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ABSTRACT

Wind fields were measured with the ground-based NASA/MSFC 1idar
and with the NASA RB-57 instrumented aircraft. The remotely sensed
winds are compared with the in situ ajrcraft measurements. The mean
wind fields, the turbulence intensities, and the turbulence spectra
determined from measurements by both systems are in very good agree-
ment. Turbulence instensities and spectra were calculated from the
fluctuations with time in the radial wind speed component. It should
be noted that time histories of the radial wind represent values
spatially averaged over a 300-m volume element. The lidar winds were
sampled at approximately 2 times per second whereas the aircraft
measurements vere sampled at 40 times per second.

The second moment or Doppler frequency sepctral width of the lidar
measurements was also compared with turbulence - “nsities measured by
the aircraft. These second moments could only be resolved at the very
Jow altitudes (in three range bins). Turbulence intensities estimated
from the spectral width data were an order of magnitude higher than
that measured by the aircraft.

An interesting boundary layer evolved during the progress of the
experiment. The breakup of a stable boundary layer resulted in winds
blowing in one direction above 600 m ms1 and in the opposite direction
below that level. Both the aircraft and the lidar systems clearly
identified this unusual boundary layer flow and showed the identical
trends. The clear identification of the unusual boundary layer by
beth systems further augment the reliability of the remotely measured

wind speeds and turbuience.
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1.0 INTRODUCTION

A field test was carried out to compare lidar-measured winds and
turbulence: with both aircraft measurements and tower array measurements.
The instrumentation consisted of the NASA/MSFC 1idar (Bi1bro and Vaughan
1978), the NASA RB-57 instrumented aircraft (Camp et al. 1983), and the
NASA/MSFC Atmospheric Boundary Layer Facility eight-tower array (Frost
and Lin 1583). The experiment called for three days of testing.

On May 10, 1983, the Doppler 1idar was set in a conical scanning
mode. Scans were carried out at vertical angles of 6°, 19°, 26°, and
32°, The aircraft then flew circular flight paths at increasingly
higher altitudes in order to approximately capture the 1idar beam as
illustrated in Figure 1. On May 11 the lidar was down for repairs and
adjustments and only flights over the tower array were carried out. On
May 12 the lidar was fixed at a 6° vertical angle and at 52° azimuthal
from true north, see Figure 2. The aircraft then flew approach paths at
an approximate 4° glide slope parallel to the yadar beam. Eight succes-
sive runs or approach paths were flown at approximately 5-minute inter-
vals. On all three days, May 10-12, the tower array was operated.

The aircraft made several passes directly over the towers to provide
data for comparing flight measurements with ground-based tower measure-
ments. These data, however, are not analyzed to any extent in this
report.

The emphasis of the study was to compare Doppler-1idar-measured

winds and turbulence with aircraft measurements. Primarily the study

was to compare aircraft-measured turbulence intensities with the lidar
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second moment or spectral width data, Unfortunately, this aspect of the
study was not particularly successful in view of the fact that only
three range bins (Range Bin 3, 10, and 11) had high 2nough signal-to-
noise ratio for the second moments to be successfuily computed.
Secondly, the values computed in the range from 1.26 to 2.51 m/s,
which is a factor of ten larger than those values measured ejther with
the aircraft or with the tower array.

The field study was successful, however, in that it: (1) provided
a unique set of data for comparing mean wind speed values; (2) revealed
that turbuience intensities computed from the Doppler-measured wind
speed time histories (i.e., 300 m spatially averaged values) agree
remarkably well with the point measurement from the aircraft; and
(3) showed that turbulence spectra calculated both from the time
histories of the lidar-measured winds and the ajrcraft-measured winds ;

were in very good agreement.

Finallv, an extremely interesting .atmospheric boundary layer event
evolved during the time period (16:42-17:78 zulu) of the May 12, 1983,
test. This event wa'* cl~-*1y recorded by both the aircraft instrumen- !
tation and the lidar. Because both systems accurately recorded this :
boundary layer event, it is believed that considerable reliability in
the lidar mean winds is demonstrated.

