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ABSTRACT

This statistical study assesses the change of Alberta climate using the monthly data of the
following climate variables: 1) surface air maximum temperature, 2) surface air minimum
temperature, 3) total precipitation, 4) tota rainfall, and 5) total snowfall. The study period is
1884 — 1996 using data from 38 long-term climate stations in Alberta.  The weighted average of
individual station values was used to obtain an Alberta average of climate variables for each
month. Both uniform weights (for the arithmetic mean or uniform average) and optimal weights
(for the optimal average) were used. The optimal average, in contrast with the uniform average,
isamore appropriate integral measure for a climate data field. The Alberta averages were
smoothed using an eleven-year running mean to reveal the pattern of variationin time. Based on
the running means of optimal averages, it was observed that the maximum temperature does not
have an upward trend, whereas the minimum temperature has a clear upward trend of
approximately 0.8 degree C since about 1920. Total annual precipitation appears to increase
dightly since the 1920s. However, the data are much more variable and statistical testing is need
to confirm the results.

An Assessment of the Change in Temperature and Precipitation in Alberta i



An Assessment of the Change in Temperature and Precipitation in Alberta



TABLE OF CONTENTS

AB STRA CT ittt e et et e s a e e bt e e teeaseeeaseeanseeaseeeabeeanteeanaeenseeaneeanaeeanee s [
LIST OF FIGURES ...ttt sttt et e e e antaenneeeneesnaeennee s Vi
ACKNOWLEDGEMENTS ... .ottt sttt te sttt ssae et e sntaesseeenneeanneenneeas Vil
INTRODUGCTION. ...ttt ettt e sttt e e sse e e teeasaeesseeeseeanseesseeaseeanseesseeenseeanses 1
(O I AN N 3 N 1 ST 1
STATISTICSOF ALBERTA CLIMATE ..ooioieee ettt 2

Averages of Reference Period (1961-1990) .........eeeiiiiieiiiieeiiieeeriee e siee e seeeeseeeeseeee s 2

VBITANCES ...ttt ettt ettt e et e e e e st e e e eat e e e aate e e e ase e e enseeeenbeeeebaeeennseeeanneneanneeens 3

The Alberta Average of Climate Variables ..........cooiiiiiiiiiiieeee e 3

THEe UNITOMM AVEIAOE. ....co ottt ettt st e e st e e e saae e e nnneeesnneeens 6

The OPtMal AVEIGOE .....cco ettt st e e st e e s sbae e e ssseeesnneeeanneeeas 6
S U I I SRR 7
DISCUSSION ...ttt ettt et e s te e s teeateeasteeaseeeseeasseesseeeseeanseeasseeasenanseesnseensenns 14
CONCLUSIONS . ...ttt ettt e e s st e e ste e e steesseeebeeasseesseeenseeanseeaseeanseeanseennenas 16
REFERENCES ... oottt ettt e et e e nteesseeeseeansaesnseenseeanseesnneennenas 19
APPENDIX A: TABLESAND FIGURES........ccoiiiieiiieceesee e Al
APPENDIX B: THE MATHEMATICSOF THE OPTIMAL AVERAGE.........c.c.c...... A19

An Assessment of the Change in Temperature and Precipitation in Alberta Vv



LIST OF FIGURES
Figure A. Reference period (1961-1990) averages of Albertatemperature...........ccccceevveeenen.
Figure B. Reference period (1961-1990) averages of Alberta precipitation.............cccceevveeennen.

Figure C. Uniform and optimal averages of annual maximum temperature anomalies
smoothed with the 11-year running MEAN..........cceeiiieeniiee et aee e seeee s

Figure D. Uniform and optimal averages of annual minimum temperature anomalies
smoothed with the 11-year running MEAN..........cceeiuiieriiee e eee e

Figure E. Uniform and optimal averages of annual total precipitation anomalies smoothed
with the 11-year running MEAN.........c.eiiiiieiiiee e e e e e snneas

Figure F. Uniform and optimal averages of July maximum temperature anomalies smoothed
with the 11-year running MEAN.........c.eiiiiieiiieeeeiie e eiee e sree e sre e sneeas

Figure G. Uniform and optimal averages of July minimum temperature anomalies smoothed
with the 11-year running MEAN.........c.ueiiiiiiiiiie e e e sree e snneas

Figure H. Uniform and optimal averages of July total precipitation anomalies smoothed with
the 11-year rUNNING MEAMN........cccuiieiiieeeieeeetee e see e seeeeeseeee s sseeeesbeessaseeesseeesnseeesnseneas

An Assessment of the Change in Temperature and Precipitation in Alberta



ACKNOWLEDGEMENTS

Terry Thompson of the University of Alberta, and the Hydrological Sciences Branch of Alberta
Environmental Protection facilitated the acquisition of the Environment Canada monthly climate
dataset. Bin Shen wrote al the computer programs. Reviews by the staff of the Atmospheric
and Hydrologic Sciences Division, Prairie and Northern Region, Environment Canada are
greatly appreciated. Randy Angle and Elliot Kerr of Alberta Environmental Protection also
contributed substantially to this project in terms of scientific discussions and review of drafts.

An Assessment of the Change in Temperature and Precipitation in Alberta Vil



An Assessment of the Change in Temperature and Precipitation in Alberta viii



INTRODUCTION

Studies have shown that global average temperature has increased by as much as 0.6 degree C
over the last 130 years (IPCC, 1996). The trends of temperature and other climate variables over
smaller areas are known to vary greatly from place to place. The purpose of the present study is
to examine the trends of climate variables, such as temperature and precipitation, over the
province of Alberta and apply an averaging method that would provide a better representation of
Alberta’s climatic trends.

The spatial averages of climate variables are commonly used parameters to represent the state of
the climate over an area. A common use of these averagesisin the estimation of climatic trends.
The simplest approach isto use the arithmetic mean over the stations. In the present study, an
optimal averaging method is applied over Alberta, incorporating the variance-covariance
structure among long-term Alberta climate stations. Climatic trends were then computed using
this optimal average to provide an integral measure of climatic variation over the province. The
optimal average incorporates the effect of the distribution of climate stations and considers the
dependence of data from adjacent sites.

For simplicity of presentation, the numerous graphs and tables are numbered and included in
Appendix A. Only the more important ones are labelled alphabetically and contained in the main
text.

CLIMATE DATA

In the present study, 38 long-term stations in Alberta were selected for analysis. These are listed
inTable 1. (See Appendix A.) The selection represents a reasonable cross-section of stations
over Alberta. The regions represented include the North Saskatchewan River Basin (NSRB), the
Red Deer River Basin (NDRB), the South Saskatchewan River Basin (SSRB), the Milk River
Basin (MRB), the Rocky Mountains (ROCK), the Athabasca River Basin (ARB) and the Peace
River Basin (PRB). The locations of the selected climate stations are shown in Figure 1.
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The study period is 1884 to 1996 and monthly values were used. Of the 38 stations, the actual
number of stations with data available varies over the study period. In general, the number of
records increases with time from 1884 to the late 1980s and then decreases after 1990. This

pattern is shown in Figures 2 to 3 for temperature and precipitation.

STATISTICSOF ALBERTA CLIMATE

Averages of Reference Period (1961-1990)

In the present study, only precipitation and temperature data were analyzed. The temperature
variables are maximum, minimum temperatures and the precipitation variables are rainfall,
snowfall and total precipitation observed. Total precipitation includes snowfall measurements
converted to water equivalent. The climatic normals of temperature and precipitation are usually
represented by the long-term averages computed over a period of 30 years, as adopted by the
World Meteorological Organisation (WMO) and its member countries (IPCC, 1996). The long-
term averages, or normals, for these variables at each of the selected stations were computed for
each month using the 30 years of data from 1961 to 1990. Thisis also the official reference
period used in the latest IPCC report (IPCC, 1996, p.141). These averages were used here asthe
measure of central tendency from which climatic variations were assessed.

The monthly averages of daily maximum temperature and daily minimum temperature over the
reference period for the individual stations are listed in Tables 2 and 3. In addition to the
latitudinal variation of maximum temperature, one can also see a smaller range of maximum
temperature over the province in summer than in winter. For example, the largest difference
(17.9°C) in January is between Cardston (-0.3 °C) and Vermilion (-18.2 °C) wheresas the largest
difference (6.9°C) in July is between Medicine Hat (27.3°C) and Lake Louise (20.4°C). The
same seasonal variation also exists in the range of minimum temperature over the province. In
this case, the January range is 15 °C between Cardston (-12,8°C) and Fort Vermilion (-27.3°C)
and the July range is 8 °C between Medicine Hat and Lake Louise.

