1°6% /1°bt G0%es 70 51/40 %0/6e 1/7SvJ
tagl) o N = = - »°% 99 ge71l/c°%d L®u¢ /0°5¢ e %¢°90 90740 20/921/a0014
(I1) a 91 9221 L2721 - éns 195 »°Lly /9°%S Y®98 /v"0t 22%¢e*00 ¢0/90 00/el1/wllL
SaLUN V} w av 3AUT  AVy  dn rLiiwldy 3 3Gk FUNOT inla JiVU VN
Sw Sk /%1133 /N S0NLILV NIulaC iN3AS
(lc 30 1 3F9va)

CVELVILIVAS 903 uaSN SiidAa au 15171

1"V JTdVL

£

» o 2 P - =

e g e e T AR e R



-
—
"t
-
0ao0aQ 2 S L e =

aceecaon

o

rot
oll

7to
| §3
ol
L)
e9c¢

et

9cb

usc
LL

790

O
[+3-]
o7

Sclt

ahul
Sh

e Nr o
L
AR AR IR O

g o d o
[ ]
ra4eco 9 9

- L L
¢ ¢ L]
30

Av
o5

79
0%y
9y
g
(k)
rAa
(PR ]
7%
S
T ]
rE
T
5°c
(Gl
c*s
L°*7
(SRl
At
Ot
vy
$*t
x6%¢
| g
ue
e® 9
amn

9°9L /9°%Lc
1*%6 /T °C¢%
78y /92°C%
o®77? /u°d5

T*2el/L°12

c®eel/70°2¢
0°*2el/9°1c
v°ell/0°bcC
S*9%0 /2°09
L%le 1009

g°¢L LY
v°0ll/1°%8¢
o®d% /1°2%

e®30 /0%
ory /e*é%
L°2L /7°99
L°2L /7°9y
20l /0°9%
c®ob /0°E»
I°ce 79°67
3°61 /v°35

vetl/Li~c
Y°9b /o ®a¥
2°9211/s°s1
e 19 /e°0d
Hihw 4V
/Vilio

(L au

7
(5

L*LL /0°05
uto9 /9°%cc

G®Bos /70°0¢
t*Cc /2%
€ EE Ve
0°CL /ct?
veee /70°9y
1°L% /0%t
O0°uvuy /70°0%

0°T101/0°7¢

C°101/0°tte
e /1°1%
9°cc /vy
w®ve /69

~® =

2%1ic /C%c¢h

L°e01/o%8C
Ll l/b°8¢
%°%¢b /1°%°¢cy
L°LL /1°%°9¢
B °9451/2°0a

ce9 /51y

doRE /5°2%
O®sl /C°%6¢t
v®st /1°5%
¢®8s /<29

3 3uNiluvd]
/v 3uNilLv]

39va)

L5°%°23°90
s%°Lc®T1
27%c% %l
t0*8CG®1¢
2%°Ls5°01

15°22°%02
85°91°90
2% 7% °9U
LGl
ev*2c°1l

L7°01°Ld
I1°9e*2c¢c
Ig*Int1Z
24515l
el®ct *J1

Iv*Lo®Ll
FIT*Ie*HI
L1%c0°1

ea*1c°al
L3*90°%¢y

Je*1l1*i0
9l1*J% ol
e®3v°%cl
2% 0c¢
25°56° 91
inli
NIOI au

NILLTWITAS 2304 Jadi Sih3A3 33 1S

1=V JdTdVl

2/01
10701
AL /50
e /50
Ji/od

Je /0
0c/60
o1/50
2L/cC
9(/50

51700
60/¢c0
403/50
2¢/ 50
%2/a80

L1/s0
L1780
50/60
«J/uel
10780

le/id
2¢/L0O
Lc/Lo
51/7L0
01740

30/¢vd/ Ind
sl/9L27¢G1
Cl/eld/NLS
1¢/99¢/5as
Cl1/e92/5 0

v0/e9c/S Ty
90/e92/S18
50/¢9L/0iv)
Ol/o5%¢/iul
11/785¢/1HD

LC/oSc/lin)
Cel/lacsSed
12/76722/1+)
sT/7I9l/NLS
<1/9kc/Se)d

Lisoic/in)
6nC/ocd/iny
1G/1cd/NLES
S1/6Tc/ivedS
CU/Zelcd/anx

iu/cic/alsS
ols70ld/vSd
r1/700c¢/1Inl
CcsCLc/5e>
IRVAT-AVAY-1.]

AV i
IO ELE

A-4




A0 VN 1 < 6°¢ U®t SR o®lu /2°7% Vs 7100 92520 ER 20/10 vnglsulCO2eul
{cl) 0o N 601 <¢I11 o®¢ 9%°c¢ (<% 7°291/7°%cl ¢*9l /a®L?® 19°L9°%0 32710 wihN20=9C0+Shiv
(L) a N 6¢ ct e e lePyw ¢°2c /3°%0% C°e1 /vy I eIV 2D  SIZNE INCURGO0U®alIX
{(91) o W L7 OUve [°9 o°% =x9%°9 5°0Y% /¢ *®0o 2%¢c /w2 Li®a1°¢l 20710 whelx90L=]VL
{21) 1 N - - - - A oLl /9%y b°e91l/9°56 1e°¢%°01 %0710  INCL=7J0=AV
(L1) a N [9% &Yt [°7 ©°c ©°% 1°1l9y /7¢*0s LA VA MA4 d7°00°%3 %0710 ONGCx%CUslvl
(o1) 1 & sll = Y*e JS°t &°7 5°61 72°1v 2191/ 9°4% 51°5¢°C0 20710 INCGx2QUswWV A
(o) | N = - - = 9°%¢ C®vwr /9°1> v®0c1/u8%b% Le®d%°ce ed/id INe = LOxS03
(vy1) N N L7 - 9 *f - 5% Ziné e T2 C*s551/70°%72¢ e7®°9¢ =l 0/ 1I0 RITR EXACIVE D
(cl) o w Ss 96 ot 2% B%% Usic¢c /87y Y%pal/2°1S de®7e *90 ¢0/10 IN?Cxe02xnv
(i) 4 o Ue ol 2y Zoe 2t v°de /o°9% L°%5 /o 1% S€°LC®I1  2U/10  VNUT=COC=nNIS
(21) a9 Sy Uy 9°2 $°¢ C¢**% 5°051/8°%c¢ L°Ué /oL c5°L1°50 ¢0/10 VnNoC=¢CUx3dY
/R O I - - - = (OR / U®ce /1°%°4i9 293721/ 1°9% sC*LE"®> 20/10 bNSO=UO0=anM ©
(212 1 = = = 9% L°7% L*Ld /7 §°3S1/7%0% 95%cl®sl 10710 InkIx100=3X <
(1) 1 N vy - 9°¢ - T L°€C /0°69 58°9s1/7L°0y 0%95°91 10/10 N9 1=10UxahiM
(2i) 1 N = = = = ' $®1¢ /1°9s o®esl/L®55 51°20°51 13710 e IT=ToUxdl S
(cl)xac U ate 16 9*r o't b°*%& v°5L /0w 1°8lL /7L°59 vy °02°90 (Le/sc¢l 90/%29%/ X3
{(LT1lixa 2% €l o€ §%y @©*9 2°901/8 *°%¢ c®gy /5°LY 95°55°90 ¢ce/cl Y0 /993 /iNm
{(Lidac C = = = = LY 2°al /L Lt el /70°US 53°%26°LU 1721 LO/6%c/ N
(o Yxd © 6%¢ B ete WYE @S uw®si /ol 1°sl /o°>5% Lv®23°%°30 oc¢/11 SO/eEC/ iNg
{eT) N N sl Us = L% @S 6%ttt /L%cey 0°9t /70°%¢ 2u®91°Li1 52701 L1/7¢0e /vl L
(st) a v 86l Lec = PR T L®86 /b°0% v°2lL fo*1% LS5®0c sc/2ol ti1/10e/9 0N
{01 )nxa g2 L2 e Qe 9SS 2°9L /9%t 9*LL /C®0> L6°22°90 12701 90/ 76217 (N3
(¢1) o K VA S% - vy L9 1°cll1/0°0¢ 93w /%° 19 92°wd°*L1 51701 L1/28l/0iV)
(¢1) 1 sl Iol »11 = £t®e (% 0°LT1l/9°9C vy /1%ty 33*50°*50 0Ol/01 0d/ebsd/ilv)
S 3L UN & W av 4A07 Ava uon nilinldV 3 30NL1ONTT 4A11 14vC InVN
S Sw /v1i130 /N suntlLivi NIOID aUL AN3AS
(12 20 © 29YVu)
NITLVOIVAS auas UaSN SLN3IAS Fu L1S1T
1=V J1dVL
D S G me s=h == =4 *NE B O3 = == —s ¥ s =4 == =8




CEm gt e LSRRI T PR R ]

Y - N - G 4

0 JB6 J

d
a
o]
d
1

RS P = W iy - ¥

a
2

NorFe C coamno ~CcC hbao —~ 0 waoono

lcon~PMr N

N Mmy

e 0 0
"SR CI AN LA

o o 0 0 e o & o O ¢ o 0 o O
(X, SN G el o [LERCIRY 3NVl o

S AU SR B8

G$*92 /v°%79
0°s11/70°L¢
9°671/€°9¢
g€°Lil/l®ct
0°2s51/2°s¢

9Ll /6°19
Ll /9%9°19
9°1% /L°6Y
9°9Z /699
L°el1/G6°9

%06 [6°CS
¢*%2 /18°¢2S
6°91 /9°19
0°9ul/1°L¢
s°o21 /1%

1°€9 /<¢°0b
8°0c /v°8Y
1°L1 /5°19
ULl /o°cy
0°%11/<°9¢

c®121/1°0%
s®os /0°0s
5ot /5°1%
w*8l /5°%05
el /7€°19
HifdWm 1LV

/vil30

(12 30 »

0°*251/0°0S
gosY /12°tY
1°¢l /19°9¢
L°8% /4L
$*3¢ /5°%¢

c°e91/9°5S
9 °c91/9°9S
L°0CT1/ %°LS
0°ss1/9°5%
6°9% /o°®lt

s*lL /5L
1°L91/5°19
€°e91/9°49s
§°ed /0°5¢c
<G l/L°%S

%°021/0°02
2% l/1°9%
9°e9T1/ L5
9°991/ %7
[°sy /1°%%

5*0s /&°0c
7°e2l/e%ed
7°2L /L°JdY
G°091/7¢e° LS
7°691/9°9s
s 3Uhi TuNO
/N 30NL 1AV

iYvd}

#2°1%7°10
PR Ao 1 Il N4
L0°s1°20
2J3°¢1°12
JZ°®75°408

59°00°11
91°dc %)
85°L0°81
€Ee®ds°00
20°01°¢2¢2

22°3c°tV
LO®pc° Ll
21°22°0<
JZ°1s°¢el
2e*95°30

C2%ed®S0
YLl
55°20°91
90%cl el
ce®Lle®0¢

tc°1%°60
9e°ce *I0
3¢°0c*90
TR0 ) §
g9°32°%21
dnl L
NED1aC

NJLAVATIVAI 305 0ash Sin3A3 Ju 1510

1=V d7TdVLl

INTO=cZ0xdNH
INe2#120xNV)
INEUx020=TUU
INTLc=8102v Ol
INGO#.10«a8)

INTT 29T 0%V
IN7OxGTO 4wV A
T8l 25105 Sa3
VNCO*STO=dNMX
INCZx2 10wV d ]