This report presents a detailed analysis of the winds measured
during the evolution ¢f the atmospheric boundary layer occurring on
May 12, 1983, and emphasizes the validation of the Doppler lidar remote

measurements with the in situ aircraft measurements. ¢




2,0 INSTRUMENTATION AND DATA

2.1 Lidar

A complete description of the NASA/MSFC Doppler lidar is provided

in Bilbro and Vaughan (1978), Jeffreys and Bilbro (1975), and Lee (1982).
The 1idar is a variably pulsed 002 Doppler lidar. During this study, a
2-us-pulsed Tidar was used. The Doppler measures the component of the
wind along the lidar beam, i.e., the radial wind speed component. The
measurements are representative of the average wind speed within a
conical trapezoid of 300 m in length and of diameter associated with

the diverging 1idar beam width. Figure 2 illustrates the 7idar beam and
shows the location of each individual range bin for which radial wind
speed components are measured. The figure also illustrates the position
of the beam relative to the terrain contour cross section.

The Tidar data were received from NASA/MSFC in digitized format on y
magnetic tapes. The data format for a given tape is shown in Table 1.
Data for roughly 189 range bins is calculated every half second, as
illustrated in the table. Typical time histories of the data provided
on the tape, which includes amplitude of the signal in decibels, radial
wind velocity in meters per second (m/s), and second moment (1idar
width) data for turbulence intensities in meters per second, are shown
in Figure'3 for the May 10 and 12 field tests, respectively. The 1lidar
width data is recorded as an integer index. The corresponding value of
each integer index is given in Table 2.

Figure 4 is a plot of 150 sequential values of wind velocity from g

the May 12, 1983, data tape. The figure illustrates approximately 75
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seconds of data. It is clear from the figure that data in Range Bins 1
through 8 are very noisy due to ground clutter and do not provide useful
data. Also, the figure shows that beyond approximately Range Bin 21 the
signal-to-noise ratio becomes excessive and velocities measured above
this altitude are not meaningful. Thus for the May 12 field test, only
radial wind speed values from Range Bin 9 (460 m ms1) to Range Bin 21

(840 m ms1) were selected for analysis.

2.2 Aircraft

Data from the RB-57 flights consisted of 80 variables in a 60-bit
integer format. The original raw data were sampled at 200 cycles per
second. However, they were provided from NASA/Langley in engineering
units at 40 sampies per second. Although all the variables necessary to
resolve the wind speed components by backing out the aircraft motion are
available, the data from Langley provided pre-computed gust velocities.
These were used throughout the analysis. Table 3 provides a sample of
the aircraft data.

Data sets for eight flights along an approximate 4° glide slope
parallel to the lidar beam were collected. Additionally, four level
flights perpendicular and parallel to the tower array were made and data
provided. The tower data, however, are not analyzed to any extent in
this report. Figure 2 shows typical flight paths relative to the lidar
beam. Because of unusual drift in the INS, the latitude and longitude
measurements are questionable. Thus the exact position of the aircraft
relative to the lidar beam in a horizontal plane is not known. Ground-

based personnel, however, observed the aivcraft to approach essentially



along the 1idar beam. Moreover, the aircraft height at any instant is
accurately measured and is, in fact, the most important value of air-
craft position for comparing the wind speeds measured by the two systems.

The horizontal wind measured by the aircraft in terms of wind
speed, magnitude, and direction are plotted in Figure 5 for all eight
runs. One observes that during the May 12 field test a strong inversion
developed at approximately 600 m above the elevation of the lidar site.
This resulted in decoupling of the wind with the wind blowing in one
direction aloft and another direction at the surface; along some
flight paths, the wind is observed to change direction by as much as
180°.

Figure 6 is a three-dimensional plot of the horizontal winds
measured with the aircraft along each flight path and staggered in time.
In this plot the wind vectors illustrated are y§1ues averaged over a 300
m section along the flight path. One observes the growth of the inver-
sion iayer over the 30-minute period during which the eight flights
were carried out. y

The temperature variétion with height along the flight path was |
computed and is pletted in Figure 7. It is apparent from the data that
although the temperature gradient aloft represents a heit flux toward
the surface of the earth, the potential gradient is, in general, posi-
tive. Values of the gradient and flux Richardson's number, repsectively, :
were computed based on parameters averaged along the entire flight path.