The precipitation data demonstrate high spatial and temporal variation. Thisis expected within
the Province of Albertawith its diverse terrain and latitudinal extent. Annual rainfall of Rocky
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Mountain House is about 1.5 times higher than that at Brooks and annual snowfall at Lake
Louise is approximately 3 times higher than at Gleichen. The spatial and temporal variations of
total precipitation are shown in Table 6.

The averages of temperatures and precipitation for Alberta over the reference period are shown
in Figures A and B. The individual station averages vary to different degrees from these Alberta
averages. A mgor consideration in the present study isto incorporate individual station
variances and between station correlations of the climate variables, when computing the overall
weighted means through the use of optimal weights. It will be shown that significant differences

exist between the optimal average and the uniform average.

Variances

The variances of climatological data may not be entirely due to the natural climatic variation.
Measurement and other errors also contribute to the variance of the observations. However, it is
expected that the contribution of such errors is small relative to that from natural variability.
Variances must be considered in computing the overall average of a climate variable for the

province.

In the present study, the variance of the data is represented by the mean squared departure from
climatology. The monthly anomalies were computed by subtracting the climatic normals
(reference period averages) from the values observed. The sum of squares of the anomalies
divided by the total number of records was used as the variance of the climate variable. Thisis
dightly different from the usual statistical definition of variance, but is more meaningful in the
present context because variability is expressed in terms of departures (anomalies) from the
reference period climatological mean. The results are shown in Tables 7 through 11 for the

temperature and precipitation variables.

The Alberta Average of Climate Variables

For an integral measure of a climate variable over aregion such as the province of Alberta, it is
necessary to convert the point measures of station observations to an areal measure for Alberta as
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Figure A. Reference period (1961-1290) averages of Alberta temperature.
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awhole. Inthisstudy, a uniform average (arithmetic mean) and an optimal average were used.
Both these averages can be represented as weighted averages over the available stations. The
uniform average is a common measure that is easy to compute and has certain intuitive appeal.
The optimal average, however, is more involved computationaly, but with weights reflecting the
variability and correlation structure of the data field. Specifically, the weights were computed
using the variance-covariance matrix of the climate variable observed over the stations.

The Uniform Average

The common arithmetic mean of a climate variable over the number of stationsis aweighted
average with uniform weights. In the present study, thisis represented by

—|
11
'QJOZ
s
_|

1
=

T 1

where N is the number of stations, w; is the weight and T; isthe observation at thei ™ gtation.
The values of the weights are uniform for all stations and are equal to 1/N. If all stations report
data for the month, then N = 38. In the case of missing data, the averages over the remaining
stations were used as estimates. The uniform average is optimal when the climate variables
measured at the stations represent spatial white noise. This means the stations are not correlated,
and have approximately the same variance. However, when such conditions do not exist, asin

the case of climate stations, the uniform average may be affected by significant biases.

The Optimal Average

The optimal average is also represented by Equation (1) above, but with weights computed using
the variance-covariance structure of the climate variable from the stations. The mathematical
details are described in Appendix B and the cited references therein. See also Shen et al, (1994)
and Shen and Wang (1997) for climatological applications. A desirable feature of the optimal
average is that the weights are obtained by minimizing the mean squared error between the true
gpatia average and the estimated average, with consideration of the variability (variance) and the
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correlation (covariance) of the observations. In essence, a station with larger variance and higher
correlation with other stations is weighted less. The uncertainty of the method is mainly from
the estimates of the covariance structure. However, it has been shown that the estimate of
covariance is usually more robust than the estimate of the average of the observation field. (Kim
and North, 1993) Also, the optima method allows careful tuning and testing to optimize the
estimate. The most important tuning parameter is the length scale, which is based on the e-fold
criterion for decorrelation. This length scale represents the distance at which the spatia
correlation between pairs of stations have decreased to approximately 1/e and must be computed
for each climate variable involved. For Alberta, the length scale for temperature is
approximately 700 Km and that for precipitation is approximately 220 Km.

RESULTS

For the maximum and minimum temperatures, the monthly averages were first computed for
each station. Then the anomalies were computed as departures of the monthly averages from the
respective reference period averages for the station. Both uniform and optimal averaging were
applied over the stations to obtain the Alberta average for each month. The annual values were
then computed as the arithmetic means over the twelve monthly values. For the present study,
the focus is on the annual average and the months of January and July for winter and summer
conditions respectively. Similar calculations were performed for the total precipitation.

The resulting time sequences contained considerable noise. An eleven-year running mean was
used to help reveal the underlying variations by smoothing the data sequences. Other kinds of
smoothing techniques could also be used, such as the 21-point binomial filter used in IPCC
(1996), but the eleven-year running mean provided the necessary level of smoothing and has
certain convenience in its interpretation. For example, each value of the running mean
approximates closely the decadal mean centred over the particular point in time. Both the
uniform average and optimal average sequences were smoothed by the running mean and the
results are shown in Figures C to G, and Figures 4 to 7 in Appendix A.

An Assessment of the Change in Temperature and Precipitation in Alberta 7
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Figure C shows the variations of the annual averages of monthly maximum temperature
anomalies over Alberta. Note that the data shown are anomalies and the zero line represents the
average over the reference period. Both uniform average and optimal average show a peak
around 1940 and 1980 and alow period around 1950s and 1960s. The hottest year for the study
period is 1986. However, one observes no general increase of annual average maximum
temperature over the data period. An interesting feature is the increases shown by the uniform
averages (during the period 1920 to 1940 and around 1900 and 1980) disappear when averaging
is done with optimal weights.

A more significant difference exists with the annual averages of monthly minimum temperature
anomalies. Figure D shows that for the minimum temperature, the uniform averages before 1930
are much lower than the optimal averages. The result is that a much more significant warming
over alonger period is observed using averages with uniform weights than those with optimal
weights. With optimal averages, an increasing trend appears to begin around 1920 and continue
through 1990s but is less significant. In either case, it is clear that the minimum temperature
over Alberta has increased since 1920. The increase represented by the decadal means (centred at
1925 and 1991) is of the order of 0.8 degree C for the period 1920 to 1996, based on the optimal
averaging method. The main warming periods are between 1920 and 1950, and 1970 to 1990.

The annual average total precipitation (Figure E) has peaks around 1900 and 1950. Generally,
precipitation data are much more variable. The trend estimates are therefore less reliable than in
the temperature case. However, there appears to be a ow upward trend observable from the
optimal averages, starting around 1920 and lasting till 1990s. The estimate of increase in terms
of decadal means is 38.1 mm using the optimal averaging method. Annual average total
precipitation is now 21.3 mm more than the average over the reference period. This still does
not exceed the peak observed around 1900. Here again, the uniform averages show a more
significant increase, mainly because of the lower estimates in the early years of the data period.
There were very few stations in the early years and this contributes to lower reliability of the
estimates obtained from both methods. However, the optimal averaging method appears to be
more robust to such effects.

An Assessment of the Change in Temperature and Precipitation in Alberta 13



For the average July maximum temperature over the province, there is no observable upward
trend over the data period from the optimal averaging method. (See Figure F.) In fact, there has
been a steady decrease in July maximum temperature since the 1940s when a peak occurred.
This decrease is more significant from the uniform averages, which register approximately one
degree higher in the period before 1940. No obvious trend is observed in the January maximum
temperature (Figure 4).

The average minimum temperature in July over the province (Figure G) also peaksin the 1900s
based on the optimal averages and there is no clear rising trend unless one considers the period
after 1950. Aninteresting feature in Figure G is that the uniform averages show a steady
increase of minimum temperature from the 1910s. Since there is no obvious trend in January
minimum temperature (Figure 5) consistent with the period 1920 to 1990 it appears that the
aforementioned increasing trend in annual minimum temperature is not reflected in the data of
January or July. It would be useful to further examine the month by month minimum
temperature variation and identify those months that have a significant increase in minimum

temperature.

The optimal average of total precipitation for January (Figure 6) does not show any observable
trend. The variation over the data period does not differ much from the average over the
reference period. The uniform average results are more variable and show an increasing trend
till the 1970s and decreasing trend sincethen. Thereis greater agreement between the two
averaging methods in the case of July total precipitation, although the optimal averages still
demonstrate less significant changes. There is a discernible small increase in July precipitation
from about 1920 to 1990s (Figure H).

