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This document makes use of international metric units according to the Systems Inter-
national d’Unites (SI), In certain cases, utility requires the retention of other systems
of units in addition to the SI units, The conventional units stated in parentheses fol-
lowing the computed SI equivalents are the basis of the measurements of calculations
reported.



THE INFLUENCE OF SNOW DEPTH AND SURFACE AIR TEMPERATURE
ON SATELLITE-DERIVED MICROWAVE BRIGHTNESS TEMPERATURE

J. L. Foster, D, K, Hall
A. T, C, Chang, A, Rango,
L. J. Allison, and B, C, Diesen, III

ABSTRACT

Areas of the steppes of central Russia, the high plains of Montana and North Dakota, and the high
plains of Canada have ‘.cen studied in an effort to determine the relationship between passive micro-
wave satellite brightness temperature, surface air temperature, and snow depth, Significant regres-
sion relationships were developed in each of these homogeneous areas. Results show that R? values
obtained for air temperature versus snow depth and the ratio of microwave brightness temperature
and air temperature versus snow depth were not as high as the R? values obtained by simply
plotting microwave brightness temperature versus snow depth, Multiple regression analysis provided

only marginal improvement over the results obtained by using simple linear regression.
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THE INFLUENCE OF SNOW DEPTH AND SURFACE AIR,
TEMPERATURE ON SATELLITE-DERIVED MICROWAVE
BRIGHTNESS TEMPERATURE
J. L. Foster, D. K, Hall, A. T, C, Chang,
A, Rango, L. J. Allison, and B. C, Diesen, III
Goddard Space Flight Center
Greenbelt, Maryland
INTRODUCTION
Studies performed by Abrahms and Edgerton (1977), Rango et al. (1979), and Foster et al, (1980)
among others have demonstrated that statistically significant regression relationships exist between
snow depth and Electrically Scanning Microwave Radiometer (ESMR) satellite data. The strength
of the relationship and the form of the regression line results to a large degree from the homo-
geneity of the area and the structure and condition of the snowpack. The microwave brightness’
temperature (T} ) is a measure of the emissivity and the physical temperature of the snowpack.
Snow particles act as scattering centers for microwave radiation. Computational results indicate
that scattering from individual snow particles within a snowpack is the dominant source of upwell-
ing emission in the case of dry snow. Because a deep snowpack obviously has more crystals and/or
grains to scatter microwave radiation than a shallow snowpack does, the T, will be lower (Chang
and Gloersen, 1975). Snow particle size and shape, liquid water in the snowpack, snow density, and
the condition of the underlying surface also affect the amount of scattering and consequently the
emissivity of the snowpack. The physical temperature of the snowpack, especially the upper layers
of snow, is primarily a result of the surface air temperature (T,,,)- In this study, snow depth was
plotted against the surface air temperature to determine if this approach produced a relationship

similar to that which exists between snow depth and microwave brightness temperature. Also, snow

depth was plotted against the ratio, T /Ta ir> A index of the emissivity, to determine if this would
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result in a stronger correlation than that obtained by using only T, or T,,, versus snow depth, In
addition, multiple regression analysis was used to determine the relationship between snow depth
and Nimbus (ESMR) T, and T, ;. 1o see if any improvement in the coefficient of determination
(R?) resulted from using multiple regression analysis as opposed to simple (single variable) regres-
sion analysis.
PREVIOUS WORK
Rango et al. (1979) and Foster et al. (1980) used Nimbus 5 and 6 Electrically Scanning Microwave
Radiometer (ESMR) data in an attempt to determine if a correlation exists between snow depth
and Ty in homogencous regions of Canada, the United States, and Russia. They found that the
coefficient of determination (R?) between snow depth and T, was 0,76 for the horizontally polar-
ized Nimbus 5 (1.55 cm) ESMR data and 0,86 for the vertically polarized Nimbus 6 (0.81 cm)
ESMR data for the Canadian high plains study area. The R? values for the high plains of Montana
and North Dakota were 0.81 for the Nimbus 5 ESMR data and 0.88 for the Nimbus 6 data, and,
for the steppes of central Russia, the R? values were 0.52 and 0.56 for the Nimbus 5 and 6 ESMR
data respectively. In these three homogeneous study areas, the relatively high R? values and the
statistically significant regression relationships that were developed indicate that passive microwave
data are potentially useful for estimating snow depth for dry snow conditions.
Hall et al. (1979) demonstrated that, even when the snow depth remains constant, the Nimbus 5
(1.55 cm) T} varies in shallow snow. This was the case on the Arctic Coastal Plain of Alaska
between the months of December and May 1976 when the average snow depth was 12.7 ¢cm (5.0
inches) and the T, varied by 15 K. The variation in Ty, was clearly related to physical temperature
)