The results were not meaningful in that the flux Richardson number was

wTEE T e

a Rrelatively large negative value while the gradient Richardson number
was positive and on the order of 0.25, which represents an extremely

stable boundary layer. ;
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In order to attempt to resolve this anamoly, the velocity profile
was broken up into multiple sections as illustrated in Figure 8, A
Tinear curve was fit to each segment of the velocity profile and the
slope (i.e., velocity gradient) for that segment computed, The values
of the curve fit parameters are tabulated in Figure 3. The Richardson
number was then plotted for the individual sections of the atmosphere.
These results are plotted in Figures 9 and 10. The meaning of the
results, however, is not clear in terms of the classical Richardson
number for flow over flat terrain. (Note, however, that the terrain is
not flat since Mankin Mountain (approximately 350 m ms1) is directly
under the flight path.)

Inspection of the first plot of Figure 9 is obviously not mea-
ningful. The next two plots show unacceptably large values of Ri below
450 m ms1 but neutral or slightly unstable flow aloft. The latter plots
illustrate that the lower layer has become unsféb]e (undoubtedly due to
heating from the ground) and that the neutral layer is growing downward.
The flux Richardson number given in Figure 10 shows even less decisive
results. The reliabiiity of the Richardson number prediction is
obviously, at most, marginal.

Further analysis of the data, including the results from the tower
measurements, will be carried out under subsequent efforts to attempt to
provide a better physical explanation of the mechanism generating the

observed boundary layer behavior.



3.0 COMPARISON OF LICAR MEASUREMENTS WITH
AIRCRAFT MEASUREMENTS

3.1 Mean Wind

Comparison of the measurements of mean wind with the 1idar and with
the aircraft system is described in this section. The aircraft-measured
wind speeds were first transformed to the time-dependent componenis
alon; a 6° 1ine of sight and at 52° azimuthal true rorth, i.e., along
the lidar beam.

The aircraft-measured wind speeds were then averaged with time over
a period corresponding to the length of time required for the ajrcraft
to traverse the 300-m range bins along the flight path. Two approaches
to carrying out this averaging technique were investigated. One was to
assume vertical homogeneity in the flow field. The averaging process
for the aircraft data was then carried out as {1lustrated in Figure
11(a). The alternate technique was to average the wind assuming homo-
geneity in the horizontal direction. This approach is illustrated in
Figure 11(b).

A third effect taken into account when comparing data from the two
systems was to assure that the winds measured with 1lidar and with the
aircraft were measured in the same time period. The run times asso-
cijated with each flight path were therefore overiaid on the lidar-
measured winds as illustrated in Figure 12. The lidar data are sampled
in each bin at approximately 0.5-second intervals, The segment of. the
lidar wind speed time history associated with the time period in which
the aircraft was passing through or parailel to that range bin was then

averaged.



Figures 13 and 14 compare the lidar-measured winds averaged over
the time period, as described above, with the aircraft-measured winds
averaged over the corresponding 300-m section assuming vertical homo-
geneity and horizontal homogeneity, respectively. One observes very
good agreement between the 1lidar measurements and aircraft measurements
although the data is consistently higher for the 1lidar measurements.
Although the exact cause of this difference is not known, it is rea-
sonable to assume that .le to the unusual drift in the INS the aircraft
velocity may be low because of the Schuler oscillation phenomenon.

In general, the trends of the aircraft-measured wind most closely
follow the 1idar measurements when the assumption of vertical homo-
geneity is made., This implies that the best agreement is achieved when
the aircraft is at the same distance from the 1idar even though it may
be abow» «r below the lidar beam at that distaqce. Horizontal homo-
genetiy, of course, impiies that the aircraft is making measurements at
the same height as the 1lidar beam for the given range bin but may be
further or closer to the lidar location in horizontal distance. It
should be noted that no attempt is made to correct the velocities for
conveétive effects, j.e., translation of the air pace] paraliel to the
1idar beam, nor for surface terrain contour effects. A terrain correc-
tion may help improve the data comparison since the lidar beam passed
directly over the top of a mountain, whereas some of the flight paths
may have passed to one side or the other. The agreement of the data
js believed to be sufficiently good; thus, no terrain correction was

attempted.