DISCUSSION

The optimal average provides a more conservative estimate of climatic trends than the uniform
average. It also hasthe theoretical basis for a better integral measure of climate variables over a
region. It was demonstrated in the present study that using uniform averaging to obtain Alberta
climatic trends results in inflated estimates. Thisisin contrast with climatic averages over larger

An Assessment of the Change in Temperature and Precipitation in Alberta 14
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areas which have shown insensitivity to spatial averaging techniques (Parker, 1994). The focus
is therefore on the optimal averages in the present description of Alberta climatic trends.

No attempts were made to fit a straight line to the data for trend estimate in this study, asthis
assumes linearity, which oversimplifies the actual change. Instead, it was decided to use the
difference between smoothed end point values of a period of general trend as an estimate for the
magnitude of change, and use smoothing filtersto show the pattern of variation (IPCC, 1990,
1996). However, it would be useful to estimate the linear trend and perform significance testsin
afuture study to provide an aternative estimate and confirm the results in probabilistic terms.

It would also be useful to examine the minimum temperature trend from other months in future
studies to identify those with significant warming. Climate models estimate greater warming in
northern latitudes and that late fall and winter months would see the largest warming effect
(IPCC, 1996, p.305). Thisisnot supported by at least the January temperature observations
shown in the present analysis. The question remains whether this difference from model
estimates is a widespread feature or a regional exception.

CONCLUSIONS

Historical variations in temperature and precipitation in Alberta were assessed using both spatial
and temporal smoothing techniques. Optimal averages computed over Alberta were smoothed
using an eleven-year running mean in an effort to reveal long-term trends in these climate
variables. The present discussion is limited to observable trends since around 1920, in
consideration of the number of available stations and the length of period involved. The

following features are observed:

The annual average maximum temperature over Alberta has peaks around 1940 and 1980.

However, there is no obvious upward trend in maximum temperature over Alberta.

The annual average minimum temperature over Alberta has increased since about 1920. The
increase is about 0.8 degree, based on estimates using the optimal averaging method. The
main warming periods are between 1920 and 1950, and 1970 to 1990.

An Assessment of the Change in Temperature and Precipitation in Alberta 16



There is no observable long-term increase in January or July, maximum or minimum
temperatures over Alberta since 1920. Thisisinconsistent with the increase in annual
minimum temperature observed and indicates significant month-to-month variations. It is
worthwhile to examine the minimum temperature trend for each month and identify the

months with significant warming.

The annual total precipitation over Alberta shows a slow upward trend from 1920s to the
present. The increase was estimated to be around 38.1 mm. Thereisalso anincrease in July
total precipitation over Alberta since 1920, but no clear trend is identified in the January total
precipitation. The July increase is approximately 15mm. However, because of the greater
variability of precipitation data, the accuracy of these estimates needs to be further assessed.

It would be useful to further analyze these trends and assess their significance using
statistical tests.

An Assessment of the Change in Temperature and Precipitation in Alberta 17
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APPENDIX A: TABLESAND FIGURES

List of Tables:

Table 1: Selected long-term climate stationsin Alberta .

Table 2: Monthly average of daily maximum temperature (degree C) over the reference period.
Table 3: Monthly average of daily minimum temperature (degree C) over the reference period.
Table 4: Monthly average of total rainfall (mm) over the reference period.

Table 5: Monthly average of total snowfall (mm of water equivalent) over the reference period.
Table 6: Monthly average total precipitation (mm) over the reference period.

Table 7: Monthly variance of daily maximum temperature

Table 8: Monthly variance of daily minimum temperature

Table 9: Monthly variance of total rainfall

Table 10: Monthly variance of total snowfall

Table 11: Monthly variance of total precipitation

List of Figures:

Figure 1: A map of the selected climate stations.
Figure 2: Number of stations measuring temperature.
Figure 3: Number of stations measuring precipitation.

Figure 4: Uniform and optimal averages of January maximum temperature anomalies smoothed
with the 11-year running mean.

Figure 5: Uniform and optimal averages of January minimum temperature anomalies smoothed
with the 11-year running mean.

Figure 6. Uniform and optimal averages of January total precipitation anomalies smoothed with
the 11-year running mean.

An Assessment of the Change in Temperature and Precipitation in Alberta Al



zT6 ) G5 Or vl | LGS | 8dv v 30715 0008a0E | gF
T B8 SSFlh | £275 | GYSN 3SMI0H NIYLNNOW AMOOY| 0835108 | 4§
Fiel ETAY gLl rioe | Hdd Y HIAIE 229 OF0EL0E og
LLE) LAY oLLll LE85 gdd ¥ T3ATT HOH| .umq._.m._m.n_m 5%
| EZv6l i) £6HLL L1'G8 | Bdd ¥ e lvdd 30NYHD 0262208 FE
306k | Gl [ 20BH | ETEE | Bdd | WODMOIIWY3A L€Od| 02lii0E | EE
afél T4 gl L) BEeE | BHY ¥ AVHANWIN L4904 £622908 [
gBel _ BIE CBOLLE | TFes | Edd NYAMIIHD 1404 [e0210¢ 12
Ghel 6L e L1} LOES gaEN ~ NOILYNOHOD, 0681 10% 0g
ge61 626 RPZLL | ®c6F | 9SS v 390/48H131 0886808 | 62
2081 LOL POFLL EGES | S4Sh NOIS 0965 10¢ 8e
GEGL 505 PEELL | LL'ZE | B0 ¥ 4330 034 0gvsI0f | L
g06L | @ee [ egpi | fzes | swesN | ATHNENYE DOVELOE | 92
5061 ek | sZeib | Zzos | Moow | OMSIM3d| 25608 | 52
Flal o] a0'wll Al Budd .m_m_.._ﬁ. 026208 ¥
EBEl AL er'oll L0'os | 9dss ¥ 1¥H m_z_u_nmE 0grrE0t L
Gial 1417 g0kt LOGR R=i=0 YaJ mm__mmm_m_}z{___.___ ODEFE0E 2
a0 A58 LT | Zrey | duss W02 ID0MEEHLTT 068EE0E | 12
Gk | ¥EGE | 0MOH | GTIE | WOOM | ISIN07T WY 08LE50E | 0
L0581 148 SPELL | BZES | BHOY v JEWOIVT| DZLEZ0E | B
66l Vgl | Zoh | 2ous | Moo - GIMSYNUNYM ODSESOE | 8l
1] FEk FOBLE A _ A204 Y348Vl 0Z5ES08 Ll
cogl BlZl BO'PLL | 008 | guWss d3AE HOH opEER0E | 8l
Lozl = DC'ELL 2505 | 9uss MIHITTD Q08EE0E gl
LEGL 0.9 EC gl Fres | gdd MIARIYA 0252208 Fl
ier | ee | ikl [ gees | oAEe | JONVHINI OFPZE08 | E1
pEL 526 GZ9kk | S6ES | ey NOSO3 ovZzans | 2
nael gca DEELL L ES HH SN MOLNOWOE 5612102 Lb
6k | esgl | ZEek | oo6y | guWss |  AVMMYD 00FLEOS | O
8I6L | g6h | 6LELL | Zi6r | Guss | _ NOLSQMv3| 026h508 5
061 LLg Wwell | sops | guy & JI5dWyD| 00Z1a0g | @
pLEL 0z ISElL | J1ES | dusN WeiNTval ozilioe | 4
LBBL L0l Wkl | L0LS | Auss Y LN AMYDTYD| EBOLEDE 3
ZE6l |  mEZL 8EELL | BOBY | HYSS T13MATYD| 000LE0E g
66k | 85L | V&Ll | te0s | oMss DWWV S¥00NS| 950808 | 7 |
1L )/ FEBLL | EVS55 Sdd _ W03 320083AY3E| 0950408 | &
26l g8l | OLvll | eZev | dood SANIN B3AY3E| 0080808 | 7
BBl letl Pr6ll LI'LS WO J4NY3| 025060t |
Jea s pepg Hw) voigass] spnpbuot | spnine7 | uoiliay | BUEN UOHEIS S

JelLD) a)nulwraaiBap Ul ale sapnyBun| pue SaprpieT euagy Ul sUone)s apewis wis-Gue| paloajes | ajgeL