of the snow (as inferred by air temperature), and to changes in snowpack and subsurface condi-

tions between the months of March and May. In addition, with a constant snow depth (12.7 ¢m)
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in three separate arcas—the Arctic Coastal Plain of Alaska, the Canadian high plains, and the plains
of North Dakota and Montana—air temperature differences m the three areas clearly influenced
the T s of the three snowpacks, However, the magnitude of the Ty and T, differences indicates
that other factors, such as internal snowpack differences and variations in the underlying surface
of each area, also significantly affected the 1,55 cm brightness temperature (Hail et al., 1979).
STUDY AREAS

‘The study areas and data sources used in this paper are the same as those described by Foster et
al. (1980), The study areas are the steppes of central Russia (Figure 1), the high plains of Montana
and North Dakota (Figure 2), and the high plains of Canada (Figure 3). The vegetation, topogra-
phy, climate, and latitude of these areas are comparable, and each area covers about 2,33 x 10°
km? (9.00 x 10* mi?). The predominant vegetation consists of grasses, and the topography, al-
though generally flat, is broken by hills. Each uf ihese areas experiences very cold winters with
snow covering the ground during much of December, January, February, and March. Elevations
in the Russian test site are, for the most part, less than 305 m (1000 ft), whereas elevations in the
Canadian and U. 8. test sites range between 610 and 1524 m (2000 and 5000 ft). Snow depth
values and surface air temperatures from a network of meteorological stations were obtained on
January 20, 1976, for the central Russian steppes. Nimbus 5 and 6 data were also obtained on
this day. For the Canadian and U, S. test sites, Nimbus 5 and 6 data w :ze obtained on March 14
and 15, 1976, respectively. (Only vertically polarized Nimbus 6 data were used in this paper.)
Snow depths in Canada were recorded at snow course sites and meteorological stations, but in the
United States, they were usually recorded at city airports because of the limited number of snow

courses on the high plains of Montana and North Dakota,



Air temperatures in Canada and the United States were obtained from airport stations, Air tem-
peratures in each of the study areas, both before and during the satellite passes, were near or below
0°C (32°F), with little chance of significant melting and, as a result, drv snow conditions were
assumed, Temperatures were somewhat colder in central Russia and somewhat warmer in Montana
and North Dakota than in the Canadian study area, For better comparison with microwave T},
T, ;. was converted to degrees Kelvin (K), Nimbus 5 data over the Canadian and U. S, study areas
were obtained during nighttime passes, Nimbus 5 data over central Russia and Nimbus 6 data for
each of the study areas were obtained during daytime passes, For each of the three study areas,
snow depth values were used to draw isonivals and air temperatures were used to draw isotherms,
which were then averaged over 1-degree latitude by 1-degree longitude grid blocks, Brightness
temperatures were also averaged over the same grid blocks so that snow depth, T,ie and T, could
be compared and used in regression analysis.

DISCUSSION AND RESULTS

Snow depth and air temperature data from each of the 1- by 1-degree grid blocks were plotted for
the three study areas (Russia, the United States, and Canada), Figures 4, 5, and 6 show the air
temperature data versus snow depth scatter plots and resulting regression relationships. All three
regressions were significant at the 0,005 level with R? values of 0.44, 0,72, and 0.73 for Russia, .
the United States, and Canada, respectively. In this study, the average daily temperature (Tav o)
was used as an indicator of air temperature (T, ). T, . is obtained by simply dividing the sum of
the daily maximum temperature (T n nx) and the daily minimum temperature (Tmmj by two.

An attempt was made to determine if either T or T , provided more information than Tove

in relating T, i tO snow depth, However, it was found that, in each study area, T“v . produced as



good or better correlations than T, or T . . T, also proved better than T orT_, inre-
lating Nimbus § and 6 brightness temperature to T,

Even though the R? values obtained by relating T, . to snow depth are significant for each of the

ave
study areas, they are not as high as the R? values obtained by relating either Nimbus 5 or Nimbus 6
T, data to snow depth, The R? values between Nimbus § T, and snow depth for Kussia, the
United States, and Canada were 0,52, 0.81, and 0,76, respectively, and the R? values between
Nimbus 6 T, and snow depth for Russia, the United States, and Canada were 0,60, 0,88, and 0.86,
respectively (Foster et al,, 1980). (See Table 1.)