YNeOx910%al$S
INLT=ET0sd ]S
INCC*CTOxnV
INe 1% T0s 309
INGC=TTOsWON

INSCx0TO0slvl
INY 12600« 30X
INYTx000xa0 N
ielst00snuM
INDC 2L00s almS

INoO=x500=v dl
IN9O%900%]1VL
INYOx9009dN
INI TG 0UsAT A
INZTx5008mUN
INVN
LN3AS




——y e v — ey e & - T - o

{ol) o N s%c sl £t 8¢ =L°» G®eoLl/cLl g°el /L%c> 15°50°60 33/¢0  TInNsUx=vyevavil
{81) a N 0de Lvul e et wmeSk cell/eL Lozl 42°cYy 37°0%°cd  3J3/¢<0 N 0x9c 02V Ll
(1) a N gol Ou 2°t 9°¢ =x1°% 1°9L1/71°L1 t®°el /8°cy 92°20°51 %0/20 InolsseUxVil
(el) a 2ew 1Uv 8%t tv xl*Y 1°%Li/71°L1 e®el /8% 26°51°Ll 20/20 INLT=z=:0xvil
(1) o iv 99% o631 5°t e 2% e°2L1/0°L1 ¢®el /5% 2e®s81°50 90720 4700«%m0¢cb~
(a1} 1 B %/ o9 ¢ #%°¢c 2°% 6°L7 /9°%cS G811/ °1g 75°%c°c0 %0/¢0 IneO=zseO0xxd
- (S1) o N s26 00t ey L°t =»s°% 1°9L1/71°L1 t®el /u®e? 51°2%°20 93/20 INZO»G9tUxvil
m (L1) 4 N ouve sll c°w 1°9 6&°% 8°9L /9°0L 2°201/%°¢d 67°22°L0 €9/20 INLC=%eC=lr)
i (o1) 4 N %6l ¢0O1 ¥y®r %t 9°% v°6sl/o®c¢d ¢®l¢ /56 39°51°12 ¢0/20 INlc*eeOsx3ad
“ (i) 1 N - - - - 9°c 5°0c /8°%9 1°091/L°05 5£°9s°L1  20/20 INL e 0 300N
m (1) 1 N - - - - 9°¢ g°1e /75°99 ©°9491/6°9% [5°36°00 20/¢0 IN6OxEcO=d
_ ol) 1 N = = = = JL 1°81 /72°19 0°291/L°sS 55°9¢°90 20/20 INYOxecOxAV N
ﬁ (1) 1 N - - = = 9% ¢ 9°0¢ /8°%9y L°GuT1/€°bS 32°90°L1 10/¢0  INLIxZeOxdlS
i (1) 1 N - = - =2 1°v 9°¢L1T /E°17 g*¢9l/b8°56 6U°yI°0T 10/<0 INOTxCeOxav
| (el) 1 N get OS5t ey Z° o°t 0 /E°L9 C*UCc1/5°0% 12°35°€2 0e/10 INeO=*0cO=*1+4D
(6T N N %01 06 0°2 1t o©°t L°601/E°9" 0°¢c9 /0%l 36°05°6) 52/10 “NcO=6Z0xViEl
(1) 1 N = = Jé°¢t = 8%t i°ee /9°99 e*LST/e°5Y 15°2%°cZ H2/10 INtZ2*6Z0=alX
(tsT) N N = = = - 0°% Y*ot /72°4Y 0°vyel/70°s% J0°0%°12 82/10 IN1Z%8Z0%Sud
tLT) NN 6t el %%c 6°¢ 7% 6°28 /B8*2CY 0*8s /0°c” 61°52°0¢ 82/10 INOC*8C0*OdN
(el1) a N = - 6°€ 5°t =x1°% 0°L01/£°05 t®99 /3°3¢ »5°92°01 82710 INOT#sbZ0xdMl
(o1) 17 M 06 9% 0°% 0°v %°% 0°sS /S5°LL g°921/6°L2 82°2¢°%0 ©2/10 IN%U=u8c0=1HD
(1) 1 N = = = = E°¢c e*Ll /£°19 £°291/4°5¢% d2°LE®0C LZ2/10 NOC*LZO*nWV
(1) 17 N = 8Y = 1“2 % L®eS1/0°8¢ $°42 /5°%t be°w5°21 32/10 VWNZ1%9¢0x3d)
(91) a N = - - - 99 te*ol /78°29 6*091/6°¢S I9°20°31 5¢/10 INOT#=SZ2O0%AVMA
(31) a N = = g*2 +°2 H%°% 1°991/1°9¢ 6°62 /9°LE le®st°Ll  &2/10 INLT=CcO=xalll
S31UN 4 11 av 3AUT  AVd Hw HiiwIZv 3 3uNL I9NIT dnlit 3iVU IANVN
SW Swm /Viidu /N 300011V NnI913580 AN3A3

(le 33 s 3IYVa)
NJIIVAIVA3 404 usSN SUIN3IAI 30 LSTI

1=V dTHdVL




L A RO S O R T
~

(L1) ¢
(91) |
(gl 1
(Ic) 1
(ol) 1
{ol) 1
(61) o
{(+1l) o
(U¢) o
(si) 1
(té) 1
tié) a
(12) 1
{sl) ¢
(1) i~
(s1) a
tol) a
(o1) a
{ol)aro
(91) o
{UZ) a
(el N
{ol) o
(i) a
(ci) d
SdluN

3%

2222

]

(2]
4}
lc
LX)

911

el
Lol
alc

v

I
(R

L9
ot
(84
ok
%

4
Ocl
cal
28|
Se

101
blt
Lel

[ o B B S AN
[ ]
[ S S VN G L I 4

#

*

4

o
>

v owro —ynapoCe o C =3
[ ]

fnY OO0

L A"
Nt —~a

e 0 0
N4ty m

" o 0
4N

* o o
SquUred e

L S B At

LIS S B

L°1¢ 70°09
7°1s /5°%S

%°4951/0°1¢
o®sl /%7°29
IfEx MAF°TS
8°9L /<°%Cs
sl /3 %69
0°2c /1°9Yy

°9G1/7°4¢
$*Le /v 69

1°91 /7<2°¢9
be9sl/1°6¢
2°8% /%09
%L1l /ULy
9°%d /e vy

c®*Yo /o °Hv
2°1¢1/0°1»
7°1¢1/0°CY
L°9L /2%
T°28v71°1

e°2L1/71°L 1
L*28 /c®on
e 2i1/76°91
sell/c¢ Ll
0°%L1/0°L1
Hilin A2 ¥
/Vilay

(1¢ su &
NJTAVIVITAa agu3 UasSh

0°951/0°95
G°s11/3°59
£*cl /0%~
e iy 1/ %98
2°i%1l/8°0¢

$°06 /9°Bt
BeLyl/I e
L°08 /L°1Y
&2 N2 4 59
0°col/70°4Y

§°991/2°a9
O°%Z /1%Lt
C*L91/65%e
09/ 1%y

U°Lw /0°5¢
7°LL /6°6C
0°0s /6°5¢
L°LS /9°5¢
6ot /U066
el /76ty
¢°cl /oc®c7
0%t /70°5¢
el 10L0°9%
el /L 7
& S ST e,

= UL TONJT
/N 30011171

1uVd)

IV dTdVL

5¢°se el
Fe*e3®lo
23°20°e¢
56°30°¢2¢
11°33°0c¢

92°¢¢ 01
2e°20°%01i
ol Yl
7¢°2¢%7°CO
2¢*Ss9%°91

799 °C¢
[1°t3°%el
L5°7<¢°30
Li1°9e° 1<
e?7°0c¢"¢1

972°45°50
J1°0%7°91
5J3°70°50
L9°203°20
al®sl*21

52°7%7°12
50°32°7%)
2% 1V
sy*21°61
el1®°30°L0
Inll
NID] o

SLIn3IA3 44 15

¢2/20
22/20
12720
12720
ul/2u

22/20
41/¢0
31/7¢0
s1/720
3420

1720
el/sev
EL/720
[t/¢0
11/7¢0

11720
Ji/¢ed
) WA
0L/s20
83/20

0/ 2V
23/¢0
90720
30/¢0
50/20

aivd

INEUxe SOxwe A
INTO=eSOxhNUw
Vive 2= C30+90IA
INCCxLaUsnaV i
INCZ»T150=mwv A

WINIT=2190%NI S
UNSI=x6%0= 3NN
AN Z2%L70%xN1S
INOC»L%0x3 0y
INGT =G 90x SN

INCCE277Unw0N
INET#2%0+ 4389
YNSOx290%a0(1H
VNTCc+2Z20=nAV A
Sive IxlYU<xal Ll

A-8

INSUGxZ290=2N]S
INFL2190svV ol
Inod=1%02xVal
INSO=120% N3
INCTz0ceO=v 1]

binIZ2»Le0xv il
Wvy0=xLEO0wall
INTO%LeO0%V 4l
INGI=9ECev L1
TeOx9e Oav il
anVN
INd A




}:1 " — . . T — - R T———— S 8 YT e i -

N

(vl | iv = = =  Ypi¥e - ey o9 [9°9Y kol (V7 S e 1 25°3 190 ©¢/7¢0  MwsU=630=nVa

(02) | N = = = = cY AC0E AL LY 0°c®1/70°9% 2¢*%0°1u 8¢c/cl ANLUs68dx 0NN m
(v | N Te S 0t ] 59 L3 121 <®ed /0°6S S0 Lc/cO INCC2Gu0x%]IVa |
ol | AN L7 07 /LG 1= G 9y a*¢ Je*id e°LL /19 SIZ®Gs & Lc/2C INC ix050xSa

(oi) I i = = - = S%¢c GMal e Taic *8s—= 1005 S{®c0°1Il Li/<o INLlz5902Sai

(cl) I N el isl 9°¢ o®¢ & 2®y /JC°LZ 9®eS /0°L8 cG®eG*O1 i2/7¢0 INOT=BSU=SdN

(0T} © N = = = = e L% Y %2 vesl /0°5H 80%°c%°80 L2/¢0 INceEzouIxSaN

(0T i be = = = = t®e i°2- /0% *9l=- /UL®cUY £9*227°%°00 L2/<cV INcO=2p905uN

(L1) o W™ ot Ye 0®w 6%t Ly 0®9¢ /19°9y (FRAVIVE W VA tei*J7% %ol 9¢/¢0 INBT#L50sNhA

tcid ¢ v = = = = G 1o /&9 J°5%1/0°1s 32°%2c sl 32/20 Vins T« 50=n 20

tel) | ™ = = - = E®c 9%t /2°%65 e l/e®es 27°s06°¢l 92/7<¢0 Iha 1xL50sd]S

(0cd) F©  wn = = = = et e®sl /70°19 *291/0°5% Ce®73°5) 3¢/ 0 Tine LG0T

(ol) | M 91 1 ' S°t »°t o*% eSec S U uy 9°2s1/8°9% 2<®349°6u  9<2/20 INLGO=LsSosxalhix o

(o) | ™ £al Lud S*y a® v o®y 6%°cd /S9°y Y C*ysi/c®oY Ls*21°¢v 427206 ANCU L 50+ MM N !
tol) 1 N = col Il %€ e’ G*v 1°7¢ /79°99 0°9S1/c°6% e0%ew®dlc ¢ /20 MW =S50»alin

tol) ¢ ™ = = =) = Pl t®ell/9°w 1 0°ste /0°0¢S b7*%e 22 5¢/¢20 INZCeYu0xSdam w
(911 - - - - ¥t »°le /%°L9 0°L71i/0°9% ©0l°%38°51 52/20 INols950=udfixn L
(ol) £ n© = = = = % vl /U°LY 0°ss1/7C 0% Ye*ll ol %2¢/20 INoe T %G5 0%aliN q
{ee) o N el Lo¢ Sy 6% (°5 wo9¢ /L9y L*°581/06°%°8Y L5101 22/¢0 VNO T %99 Usd0iA m
(ol) £ N = = = = L%¢c A ST o 25 0°t91/70°sS 22%Le sl ed/720  INolx9s0srnu s |
L) N = = = = L%c 0°9 /os°’lte U®otl/70°93 Ja®9%°50 2720 INoO%x%50=D gV