BLS- | Gz0 | 660l | 8Bl | BzZZ | BOEZ | GGOZ | LEOL | 86 | v9b | &2'e [ pEl sbilaty|
L8 | 861- | zzb | eyl | 20z | Solc | be6L | 008 | Oz | €50 | See- | 6vE- | 3nv13AVIS| 8¢
gry- | £Z) | bV | 920) | G212 | 2812 | 96k | 966L | G686 | £¥Z | 9%l | 85'%" | ASNOHIWAMIOW| if
800} | 086 | 069 | 65%5) | 6L 12 | 9522 | LOOZ | 099) | 5H6 | phbe | 294 | 8bTi | WHIAM3OVA| o€
BO¥l- | 218 | 009 | ¥3%L | 6A0Z | 2672 | 90VZ | ¥6OL | 9%°® | vLe- | GELL- | LGSk | YI3ATIHOH| SE
Ge'9- | 80 | OMOM |96k | 2¥1z | 02ZC | 00T | boek | 626 | 060- | ELO- | €00k | ¥ wdd IONVED[ ¥t
0l | p8'e | £29 [Vl | €642 | A06Z | 05VZ | 890k | vAL | 996~ | 86'L- | 948l | VOO IWMEA LHO4| EE
95T)- | 25% | L8 |SOS) | BLZ | BZST | 9¥IZ | BVLL | 086 | Ol | 858 | #SPl- | VUHOWOWLHO4| ZE
ivel- | zer- | ee's | 1zel | so'0z | ee2z | o0z | 1zl | 81§ | aVS | 88El- | ZZ6) | NYAMIdIHD 1¥0d| 1t
Ghd- | LED- | BELL | 90LL | BEEE | HBEL | TR LE | ETLL LR 2a [ gl'g 96" NOILYNOYOD| 0%
§60- | G§F | Zo¥l | 19GL | €T | ©65C | 09EC | 0B | OZel | 92§ | 604 | 192 | v 3A90MEHLI| 62
oL'e | S40- [ al0b [8vel | e5'lz | eSzz | LLoz | BVIL | el | e | [&V- | JOR- Nols| sz
o | Bv0 | 9L | 860L | BiEz | G972 | S0 | @eol | 9vok | £z | eeE | pr4- | wu330 03| L2
69'0- | o) | pe0l | 766l | 9077 | poEE | eVMZ | 484 | voe | 60k | 0o | 1904 | ATdndnvy| 52
a4 k- (At POLL | OLGL | 2908 | PELE WgL | el | LDE 2F'E £l'0 ILE OHSIH3d| 52
pOv- | BGL [ pLbE [ pel | otz | eslz [ eeel | Besl | eve | 2wl | ee'e [ 1§  sow| #2
206 | /€ | Zpyl | OCOZ | pROZ | OCUZ | ROVZ | BZBL | BBEL | 0L | Zvi- | 0L | v LIVHINIDIOIN| €2
LLB | BSZ | pYEL | OPGL | VEOZ | 9992 | O0GZ | BSLE | MSTLL | BVE | 1EZ | OBS- | ¥OD MIDANWW| E2
Zl | oFP | Bbph | VOB | 6% | 99°CT | BETC | O6LL | WEEL | 26T | LZh | 81T | VOO 3DOMEHLE| |2
200 | It | ZBL | 6Zvh | 800c | 6602 | JbLV | LL2h | 0L | vez | 20% | £gd- | 3mnOiadnva| 02
629 | S0 | L@LL |09l | L0772 | 852 | LLOZ | L0 | BLDL | 9L | 8E'E- | L6 | WODIAWOIYI| 6L
B9} | 847 | BOBL | 500k | 6907 | 694Z | IPBE | BOEL | 0L | 29 | BL0 | ELE- | SDISYNYNW[ 8l
aps- | 0 | ezol |2zel | &1z | 1z | esel | eWsh | Lol | L1y [ ve0- | wo'e | d3dsvr| Ll
&Ll et ESEL | S2°LL | BEZE LEE | L00DE | A9%L | ZV0L PrE 510 ¥E & | YIAM HBIH| 91
\E'V- | Ghe | ECEl | BbL | by¥E | GLVE | vece | S0BL | JLLL | SOE | LgE | RbE | NIHOE| &1
FEB | ¥LE- LB | BOGL | G0 | EBLE HEOE | BOak | Lo BE - BE'E- | PELL- M3lAEIYL] Rl
LY E- Bl G0LL | ELVGL | BFLIE | OVEZ | EODE | 18%F | ET0L S0 ab - BOS | JONYHINT| €l
pZ's- | E00 | plOL |68'Sl | s60Z | B9LZ | liel | goel | szOlL | ALE | 2e)- | sb'e NOSO3| 21
OvS | £10- | 924l | 699l | EVEZ | WOCE | 8212 | 6511 | 6¥0L | 90 | £2F | 6B | NOLNOWA3| b
280 | 26 | 0Z2k |9vik | LI2Z | J6EC | S68k | 250k | PHG | $ES | SOV | 891 AWMEYD| 0
100 | GV'S | $BCL | OP®l | ZVPE | I6¥Z | 80LZ | BPOL | 6801 | Ll | 981 | LB NOLSQHYD| 6
094~ | 660 | 640V | SOOL | {G1Z | 0122 | 960Z | OPZL | €LOL | 2L | OZb | GO6- Jsdwvs| 8
peo | 20 | eeLL | w1il | gezz | voez [ ooz | eome | veoL | £V | g6 [ 18U dvva| L
BT & 54°C FEL 8TLF | LLZE | OCEE | E90E | BEGL | 650} ek ay'g- BY'E- " TLNI }I_a_w..__q_u 9
prO- | B9 | eHTL | WVLL | 04ZC | £66T | vl | Uil | Se | 9% [ AV | OvE RELIC I
IS | vl | B5El | 269 | b2ST | 59T | LORZ | 048k | 122 | WE | vrE | 69 | OuHvswoous| v
| V&' | awl- | 00%6 | bEGL | GwOZ | PO'IZ | S¢'Bl | OBGL | 99' | SO | LVG- | 96 | WOD'OTHINWEG| ¢
19} EL'E gLLL | 0O6'GL | BEZE | BEEL | REGL | 0Pl "G BEE L850 e SaMIN 430%33| &
GEE | 290 m_ n__. __“: gL | 85°le | Sl'cE ELEL | Blpl .m_w m £2'e L0 | 885 . r.

pouad gouasapal Bu) Jen0 {1 saibep) aneisdway widxew Sep jo abeiaae Aumop 7 8lge)




IOl | ¥L0k | OF L | 285 | 848 IZ01- | OLG)- | EvBE | abeieay]
gzel- | gL01- | 551- | ove | 1o OFLl- | 26il- | el V1 3IAVIS, B8
op'al- | 880L- | 022 | g | Gl ELOL- | 88l | LEEL | 3EN0H LW AMDOd| LR
0F0Z- | L2Ek- | ¥2E | bOE | L6 ECEl- | FL6L- | £672- | VHIAMK3OVAd, oc
0962 | 854l | L1t | Bl L DL LE- | BB | BULE Y I13AZTHDIH| St
06 | ZELL | p¥L- | S9€ | ove 10 | Wil | 6202 | ¥ 'vud 30NVHSD| PE
Lh ¥Z- | av Pl | 87 & | BlE THE GLEL- | MEZ- | BELE | WOO IIWHINA LHOL|  EE
ELEZ- | EFEL- | 681- | L [ gbe Le'bl- | BE'LE- | 82 | WOHNWINW 1HOL| 2t
UG- | 619k | tLe- | 85 | 116 6661~ | SA'SZ- | 6982 | NVAMIdIHD 1N04| Lt
59Lb- | €60k | PUE | Z5E | £0G BE0L- | 0491 | pLOZ- NDILYNOHOD| OE
2620 | e1f- | 850 | @25 | szol g9~ | TRBOL- | EEHL- ¥ ADAKEHLET] 62
Gl'al- | 989'8- | 6I'0- | G8'E | a@'f BLO- | FESE | 6881 MOIG| B2
gLl | 8LRL- | MeE | PLE | MEL gL0L- | €279 | L8761 WHa3Qd3d| L2
FELE- | 9C0F | BED- | POV | ST'6 | ¥E'Hb- | 1891 | 6502 ATdNdWYE| 92
EEFL- | LB | 18 | 190 | ¥iF [ ilov | v5es | Besk oMal3d| sz
D0Gl- | L6 | e9l- | gze | 90® 186 | L07L- | LiBh 10| ¥z
sZ¥i- | tis | Dz0 | 096 |Z¥ik pLL | 19Th | pbel | W LvH INOIGIN| €2
Gl'gl- | LA | pe'0- | 28'v | SEQL OR°8 | LE°6b | 8il- WO HIEANYI EE
OvZi- | 869 | Lv0 | PEF | LIS gee | £80) | BS'FL- | YOO IDQMEHLET| 17
9t 0z- | EBEl- | 285 | 180 | BOE 86'€l- | ZH8l- | 5§12 35INoT 3v| 02
BO°LL- | 20l | gLE | ELE | AEL E50k | €451 | #68l Y02 33N0ITT| &
\5Zi- | 0oL | 160- | 10Z | 965 258 | sULl | dewls SIISYNVNYH| Bl
9ipl- | 0g8- | om0~ | gz | Mg p¥'l- | 00°LL- | 65Sl- W3dsvr| I1
GRELe | GAA | ME- | LEE | 199 bag- | APEL- | BFSL HIAE HEHH| 9l
1261~ | 15% | 581~ | 69 | 668 | 06 | #hrl | 1921 NIHDIZD| &t
ELVAL- | LE0L- | LEO- | 19F | OEB BF 0L | P55l [ BE'GL- MIAAHIYS] vl
Utk | 166 | ghe- | 1ok | m..‘.«mu] 9 “. 2T | 005k | vl IONVELNT| ¢
B9l | 8B LL-| e | ¥EL | 16D L0k | 295l | GE'AL- NOS03| EL
_FEFL- | BER- | LS50 [ E9% | BE _.,___1 93 | BICL- | S6'9l- NOLNOWA:| kL
egLl | vzi | tzo- | ove | 2l 6Vl | 000k | Je€L- | AvMHYD| oL
“vell- | 869- | ovo | szv | Zew B0l | £E0L | pRE NOLSQHYD| 6
SEGL- | BEHE- [ 5% | EEE | #9L B | RS ) LELES JISdWYS| &
TB0LL | STk | S | eie | Lps pPOL- | 6251 | FL6L- HYNTYD| L
L8%L- [ M06- | 81°L- | LLE | 668 T | 82F | DG [ YLLNIAYYDIYD 4
§8'01- | 61’9 | §L0 | zvP | IvE 850 | 856 | BBZL CTamaTval s
866 - L60- | EZ¥ | 696 LG8 | pOFL | vLBL- OHHY S¥00uE| ¥
0F 9= 99°0- | Bt | 8EL 856 | 8L | ¥lLEL w32 '0T43AYEE| E
95°01- oL | 81w | 8l 8C°0- | OC8- | ¥ZZL- | SONIWH3IAW3E| T
LG G9°2 | BL'Y PE L LELE- | BRPL- d4NYH| L