Snow depth data were also plotted against an index of the emissivity (T, /T . ) by again using the

alr
data from each 1-by 1-degree grid for the three study areas. Figures 7 and 8 show the Nimbus 5 and
6 T, data versus snow depth scatter plots for Russia and the resulting regression relationships.
Figures 9 and 10 show the Nimbus 5 and 6 data versus snow depth scatter plots for the United
States, and similarly, Figures 11 and 12 show the Nimbus 5 and 6 data versus snow depth scatter

plots for Canada. All the regressions were significant at the 0.005 level except for the Nimbus §

T, /T

4ir data versus snow depth in Russia, which was significant at the 0,01 level, The R? values

obtained for each of these plots are not as high as the R? values obtained by simply relating Ty to

snow depth (Table 1). It also can be seen from Table 1 that, for the Russian and Canadian study
areas, T} /T”c versus snow depth regressions produce results similar to those obtained by regressing
Tuve versus snow depth (Nimbus 5 values beingslightly lower than Nimbus 6 values). However, for
the U. S. study area (Montana and North Dakota), the R? values obtained between Ty /Tm and

snow depth, using both Nimbus 5 and Nimbus 6 data, were higher than the R? value between T,ve

and snow depth,
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Multiple regression analysis was used to determine the relationship between T, and T, . (two pre-
dictor variables) and snow depth for both Nimbus 5 and Nimbus 6 data, The results are presented
in Table 2, It can be seen that the R? values obtained using two predictor variables are only slightly
better ur the same as the R? values obtained by using only Nimbus 5 or Nimbus 6 Ty, data versus

snow depth (Table 1), Multiple regression analysis was also used to determine the relationship

+

oy o) and snow deptk, These

governing three predictor variables (1.55-em Ty, 0.81-em T}, and T

results (Table 2) are the same as those obtained by using only 0.81-cin Ty and T, . versus snow

depth, This indicates that the 1,55-cm data contribute virtually nothing to the R? values obtained

by using 0.81-cm T, and T, as the predictor variables, For both the two-variable and the three-

variable approaches, multiple regression analysis provided no marked improvement to the results

obtained by using simple linear regression analysis. Rango et al, (1979) also arrived at this conclu-

sion when they related 1,55-em T and 0,81-cm '1‘B to snow depth.

CONCLUSIONS

1. For each of the study areas (Russia, the United States, and Canada), there was a statistically
significant relationship between the average daily temperature (T,,.) and the snow
depth, The R? values obtained by plotting the average daily temperature versus snow depth

were not as high as the R? values obtained by relating either Nimbus 5 or Nimbus 6 bright-

ness temperature (T, ) data versus snow depth.

2. There was a statistically significant:relationship between an index. of the emissivity (T /T,, )

and snow depth for each study area, The R? values obtained between Ty /T, , and snow
depth were again not as high as those obtained by simply plotting T, versus snow depth.
Results obtained by plotting T, /Tﬂ ve YEISUS snOw depth were basically similar to those ob-

tained by plotting T__  versus snow depth,

ave
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3. Multiple regression analysis using 1.55-cm T, 0.81-em T, and T, . as predictor variables
provided only marginal improvement over the results obtained by using simple lincar regres-

sion to relate T, to snow dey th,
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Table 1

R? values
Russia Montana-North Dakota Canada
1.55-cm Ty vs.
snow depth 0,52 0.81 0,76
0.81-em T vs,
snow depth 0.60 0.88 0.86
Air Temp (T, ) vs.
snow depth 0.44 0.72 0.73
1.55-em Ty /T, , Vs.
snow depth 0.37 0.74 0.63
0.81-cm Ty /T, vs.
snow depth 0.56 0.81 0,83
Table 2
R? values
Russia Montana-North Dakota Canada
1.55-em Ty + T,
vs. snow depth 0.52 0.84 0.81
0.81-em Ty +T,,,
vs. snow depth 0.60 0.91 0.86
1.55-cm Ty, + 0.81-cm
Ty + T,,e Vs. snow
depth 0.60 0.91 0.86