(ol) | v 99 0% P ] 0*Y 0°7% v*le /L°09 t®o71/u ey 17°2%7°c0 tl/20 wnlex250xahih

(asl1) 1 N Ouv 79 & 5% ) 1°1le /79°59 LAS L RVEAS L Te*12°¢0 eé/¢cC oL 750280

tol) | ™ ly c? v (VR v’y ce®le /76°%09 989 l/L e 23°L0°c0 eec/20 YNEDx9G 0% aliN

(¢T) £ N b 211 [t (2 C*y 1°lo /1%y G°s9 /3°9¢ 9¢®*71°80 <2720 UNeUseSUsANH

e Y R VI { W ayv 3aAUT AVE  un HilimwlZv 3 4GNL TONJTD Inll aivu anVN *

Sn Sn /v113d /N 3uNiilvi NIYT a0 INaA3

tlce a0 L 49vd)
NOLLIVATIVAL oJd G354 SENaAd au 1St

1=V dTdVL

&

- e - ——— T g i T e p—— - B




pas o i compuy

= . RNt e b o — S,

- L Ao ot o P -

to2) £ N - - = - 1°9 L°16 /0°uh 0°9L /J°S¢t SE*I€°€l 1170  INeTsT120%SvH
(12) 1 N = = = - 9°¢ c*0l 70°st g°evyls °Z8 LO® 9°30 11/e0 INSO*TLOxD38V
(ol1) I N - - J1°e Js®d L°¢ C°0x /o0 °b9 $*5491/1°9% 81°06°9) O01/€0 1IN9O*CLO«YNA
(LT)IxI O g°l »°< et ke SRS 2°GL /0ot ¢°dL /u6®6Y 16°96°90 01/e0 Wn20%0L0=2%2
(51) I i 8ls €49 0t 6°¢ S°¢c 9°9wsl/e*12 v°éc /8°0% 2)°93°2¢ 80/8) INZZ=E90=1Nd
(61) 1 N Ty 99 4t 4L°t xG°% t*911/1°6% L°9G /9°L2 11°0%°12 ©0/<0  INTZ»890=vyl
(1) 1 = = - - Vel ] 9 #L°e 6°161/72°1s 11°3€°20 82/e0  INCOxg90xHMNU
(02) 1 & = - = - LR 9°941/0°0 1 C*°12 /0%ty 12°12°90 LO/20 INSO#L90%UiIA
{(02) f N - - - - $°v 2°99 /B8°94 0°e01/70°0% eG®°L1%e¢ 90/e0  INEZ#990=%1HD
(0¢) N = = = = i i€ /16°9% V0% 1/J°9% 52°cl°sl 90/&0 INOT#99C=HNU
(el) I N = = - = & PAE: L°6¢ /1°69 0°051/70°s* 60°56°50 9I/E0 InoU=930=x0X
(0Z) 1+ N - = - - 6t s*bl /72°¢7 0°091/s°¢tS 80°S0C°9U JU/7E0  INYO=390«nv X
(02) 1 N e S L3 9°c ot S°% L8 /2°5% C®olL /2°0% 50°00°%0 %0/ct0 INvU*%90«NhIS =
tG2) + N vy Ly Qe e 99 5°¢tc /%9°%9 L*9s1/2°08 12°01°cZ d/c0 INEE*E90xdNA N
(0Z2) 1 N - - L%t 9%t x%°9% 2°19l/7L°91 v°81 /L°79 [6°92°12Z z0/cC INTc=e90+9NA
(s1) & v - - - - 1°% o®°91 /77°19 0°e91/78°%¢ $2®t1°50 €0/¢0 INEO=t90xWOX»
(1¢) 1 N - = = = s°¢€ [ *%e /9 %t L°9T11/b°LL e5°92°60 ©O/E0 INSO»E90%d1S
(931) !} v = - = - 1°» L°0¢ /7°EY ¢®661/70°ts EZ®5€°00 20/€0 INOO»€90%nV X
(0¢) ¢ N = = = = vt $°wy /6°1Y C®94L /0°e?Y cveLs®6l <0/E0 IN6T=2C90xRWIV
(el) 1 v = - - - 0°v 8°0tl/L "5S¢t 1°29 /9° 1t c1°0L°Y1 20/t0 INY12290xvd]
(sl) N = = == = 7% 8°1- /L8 *1g- /U058 12°40°80 52/20 INBOx090=SaN
} (61) I N 011 = 2%t JL°c¢ U*+% 1°%21/ c°9¢ 9°9%7 /8"l 15°20°83 06¢/20 1INEU=030%xD4al
1 (LT)Y 1 N = = = - 9°c 9*91 /72°1i9 991/ 1°9¢ 20°90°0Z d¢/20 INUGZx5S0xnV A
(21) 1 " %9 ial 2%t 6% 2°» $°L6 /LY L°8Y /J0°9¢t gr*21°81 62/¢0 Ing Txo50294V
(ol) I N - = = = 1°% L1 /71°19 0°e331/0°96 Ie®3€°TLl 92720 INTT=x6S0%AV M
S31L0N l v dv aAUT AVo un HilliwlZv 3 3GNL TONDD inli aivd@ INVN

Sn SW /vii3d /N 3uilillivld NIOI du IN3AZ

{1l au © 39va)
NJILVOTIVAL dud U350 SINSAS 3u 1S I

1=V JTdVL




(c1)
teu)
(vi)
(91)
(s1)

- S E

(8i)ad
(1)
(uc)
(i)
(1)

ol B B

(o)
(ol)
(1)
(1<)
(0e2)

S

(ul)
(ol)
tel)
(ol
tel)

N N e B )

(0
(vli)
(c1)
(02)
(02)

S3LuUNn

R e R

2 2z

zcC

N

h

7272

L

L1l

- N
o |
3 3

o |
S S 4

AV o
Sw

S°c b (IR e )
v®c UL X £
L% t®cy /9°eS
9°c G°gl /9°Ck
(S 6°92 /2°L9
P y*gL /0°st
L A3 D°9w /0°3%
(TRl <®*92 /1%a89
o®c s®lo /Z2°9%
ot 9°621l/7°%¢
Z°le o®s8 /919
L%t 2°9c /4i*u9
VI EFee £¢°359
9°c =it Zices
9%t SEC) TR 3

6°70 /0°05%
0°611/9°cY
g°éo /5°0%
O°%¢ /L°99
Z99=-/2°LL

- NNO
[ I ]
L SV oA T O o O A

o QMM
.
LI - A '

9°i8 />5°%us
g°ue-/L°99
%°98 /¢°2S
2°950 /3%e¥
6®2¢ /0°L3
HiOW 14V
/Vil3du

|
a |
2 |
|

(12 13U o

O e /79 ey
U*7291/70°5S
0°cG/5°9”
0°0L /0°2¢
U*9Ss1/0%6 7

2°8L /L°5%
0°0s /0°0%
0°*761/G°¢7
0°tl /U®Bt
13 /L°2%

c*eL /0°1l>
0°041/0°%S
L*9s1/9°0%
Ue9/G°LS
C*lo /0°L%

0°sL /0°2¢
0°%% /2°8¢
L°09 /1°07%
2°991/06°6%
*911-/c*2¢

G°%y /7°0¢
*311-/0°"%%
0°ts /0°9¢
G°UL /0°LE
0°8s1/0°6%
3 3UNi 19NV
/N 3unilivl

J9vd)

el*1i°50
2% %e7® ¢
sl*ee°11
22°el° 1V
c1®01°30

L>°12°%0
6a°L%° 1<
2l*30°71
se°Hs °01
Te®%e 0

3l*%5°61
S¢°L1°s1
ct®dc 8l
91°2s5°el
95°11°L0

Leee®ed
82°LI°Ll
| G S B S~ 1Y)
20°5%°L0
10°52°00

£€°20°9d
Le®t7°*C0
td*Le°yl
cel®3y°s
§J0°117¢0
Inly
NISIxU

NULLVATVAG dud u3SN SINJA3 33U 1S1)

1~V dTdVL

¢0/90
10790
10790
10730
1079

82/¢c0
22/7¢0
0c/cC
32/¢0
ol/c0

81/
31/¢0
CRVARY
31/¢€0
51/¢0

L1/c0
LI/7€0
L1/ 0
L1/cO
L1/c0

51/e0
%1/¢0
ti/e0
cel/t0
g€r1/¢c0

3lvy

INGC =25 TarHN
vivtcxeSlswo
INTT225T=NOw
INTO=xES TN
(RO HESISRER-TR

INYU =880 = L A3
INTC#00OxNIS
A2 Tx050x an
INOTx050xN1S
Tive Cx6 LO*11V )

INoTx8L0%0ln
AiNo 1 x8L0%HMU
Tivo TxgL0snV
INe TxELURWT N
INLO=BLO=iN3

INE2+L LGSV
INLT=LL0sV A1
INGO®LLGx1V L
INLU=LLO= aIN
INOO=LLO% L3V

INGOx5L0=w] 1
AN2O%x%.0xv01
INBTxelOxdll
ANSO%eL0%D4dV
INCO#T L0=lIA
3nVN
LN3 A3

A-11

o



e R

{ol)
(sl)
(sl)
(e 1)
{(s1)

(6 )
{¢t)
(21)
{ct)
(el)

(o1)
(st)
t21)
(71
(¢l)

(11}
(e l)
(+1)
(c1)
(L1)

()
t710)
{o )
(11)
(e1)

Saluiv

- -

Q

aucoan -

o200 J

T o6 Ze

N

N

v

Le

oY

ool
LY
111

Yy

U>
14
e91
let

9l
ool

201
ted

77
0L

97?

9
02
sCl
309

a
™

ccocCc~
.
g oomMmg g

O wva
o o o o |
[ S A Y

~ oo
L]
ce

aye G =
. * o o o
a0 R OB o

“\UIF’O ()
G e

o |
Lo S XA o 0

T
LW et el { oy C
) o o o o

oL et

(& &
cwowoan~ <
* ° o o [ ] [ ]
o ooy

AV
o

neCe o
.
KON OIS LA |

O e ~C
[ ]
SEXERER R

L]

NO a3 O
. .
SO S A0

o Ce=u
{ ]
[N SN SRS B 4

*
o C o
o o
(I S\ FIRN VO ¢

o

|
a |
co il

c*iLe /L°99
2°0¢ /5%y
7°921/1°9¢
2°0€ /0°iL
L°aC1l/1°%°67

g°tsl/o®Lc
S 1w /%°09%
%°*°9y /2°0L
v*6li1/¢°%6d
2°i? /9°0b

g°%Z /%°99
i*e #1°9<
o®0ul/ss°0Y
g*ecl/0°6¢t
2°6s51/0°%¢

€°L1 75°09
y®elL /o°®bs
1°c71l/7°%°¢kc¢
G * ¢ 4 ¢ ey
g*Lil/o" 1>

7211/ ¢y
L°Ls /L °08
c®o0i /1°%e9
2%ce /0°55
7°1ls /C°3™

Hiliwilv
/v1)ad

(12 au

0°2si/0°8Y
0°091/0°¢S
£*9% /bt
0°0s1/0°¢7

$°99 /c®Bd
5°3¢ /8%t
e®¢5 /9°5¢
vues /0°6l
g°99 /0°1%
¢ 2y Ree

Ussl/U®SY
6°6t /5°9¢
£°0L /u8°b¢
0°9% /0°%c
7°12 /o°LE

1°e¢91/72°9S
0°Lo /0°xc
2°9C /7°0oe
0°us1/G°cS
U°%s /0°0c

bt 190
w®sc /8%
L®s5 /%°8d
0°%°c¢d /0°9yt
0°18 /70°2%2

3 361 IONUD
/N b(Dh—.—Q¢

01 39vd)