pouad Jouaidad aul dean (0 aeafap aamesadwal wnwiua Alep jo sbelase Hulop) ¢ ajge




Bl ST | VEk | 9p | L95 | 649 | 0SL | v¥F | 901 | G | 80 | O'L shRIBAY|
£Z | 1t | €6 | bor | 699 | ozs | €18 | 998 | g2 | gL | 0 [ L0 AR AR G
20 | Zh | L2k | @¥5 | 90 |Go0k| £Ee | g5 | ze | 60 | 20 [ VI [3SNOHLN AMOOM| 1€
Lo | &t | ke[ Zoe [ eos | Lo | peo [ s82 | of [ g0 | vo [ g0 | vHIAMIOVIL] o8
0 | L0 | €L | @28 | 105 | 09 | 069 | 0GE | vE | €0 | 20 | 2 CAEIEE
DL | 0% [ £y [ vee [ 218 [ 828 [ gpr | Gee | 6 | O | 80 [ 1 [ ¥'wd JONVHD| $E
g0 | €1 |69k | see [ Zvs | Z9e [ oos [o2e | 94 | g0 | L0 | _m_.@|1{nu WuaN 1H04] £E
b [ 62 (002 | vaw [ L4 [ V6L | 669 | 246 | 08 | B0 | 90 | 90 | ¥ MOWOWLHOS 2t
L o[ &gk | §0F | 268 | FFD | &Sk | S £y | P | 20 | ED NYAMIIHD 1804 1§
50 | 61 | ¥8 | L'S6 | @9F | ZZi | .29 | #5E | TL | €1 | €0 | LD | NOILYNOHOD| Of
¥0 | 0L | ¥9 | 6% [62r [ ech | 199 [ 8ok | 9% | LT | TO | Z0 | ¥390mEHLI| 62
g0 |22 |veb | vew [ fel [ 106 [ g8 [ e8e [ S0k | 22 [ #0 | 61 EA
g0 [ ¢h [Zh [ vos [ ebo (o068 [ vee | 26k | €6 | ¥L | &0 | VI ¥ §330038 42
Lo |0z |62 |ete | S0 | zel | owl | 9se | ve | 1L | g0 | vl ATdNANYY 92
€0 | 6) | Vi | eop | £0L | o70 | g66 | 995 | g | 90 | EO0 | LD oMsiM3d] 62
00 | 90 | Ok | 405 | 565 | ¥k | 858 | @6v | 40b | 91 | L0 | &0 ~ &m0 w2
g0 £C | L% | ¥t | 90F | 60K | ¥O9F | OOF | 9071 | B¢ Za G0 ¥ L9H INDIOSN €2
g0 | Vb | vl | vos | zve | @ue | 046 | Lov | ger | g | g0 | 20 Y00 HIgANYIN 22
S0 | Z) | 58 | L6 | ibr [ 968 | ¥¥e | yov | gvl | GZ | z0 | §0 |vaJ39dMHEHLIY 12
ko |z [oer | Ky |ovs | Z1o | ses | vee | 56 | L1 [ &0 | 9D J2N0T ] 02
£0 | &) | Sob | Loy | Zse | o008 | BkL [ SSF | bE | O [ O | 80 ¥32 3EN0Y1 6l
I'Z | 6% | @4k | ves | L19 | 69 95 | 62k | 0+ | 50 | 2} SOISYNYNYY 81
vy | 26 [ L'b2 | 096 | 50§ | Z'88 gz [ 12 | ev | L2 | 9F  H3dsvr il
&0 g0 | &L [ Sk | 555 | L85 L28 | g6l g0 | 10 ] HIAY HEIH Gl
¥0 | 8 | ¥8 | VOF | L4 | LL¥ ovy | @21 | §1 | 20 [ 8D NIHJIF1D| S5
Zh | vy | ¥LL | GFE | 0FS | 5L ! | ¥0 | 80 EE I
g0 | &L [ L2 ] vsy | v59 | 916 EIHEY JINVHING B}
B0 | v | bEL | 6¥5 | 118 | G2k THED N
g0 | 2T | 00L | 885 | 1i9 | €6 | o0 | 0% NOLNGWAZ, 1Ll
a0 1} LS | FRE | Ubp | THF [81] 20 AdpfdyYDl 0k
vo | ¥ v | eer | ovs | vor [ 00 | 20 | nNOLSOMVD] &
50 [ ZL | o[ 29 | 069 | L'es ETHEL A
oL |9z | 1eL | 2er | L9 [ 000l | &0 | 92 HYINTYD L
vo | ro | v'e [ rEv | Lov | 669 Z0 | Z0 | ¥LINIAYYDTYD @
g0 | 2t | OB | 06F | 685 | V6 §0 | £0 TaMaTYa s
QL G | B0l | OLE | S8E | #af 90 60 OMHY 5M00HE| ¥
§0 | 92 | vyl | ivk | 588 | ¥ig §0 | l0 | wad old3anv3g) ¢
Z5 | 48 | B9l | go0g | 015 | oey 9z | et SANIN ¥3Av3S| T
; rsi _ R e tz{m. )
TR eues T Qg

poiiad aausdajan ay) aas (W) j|ejuied e o ebeeae AULLOE F ajQe L




THZ | L€ | 6Ll | PP | LO | 00 | €0 | 28 | 66k | e¥c | ¥ic | 68 | abieiany

Vg2 | #6l | 66 | 1'E | 60 | o0 | 00 | S€ | 64k | J%2 | beE | B6e Il 3AYIE|  8E
biZ | 422 | VEL | #S | Lo | 00 | 0 | 06 | 622 | §9Z | 822 | 008 | 3SNOH LW AMDoE| L
we2 | 652 | 80+ | g2 | 20 | oo | 00 | ¢€ | ¥6 | 6Ll | Z€Z | veT ¥ HIAIY 30vEd] 86
geg | Leg |21z [ 2 | 1o | oo [ oo | o8 | g8 | g2z | g0 | L2 WIAATTHDH|  6¢
(1ee |96z | &L | Ve | 4o [ o0 | oo | 't | 64 | 922 | 6%Z | TEE | ¥ 'VidIONVED| ¥t
g0z | 608 | 80k | 20 | 0'0 | o0 | 00 | €F | @ [ LOZ | 54 | 002 | WOD IWMIA LHOd] €€
G0¢ | vee | bk | €€ | 0o | 00 | 00 | 9t | 85k | geC | €l | 2 | ¥ unwowldod] 2zt
282 | 998 | A%k | ¥ | 00 | 00 | b0 | JE | 86 | ¥8L | Z0L | LIZ | NvAMBdIHD ld0d] e
g5z | 1AL | ¥ | g2 [ oo | oo [ oo | Be | g9k | ez | 661 | 642 NOLLYNOMDD, 08
Stz | Z¢l | o8 | &4 | o0 | 00 | 20 | &% | ¥vE | E9E | L9 | Vo2 ¥ 3DAIEEHLE &2