3.2 Turbulence

Computed turbulence intensities for the radial wind speed component
from the aircraftc measurements and the 1idar measurements are also shown
in Figures 13 and 14. In these figures the turbulence intensity of the

1idar-measured wind is computad from

- ,
oy ® %—/ I (W(t) - W)

where W is the average wind speed for the period of time the aircraft
passes through or parallel to the range bin of interest and W(t) is the
fluctuation in wind. The summation is carried out over N time incre-
ments of At = 0.455 second which lapses the time interval between the
ajrcraft entering and leaving the range bin. This time interval is used
both in computing the aircraft turbulence intensity, illustrated in the
figure by the small plus signs, and the lidar turbulence intensity, J
indicated by the small circles. The interesting result is that the
turbulence intensities, although scattered, are intermingled, indicating
general agreement between the lidar-measured turbulence intensity and ’
the aircraft-measured values. This is particularly true for the lower
range bins.

This result is an important observation. It is apparent that
results from the present study contradict this thinking. It is

generally thought that the Doppler second moment data will correlate

R S

with essentially point measured turbulence intensities obtained from
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the aircraft. The fluctuations in the radial wind component time
history, on the other hand, being values of wind averaged over the
spatial extent of the range bin, are throught not to necessarily
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correspond to turbulence measured internal to the volume element.

As noted earlier, only three range bin values of spectral width
determined turbulence intensities could be extracted from the 1idar
signal. These values, converted to meters per second in Tahle 2, range
from 1.26 to 2.51 m/s; almost a factor of ten larger than values mea~-
sured by the aircraft or computed from the lidar data as described
above,

In order to investigate the turbulence measurements further, the
turbulent energy spectra were computed. Turbulence spectra were com-
puted for each of the eight fiight paths and at each corresponding range
bin, assuming vertical homogeneity. The spectrum computed for each
range bin for the eight aircraft flights was then sazgment averaged to
provide the spectra illustrated by the small plus signs in Figure 15.
Similarly, spectra for a 2-minute time period begin at the time the
aircraft enters the range bin, or a region parallel to it, were then
computed from the lidar data. Note these data are sampled at approxi-
mately two times per second resulting in a Nyquist frequency of approxi-
matley 1 Hz, The aircraft data, on the other hand, are sampled at 40
times per second resulting in a Nygquist frequency of 20 Hz. The spectra
computed from the lidar data were only five segment averaged. The
reason for this is illustrated by inspection of Figure 12. At times
corresponding to some of the later aircraft flights, the radial wind
measured by the tlidar at the higher elevations or higher numbered range
bins (i.e., approximately Range Bins 16 through 21) were extremely
intermittent. This is probably due to cloud formation during the later
runs. Therufore, although these time histories provide a reasonably

10
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valid average or mean wind speed. they do not aliow a valid spectrum to

be computed. At the lower range bins (i.e., Range Bins 11 through 16),

very good agreement with the aircraft data is observed, Note Range Bins
9 and 10 were not used because very few aircraft flights descend to that
height.

Although the data do not fall on top of one another because of the
different sampling frequencies involved, the spectra do merge together
forming a relatively continuous line. This indicated that the distri-
bution of turbulent intensity in the frequency domain is essentially
the same for both measurements. The disagreement in spectra at the
higher range bins is due to increasing noise or decreasing signal-to-
noise ratio, which 4s clearly apparent in Figure 12,

The very good agreement both in turbulence intensity and turbulence
spectral properties occurring in the clear-air measurements leads to
the conclusion that computed values of turbu]e&ce properties using the
time history of the Tidar-measured winds provide highly meaningiul
results. Although further research is required, this suggests that the
second moment or spectral width of the Doppler frequency from the Tidar
may not be necessary in order to compute turbulence properties. If this
is true, the time history of the wind speeds measured by the lidar can

simply be analyzed for turbulent statistical properties of interest.
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4.0 CONCLUSIONS

It is concluded that very good agreement between remotely sensed
winds using a ground-based Doppler lidar and in situ measurements with
an instrumented aircraft is possible. Results show that turbulence
intensities computed from time histories measured with the aircraft and
time histories of the radial wind measured with 1idar can be analyzed
statistically to provide turbulence intensitjes and turbulence spectra
which agree well with one another. The results further show that the
second roment data, as presently computed with the NASA/MSFC algorithms,
do not provide meaningful comparisons with turbulence intensities
measured with the aircraft. Thic disagreement, however, must be
investigated further in terms of the accuracy of the second moment data
determined by both the lidar hardware and the algorithm for computing
the second moment.