93°cd®ec
10°%1°%1
¢7°1e® 61
gzt ol
11°s.2°il

92°27°LV
21°01°¢el
Su®s0°91
s1°9%7°21
29°¢1°01

21°2c *Y0
Z1°00°061
ea2®25°11
LG%itl°t1l
53°%4%°01

279°¢1°20
al*2d®el
72¢®ol® 91
de®2s%LV
o?°Le el

Je*l¢®30
15°91°¢!
55°2e°02
22%0%7°91
5% °0c *90
anli
NiulaU

Nolivirlend add4 dash SinN3IAI Su a5t

1-v 31dVL

11730
11790
0ls90
ol/90
0l/90

53730
33/90
80/990
50/v0U
80/+%0

3G/90
$J/9%0
20730
SU/90
507490

S0/ 20
23/33
%2/3C
20/9u
%3/30

e /90
£J/3C
20790
20/9C
2J3/9G

InNed»e G 1xdgiin
Five TxeIlnnd M
INOT=CGT1xveE]
INO 129 T2 aiA
AINTTI=C9Tenvd

ViiU=191%x3a)
Thedx09T2ull
V912U xolid
yineT1 =091 =b5bl
vyNO1=0O9lxlvVl

UNGU%BS IxaliX
INcTaloTxnud
IinT 1L G 1xAVQ
INTIxeslevel
vivu [ 49T %340

VN702LGlan7 A
YNE C%9GT=lH)
Vi lxyulxahid
Vil OIS I xAT
YhNeCx951xvol

VivsuxGGl2val
VivcU*»Saistlag
vind 2791 %UNI
VingIewsl=ind
INGO2&STaiNl>

anViv
LS A3

A-12




(c1) T N | @3 - 8% W &%t 2%0c /9°LS C°iel/0"Zs 2G®s1°60  Uc/ 7D inoCxellxSad
(o) 1 N = 2t - e%d Wtw s°tc /uLY C°Lal/J0%uY Ch®1%®¢e o1/790 INIZZ#TLT=d0MA
(1) o N te Ss gt 2°m | SEw 1°c¢ /77°0L R R VATRES va9®20°80L oS1/90 VvnslxTil=giXd
(9 ) ¥ N Us & % ¢ Y | G G 07/ Tl C*le /u®st 29l ®2¢ wl/490 vwdd=ULLIxolll
(1) 1 N - - - - £°9 U*0o /9°CY U®ce /70°0% 5%°31°00 81/90 viNoD=»0LT1xNI1S
(¢sT) 1 N - - = = 6%¢c 8°6l /2L U*961/0°°s7 25°01 %0V 31/90 INOUx0OL TxaiX
(yIl) N N eel eIl 6™ BEE €Y 1°¢s /0G%¢e> U®ctt /UKL LY®0e 720 wl/v0 INYO0*DL13%cll
(LT) ¢ 729 ¢t % &% Sk Yy 9°0c /v¥°%0Y 1°0%1/¢*9» 12°81°6l L1/90 INOT=69TwbliA
(1T 0o w <Y 50 g2 — e st ue9lsLecci w*2l /<89 4" °20°50 LIi/90 INoOx0I T=SNV
(1) N N 991 991 2%E Oy e st 21/70°G¢t 0°9% /0°%¢c Le®Cc®e? ST1/790 Intl»e9lxvdl
(o) 1 N - - - - ¥v°e 1°¢¢ /70°¢9 C°LsT/0°%es 2i®Cl®cZ 91/90 uN2ce¢xoIlxAWN
(ti1) 1 v - - - - 1°» 9°sl /8°09 0°191/70°95 19°96°53 331730 INGGEYTaNT N
(1) ¢ 9¢ LEL <C9% t®%? <¢°% b6°% yeLG1/9°te 2%de /eS8t 22°ce*00 s1/390 INGO%LY T 48D ‘=
(e1) a 9 %91 o3 ¢’ ©v°c %t*” 9°cdsl/s72°L1 s®cl /4°%c% 22°10°1¢ H1/90 INIZ2s991=xvii m
(si) o 21 t%o brb e®7 0°% =249°7 s°ell/c Lt 2ol LYy 2°55°81 91/90 W ix99lxvll
(21) N N - - - - 9%¢ s Lil/e®sy 0°9% /0°L¢ s0®°ye ¢l 921/930 ~7N~v<c~u¢m~
(IL) 1 N - - - - 9 ¢ $°91 /e 09 u%91/70°LS 35°22°01 H1/S0 InO1%9STxn0lM
(L1) o N Sy 97 %" o't t°%s 9°%21/0°9c 1°9% /J0°¢tte 3C°7E°90 R1/90 INY(x991xvdl
(s1) & L% w¥y 7L Elle B A 5°011/6°%¢C o°ls /1°0% 29°54%°00 91/9C INVO=99 1%V )
(1) 1 N = = = = 5° € t®sl /0°19 C*°¢S1/70°a¢ Je®es*H0 t1/%0 IN?O 299 T2V X
(cl) d N 161 el 3°y 1°% 1°s e°%¢l/0uxc £®9% /1%t LE®GS"CO tl1/90 INOUO=49TIxvuol
(913 1 &N - - - - 2oIg o®vl /5 °tYy 0°291/0°es Be®le®2é QC1/790 VWNZZx%91%nUX
(LT) d N led ool €®S L°Y 9°s c®9l1l/0°5¢ t*9Y% /1°ct 10°92€°¢l 21/90 Inel=x791xvdl
(o) 1 N - - - - &2E $°1lc /9°09 C°s%1/0°%% J1°51°00 21/790 INOC=%91x=uiN
(ol) 71 v = - - = £ %82 LS C°<¢s1/70°LY Y9 e g2 TL/90 cNEc*eIlxtitA
S310N Z w dv aA31 AVd un Hilwlzv 4 3CNLI9NIT dwil sivd dnUN
S Sw /Vvilau /N 3UNLILVY NIST MU IN3A2
(12 30 11 39vda)
NOLLAVOTVAS dud Jd3SN SINGAI dJu iS5
IV d1dVvVl
Pl el bt el el el el S (el sl el DG DO




(si)
(s1)
(e1)
(1)
(s1)

[ - - QP e

(ot
(s1)
(1)
(0<2)
(L1)

~00 2

(s1)
(21)
(11)
(a1)
(81)

a
a
d
N
A

tol)
(el)
(s 1)
(s1)
(el)

aa0 oo

(si)
(sl)
(o )
(s1)
(o1)

>3lUn

T I

e

3 —p— =y

YIS

e

e e T I B T D B e B

534
73
2L
sll

ocl
ol
Lot
Ocl
99

sld
2e¢
591

av

INo
Sn

AV Y
Sn

0°59 /0°7s
G°il91/0°¢s
t°te /9°L¢
C*2€ J0°%€
U*791/0°SS

2°9L /0°0¢
Sl /L%ty
L9 1/L 9t
L°cvl/c®0l
0°L1l /72°¢v

I o B o
L4
LN G T ]

U°*561/0°9S
0°16 /0°ct
S°CZ /0°t”
$°09 /E°9¢t
0°Ly /5°1s

1°91 /%°19
%08 /6°9S
L°tsl/8°81
$°9c /ev°'eY
o°o0T/1°22

*
W~ 0N
.
[ARINY o AR 4

£ 0L
3 °96

/L°62
/2°92
t°0L /L°6¢
0U°69 /0°9¢
0°8491/3°9¢

©°001/9 0>
1°06 /e°®59
6°001/9 0"
2°tb /v °t®
2°02 /c°®09

*

O~y 93N
L .
0N 3N

ce®021/71°1¢
0°091/70°9%
9°6Y /E°9t
8°s1 /0°~.%
2*9% /5°2¢

1°€9 /v°0s
6°1 /9°¢9
%°96 /o°tY
o®L9Il/1°L1
2°921/1°9¢

]
Vol o A o
. .
X L AN B T

0°1c /0°L¢t
G°0t 70°1»
0°191/0°%s
0°0t /2°07
0°sL /0°2¢
3 30N119NOT
IN zuNliliv

%°091/L°%¢
°091/0°e¢
61 /L°2Y
9°191/6°l
v®20 /0°0%
Hi(W1lZV
/vilau

(1Z 3u ¢l 3uva)
NJILVAIVAD 353 G3ISN SAINa3Ad JdJ

1=V J1dVdL

20°1%°0U
57°8s°71
ye*s%°60
55°31°80
22°30°90

c¢®87°%0
59°:0°¢0
36°c%°10
2c759°581
9c¢°0c*2l

96°6%°01
€3°*50°50
29 °5e°90
€J®>9°0<
2e®2e Ll

$¢°v0°40
dDa®se "L
3%°86°L0
61°55°%0
25 %3

21°61°L0
LE®S2°%0
g9°é7 0l
L1°90°50
AE e "El
IWll
NIDTGU

isSid

g o

et == bl e

APREaT pFapmmes

R EIR REFA D]
ViNz 12081 xnV
YNSO%08 ixuV )
viveOx0o ITxdA)
IN9UX0uTenON

Mv90x08T1xnul
yine 0%08T>1rD
VNTOx06 1%911A
Aing ITxsol 1 »dNH
INZLe5LTxS50M

INOTx6L TevVd
IN6Ox6L s dNd
INGC+6L TV d
IANOZC 6L 1 = %NH
INLTxol TenV

INGOx8LTxlV i
INLTxLLTenV N
AINLG»L L TxXNH
INYO=LL TxO(IA
INeO%5LTeval

UNLO %G L T=2 8D
UN70xSL1sdNL
INOT»eLlxnV
INGOxc e 1% alil
UNGT%2L1I %SV
3nVUN
IN3I AT

s




.11‘.1:. r;él!!#iii

(1) 1 © - = = = Y 9o /9 97 0°ce /0°Lc 19°0<¢*20 11/40
(o1} o N 1c 8% £*C 4%¢ Li°*¥ el /5Ly Y°cb /7°t? gv®e0°61 01/
(sl) T N 1t = 0*t %°¢ 0°*Y 2°951/7°4¢ 0°s1 /70°9¢ ¢2°12°el  50/L0
(Ge) 1 N 9¢ e "k 1*: &' o*le /15°99 0°1s1/0° vy L2°L0°1Z 8O/7L0
t31) ¢ wc 91 2¢ ™z 4T Y £®c¢51/L°02 9°cd /9°1% 71°9%°60 0d/L0
(LT) N w 1954 = L°E U"E 4"t 2°2L /0°E9 U°¢o1/2%ce 17°e%°%e¢  L3/L0
(1) 31 N = 8L O*¢ +L*2 UI"% 2°LT /1°19 C*°t91/70°95 930°€1°s0 L0O/L0
(s1) N N = (Ve X4 - B¢ W% 9°e11/0°%2% v®sy /0°L¢ t7°1v°s0 3I0/L0
(s1)xa © = = = = L Al L°Sse /o°Le 0°3dL /Li°b% 89°Cc0°10 v0/7L0
(GZ) N iy 8t = 8°¢ 1©v*c 1°**% $w*Lil/o* 1 30°%°%6 /2°0¢ 8d)*Il»*1¢ 40/7L0
(9T) N N 9Ll s7l g°c 2t 0°% O°li/71°0% G*es /0°1e LE®oc®31 507010
(1) a i ud 6l 0°t 1°t ¢°7 I°9L /0°L> oLl /9%ty 5%°50°%) 9J/LD
(bl) o N 46l 16 5°% o0°c Y°V o®8L /1°cY 1°16 /79°9% €E6°00°10 60/L0
(c1) V N = = = L2 Sk S°L2 /9°49 0°151/0°6% LS*c9*1Z %0/.LC
tel) 1 N = = = rAd T A L°LU /1°29 C*e91/70°96 6123l 20/L0
(¢e1) T N #9¢  SHE 6°¢ B¢ %°¢ L°SET/0°%¢ O°tc /70° 1~ 32°L1°90 %0780
(51) ¢ % 90 6s g°y #t 0I%a 0°121/9°0" 0°1s 70°0¢ 2Z°%de*1¢ =0/L0
(el) N I = 1$4 - B2 G L°811/%°1% 0°eS /0°0c s0*te*¢cl &0/L0
(L ) 0 bE = 9 g*c O0°% 0°S 1°121/%°0% 8°0s /1°0¢c 20°01°20 to/L0
(02) o 1 &v I £°t €'t 9°9 Z2°121/75°0% #°0s /0°0¢ 92°40°21 206/L0
(ol) o 1t ©8SS = e®s v°H% 72°6 1°121/%°0% v*06 /1°0¢ LIO®95°cl 20710
(¢1) 1 N = = — = Y ) 2C) (el 25Tl 5 0°991/70°%s g1°01°20 10/L10
(61) N N 1A 25 L*¢ @2 @°% L°s11/%° 1" 0*ts /0°0¢ tee "1t *0c 0&/70
(o1) 0 N o8  scl %°4 ©8°v LT 6°09 /1%a¢L 1°121l/7e°%¢ ge2°Ls°61  0e/90
(1) o &S ¥L 1L 8°t 6%t *¥3°% %°26 /L°C% %°14 />°8¢ 11°2€°ed 5¢/30
S31uUN Z w dv JAUT  AVE  un HiINwIZV 3 3GN1 I9NDT Inli 3ivd
Sw SKW /v1i13d /N 3ANLILVTY NIS1 80