| T9¢ | &6l | £% | ZzZ | 00 | 00 | 00 | wE | 60k | 59F | VIZ | 5% NOIZ| 82
0L | SSH | 56 | OF | 00 | 00 | o | Z¥ | ¥yl | el | o9l | vEE Yy33003| 42
Lk | L6 | 8L | 6L | 00 | 00 [ o0 | 82 | 22 | 89 | St | OOE _ ATdEndmwd| 9E
Lle | ege | igg | gol | 00 | 00 | @) |96z | €5 | 88F | FEE | 698 | OMS3d| 52
ez | eel | ¥8 | 8¢ [ 00 [ 00 [ €0 | ey | LGk | Z6E | g0 | FIE 50710 ¥E
EEL | @¥l | LL | L2 | o0 | 00 | 00 | €2 | EFF | 06 | §2 | 602 | YIVHINDIOIN| <E
g2z | OFk | €8 | TE [ o0 [ 00 [ Ve | oz [ @l [ Z1z | 09l | £ W30 HIGANYW| 22
g6z | 0@l | 94 | 65 | 00 | 00 | g0 | §b | 6lZ | 09 | g8l | ZiZ | ¥QD39QiEHLTN| I
g6, | 909 | ¥¥Z | ¥ | 00 | 00 | Z0 | ¥L | €22 | 87 | oov | L2 F8INCT 3| O
o8- | evl [ B9 | L1 |00 | o0 [ @0 [ IV [T [ €5k [ 96k [ L6l v30 30| 6l
916 | 892 | 942 | €Zh | b0 | o0 | Zt | 622 | LG | Ler | €08 | ©IE SISVNWNYM| 8L
z0e | 292 | L2 | 01 L0 | 00 [ €0 | B0 | ¥Ob | L¥E | E6E | LFE d3dEvr] Ll
0s2 | V'8l | ver | §5 | 00 | 00 | g0 | oL [ ViE | lez | e | ez HINH HOH, 8l
| LGL | Vbl | B | 9 | 00 | 00 | 00 | ®e | gel | Gl | SOL | OGL NIHJIETD|  §I
v6z | v52 [0k | €2 | ¥0 | 00 | o0 [ Ve | vl | gee | 092 | LEE MAEIYS  Fl
| big | vz | 6 | &8 | 00 | o0 | 0D | ¥Z [ vEL [ B | [ 116 JONYHLING|  £1
¥82 | V62 | V0L | 09 | o | o0 | oD | &L |09 | 192 | 892 | 99¢ NosO3| el
562 |9l | ¥L | &L | o0 | 00 | o0 | gZ | @2k | L'il | 96k | 952 NOINOWAZ| 1L
b2e | 662 | O'vh | EEL [ 00 [ 0'0 [ @l | oEL [ g¢e | ¥Or | £9C | bOS | AYMEYD| 0L
66t | Jot | Z¥l | &5 | 00 | 00 [ w0 [ 6 | £aE | ¥eE | £y | 6¥E | NOLSOdYD| &
LZZ | oL | gr [ 1L | oD | 00 | Lo | o2 | &2 [ g9 | 06 | vOZ sdWvo| &
Dig:|wi [ .fe & | oo | o | o0 |2 [ 20| 22k | eee ] 28g] aviNIyD| L |
O8L | 09 | SH [ v9 | 00 | 00 | g0 [zor [ v0z | LEE | 6% | 0B | vWILNIAMYSIWD| &
OBy | 16E | 642 [ L¥L [ 0D [ 0D _ : gy | bps | 088 | 8 | TEMATYD| G
F6L | &%k | 15 | &0 | o0 | @0 @6 | S5 | ZFE | 88E | OuWHY SMOOWS| ¥
gvE | 60 | 68 | §2 | £1 | 00 Zel 092 | LeZ | LOF | VOO 'OTHEAVEE| £ |
g8E | BEE | vUL | 22 | 00 | OO Lok | @'6¢ | 8ZE | BT SINIM ¥3INYIE| 2
Oy | 9%€ | 681 | 02 | b0 | 00 €92 | 0LZ | 008 | TEE ~ ddwwal |

polad aoUaliajal U A0 (Us(Banbs e W) [Eous [e10) 0 sBeisan Ao o &0e |



Z68 | b9 | OpZ | &9¢ | @05 | 649 | G6L | 906 | S0¢ | S9F | ¥EE | BGS abelany

| ¥0z | 922 | 992 | cev | 689 | 928 | 248 | cOp | 9% | 292 | L2 | §08 TV IAVIS| 86
PIZ | BtC | 862 | z00 | ZbL | G@0L | vee | L8 | 0L | ¥62 | 822 | VIS | 3SNOH LW ANOOM| L&
ove EiL i Loy 605 L8 E9 gL | 0L | £8L b el (=T .q.mm._____._w_ m_n_._u.m_u_ BE
ULz | ¥pe | bGE | b¥E | £95 | 049 | 069 | g4r | 6L | 822 | v0Z | 6UF ¥ 13AITHIH| o¢

VEE | OFE | T2 | STr | BMB | &L9 | gL | 996 | T | GE2 | LlS2 | EO¥ | ¥ Wid aNVHE| PR
VIE | ©dg | Ldd | CkE | OF5 | €598 | 005 | £¥E | WGl | ClC [ €8} | &l _a__uu_ IINH3A LHOd] EE
U | 09E | bbE | £18 | ®1 | 16l | BED | BO0F [ 862 | EFE VEE | 8LC | Y HNWIN LYOd]| cE

_

€5 | v6¢ | S%c | 0Zv | cer | p¥D | 09p | £9C | SO0Z | 58r | ¥9h | #HE | NYAWIJIHI LHOd| 1€
ISz | 06l | 95} | §8¢ | sab | 2el | l29 | vee | 22 | v¥e | ¢0Z | 95¢ NOILYNOYOD| 0E
6FZ | Z6) | L0l | L'vk | 62p | £6r | €089 | L6 | V66 | £0¢ | £9F | €92 |  v¥3OQMEHIIY 6Z
oz | ®iz | #ke | ver | 2el | vos | Gis | Lev | @0z | Loz | vie [ Vi | NOIS 42
€12 | 09 | L0e | ¥ps | gD | 0es | 588 | eey [ 262 | LBl | v | 9%F ¥¥330 03| &2
pzg | oSk | igh | zee | g0 | Zzes | ow |z | ool | ok | &FL | LIZ AHNdNve| 52
| &€ | zwe | 85t | L0 | £or | oze | wook | evm | 9L | vos | L% [ 9UE OMSad| 57
gz | ¥6L | 58 | 665 | §69 | peR | BE8 | Lys | 992 | 602 | &b | 912 3070, 2
0z | LAl | @Gl | £9c | 90c | GOv | v06 | Zev | MO | @b | L2b | viZ | vYIVH3INIDIO3W| sz
' EE L5 LEl £lE cPe | BlE 0L5 T oy 60 red vk R W0 HIGANTN| &2
€BZ | Z8L | 29 | L2 | ivv | @ec | 9¥9 | By | 96 | 562 | 99 | 9IZ | YOO3IOQMEHLIY| IZ
961 | 16 | Ve | prr | O%G | 248 | 9¥6 | 8y | 842 | &%E | OM | €60 38IN0T 3V 02
6L | 8BSk | V2L | viF | 2s6 | 093 | B | Zlv | #0z | c@k | &4k | 902 ¥0D ANV Bl
tpe | ¢0f | v6e | 559 | L9 | s% | ose | kom | ov9 | Ly | GO0E | OEE SIASYNYNYH Bl
P | G%E | 916 | 0JE | LOS | 295 | GGy | L9T | Gez | 06 | O0Zg | ©eE | 3dsvr| L)
262 | LBL | 002 | Vi | 565 | /9 | @8@ | £09 | BOF | S92 | 92 | 062 | H3ANHHIH| o
19l | 65k | 5E) | 940 | L% | L4y | L9 | 8lr | ¥9 | &9k | LOb | 85} NaHoIFI2| S
[0f | 862 | 94z | 99¢ | §¥e | §8l | I'Ll | 9%r | 0c | 86C | v92 | GEf MG L
(¢1z | 622 | vez | lav | veo | o406 | vel | [66 | ez | 622 | Zee | VEg JONVMING| &)
T BE §'GE £ EZ 809 LLE | 5EL1 5 G0 P o L 5LE o }BE Wosd3| gl
| FO2 | G®h | vAlL | &b | VUG | E¥6 | BGL | BEY | BEE | L6 | WO | [[D NOINOWGZ| L
gz8 | 0WE | 9L | ¥SF | O%b | Thp | 29L | SO0L | Glb | | ¥EZ | GOE AvAEYa] 0l
g6 | 02¢ | §52 | 56§ | €¥S | ¥9p | 09L | TSL | 9% | 96E | €¥E | L¥E NOLSOMYD| &
ZEZ | oiV | €41 | wie | 060 | 1’88 | 968 | wer | VOZ | 6L | 26 | VT EETI e
[ZZ | 00z | 8L | v¥w | 215 | 000 | 248 | £05 | Va2 | 6Bk | O6h | 858 YD 4
V'BL | G9L | 8L | Z6b | Lay | 668 | Bl | bvs | 962 | Z0Z | LSE | Z8h | YIINIAMYOTYD| 9
§6v | tEb | 682 | 16 | 986 | V'Bb | 186 | vIB | 168 | L6 | €88 | bp _ TIEMaTYa| &
POZ | 09 | ¥5) | 546 | GO | 89C | ©¥d | vOv | L9C | LLh | 62 | GEI JHY SMO0NE| ¥
€52 | 56c | vee | gir | 8¥9 | ¥4 | 9L | €Mt | W02 | M2 | 192 | LOv | WQD QTuaAVEE| €
BCP | SEP | PP | ZBG | O4G | OBy | VA | BGL | 08 | VEF | 695 | LoF SaNIN W3AY3E| 2
Loy | 968 | e¥E | vy | €16 | L1e | 000 | 569 | BOE | 982 | 91 | 90F L