ORIGINAL PACE 18

(0861 “T& 39 19350) SUOI}L)S [218
-0[03]9UI JUASAIdAT SUOIED0] PaIsquINN “BaIR APT]S SABMOISTUI/MOus sodda)s Ueissny [enua) -1 aIndig

eag >pelg
Jaary d3aty
ueq Jadaug
B s B 4w
99 fgo. g9 [-19 [ oo° [ps | 1S* I ad
) 20 Yl 05
. es| 85| es|.on || | ¥
e . : SE . /Am.N 8z T I
3
wv ~ 8 AONIRYN v.m . _.MM) /NN. 214
Y 3 -
05
& @zl Fla| o e
/ ® a | ¥ j z
8L - *
L 8 - 9 _w £, otS
n ot 8 . v
6 L -
3 . L
z Hozg
o0F  oBE o8E off oSE SE o¥E off oZE o€ 108 62

MOS0

10



9
TY

13 1
8 <L
2L D
oo
e |

x5
=

8
o o T34
o6

_ (0861 “I® 19 19350 A) yidep mous Surprodor sjrodie £310 juasardas
SUONEOO] paraqumy “Bare Apnys AABMOIOTW/MOUS BUEJUO-BIONEB(] YIION Sy,

*C 9Indig
.86 66 2004 -10L o201 oEO0L oyoL -S0L =901 o1
o
-801 601
% w om'
£|5
T
o3
= [<4
g .
aoxeqyinos
Yy gy WONQ[ULON 9y 144
\ . ¢ N
\ " ol g 8L
o ) 38
' . ayep g "
,. — 2 Aug ey
: sy ty
"3 Ly ﬂo‘
Y pirung Ll Bl
A . = Y
— s i
X: 13 £
/ll : ol¥
3 ~~e hlﬂ St £l
/l'l . * o
- ’// .
~
e ~_ ve e vt 2t
. XI8d 304 |
o pXC =~ 4
o 4 £z °
oui N ©
~
~ ]
~J sasseaf . S
14 X moj
- /I.’
851045 T
. z sy “ave
N RURIUO]
S 24 B ey =
~ ul
ro won ~ MayNeNIRG
~
S
Tlg A
= ix A
Ziw s
gia ™
S W ~o sassei8
" /IA -~ g—
H 55l e
yby

11




my,

L PAGL D

O POOR QUAL

GRIGINA

(6L6T “T& 32 OFuBY) SSIS 3SIN0D MOUS JUssaIdor SUOIIROO[ PaioqunN “BaIe Apnjs aaemordrur/mous surefd y3ry uerpeue) ‘¢ oIndry

J14IVYd SSYHO LHOHS 3 ANV INHVL ]
1S3HC4 TVIHOS L 31HIVHL SSYHD HOIH
VYNVLNOW ’ AN NOILVY1IDIA

: N4
AR ] SRS SR
FSTEEI0S LTI FOLS L EROCLLe T BT i o ety T =
”..u..mw.“.mm.“..“.m..#...u...“.w.m..”n A SEEEE P °09
FEEEITER POt < HY S ] Sy (4. NP Y ) FEE e Zfm gt
“......,mm”.w.:n.dmh Illlirrzngniiiinii: e Crriiiiiftiiiiois »
LIRIYNIDIAMI I SEO) W_ JPSSESSEE PRSSaRy Z
SERETT SRPEPERON SOSEPEREes . T lllinizfinii %
=M SSSSTEIES EEE
......... S e LN EL ,\ﬂu
> TIiniiiien S 2 LS
sl AHY9TY) 2
.......... 2
Dzl 43
Sillgetpoiiit Q
eelfiiinii <
A REEEapI oS
<
\\\\\\\\
M\ \\\\\\\\\
i z 5 Lo
2 % 7 vy A
LY S \ \\ 1 ST oE£G
eIy 77 1 S AD
AR 224 z Lol
Lo e s \ [~ NOINOWQ3 Lol
PR PAPPIA PRPIR B VIV P r s, % \\\\\%\\ \\\\\\\\\\\\\\\\\\“\\
| P3P 7oL S0l -20L L0 801 -601L 0
Q

L oELL BLL =

12



('spu3 jo 1equnu = u pue ‘UOIJBIASD PIBPUR)S = nm ‘T0115 prepue;s = Ig ‘uorje
~UIULISISP JO JUIDLIA00 = ) "PLIS apm3ISuo]/opnyize] 95180p-] Aq pazireununs ‘9L61 ‘0T Arenuef uroxy ejep
y1dap mous pue arnjersdws) Iy “BISSIY [B1)U3D JO sadds)s o3 uo yydop MOUS SNSIoA aImjeradurs) Ire 90BHNG “ omgL]