(12 3J el 39Vvd)
NJILVNIVAS d03 G3SN SAINIA3 su 1S

1=V dTdVL

INPO2el®daV
ynolxlol=nis
INteT=T101=xJ3dn
InvidelOolwaliA
INsUsOolx3ud

INc2aodlsldy
INGDsob TNV N
INGC485T%xval
INTOxou =iV
INIZ2=2u 1=V al

INFTxlceInvul
ANYO=LuTxNIS
INTO=LETxNIS
INT =9 T=dlin
INETxSu1snV

INYOxGb Txdnil
INTZx6E1svV ]
B TAETI-AC AR D
INCOwGETIxV Hl
INYIxY81«Vd]

INZIx25ixval
INCO=E b LW
INOZ=cb I=val
INBTx2ulx]lVi
INe O T T %93V
INViN
IN3AL

A-15




(vi) o
(osl) d
(1) d
(s[) d
(91) 1
(si) 1
(1) 1
(1) o
(1) N
(ei) 1
(L) N
(i) iv
(L) a
tUc )
(20) N
(s1) ™
(81) N
(Li) W
(1)
(6l ) w
(02) a
(s6il) d
(LT) N
(720}
(vl) d
S3dUN

oY
Os
LS9
5%

dt
oci

591
¢l

87
1ttt

77

[T U o BN o n BN ¢
* o o ¢
L SN B g |

Ca~3nmr
. s 0 ¢
ey 3™

y™~O0NPH a 0 &0
[ ] e e © o O o o
[ARTN AN L R B o g oM

o e
[
fue®eo g u

Q
2

L1y /L%vl
w®9e /9°25
e®el1/72°0¢
0®9L /L°6S
0°0c /0°L9

1°2¢ /U°e9
i e 4TS
L%Lls /v®oL
o®28 /o°C%
9°s9 /7°LL

0°12i/9°0%
D°121/9°0LY
1°{21/%°0U>
9veHl/o°Lc
v°0y /0°13

2ol l/y°L7

i*ue /70°0L
2% /9°LY
9°9¢C /E°99
20%%0 /Z°v¥Y
w®he /C®9v

9221/ 1%
s®00l/sb*<¢Y
LeLi /11°%¢y
2°52 /0°99
HLifWidy
/v1ilau

(1¢ su

71

Sl PR VRl X4
%66 /9°%Cc
€%y /< %vte
6°9s5 /G°%c¢t
O°ov1/0°9%

U°LST/I°LS
0*2est/s7i°Ln
1°921/72°%2
U°ve /0°t%
U°*2e1/3°0¢

U°1s /0°0€
0°ls /0°0CE
8°0s /1°0€
0°it /0°%¢
2°ec /2%

28

e
Coes /C%B¢
0°us1/0°9Y
C°o8 /0°IE
IR VRS /
0°*tl /0°xE

7°451/¢°067
LSy /1°9x
0°09 /0°Z2c
0°e¢91/70°%95
$*761/%%87

3 3C1 19N
/N =UNLILVY

=UVa)

su®37°el
JO°0%°&D
15°9%°¢0
%2°3<°2V
tecslLl

70°0s el
16°15°60
2%°51°¢0
249°6t “JU
te®05 ol

el®a7°Ll
It°31°el
21*20°%cl
AT
a0 Rt R

e5°0S°ul
n9°50°61
29°Lc¢ 50
[a°21°0¢
31°12°10

Le*21°00
A g )
s7%tte °S1
8%%c5 bl
1c®35°90

inil
iUl ad

NofLeNIVAd cus GadN SaN3IA>s 3u i>11

I=v dT19dVL

91/L0
IT/ L9
931/74i0
Jl/L0
51740

s{/740
51740
s1/L0
31740
2i/010

21/L0
2i/L0
21/L0
21/LC
el/L0

el1/40
c1/7L0
el/7L0
21/7L0
¢cl/740

217 L6
11740
11740
11749
| QWARS]

Ine Ixblxlvl
INe Oxbol=xdl d
INCOsbolxdfil
INCUxpolxd ]l L
INLT=LST=aliN

INE IxL5T*xnWVT
INOU=LS T YN
INCOxLo l+NAY
INOUL6 1D 0N
Jive 1xY0 1 &1AY

INLTR9DTxV 0
e la9g6lzval
INeI»volevui
INPG x9S T=ad
INeZs50lxlvil

INgl=xGol=avd
INe Txsol»aiid
INGGxuolxdl L
INCZ =761 =400
INTO$256 1=V d

AINOO=%o Ll diia
INZ¢seolaVal
INGIseb6lsvdl
VNBUZeb LxaV A
M90S TxalliAd

anVN
linaAs

R e R Y M....J

A-16




L i3 o

T IR PP e

(ol) o N X4 Yo 9%t Y°v B°% 2t 1 /0°09 0®¢I1/c®4S 8¢®07°99  12/10  TMnJustlcanVi “
{ol) d v 9% 25 2%t 1°9 o°2 0®cd /5°99 ¢®v9l/c®a7 F1°Ld®°12 5é/7L0C InlxilZ=sann
toZ2) b N e 1Uc 2% 9% Bx 4°*1C1/9°9% U®uy 70°2¢ Ge®dL*Lil 20270 Ihel=Tlexudv
{si) o W Eeil LY o®7  s°% 1°s L°¢s /0°1> 5" Jel/i7®sd Je®l2°91 L2710 In?lau0deilAa
(91) o icl ol %7 v %3 L®le /C%9y 1°0461/70°0S 95°02°00 ¢L<d/Ld TCo=nJdC¢ > aliA
(el) N N Jo oll g£%¢ dTE Ut L*911/72°%°0¢ U /0°09 G¢®Lls®oi ¢/ LY Tne lapCi=iIVD
(21) 0 N L1 71 9% €’y ©v°®7 U®lLo /9°%0% Y*0y /u°st »i®*45°721 %¢/et0 IN21%G0C#olld
tel) N - 7o = t® (VR 2°L1 /0%0> 0°¢3 /0% 3¢*50°%¢el e/ O INETxG0CxmY
{s1) @& N 211 Oli $*c 1°e %°7 $°921/0°%bv¢ 198 /9% ce®ecc®0l 22740 ING 190 cxdlit
(51) N et = $%c - 9% s®lo /9 °%ds 0®lo /u®le 59°17% 2 £2/740  Odivee~:0<%oll
(2T) ¥ ™ 19 Lo g9®°c¢ ©8°2 «c*¢ 0%Lsi/1%0c 0°%¢ /0°te 2¢®L1°81 ®d/720 INo1=SCC*33n
(L1) o W™ Lé = #g*e 1%z L% ¢®ls /7°%63 9°ls /9% 1c 50°30°1¢2 ¢22/L0 INlsv02xdl L -
(LL) o N 1L 11c¢ 1°9 w*3 6°S 1°1ls /5°%ba g®°lo /%°1lc 9D 1% °31 22/tQ INIlavudxdll —
{ot) o v 431 Udt L%e 1°w &°*9 vl /L2282 6°9c /o*%% 57°01°60 <¢<2/LL INGUx%NCxSdAM k
(S51L) 9 9 las 1°% ®*7 €% 2% /3°%9v t®¢Cl/8%0l ce®LT1°31  1¢/7L0  INIT«elexldl
(1T N iy = = - - e L%co /1°1+ U®lo /708l g1°20°01 22/7L2 INCI=cCdlxull
(sl) a v S931 il I°t v® ¢ 0c* > o®1si/v°02 s®ce /912 57°9%°%¢cl ol/L0 INe1x00cx 480
(st) 1 w - Od - y*e %% 6°co /e°®le u®YY /0°1s £9°20°90 81740 WNVOxUOZ# LN)
(i) N N LY - g WY uiE 2%l /€97 U®Le /G665 LD%L¢®ed ol/20  ntu=UUEENIS
(L1) o N ol = 0%t = 59 s®ol /7°(G 5545/ 1°%66 25°05°2¢2 L1/L0 AINC 2«65 [ %AV X
(sl) N N L6Z Goz gog Wk, BN $%091/8°9¢ U®2¢ /0°%%e 6C®61°%1 41/7L0 IN9I»oolxU3lwn
(al) N = = = = et c®Ll /0°09 C®c¢91/CG°Ls 91110l L1/LO INTTxool vV
(ol) o e v7 ¢ty Z%®m E%S s°61 /76°16 J9°%051/0C%sS 23°3¢°6U L1/LD INBO %05 T2y
{fol) V¥ 71 93 U°c (°c¢ ©'c 9°971/9°%°0c G°GE /0°%e Gl*7Il°c. L1700 INEC=061%xLaw
{sl) ¢ N = Vs = P T A | oLl /9°29 0291/ %7°%5 ©0°%0°0¢ 91/7L0 VWNOcCxu5S1=nV)H
>3l uh L w sV 3AUT AVZ  ©n Hihn 14V 4 auna 190 dnld EFR"N! LA
Sn Sn /v113u /N 20iliLvd Nlvldu IN3IAS
{1¢ du 91 49Va)
NJLLIVOIVAZ aud G4SN SaihN3A3 30 1511

1"V JT9gVL




-
[
pay
-
-0 <0 0O

ol ot O oo

- o
o O
-t 0\
-
« Q

-
<<
=4

g J0

S
-9
-
-

c Jcoa

S3ILUN

4

PA NS
Oe

oll

091l
7%

0

L9
2L
06¢

vl
9ue
LY
1
L1

g7t
<l
ARt

v

ell
i21

¥9

so1
79
ésl

9%
LY
oll

ol
¢9¢
o
93

St

ocl

AN ]
[ ]
(A gAY o

e CceCc O
o 0
IR

S

CPVe-—a
. [
KAl gV o |

accor
. [
[l Vol g\

v oruy o S s
o 0o 0 o * o 0 @
S BN SRR R R R s

% /¢S
1°es /7°3%
¢®9Z /0°99
c°ell/se *o%
cuvl/v°9¢

oLl /c°¢év
2°091/0°9¢
veuel/s9°8t
o9/ 0l
2°ec /o°99

O°%2 /9°99
L°S11/0 9"
s5°sel/se®9
te*8c /7°L9
s®o% /9°6L

s°sil/e*9%v
2°6e1/6°9¢
¢°yl /uv°®LS
u°sl /0°19
Z°LC 16°4i9

L°0tl/L®9c¢
1°9el/1°0¢
2°90 /t°®S7
o®°Ub /9°tY
0*611/1°07
MINW 1LV
/vi13d

tl¢ 30 91

°Lcl/e°9s
$*.01/0°%cS
0°tcl/70°6%
1°19 /70°s2
D°¢e /0°6¢

0°%91/0G°65S
c°Le /0°9¢
1°0s /8°1¢
0°bc /7G°%c
0°¢LS1/70°5%

1°951/72°6%
0°*°LS /J°%ud
6°CE /6Lt
Celsi/70°LY
O®eel/0°8¢

0°Ls /2°b8
L°2¢ /L°L¢
¢°e91/5%0s
UC*291/0°9S
9°2s1/0°9%

£®2t /v Llt
0°5¢€ /70°5¢t
0®°2L /0°9¢t
C®cl /0°5¢
0°cs /0°1¢

1 40N1 T9NUT
/N 39Nn11iv

3uvd)