noad anuslajal ay) dase fuiu} vonepdinasd g o afirisae Ao o BoeL



g6 | 8EE | L8'€ | OF'F | 920L | LTHL | ¥LIT | 99062 abEany

Z0C | 802 | JZZ | OLZ | GE'ME | DA0L | OGO | PELE | Y1 3AVIS] 8

BSY | O0SE | LE'Y | 5% | B96 I | PE'SZ | BOLE | ISNOH LW AMIOY| Lt

GL0L | 8L | POEL | PBS | BSEL | L9EL _”__m rw 9558 W HAME F0YEd ag

BEL | B8 | PLL | OZF | 2@w | LZEl 08'ZZ | 08'1E FIEATHOH|  EF

gZe [eLL [ 0ZE | goE | Jcob | esob | L2Z'LE | ZVSE v vad JONVES  bE
et | 81z | oo | Zo® [ #ELL | BbLL | ESIZ | BLEZ | WOD IWW3IA LWOd| €€
05% | L6 | S6L | HF | OFZL | ZZ2L | 0922 | #FUIZ | W HNWOW LHOd|  Z¢
60 | 602 | LLE | w08 | STEL | LG5I

BE'EE | B9DE | NYAMMSAIHD LM e

$89 | 8L€ | 0o°F | #bP | GEEL | ¥ZSE | LE6L | £90E |  NOILYNOWOD| 0

106 | BSE | eBY | BRE | LI'6 | DLEL | @¥ET | £E¥E v IDUINEHLET 62
T LZ0L | 00S | ¥25 [ 246 | 225 | OFEl | £9°0F | PO'PE | 0586 MOIS  BZ
THEL (6502 [ Oz. | G0 | R | 261 | OWE | BEE | BE'LL | BLEl | PLBL [ 0ZBZ |  wH33QO3W| L2
0vZZ |9Z0Z | D2l | 96® | 96F | Gi¥ | 90E | SO | LOTL | 60°LL | 6L'GL | S¥6Z ATdNINYY 82
TEOL | 16EL | 960 | 59°R | ZEF | GEE | LWE | v | 85O0L | ¥LE | EOLL | POEE OMsD3d 52
00'VZ | ZE'RL | £8L | 978 | L9% | ORE | SEE | S2¥ | 0TI | BOOM | BGEZT | L2EE Sa10. ¥

BZLZ | €502 | ZbL | I6L | ¥6¥ | B6P | 205 | LZS | EbLL | 9L SEME | BREE ¥ ATH N0 B2
L98L | E0SL [ £9L | MBE | BES | AP | Awv | Bl [ L)L | FEUL | 9568 | PETYE YOO HAGANYIN,  EE

600 (EOLL | SO | S9'% | SEF | OO | MWk | 02 [ MOCLL | LEEL | B2 | EE'EE | WOD 3DAMEHIS] [

¥ee | €96 | 9.5 | |vye | 8% | Zi¥ | 95t | 6Lk | S2¥ | ov | 266 | 05%l SN0 M. 02

BLZZ | ©9IT | OB | L6® | £9F | \Z¥ | 09 | ¥pe | Lozl | SPOl | LEOZ | Se6L vao IGO0V 6
g5l | 2570 | 199 | BB | 02% | E5C | ¥EE | S8 | 99 | ¥GL | 25kl | SHOE SDASYNYNYA, &l
W0k |98k | ¥E'S | 648 | 905 | L0E | 267 | SLE | vSs | 189 | LEEl | BISE EREL !
e61c [ et | 108 | ove [ 605 | 205 [ SV [ g6 1E0F | 9501 | 991 | 00'GE ¥aNEHOH 9k
€Viz | olie | UL% | 1% | 0S| oue | 82y | Wb | LULL | 1191 | 80U | eGEE N3HOITTD, St
8IS | 107 [ e0% | ogh | 10F | f97 | lee | eve | 80T | LZHE MAINEIYE bl
SipZ | BLGL | S0 | BB | §9F | LEE | L€% | 60 | BF® | 5L | TLGL | §1IE JONVEINT &l
U90Z | ICLZ | T4 | BLS | LI | [RZ | SZZ | 26% | @me | vAL | ODLZ | 0682 ~ NDSG3, zl
700Z | 188l | bb4 | 2009 | L6 | B8 | OJZ | 82°C | 990 | £6'Zh | 48'%Z [ 6908 | NOLNOWG3! b
czel | GLEL | LB | 658 | ¥5'6 | EbP | 9br | 02'% | o5 | L0 | S6'FL | OELE Adiadyd ol

BigL | B0Ch | 200L | vvE | Tep | vev | JGv | 08% | 228 | LBOL | ¥5EC | BLLT NOLSOMYD 6
ELEC | VLBl | G68 | €0/ | 9% | O0C | GZZ | 6B | BEG | OLOL | 66T | 0508 |  SISNYD @
0622 | 0802 | BLL | 949 | 05 | 09L | VL€ | 42T | GLZL | 266 | 8rEc | BLOS |  WWWTvD L
§r9h | OFO0T | L0 | ¥LL | 565 | BEF | e | EGF | ZOLE | BL¥L | GLSZ | LPLE | W LINIAYVETYD 9
BI'EL | 86LL | ©8L | gl | 886 | vi¢ | L00v | l0'9 | Le'6 | Le'e | cgdl | KT CTIEAMOTYD. 8
EE9Z |92z | 6BL | GLB | £L9 | DA¥ | 9cv | ELG | IZ0L | 666k | BL08 | 60GE OUHY SM00HE ¥
¥YBC | ¥GCC | PIB | G0L | Sev | BeZ | 9t | Skt | 196 | LOLL | 6LFE | £5.¢ | vAD OTdAAVIE ¢
ZESh |SEML | 690 | 656 | v¢S | vZb | @L% | 00 | 66 | 9e® | 20ll | OEE SINW¥IAVIE  E
_ !