Finally, additional insight into making turbulence measurements
with 1idar can be achieved by analyzing the May 10, 1983, results
when the aircraft data is available from NASA/Langley Research Center. |
Also, an analysis of the signal-to-noise ratio with the object of
calibrating the turbulence intensity at higher bin numbers with aircraft
data should be carried out. The result would provide a reliable and
accurate technique for calibrating the lidar and, thus, of remotely

sensing turbulence in the atmosphere. ;
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ORIGINAL PAGE 1%
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Figure 4 Sample of velocity data along the 1idar beam for 150 seauential
beams (represents 75 sec of data).
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Figure 13 Comparison of 1idar-measured winds with ajrcraft-measured
winds and computed turbulence (assumed veriical homogeneity); '
ircraft = x, Lidar = p.
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Figure 14 Comparison of lidar-measured winds with aircraft-measured
winds and computed turbulence (assumed horizontal
homogeneity); Aircraft = x, Lidar = p.
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TABLE 2. Values of Turbulence Intensity Versus Integer Index.

Integer Index 0 ] 2 3 4 5 6 7 8

Lidar Width (m/s) 0.5 0.5 0.63 0.79 0.99 1.26 1.58 1.99 2.5]
9 10 11 12 13 14 15
3.15 3.97 5.0 6.29 7.92 9.98 12.56

51

I

DS ¥ S

PRSI

[’)tﬂ .