() JHNLVYHIAWIL HIV =X

529z 03z S5Z
| I 1 ! 1 1 1 1 1 | | 1 1 0

2E
s
3 1
o=y
CID
o
A\
4
(&
=,
ity
OocC
ZE=u . o
£si68'L = °
L6ZEV'L = 3g
0= Y
X 218050~ 0066%'9EL = A
qa

(sayou)) HE43Q MONS = A

13




B

R

ORIGI™:, 4

OF PLL

“,

)

w Qe

’S:
'y

('spus yo 1equinu = u pue ‘UOIJBIASD PIBPUR)S — am ‘Iows prepue;s = Ig ‘UOIJRUIULIS)AP JO JUIIOIJJ200
= ¢z¥) "PUS spnnSuoyfopnine] 92139p-1 Aq pazirewnuns ‘g9g| ‘g [ YoIepy woly e1ep yjdop mous pue oInj

-eradwo] A1y “BIONB(] YO N pue euBjuoly jo surerd y3ry sy3 uo y3idop mous snsIoa arnjeradura] I dovjMS ¢ a3ty
() 38NIVHIINIL HIv =X
SZLE (1724 j+1:74 08
L1 1 i I 1 1 1 i 1 1 ! ] ¢
° 0
®
L 4
[ ]
e
bk 4
-9
-8
-1 0L
GZ=u
vevege= I
8/566'L = 7
2L0=zY °
X LZS09°L - $628L YEY = A
=1L
I* 148

(5842u}) HL43A MONS = A

14



."i
o

G

AR

OF PC

s

T LN

(‘spus JO IoqUINU = U PUE “UOIJRIAIP PIEPUE]S = dg <10115 prEpUE)S = 45 cuon
~BUTULIZ)SP JO JUSIOIYIR00 = ) -puIsS spnjISuo[/opnyiie] 92189p-1 AQ poZIIBWUMS ‘9L ‘ST UoIBN WOIJ Blep

yidap mous pue amjernduwa) Xy -surerd ySry ueipeur)) 9y} UO 3dop MOUS SNSISA a1njeIsdurs] Ie 908JING 9 9INSL

(i) 3YNLVYHIdWAL BIV =X

suz )74 s9Z 092
1 1 1 ] 1 1 1 1 1 1 1 1 [
[ ]
[ ]
ez
v
|y
—Hs
og=u
otzize="Cs
gsgoLL=Ts b
EL0=2zH
X 869860 - ¥86£8'69Z = A ° o
[ ]
[ ]
~a

148

(s3youy) H1d3Q MONS = A

15



3

e
[

Fo, WEY
PRSI

ORiGItAL I

m >

(‘Sspus JO IoqWINU = U PUe “UOIJRIASD PIEPUE)S = dg “1o115 prepue)s = 4g “‘uorjeuruiIo}op
JO JUAIOLJR0D = ) PU3 opnyISuo/opnyiye] 32189p-] Aq POZLIRUIWNS ‘9L61 ‘0z Arenuef WIOLJ BIEp AINJBID

e .
-duray Jre a5e10A pue ‘Yydop mous <8 L S snquuN “BISSIY [BI}UaD JO soddogs 2y} uo yydop mous snszoA I/ iy -, amsiyg
) *1on fLwosg=x
60 960 560 v60 €60 z60 160 060 68'0 880 180
1 1 ] 1 1 1 ] 1 ] 1 o
-z
v
- <
wd M
& de ]
u :
Q o
m
3 o
S 3
4 T
8 4, &
. 2
(@]
E=u
estegL = s ° oL
oscesL="S .
L€0= M
00Z9L°Z01 - 00ZIE00L = A
“a
dn

16



IS
Y

)

ey

("spuI3 JO IoquINU = U pUe ‘UCIJBIASD PIEPUE]S - Qg ‘10115 pIEpUE)S = 4g ‘uorjeuruiIs)op
JO JUSIONJ02 = ) -pus spnyiSuof/opnjrie] 9218sp-] £q pIZUBUWIUNS ‘9L6T Arenuef worjy ejep smjerndus)

Jre aSeraAe pue ‘yydop mous ¢ 81 g snquup -eissny [BXIUL9 Jo saddas ay3 uo Y3dop MOUS STISIOA

oi) "o SLwa igo=X

*e1/81 g om3ig

60 960 S6°0 60 £60 260 160 060 880 880 180
1 1 1 1 1 1 1 L 1 i 0
4z
-1
< -s
H
3
X
Y s
D
ey
£5L68°L= o .
. 8e9LTL="8 oL
950 =4 .
X 0ZL8LEL~ OLLEGHL = A )
~Hz
du