1s*15°0¢2
L1°2%°51
26°%¢ °01
2¢°50°01
8%°2%7°50

Je®Li*»l
543°¢2°01
35°02°LD
LC®°S% L0
t0°9°20

17 Sl S A
1£°51°60
20°0c°s0
0e°0tE°%0
cé®Lstéc

Iv°L9tdd
32°se°1¢
L7°3e°21
91°Ls°eD
€tc¢®5c¢®<0

9¢°%70°c0
55°11°61
31°3s5°21
Le*2s*ul
3C°10°1¢
inldl
N1D1 Y0

NJLAVNIVAS du3 udsS) SIN3A3 30 1511

1=V 3T1dVL

50/40
53/83
50/680
80/uv0
L0/ 80

90/60
30/sC
30/s0
93/60
50/86C

%0/v2
20/50
%3y/u0
207 <0
£t0/80

€0/ 0
£0L/80
c0/760
t0/e0
tJ/9v0

vJ/ol
20/uv0
23/060
¢0/580
1e/L3

31vd

INOZ %22 * 583
INoTx¢2¢*1va
INOI=Z22C»diiN
INS 11223V al
INGOx0ZZx ML

INTAET CcxnON
INOT26122Jud
INLO%6TCxV O]
INECxOT*uaN
RIYOETREA X-T10

INeTx212=80
INGCaL1Cx0 d)
IR EYR T4 3- 11PN
INYOxLU* It
INZE=ITC*IIAY

INEZ=IFT2xV B
INLCxST1xdNd
INCT29TCunU N
UNEO2ST %AV
INCO9 1w dliN

INCO %91 Cxutild
INGT =S 1Z%dA)D
INCLG12%T 3V
INOT ST 2% M
INTcse 1=V al
InVN
INELLE

A-18




(sl)
toi)
(1)
(51)
(21)

(ci)
(91)
(91)
(»1)
(1)

(ol)
(1)
{tnl)
{»1)
(1)

(al)x
(71
(s1)
(ai)
{ol)

(91
(sl)
(¢e1)
t=10)
(21)

S310MN

-~ 2080 - 0 <0

L T O

a

- e e )

a
N
a
)
)

AT

4]

1¢
LY%<
1°0
ol
it
Ost
e9v

1<y

99

ol
90¢
g1

L1
Sc
Ole

éeh

N 4
e | o
3

(oS a0 41

¥ 0 0
.

N O~ O
)
IR TR B o

-
L)
o~

o S RY
e o o o e o o 0 o
e g ey

Ll U & et
(A O L GRS SV

(L A R 2 SWE X 5

¥y vJyoeuw

[N AR BB TS

L m N
.

S

2
7
9 $°%51/70°1¢
Y2
K4

21t /1°0L
2°0e /58°%°39
¢®Ce /0°0L
1 221/ 1°%%¢
g®al /U5y

t®0¢ /9%y
3°9s /o000
2°011/9°06%
L°951/o°1c¢
»®Ll /1°19

2°0¢t
i°91

/8°89
/97°29
9°to /<%
O°Li /2°¢H
7°311/9°7c

/6°Lt
/12°¢y
/19°LY
19°29
1¢°99

$°se
D el
t®ud
051
5°6¢

17£°7%
/6°LS

Z%%0
B 8L

1°00 /0°C%

o®92 /u®LY
HilidldV
/vil13d

ki s

2°521/5%e?
U®o% 1/0°499
6992 1/C°EY
U®eld /U°%Fe
0°es1/70°05

06°051/0°%ty
9°*°92il/s°cd
0°®%9 /70°s¢
0°c¢ /0°C»
0*e91/70°9ys

0°o%1/J3°%%
$°591/70°9%
D°1lL /0°oe
o729 1/70°%9%
0®5% /3°9:

1°0l /5°5%
0°%291/0°5%
O°lsl/0°Lw
0°091/2°%>
0*961/3°%27

ws.u.cm
/0%t
L*2¢ /1°1%
0°Ly 70°9¢
0°eal/a*L»
3 3001 TONUT
/N aUNLILN

7° 1L
0=t

(12 30 ¢1 39vd)
NJILVNIVA3 ad3 43S Sihk3Ad 30

1=V 31dvi

- =

- L’i!ll‘f

8%°0Z ¢

21°45°1¢
2735 L1
Ia*19 I
21%ec°1c¢

13°<20°0l
51°C%°sl
L0%e0°01
s 1°01°5D
>N Le 2

dt*Le sl
35°9¢°01
2e®51°01
21°12°a0
ed®2¢%°*50

L5°91°¢0
Lv*72°10
Le®ls°cd
I5°12°s1
Jde*ce 1l

d7°%0°00
82°91°¢0
ta*ly*ed
Iv*s2°10
01°60°1c
Iwli
NVl al

1S 11

i S R W~ Y T O

ol/s0
ol/uv0
21/89
517380
sl/30

8l/80
31/00
sl/s0
si/uv0
+1/30

i /60
31780
v1/80
931/sC
G1/430

21/80
931/0
91/80
el /00
el /780

tl/80
e1/a0
21790
01/s80
03780

34vCQ

INEcwctlxahin
INTZ2xlelxdliA
UiNe i xcelsdiXn
INGOxced*3 89
INTZaTel2=aliA

INDIxlclenV N
AINsTxTecxilAa
MO0TxTe2xMVa
I OxTedx3 u9d
MI=022#nV N

INOT*622« 30N
INC 1#622%n0N
INO1=622%D3V
TinsDxocldeni N
AINGO»02ZeV d]

Ve OG0l ¢s I3
INTI%522xnNV A
INCCxB2xdiiN
ING 15922 xnV N
INT L9922 =dN

BT HELTRL DEL |
INCO%922=1HD
3dt %522 xINA
INTO=E 2 2% %NA
INTZ=Z2Z2salIN
IWYN
INIA2

A-19




(ot )
(L)
(cl)
(L1
{31

{oti)
(G1)
(vl)
(1)
(1)

(el
(o1
{21
(et
(1

- e r W e

(o1
(sl
(61
(sl
(21

. e G e

{71)
(1)
(si)
{sgl)

a
d

-

iN

2 QA Z o -z

aJ0 0 o e = - e m w- P3

a

(sl )Xa

SdLuiv

zZ 2

i

N

i

»
(A ]

v

4

sul
sy

161
2l

(o3

LL

YRS

91

16
oC

61

v

2o
8l
de l
ost
ob

CAN

i
ocC

oY

ot

ST 2

g MNNMO
.
N o

1°s 2°S %%ee /9°95
vl =t 6°y9l/71°4L1
() L% L8 /v°*l1s
Lt 9% o®l1el/9°9¢
9% w9 0°¢csl/ue a0
= L't 6°%C /7°9Y
e 9%c £°90 /e Yy
&*% o°~% L°68L /E°0L
= Uty 7%LL /9°0Ue
- v®e Ve 1/6 %l
g*c ©O°9 £*2¢ /1%
- 2°c 9°0e /65°99
- ¢ C°0c /16°29
2°¢ 0°% 9% 1/9°%°7¢
0°c Lt 1°%22 /9°99
- <Y 93*19 /cC o
0% 9°®H o®9Y /5°%%
21°e 1°+% ©®9¢ /oLy
$% ¢ vy e®%Sl/79°L
%%t %47 L%9o /e ®0Y
U*v7 B°9 L°98 /e 09
- 0> e®8l /9°LS
- s*Y g°sl /1°19
¢*Y% C°s Lol /7°99
e L%y I°i061/ el
AVE  un Hllinml Vv
Sw /viiiyg
(12

4 4
Yo fL®°I¢E
¢*91 /G°®9y
0°2s /07t
C*9¢ /0V°9¢
o°®°LZ /0°ct

6°ss1/0°5%
C°GeL /C°9¢
L*001/1°¢2¢
(VRS AVE P4 VRl 4
G°0t /0°%Be

Cevei/0°1s
Ui /0%vYy
Ue0IT/UES
0®ocC /0°be
0°941/0°0%

0°1cl/0°e
G®os /7G°0¥
G°cS1/0°LYy
0°®4c /0°%st
O0°®b /2°LC

O°sBb /c®LZ
C°1s1/0°Ly
e i9l/e%%s
GI9i/e°1s
c®d% /9°6%
3 401 19nJT
/N S0GNLILTY

3J vl a39vd)

JI*H%1°s1
e¢®a80 U0
14°00°¢e(
cs*e1%2c¢
e¢®>5°%12

22°J0°60
10°%9¢ *°91
2e®o% %1
I9°%°c7 %1
Ls*%1°10

Z°T11°%920
61°95°¢<
95°53°L1
s1°721°1¢
50°sc°01

ee Y912
957 *91
J0°Le®E0
Ol®*%%2°c0O
L0°%°36%ol

2 °%0°%1
Shegvcel
79°321°01
30°01°%sy
82°55°20
nl.
NIDL ol

N2LAviIITA3 alda 04SY SaiaAd dU LS

T ————

1=V JT1dVLl

.

Jr /o0
0t /40
2¢/80
Le/bU
5¢/80

oc/60
L2/80
L2/eC
L2/ %C
L2/v0

532/uC
%2/6C
9/ vV
£2/90
¢2/80

¢c/s80
¢2/ a0
22/¢8u
2¢/s0
12730

1¢/s0
12/u0
12780
vZ/ el
02780

24 VU

L
-

INGTxe2d2ln)
MO0 27 CxINA
INEC=CHZxdl L
INEC»EPC=x30)
AINTZ%ZE%C=U3m

AINSU=T2C=dlX
INI T 0% » d%NH
IN?T20%cxalid
INY120%2=alic
AINTO»0%22a0d

INPC2te Cxd ]l S
TSR L R-T1)
RETREYRTA'T D,
AnTZ=velx aiil
IO Ta2GeexdnNi

INTE2GE2s]IVL
INGTxSEcxNIS
INeORGEcxalid
INCO%Gel=x3al
VvivsT29elanl S

Ny Ta9e2xnlS
ANET=He Cx dlid
INOTs2ECxAV
Inedxte danv A
INCUERE C* AN
=nVN
ITELE

A-20




ey I S T AT e — -

(ol) 1 N 06T sel g*e 1°t ©°: £°1ly /o8> 9°5C¢1/0°6" gdre®el  Li/11 INe 129 TesSud

(1) ¥ N = = - = G%c o*ve /2°99 £°9s1/1°06 5¢°22°s1 OU/11 IntTs5le»siix

tog) a 9l = = - = 9*y Le7u1/%9°Lc B8°%¢ /b°7¢ cE°19%cc LO/T1  INEc*Cle#dd)

(12) 1V N = s - - v 1°0¢ /72°¢9 G°091/c°tS 652°9e°81 LO/11 NNSl=ClexnVX

(02) N N = = - - L +*20 /0°5% 0°cl /0°LtE »e°21°51 LO/T11 NNGT=Z1E*xJd¥

(12) ¢ ¢é2 8°Z ¢t°t B°% L% *x£°S 0*29 /7°6L 1°06c1/e"éc F£°09°90 LO/1T INGOxClexlvi