w

o~

CLOST TTTTNR9LYT T L08L6°YES T ECTL6°YEZ ™ bL0°YER T 828°6E2 " T TTTT633493G ANy war T

RO UITR BE{IYCA Y SULLY*YE 99 %E L69° %8 s3d3isuid 191 on
CGABSETTTITITONLI0NT T £9929°98 T 59929°98=" 1697987 7T 966Gk~ T 5339930 T TM0Y 54"
TTOISSE T 64010 T OLSY8°T6 T OL6%6°THT  B26°T6 T T 396°16 $33¢4930 © 4 Gt % ..
T RESE T 1009T GRS T T 4dbeed e W E 03440 44F6 0067656566 G2L6580TLE " T S¥315W T TT9 01 g o
TTOILSETT TTTT 251007 T " "80106° T TTE0106° T OBeE*T T T 9Ch* T NOTLRISCA o LY R
CJAeSCTTTTT SOT0GT T T TE9666% T T 69666 T T9EE* T TTTTT 000°T T T NDILISGd T 4140 oo
TETLLEETT T OIS LT TTTTRO96EYIETT T 93989 L S06%82 T OEL®8YT TUTTTTTUUXWRTAM T T T Yék1q "h
TTLESE T 09204 L TTTTUNG 9L Ty TTAYSLTCTYTTTTY9%1E bEG* S IRAL SN Hoklg 34°
S L S EIGBI" ~ " 4%0E9° "7 6LTI9° T g2t TTUTTEEIT CTTT T 930 T gnug g
IS T TR02I0TTTTT66210° T L6600°T= EITT= 659 < . T 7834 ‘avisat. T
IGEeSE T TTTTOILNZS TTT T UEL0@RY U ETEETT TII T Q10%= T T 60T T T Tt 93¢ T A3930 i
TTUIBSE T 2MOLEC TTTT 4@d290 0 T yI6I20= T T ggpta T grgez <ot e 930 T T WA 4T
L LAeSE T TGOME Y T CTERIL9T T U GeSS I TTTTTT MEe - T TUO0EOZ T T T T 93¢ T T T gy ai-
T CLeSETT T SET00° T U SEIGGS T RTLGOT T U T eY0'-T T Tror - T e TQISd T 1W 236 a0
_otbse 77T oTlOC® - OTI0GC_ TC " 00000°= 800~ TU U §03°  TTTUT Ut gIgd T wld 230 .~
——ZbsE 92100 92100° £1600° 800°= ‘010° QIsd>" 11 230w
TUCSLGSE T T EEGEOCT T OZSLTCET T BUOSTUSE TTULTTCEYIT T Tylecer 0 ¢ 3930 T U MGAOAN ;i
mmw SLOSETTTTTT 662000 T ESLL0* T TUEELLDY TTTTTRG0C TTURL0° T T T TTTTTUGI0ATT T 1R dkdg hE
= L ALSETTTTT 291227 T TTTAN926 €T T 69%2STEY T 260ET T 7T MR0TET T TTT U yysy o g4 [
%N_ TTTISE TTTO2TI20°TTU BEELYS T 162450 TGS CTTTUTIEY  t T TSt gagg Uty ap gt
<5 *165€ “L2EC20° T TTTUEGESSS TTUUTGEENY® 8bE° §LO® ™ T TTT T T T G1Sd T T THLD 30 TS ~
[ —26SE ¥9020° E1299 " 1919%° 915 y64 T AI1Sd T 1Y 0 w0
_ T__Tl6sE T T EET00°TTT U 62029012 T 19609° 12 TTTEI9CGYT T T EI9CE2TT T T 3 930 404 4W3) §i-
< m OSLESE TTTTTZ29E00° TUTTT 62%00° TUTUIEZO0C T EGO=T T TTT2T00 T T T U 93Ssawe T 100 1Sd Moo
SO U CLSETTTTTT EEGD0* T T B2ES0° TTTTGe250°= T ELQC=TTTC gE0°~ - T — ave T 41 vedg g
G o _CLeSETTTTTW6EO® T T EA02T0T T T Q9eTI® TUTI60 TTTTTUTUEMLY C CTUTTTT T gyy T 13 WM co-
& teseT $650G* "22300° 19500 U100 €20° - avy T lw vi3e g
o0& *LESE L960C° L0€01° 19201° €L0° €ET” TTQUR T TN Wid 3T
COIASETTT U TUEIERT TTTT22300°T T T ELSHICT T 46" TTTRITCT T U SLINAS SNI 7 133y U
TTOLBSE TTTTTTTLIRNO0TTT T LUSITUGL T TTLUCYROSL TTTH92CLTTTTTONL6L TN, 5 930 4 dh3 W
*LESE TTTTC GSER21° T GR9ESC00T T LISES 06T €S0°00T T T €09°00T TTCTTTT T 37836 T 1 ¢W3L o -
TTCESET T TTTEER0GS T T TENEDT T OELEQ - T 050" T apygte - T T T Gvd T wld wilg i
LS T T UAERDO T T 4899007 T T En 900 T 280 T g0 ¢ T e Tavd T¥L) YHAIY T
TTIBSE sT2EC” 0€£2€0" $8200°= B11°= 911* SIINA 9 T9) A 13y
SZBSE T U SBAIOT U U 26196 T £0650° T UTRTON T T U 200 T TUUTUUTEIINA S T 93 ¥ 13)w NiTC
T LESETTTTTTTO0EN0 T T 99ETOC LT T §2210°T T 8s8” 03T 1 SIINA 9 13 %" 123¥ o™
TTOLOSETTTT TTOL6EC T T T RRTG0 T T TElIs0° T 068° Lot°1 SLING 97 1% k 13v i
TTTULESE TTTTZOU96° TT T g2 TTTTOIBLE S 960°2= 269° T ave T2 IS4 13675
TTTREEGET T 04SN T TOTL0°068 T T9LOLBT06S T RAS EEE T T0050288 T T T T T gvn T T 2 1§g
e X111 20ZG8" 9829%°*T TTTTGECGE IS Yly°2- 111 L T TeweTTTTTISd 130 7
TUlESE  C T6L9S* | C OLLES*1EZ T 00LES°TEZ C 202°0E2T "D20°€E€2" - - avd T T T ISd i
TRILSETT SO510° "77°77 LC9T0°  "TUTSHO0U0%~ T TTTEROC- TTTTTTUREQCT T T T — Tt g - THg 7~
TTUIESET T T 790620 T T 905900 T %0G%0° TN TTTTTRO0TY T T T T GYN T TV AN s
TPL6SE T U EILA0Y T T EERDB® T 12%00° T 620°= T T £20° T C TTTUTTT 33S70¥M TTTI00 Vi3ME A
TTCEESE 12060° T T EUEL® 7T glesb®  CC EGE* TTUUTTUES0°T T 0 T SIINA 9 T 93 b 13I¥ ¢
TTTYLSSE T lb400” €9010° " T EIRU0 =TT T G0+ T 610°° J3S7ava " QG IHd T
TTOLESE T T T €9€96°52 01%25°00209 03635°00209 61G°S6T09 ° BIS°65209  ~ ~~ SANO3JiS EL) ¥ S
sjuLod ais Sk uealy MO yby s3tun [3uuey)
39S G20°0 = JUBWIUAOUL B | T
23s5/0p e pajduwes ejeq fuabajui ILG-Q9 2eu0
"e1eQ 34R4TULY jO dldwes g Jgvl
= i b= e b e by s B s f e