(soyou)) HLdIA MONS = A

17



ORIGINAL PAGE 19

("spuS JO JaqUIMU = U pUE ‘UOIJBIASP PIBPUER]S = anuobu
pIEpUB}S = mw ‘UOI]BUTULIR)OR JO JUSIDIJJS00 = mmv -pus apnjiSuo]/opniije] 39139p-1 AQ pozILIBUIWNS BIEP
2a%; oue <97 p3dep mous 9L6T ‘ST UPTEJN WoXf B1ep Y1dop mous 9.6 ‘vl OB WOl Bjep amjeaduio)

e oSeroae pue 91 g snquuy -ei03e(] YION pue euEjuO jo sured ySry oy} uo ydop MOUS SNSIoA M1y -6 amsig

o) 100 Brum gL =x
60 £60 60 160 680 880 80 980 sge va0
t I i 1 1 1 1 0

OF POOR QUALITY

{s8youf) HLIIQ MONS = A

gZ=u
vevaae= s

s§L="]s

$L0=H

X¥0SL “SL-ELEL=A

18



=
36

0L LIV

ORKGN, b
OF POOR

("spE8 jo 1squinu = u pue ‘UoI]BIASp pIEpUR]S = qm ‘Ioms prepuejs = Ig ‘UOIJRUTULIS)SP JO JUSDIJJI0D = o))
"PUS apmyrSuo]/apnyizef sardap-1 4q PIZIIRWWIS ‘976 “G] YoIey urolj eyep arngeraduio} Ire a3e1aAe pue
“nndop mous *%1, 9 snquUIN "ejoeq YION PUE 2UTIUCH Jo Sured YS oy} U0 Ydep MOS SSIO #1781 o1 2ms1y

D0 %)% wo1gg~x

0 £650 650 160 060 680 880 180 9g0 s30 ”wo
L_ i 1 i 1 1 1 i 1 1 0
[ d
L]
[
L _ ]
-z
—1»
<
s 2
2
(o]
=
(=]
m
3
x
-18 M.
=
L3
SZ=u -10L
vevsge= %
91=73g
190= 28
X6¥'80L~Z20L =A 3
~“a
[ ]
iyl

19



Ga

o3
L
G
)
o o
-t

=35
Z0
L=
o u
oo

(*Spus JO JoqUINU = U PUE “UOIJBIASD
pIEpUB]S = Qg so110 prepuess = dg ‘uorjeuTULIo}aP JO JUIIOLJIS00 = ) -pus spnjrjSuoj/opnyije] 93139p-] Aq

pazueuums eyep "™ pue <4 apdop moug ‘9767 ‘ST Yo woly eIep Yidop MOUS "9L6T “pT YOI WOl

ejep 2injeraduid) e 95BIdAR pue 9y ¢ snquuN -upeue)) jo surefd ySiy 9y U0 Y1dop MOUS SNSISA HeyaL c11 sty

o yonSLussgL=x
60 £60 260 880 180 980 S8°0
1 1 1 1 1 1 1 1 1

_.mm o 060 680
L]
]

oc=u
ozize= 58
89086'L = 7S *
£9°0=zH
00975901 - ¥96/8°96 = A

(sayau]) HLdIQ MONS = A

20



35

<< D
oo
o2

=5
<O
mulP
R -
1)

('spus jo Joquinu = U pue ‘uorjeiasp prepuess = g “romo
prepue;s = I g ‘uorjeuruLIalsp Jo JUAIDIJ30D = 2d) "PUSapminsuoj/apnye] 9318ap-1 Aq pazIrewwIns ‘9/ 6T ‘G YoIey Woly

e1ep arnyeradiua) Jre s5e1aAe pue ‘yidap mous &1 g snquuy -epeue) yo surerd ySry oy3 uo yidop mous snszoa 51/ 71 amdiyg

o™ Lonr ®1 w0 1o = X

o SE0 wo €50
1 1 1 1
Py -

{s84j2u)) HLd3A MONS = A

Jou
= U ®
ow1ze= s

ssEr= s
E80= 24
X 0Z8L%99 - 0Z0S519 = A

21



	GeneralDisclaimer.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
	0001A14.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