{o2) 1 0% = 6er 1°2 »°ct &°% 6°0c /L°69 8°871/0°%% 22°22°91 3J0/11 INGTLx=TTesuni

(12) 9 N L1 541 6*¢ %t 1°% ¢°G96 /1°2% 0°69 /c°vt Je®s8l®21 30/11  INCI=T1exZ0d

(02) ¢ N L2l ssl 1°% 1°7%7 =5°% £*96 /3°03 L*sb /G°Lc 50°99°01 90/11T INGI=TTexXIS

(v2) Vv W 8¢ -12 9*2 8¢ % g*9el/8°Lc 1°6c /9°%¢ 95°1€°50 92/11 VNSO=11ex3dd

(02) 1 N = = = = Lt $*121/%°0¢ get /1°%¢ 01°20°L0 90/11 INLO#11ExdAd

(0Z) 4 N 69 201 g°e b°t <°» wo9sl/e L2 6°%2 /1°6¢t 2v°52°51 S0/11 INol=x0le=3dD

(el) N N - = = - vt %0 /E°57 0°eL /0°5¢ 65°90°%1 SO/1l INY1=0Te=xJ3V —

(02) 1 Ot 99¢ las £*9 s°s  $°» 9°L6 /o0°97 $°09 /0°Ste 60°86°€¢ <cO0/T1 Iivelsb0t2IJIV o

(12) ¢ N 1e 65 0°¢c bv°C t°7 2°00 /<°t% 2°tL /9°5¢ g£2°25°21 23/11 INZU1#«LOE=NIS <
¥ (12ixd O ¢t ¢t°1 Lk g <&°*9 o°7L /c°8¢t B84l /0°6% 86°92°10 20/11 INTO#*LOr*iX3

(61) 4 87 oY %8 1°9 2°% 18°% O°te /9°69 eIy l/9°eY 16°5€°91 10711 ING1&9CExdNA
v (02) ¢ 05 88 911 L°t 0°2 =°% g6t /7°9L 219 1/L°9¢ 62°22°90 10/11 INGO*90&*NUH

(02) a o1 = 174 g*2 §°¢ %°% $*8o /0°0% 2°s9 /u°vt 5%°90°%0 T10/11 1IN%0O=90E%uZN

(31)xa O i1 €°1 L°Z 62 18°S o°ol1l/71°%¢ D°sY /8°9% 35°55°80 £0/01 INBOsLLCxuMS

(6l)xd O = = = = 1°5 9°sL /9°LE L*LL /0°0S 85°95°80 20/00 INBO*99ZxIX3

(L1) V¥ N - = = = St L°LT /1°¢9 0°e91/70°99 80°21°81 1e/00 INSBla%9C*xnV M

(91) 1T N 801 = 0°¢t - Lt L°Ls /6°0S 0°901/70°5% L9®22°Ll 1€/80 INL1%%%72=NUW

(LT) o N Ly Bl 0°s 9°% u°S ¢°19 /0°2% 2°66 /£°¢S 31°€0°%1 1e/80 IN7lxY72«S54)

(s1) N N 7t 8¢t I°e S°t ¢°% O°clL /L°2CS C°%6 /0°0% €2°2¢5°L1 Oes80 INLI=E9CxNI>

S3ILUN e w av 3ANUT AVYE 9N HINWIZV 3 30Nl 19801 inli 31vd AnWVN

Sk Sn /vil30 /N 30NL14AVTY NIVIdU AIN3 A3

(1Z 30 ol 39Vvd)
] NoILVATIVAS 304 G350 SANJA3 dU is 11

1=V J3T1dVl




oo

122)
(<<¢)
(02)
(0e)
(1)

t1¢)
{0Z)
(ol)
(21)
(¢cc)

(02)
(02)
(02)
{¢d)
(o1}

{ol)
tdc)
(LC)
(o1)
tel)

(o)
(ol )
(ol)
(ic)
(ol)

S44UN

cocoaoco

-2 s 7 - 400 Z 00 JJ

-ZL

g:’z'z'z TNWZ2Z Z2Z2FEE 2'21'5;7

Z Z

v

619
cd

Led
001
vel

<01
v9%v
01s
sl

I21
19

101
aGl
Il

991
co1

2L
it

L9l
YA
1a1
Ybe
991

W

R N ey = R

081
Je
201
Lé?
90

011
Jle
ééc
LL

gél
o9

16l
911
62

ool
271

sL¢é

el

G il i o o

[TENEX SR T oK |

ST NMS S
.
.

TN S
.

cinaow
g~ o
~Cch~NO

Al S I ¢

Wee N
[
oM~ S 3
Jurgsnm

USRS g |

*
~MO@T O O

MmN OC N
i3 e e

o
N

©woaoco
e & o ¢ 0 e o @
L\ S P I IR

oo~ O~

I oo 0

-
b

0°*2L1/0°L1
g°12 7299
G°611/1°%ty
2°Lsl/9°¢ed
Uiy /7%°1s

1°1c 70°%9
s°Lsl/e°lc¢
0®9s1/<°e
8°09 /e°8L
Z2%38L /9°3%

g°021/L ot
§°LSl/s"dc¢
e*scl/1°19
2°9¢ /L°89
6°0c /r®o09

9°8¢ /9°CL
g°edl/0°se
0°9sl1/°Lc
L°C6 /0°S%
6°0s1/6°0¢

%2°09 /0°1ls
2°0ll/%°sS
é°0¢c /7¢°%89
¢‘gl 79°19
9°Gy /¥t
Hifiml2V
/vilid

2°el /0%y
g°ssl/1°29
L%es /2°8¢
€*déc /% vx
£*€cl/e°95

6°8s1/7e°2S
9°1¢ /1°0¢%
£°22 /v°8¢
g°lclseec
0°%s /0°t%

0°1ls /70°1¢
v*1d /79°6¢
%°LS /1°01
2941/ 9°9%
9°s71/9°%%

0°¢s1/0°%%
0°9% /0°9¢
0°%2 /0°9c
0°es /70°L¢t
0°82 /2°%ce

0°ell/0°cd
0°és 70°91
0°691/L°35Y
0°291/9°S5
GeLL /0° 1Y
3 3uNd 19NO
/N 30NL IV

(12 aJd 0c¢ 39%va)

1=V 31dVL

21°ed°31
Te*ds vl
Je*evdd
8%°0Z2°1
2e°27°%¢cl

5¢°11°20
8e*3%°t0
L2510
1°L9°C0
1%L *9d

2¢ *9e ° 0
34°0e®tV
10°¢%°LO
56°€5°Ll
2d2°21°Ll1

L7°35°61
L2°01°01
30°e1°c0
£€s°95°91
I2°1d°21

58<°3¢€°c0
9Jd°Ll " vl
15°396°10
be®99°20
gu°30°91
Inll
NIUL dU

NULAVOUIVAS aus ud3N SIN3A3 40 1541

3¢/11
92/11
§2/11
9¢/11
3/11

G2/11
/11
92/11
12711
p2/11

3¢/11
0c/s11
el/11
al/ll
LI/11

L1/11
1711
3L/ 11
=1/11
si/1l

sis1l
21/11
cl/11
¢l/s11
[is11

alvd

IN9Tsleexvil
AINYTxTeexnV i
INZ a0t ExV Y]
INGTs0UEcx3dY
INETx0ET*SU

INCO%0EE xRNV N
INEOs0lExd YD
INTOx6Z2Ex389
INZ0x92tslVL
INSOx52E=NIS

InNe O%52Exv il
INEO=SCEXI YUY
INLO%7Cc %YV )
INL1xE2Ex a0
INL Tx2CxaliN

INS 122 =BiIN
AINCTxT2e=xvil
INeOxT1l®3d)
IN7T 20CE%D IV
UNCixOZEsJdn

INeOx02e %IV
ING Tx6Teavidl
INTOxoTexdlin
INZO=LTEsnV
AN Tx9TExNIS
SnviN
ANa A3

4

A-22



e P R

(6 )IXxa
(O1)Xxa
(L1 )Xa
(02 )Xxd
(0Z)xd

t12) o
(ol ) 1
(iZ) N
(1) N
tol) 1

(g1) 1
(ol) o
tol) d
t0c) a
(2Z)» 1

$S310N

cocCcoc

22227
(o]

2uz2Vv
<

L

66l
1

w

CO~U @
.
S BT SR oY

»*

M~ L™
[ * e 0
Ny Ny

G (- C e
[ ] ¢ o 0
S I S |

O~ O
.
LA K SR g8

a
3

2°6lL /2°2¢
%o /b Lt
L*°9L /%8¢
%*Ge /0°ut
$°G6L /0Lt

i*9%Ll/8°91
6°Ll /7E°<y
%90 /47
9°%6 /e sy
£°esl/9°0c

I1°81 /79°19
1°0s1/2°0¢
6°9T/%°4s
2*61 /%°¢9
1°¢e8 /e8¢
HiNW1ZV

/v1130

tic a0

/73°2%
/L°cY
/0°0§
/8°5%
/6°5Y

0°®59
2%°¢L9
vl
c°8l
1°8L

C°el /1°9%
6°9%1/c"tL
0°déL 70°%¢
G*cl 70°3¢
“®9¢ /<°¢Ct

1°¢91/9°8¢
b°lLi /b°ct
8°cS /821
e*191/%°es
1°29 /8°¢2¢
3 30N1I9NOT
/N 30GNLI1VY

12 39Vva)

J0°®J0°%¢cd
35°55°10
36°¢C°10
86°20°s0
36°3<°%0

de®*5C°1l
I1°%e°L0
Je°59°31
6l1°51°e0
Ls*Ls* 10

L2 8l
al®*92°¢el
82°51°01
Lo°Le ¢
11°11°%0
dnild
NI9L1au

NJ11VATVAS3 dU4 U3SA SIN3A3 dJU 1S1T

1-vV J1dVL

»
- S = EE O e )
T /

2

8¢ /40
51740
£C/L0
91/¢0
(V) A

0e/11
Oc/11
5¢/11
6c/11
6711

82/11
gl/11
gc/11
L2/11
Lers11

- s -

3iva

INEO-0%Z=4N)
INTO=L28=4%0
INTO=-90c= N3
INSO=L%0-2)3
IN7025 % & (]

INTT»SCExV LI
INLO#SEEx)dv
IN9T#7E x93V
INEO=7E e x4V
INTOxH%e ex0InN

INBIxEeCant X
Vit Ixteendsw
UNOl#*tcxV YV
INTC*Cer=wi
INSOxCrexINM
INYN
AN3 A3

A-23



APPENDIX B

Appendix A does not contain many of the events previously in-
cluded in the ensemble lists of Special Report No. 5 and No. 7. In Report No. 5, of
152 events listed, only 59 were processed through matched filtering. Several others
were used only for measurement of signal loss from beamforming and/or Ms -

m, calculations on the unfiltered data. The remainder of the edited events were
not processed. Because of the large number of events which have been fully pro-

cessed through matched filtering in this contract, only those 59 similarly pro-

cessed events from 1971 have been included for consistency.

The single event deleted from Special Report No. 7 to the present
report was ITA*035%04. This event was reported by seven non-teleseismic stations

(A < 150) but only one station assigned an m, (m, = 4.8). Since the event was

b
not detected at either NORSAR or LASA the value 4. 8 was considered erroneous

and the event was dropped.
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APPENDIX C

This appendix contains the lists of the 93 noise samples edited
at NORSAR from 1 May 1971 to 27 March 1973, The data are arranged in the
three tables chronologically. Included are the start time, duration, and the

number of good sites available.