L 3o g

i

k]

1
™~

riox

-~
‘1(;*4‘

¥
«

ORIGINAL |

*losk 12068°1 IILLT AN 95540°~ beyoe- ottt RELYIX viiHlaA
TTOLESE g90€L” BI0EL® T REYLO°F €12°2= SRS T O03S/M T avhdIvaA T
TTOLGEE T TTTITTIN2T0 T 26210 ¢ 09100 7~ T r2rC=T7 T 2eoe T 3874 IHAW4T¥IA
TTULESETT TTO0R60C° 7T 02600° T T 0OUOUC~T TTT n2pt= 920 ) 3348 H100ESd 1)
ThlesE T T GEQGLYTTT T 92942t 6900 £es1- To6"1 EERVAN Sels
LY 500E4S 7T @eLENR T 6BCCO° 22st 1= IXTLR RERYAY LLEELEE
TCl6SE T T T lenCec 1T1600° ~ ~ l6100°" " T 050°- T 0%0° JIS/N Juddeeti s
e 114 cLsi0” §IR16° 0GCo0* F AR 859" T OTTTTTO3s 4% HAGCIS4IxY T
TUNL6SE T BSTALYT T ostele 82500 L1008 R T 1S | . T J3Ssm 1542A .
TUSI8SET T TUU 0N, TThoYLet T T SL002°="""" Ti1°1- 77 T@uber T 2357k Iv13EdA
TOLESE T T EL600T T TT T 110100 T §Lewd* T TR~ %50° 13S/h IHAEHYTIVEA
W TTeLegE T 02400° 02600 ~ ° QUGOV*- T heQc- 7T 920 J3S/W HAGUISdexY
= T CLASET T bLAYSt T 0184%9° 00000° .- 222°T= " 77 469t T T T )3g/m ESanlsuA
et TTVlesE LEBIE" 2€09¢’ ouooo* 026 =" A CTA 72384k 15450332 7.
= I LI S LI T A T SEs9e” ¥3500° 186°T=- °° 910°2 cT J3S/W 1Seun 7
o TOLOSETTTTTT 9944ht TTTTT 09hedt T T TNG00* TT 7T 2oTel-TTT TULOECT T T LV S 1 JE 12 7
o TTULOSE T T 885202 T G18i0°2 0000 "7 T 1%2%%- T T 2E1°¢ 2157+ I 1
o) TTCLesSE T T ULISEQ® T T L16€E0* T ¢oo000° T G60°="""" "TTLeQe TTT 77T J3S/h T1001SeAY T
O TRLESE T T L9LEC R dtlaote 00000° = "7 le2°h~ TTTT a9Q°f RERVIY HIA 7
Q. “IESE 19901°2 '2€901°2 00002 0TE*»= 669" € TTTIISIN CTTTT T peATS ™
@ T TCLSSE TTUTTEARED® T T GBEE0® T Q0CU0®T T T R6Q%- T U ggQenT T - 23S/% RUGISEPAY Wl 0
< NESE T T ORRINSS TTTTUIAGLEY T 00000 T T 210°1= T - TTegge T T T TTT T T g3/ 1sdsaara 7
TTUOLASET T T A229%° TTTTUGR29% T 0OGN0® TTTT T gG9tS T T @G T T T T 3SR ISdRISIA w2
TT_teese” 67602 7" " JWTI2* T UTOSOE0% T TTT00°1<T T gt T T T T iS/w T 1431 o £
_TLASE T CRE0R2° T TTTT 069120 TTT E2¢00TTT T pgut- T T T Qlge T T Tt J3S/K ¥3IN3I) 9M T
111} 05002 2l Leoeo® S9L= V2o SERVETRRES L) R T RSy
TTMLeSE T GIR0L T 7T 60805 T 23200°=""T"T RS9 I-"T T quatt T oE LY 1331 94 -
TOSLoSE TTU T 095667 T 9Eaget TT 99500°= T 1220147 002 T 23S/K WIIRAD 9N <
"les€ "7 216e8° TUTTT 69526 10200°=" "7 goTe1~ " TT 0002 T T T ° I4S/H 1H9Tn 9A .