Table C-1 contains the 25 noise samples edited in 1971,

Table C-2 contains the 55 noise samples edited in 1972, Table C-3 contains

the 13 noise samples edited in 1973,

!
|




R e e R e S
TABLE C-1 l .
1971 NORSAR NOISE SAMPLES k
£ 1
] Start Time Length Number of I g
Day hr:min hr:min:sec available sites l i
1 May 18:00 0.39.24 16
15 Mav 10:00 01.33.52 8 1 |
21 May 05:00 01.16.48 14 :
30 May 13:21 0.57. 28 14
13 June 10:00 04. 37, 20 14 1 1
20 June 12:15 01.16.48 14
10 July 23:00 0.51.12 11 I 4
20 July 02:00 00. 59. 44 18 ;
30 July 16:37 01.12. 32 15 -
8 August 20: 20 04, 24. 32 19 'y
19 August 19:50 02.04. 44 17 !
29 August 17:00 02.42.08 15 3 i
7 September 20:37 01.55.12 16 3
13 September 18:00 06.02. 40 14 ;
18 September 05:20 03.03. 28 16 }
29 September 17:00 01.50. 58 17 1
8 October 05: 20 01.21.04 16 1 |
18 October 08:50 0.59, 44 16 |
28 October 00:06 01.38.08 16 ,
f$ November 04:00 02.20. 48 14 3 :
17 November 20:15 04.09. 28 20
28 Noverber 06:00 04.03,12 19 g i
6 Dece'nber 07:45 02.16.32 18 ol
14 December 04:00 02.16. 32 15 - ]
27 December 20:00 02.29.10 17 l '
Cc-2
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TABLE C-2

1972 NORSAR NOISE SAMPLES
(PAGE 1 OF 2)

Number of
available sites

Start Time Length
Day hr: min hr:min: sec

|

oo

5 January
5 January
9 January
13 January
19 January
30 January

10 February
18 February
26 February
8 March
28 March

8 April
23 April
17 May
27 May

3 June

15 June

7 July
13 July
23 July

1 August

7 August
15 August
18 August
20 August
24 August

28 August
31 August
6 September
9 September
12 September

6.24.00
6.24.00
6.19. 44
3.35.00
4. 45,52
5.49. 52

4.37. 30
0.21.08
6.24.00
2.54.56
7.06. 40

5.02.56
4.45.52
1.25.20
3.07. 44
4,16.00

3.35.00
2.42.08
2.50. 40
2.29. 30
3.03. 28

06.02. 40
05.02. 56

0.42.40
07.06. 40
05.02. 56

0.42.40
05.02.56
0. 42. 40
07.06, 40
06.02. 40




1

TABLE C-2 l 4
1972 NORSAR NOISE SAMPLES l -
(PAGE 2 OF 2) '
| | . l ]
! : i Start Time Length Number of ‘
Da" hr: min hr:min:sec available sites l ‘
< 14 September 01:10 04.11. 44 17 l !
17 September 8:00 0.42.40 19 {
19 Seplember 10:00 05.02. 56 20
24 September 09:00 04.03.12 19 '
28 September 14:00 0.42. 40 19 !
1 October 14:00 03.33.20 22 '
6 October 22:00 04.03.12 20 ]
12 Octcber 08:00 04.03.12 19 :
17 October 10:00 0.42. 40 19 l
18 October 04:00 07.06. 40 13 '_
’ 27 October 03:00 04.03.12 18 )
27 October 22:00 0.42, 40 19 l
4 November 12:00 04.33.04 22 _
q! 6 November 8:00 0.42. 40 20 l L
12 November 21:00 06.06. 56 16 3
15 November 23:00 0.42.40 21 ,
20 November 00:00 03.33.12 18 l i
26 November 20:00 03.33.12 20
4 December 04:00 01.42, 24 17 l
6 December 17:00 0.42.40 21
10 December 15:00 03.33.12 22
18 December 17:30 06.02. 40 20 l
25 December 15:00 03.16, 40 21
26 December 15:00 0. 42, 40 21 l
i




1973 NORSAR NOISE SAMPLES

TABLE C-3

Start Time Length Number of
Day hr:min hr:min:sec available sites
1 January 08:00 06. 33. 20 19
8 January 16:00 05.02. 56 22
16 January 12:00 06.02. 40 16
23 January 19:30 05.02. 56 17
31 January 07:00 05.31.52 20
6 February 07:00 03.03,28 19
12 February 06:00 06.02. 40 19
20 February 00:00 05.02. 56 22
28 February 17:00 04.33.04 15
8 March 02:00 04.11.44 19
14 March 15:00 04.11, 44 22
21 March 06:00 07.06. 40 22
27 March 21:00 04.03,02 22

- WA
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APPENDIX D

SOME COMMENTS AND OBSERVATIONS CONCERNING THE
EFFECTIVENESS OF THE USE OF LINEAR GROUP
VELOCITY CURVES IN CHIRP FIL TERING

The chirp matched filters which have been used routinely on
NORSAR and ALPA long-period data to enhance signal detectability are designed
to have a linear change in frequency within a given pas sband over a given time
interval. At NORSAR, the passband has been 0.025 to 0.059 Hz (17 to 40 seconds)
with durations typically from 50 to 1200 seconds. The '""best" chirp for an event
is the one which produces the maximum increase in peak signal amplitude. Us-
ing a linear chirp as a matched filter implies the assumption that the signals
being matrched have a group velocity which changes almost linearly with fre-
quency. This study compares the actual group velocities of a small set of events

with the linear group velocities implied by the best chirps.

The events were six Italian events which occurred on February
4, 5and 6,1972 in close proximity to one another and which had high signal-to-
noise ratio ( >10). Table D-1 gives some epicenter information and Figure

D-1is a mapof their locations.

The Love waves of these events are nearly identical; visually
the time series overlay one another almost exactly throughout the signal dura-
tion. However the Rayleigh wave phases are not as uniform with the two events
ITA*035%09NL and ITA*036%07NL having a phase change in the middle of the
signal which are not evident on the remaining four. The events were beam-
steered to the expected signal arrival azimuth using a velocity of 4.0 km/sec
for Love waves and 3.5 km/sec for Rayleigh waves., The bandpass filtering and

chirp filter processing were performed on these beamsteered data.

“*o» D-1
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The highest gain, linear group velocity chirps for these data have
been documented in Section V of this report and in Special Report No. 7 and are

listed in Table D-1 for both LR vertical and LLQ transverse components.

The measurements of the actual group velocity curves were made
using the technique of band-pass filtering described Kanamori and Abe, (1968).
For both modes, the seismograms were filtered by five zero-phase filters, each

having 131 points and using a 2 second sampling interval, which had these pass-

bands:

0.020 -0.030 Hz centered at 40 second period
0.027 - 0.037 Hz centered at 30 second period
0.035 - 0.045 Hz centered at 25 second period
0.045 - 0.055 Hz centered at 20 second period
0.054 - 0.064 Hz centered at 17 second period

The time of occurrence of the peak amplitude of the filtered out-
put was taken as the arrival time for the center period of that filter, and from
the distance (A) listed in Table D-1, the group velocity for the corresponding
event and period was computed. These results are plotted by event in Figures

D-2 and Figure D-3 for the LR vertical and LQ transverse, respectively.

The maximum amplitudes of the filtered traces were norma-
lized to the 25 second period amplitude for each event and are plotted in Figure
D-4. The relative spectral amplitudes shown in Figure D-4 help to explain the
large variation in LR group velocities at 17 and 20 second periods shown in Figure
D-2. The events with low spectral amplitudes at 17 and 20 seconds are probably
contaminated by noise because the noise energy is higher at those periods than at

30 to 40 seconds, thus a large variance of expected arrival times would be ex-
pected. High spectral amplitudes for the same filter had peaks within one cycle
of one another giving accurate time estimates. Figure D-4 also shows the two

different LR wave sets of this suite of events, ITA*035%¥09NL and ITA%036%07NL

T . T —————
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have relatively more 20 second energy and less 17 second energy than the
others. LAQ relative spectral amplitudes are more consistent between events
than the LR data. By omitting "he low spectral amplitudes at 17 and 20 sec-
onds on the LR vertical, and taking averages of the remaining at each period,

w)
smoothed LR and LQ group velocity curves were obtained and are shown in

Figure D-5, |
Figure D-6 shows the two group velocity curves of Figure D-5 .
plotted versus frequency. Also plotted on Figure D-6 are the implied group _!
velocity curves of the chirp filters used when routinely processing the event -
ITA*035%17NL. The point of intersection on the linear group velocity curves )
at 0. 040 Hz is the zero-phase frequency of the chirp which defines the time at -
which the chirp filter output maxima should occur. Listed beside each curve _!
is the length of the chirp in seconds. The maximum gain output was for lengths -
of 75 and 65 seconds for LQ transverse and LR vertical, respectively. .!
Three things are immediately apparent from Figure D-6. First, 1
the recorded group velocity curves are not linear with frequency over this band. 4
Secondly, none of the chirp filters used in the processing fit the entire curve. ]
Third, the velocity of the chirp maximum at 0, 040 Hz does not correspond ex- -
actly with the average 0. 040 Hz velocity measured with the narrowband filter i1 i

set. Because the real group velocity is not linear and since the chirps used in
the processing are chosen on the basis of maximum gain, then the velocity im-
plied by the chirp should tend to approximate that portion of the real group ve-

locity curve that contains the most energy. For the event used in Figure D-6,

the highest spectral amplitudes are at 20 and 25 second periods for the Love
wave and at 17 and 25 second periods for the Rayleigh wave. A shift of the
linear velocity curves for the chirp of maxirum gain (65 seconds for LQ and
75 seconds for LR) to intersect the actual group velocity curves gives nearly
exact fits to the actual group velocity curves at the two points of highest spec-

tral amplitude. However, over the range of chirp lengths used on this event,




e EuN ESd Gee O OO R OB D

km/sec

M B I

w

' ! | |

15 20 30 40
Period (sec) |
FIGURE D-5 |
GROUP VELOCITY CURVES FOR ITALIAN EVENTS |
AT NORSAR |
D-9.




8}
)]
w
E
X
&
ol
(8]
0
—
]
>

I )
| v

.030 .040

Frequency (Hz)

FIGURE D-6

GROUP VELOCITY CURVES FOR ITALIAN EVENTS
AT NORSAR

D-10

3




the chirp filter maxima vary by less than 1 percent for the Love mode and less
than 10 percent for the Rayleigh mode, so the chirp lengths giving maximum

gain are not sharply defined at least for this case.

The arrival time of the chirp peak is also important for detec-
tion purposes. The chirp peak should arrive within the same interval} that the
unfiltered signal should arrive which is (1/2.5 (km/sec)- 1/4.0 (km/sec)) x &
(km). A non-linear fr:quency-time chirp that was a better approximation to
the dispersed signal would reducel the uncertainty in the arrival time of the

zero-phase energy and hence aid detection.

In this report and in Special Report No. 7, the optimum chirp

lengths are contoured for the Asian continent for LR and LQ waves. Since it

has been shown here that the optimum chirp length is a function of the received
signal spectrum as well as the actual group velocity, then some of the questions

concerning these plots can be resolved. For example, since the group velocity

rapid change of chirp lengths around the Hindu-Kush area may be due to sig-
nal spectra received at NORSAR rather than extreme velocity changes. Be-
cause the actual group velocity curves for Asian events at NORSAR are un-
known, the influence of the signal spectra on these chirp lengths also is un-

known at present.

The concept of a non-linear chirp filter is similar to that of a
reference waveform filter (RWF). Maintaining a file of chirp parameters for
various regions would be like maintaining a suite of reference events., The dif-
ferences, however, are that the chirp parameters would be based on averaged
information and wou'd require only minor amounts of storage, and that the re-
sulting chirp would have constant amplitude, precluding the noise sensitivity
of RWF's discussed in Special Report No. 7. Thus a non-linear chirp could

be expected to produce more gain than a linear chirp, less gain than a RWF,

but with greater stability than the RWF,

. curve is an average over the entire travel path from source to receiver, the
i:JQ
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However, even though chirps and RWF's aid detection by in-
creasing signal-to-noise ratio, these gains are primarily at the 50 percent

detection level and not at the 90 percent detection level.