11 692ES°T T g22ist 0cod® T €66°2- T T EESCE T T T T T 33sswM 1337 9n &y’
__TLESET TTTTTALMNSTT T G5 T T 60000 TTTTTUGL0%€- T TTT 0GR T T 33S/M T w3ind) an
1111 LIECS T Lhess°l Q00uo* €ShoE= 626 LY UL £ 3 1 e
TLESETTTTTT AAGLEC9ETT GROTCCTOE © 10199°892- T649°68%= T 00I°0T T T §alidw nm_a WANTL
CNSSET T UEATHZOET T ST1GE0°TOE T SHOZY 892064 6RYSTTT Q000 T 7T T T gadf3N 13 v1330 -
CTMIBSET T SLEL0®2 T EL6TZUSL  ZOT6TSL T 066°02 T T E2ECHLT T T T 33SsH 1 033eSely -5
LSASETTTTTOQ9LE0°27TC 02TELLTEL T H9TOLTEL TTUR0%%697° U999 T T T T 33esw ) Q3l4sely "y
TTPLOSE TTTTT TRQCITZ T E9GRICYL T uNeGUCIL T TTeLLTL TTTTTERGCRLTTTTTITT T 935 /W ¥ 41334SHIV -wul
vIbGE 059086°A7 09996°0cT  E9621°L1T LSES9 1EG° 56T $332930 72341C OMIR T
TeLesET 162L1°2 L1%668°% €4u6%*S T gR0*E T ygetol T SICHAY (3345 OnIA .n
TTLEEE T T OITOSECT T U 919€0°2 19616°T ~ 160°€- ~ 2924 i SLUNY udS ONM SH Y,
TOTL6SE T T 59668°2 T G6IECS T W2UTLH=" T E6L%0%="T"T7900°T T T T T SHONN QdS Oha R3 T a-
TteSE T T EE2ZICT T bgEELel 10006°8BT "7776CE°9T 77T T 20°T2 T T TT3°$33%9340 T ddw3L TV
TTCLSE T B2Z9EL® T Qu6dL* §6469° TTELYY 7T T 896 WY 36011177 o7
~165E 126280 LE62T By bBT2T*EY="110°%%= 16Ty NP/ TT ATV
*L6SE T T 9aTage 05529°19 43229°19- " 449029~ 88L° 09~ : 33874 & o5
TTTUIASETT T 40010 T T 900490°h S0053°y 7T DEO*hy T U999y TSuvluvy T T Touu 17
Sjutod ais Shd ues)y M0 ] :m LH sjiuf {duuey)
*(P,3u0d) g 379Vl
tere s pevs beep Few beww kel b bees feoer o3 b Bl beed bemed

Fovend



	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf
	0001A09.pdf
	0001A10.pdf
	0001A11.pdf
	0001A12.pdf
	0001A13.pdf
	0001B01.pdf
	0001B02.pdf
	0001B03.pdf
	0001B04.pdf
	0001B05.pdf
	0001B06.pdf
	0001B07.pdf
	0001B08.pdf
	0001B09.pdf
	0001B10.pdf
	0001B11.pdf
	0001B12.pdf
	0001B13.pdf
	0001B14.pdf
	0001C01.pdf
	0001C02.pdf
	0001C03.pdf
	0001C04.pdf
	0001C05.pdf
	0001C06.pdf
	0001C07.pdf
	0001C08.pdf
	0001C09.pdf
	0001C10.pdf
	0001C11.pdf
	0001C12.pdf
	0001C13.pdf
	0001C14.pdf
	0001D01.pdf
	0001D02.pdf
	0001D03.pdf
	0001D04.pdf
	0001D05.pdf
	0001D06.pdf
	0001D07.pdf
	0001D08.pdf
	0001D09.pdf
	0001D10.pdf
	0001D11.pdf
	0001D12.pdf
	0001D13.pdf
	0001D14.pdf
	0001E01.pdf
	0001E02.pdf
	0001E03.pdf