ek k_,mn_a_u_. BOC | F¥L | BEF | QL | 09°C | SEC al'g | OEL r_. Mr | BLal dd4Mvd

{~ _ﬁmEmmE admiesadula) WnWxews jo aoueues SUWow £ 2198l



1902 | 02p) | IE | 112 | 692 | 2LV | IZC | B0 | 6§ | G0Ck | 63PC | 6308 abesany
102 | 65k | V9E | WOC | BKE | 6Zb | OZE | OV | 919 | Se¥h | 9582 | 2862 TATI3ATIS 88

teSC [EFLE [ =L |04 | 668 | Sl's | 6E'S | I¥9 | 8679 | 09'Fl | 5028 | ¥LOE | 35N0OH LW AMOO0Y, I

oLZe | Leve [ eee | Zow | vEe | 202 | 1ee | ezl | vE'S [ 26'M)L | 86'5Z | 89'6C W H3AIE 30vEd OE

ezeb |szoz |ovz | Lo | ewr | oz | eso | #eL | eow [ evel [ 250z | e0's2 ¥ 13ATHOH! 56
£L5z | 886k | v¥E | 09 | 6vh | B90 | 260 | #60 | 256 |6eGH | 8sEc | 0898 | ¥ VHd3ONWVND  #E

12’62 | 6S'LE | ZL6 | b5’ | p6F | LR | G20 | 19 | poRL | 49°0Z | 8BS | 198 | VO IWW3A LH04]  EE

VI | GHLE | 1EZ | 92 | ¥ | Grl | 65 | 19C | BEB | B8 | G0CZ | OF6Z | Y HNWOWIMO4  zE
90°}Z | 260k | 255 | PSE | B2k | PEZ | VGE | Z¥G | 6001 | 894 | SOUZ | 8LO0Z | NYAMIdIHO L¥O4 %

loglL | GoeL | 62z | WwZ | 21z | 021 | @61 | szZ | sov [ 69wl | 6Ll | 0262 NOILYNOHOD 08
572 | GOFL | OSF | €52 | 090 | 460 | 91 | gzl | LEE | 646 | lele | Obve | v IDOMEHLT] 62
204z | LV [ el [ l9s [zes | wes | eos | soe | see |ezol [ sooe | eeme | Nols| sz
[eval [esch | 1v2 | @8k | s9L | 000 | 201 | 02) | wb¥ |SiwL | s0@L | vvE vu3doodyl Lz

VWZZ [ 226) | I6F | WOC | 6% | L¥k | VU | 26 | S84 | M50k | GHGZ | BZIE ATHNINTE 82
O3ZC | [9kh | VOGS [ €8 | VLV | GO | G5 | 854 | MOF | 8O | SGEE | 06PE oMsiM3dl 62
PGl | O¥LL | W0C | 62T | 89} | 680 | 89 | &V | #E | 950 | &61Z | vLEE sa1a] w2

690z | pebl | ges |5z | 49 | o2y | 2t | 2o | 80 | €0Gk | BzeE | vREE | v LyHIMIOIASW] €2
9lGl | 068 | 90 | SVG | 20T | 624 | @L) | BKZ | ©ob | BT | PEC | QvOE |  wOo WIBANWA| 22
o8l | £0Z) | LT | OvZ | 6vh | 00 | BEL | 6L | SZ¥ | 661k | BGLZ | OvPE | wOO IDOMEHISY 12

pPEL | B20L | 60T | 8FL | 122 | ¥@L | 867} | 22 | 80k | ELL | BYLL | 8942 EECIE A3
620l | vrzh | 908 | Ly | €8T | 221 | pTT | B9y | olF [ob'vl | BOEE [ IFHE YO0 a0 8l
LEBL | Z8EL | ZLE | #B'L | BE'L BL°D G L Tk LR [ 55°LL BLGL | L0k SN 2l
068 | BFZL | 8LV | 894 | BEL | 660 | SEL | 880 | 962 | £9l | ISLL | 6208 EEEL A
pLBL | 806 | oby | ovZ [ 0ZZ | o0l | 1L | eg)L | Ze' | €0kl | ovee | ores ¥INH HOH| 9
PZLL | ¥VLL | JE€ [ 022 | f2E | EOL | SrL | €61 | BYE [wLLL | BRME | 294 NIHDITTD|  Sh
5T | 1vBL | B8¥ | 6% | 0Z¢ | w1 | jZT [ 6oL | Ob4 [ 60 | BB | LEGE ET D
2662 | v99k | bas | 0ZE | eb) | 02 | G | 224 | beE | evil | Ze9Z | esOF 3oNYHINT] EL
LE0C | G6SE [ 09%¢ | S9) | AEE | SEL Py Bk BS'T 826 B9 6L | LPLE NOSO3 L
0202 | L8'SL | €KS | PLS | 200 | #¥P | 025 | #¥¥ | 9¥C | 260k | 2B0E | 0Z%E NoLNowaz] 1
541 | 8ZLk | POE [av2 | vk | SCh | JT4 [ 29 | 98 | 0L | \EBk | 202 AVMYEYD] b
2Ll |BLLL | €6% [ 962 | e@) | PLL | S5L | oL | BLF | ¥EL | &1bE | L NOLSQHYD &
621 | €06l | 80 [ a8 [ egT | b9% | LUV | s¥L | se'¢ | e6bl | LT | TYOR 213Ny

8
SZ1Z | 609k | 29% | I9Z | LEE | vk | 6VC | S6b | 565 | €50 | WWiZ | 6082 dvnTvel
[‘ar'g | poch | 182 | 212 | 89} | 821 | 9LV | 89) | 20'€ | 922k | #6T | #LLE | WOINIAMYOWD[ @
£8°8l | 502l | 997 | IvE | 662 627 | IV | 56 | 668 | ¥9%C | 6L¥E  TEamamwol s
L ZZ | 580k | 60% | IVE | B2} 591 | 64 | G¥S | VELL | S0BZ | SA0E | OuHYSHOOME] b
290z 0U% | 26} | 02} LUV | 1€V | 8% | W2k | L0%2 | €2¥e | waD QTldaAvaEl €
i
_....
i

£T6L 96'7 | SET | 92’6 | 890k | S1EE | S9¥E SNV HIAYIE
ge Pl 99z | 19 | 95 | epEl

T e

4w

GZGZ

{ L

54 memmE AN EIacLUEY LNWIUW 10 SaUgIes Ao g 2eL



CEC | l2Zl | 695/ | GOOZL | GEGEL | £ /66L | 2606 | £0BL | V&l | 6€ | LB afiziony
BEE | SEZL | 6995 | bPLE | GMEEL | SSO0LL | Zeer | 2021 | 9UE | 6% | L0 v 3AVIS] 8
L | eell | 0iekl | Lszel | Le0gz | eEove | Z660k | Tk | Z6 | OF | 88 | 3snoH LW ANood] fe
gJz | aes | £os. | LS. | ©EB0L | $EEvl | O6Pr | v9L | Ik | S0 | O ¥ §3AI 30¥3d] 9t
EL | 095L | 60LE | (FEZE G e0s 0 %E6 Fore | 098 £k g0 £ Y IAATT HDIH| S8
¥EE | 96 | U'GBC | S'OVEL | L0801 | 9U06) | L10F | oL | b¥ | LL | 2v | ¥ vd 3aNvuS] be
0L | 0v2L | ©¥e¥ | 660L | GEA0L | Lvw6 | Sley | ZzLOL | vy | OZ | £§ | wOO IW&3A 1H04] %6
DEZ | 6281 | 0SL. | 6'20EL | S¥e0L | £29EL | €€B¥ | 2¥s | EG | ©¢ | GO0 | v SNWOW.LH0d| ZE
¥e | TOSL | EGIS | 269§ | L'MOGL | GWED | OElZ | ATV | 90 | Z0 | v0 | NYAM3dIHD LH0d| 15
g | 085 | fews | olozL | LEPSL | JZEOL | ooy | OPEL | Zv | #L | 21 NOILYNOHOD| 08
0¢ | Z50L | o'¢as | @'BELL | OZ0ZE | BGLBL | BEEE | S4GE | L6 | L1 | ¥D v 300I8HLIT| 62
L'BL | &FLL | 9808 | GOJGL | pSROL | Geeaz | LGBL | OOEL | JFF | FZ | £8 NoIs| gz
€Z | 64L | ¥968 | \/88lL | ¥vZovL | Z08ML | £7LB | Zo6 | 08 | BL | 9§ v 4330 034| 12
0L | 6%8 | Z0IS | S0Z9L | L9t | oeevl | L%6E | €8ig | QO0F | £¢ | Of |  ATMndNwY| 62
00 | VI8 | v6IZL | 2Bl | L'ORGL | £GZGk | VEEEE | EOPE | 0L | ¥ | Gl OMSI¥3d| sz
e | Vel | G486 | LLIDZ | ZESOL | ORERE | 9ERL | GRLZ | EERL | €1 | it SQ710| 2
et | galb | veke | L0288 | Gvp. | €02 | OEel | 08SL | 1'e2 | &0 | @0 | ¥1VHINIDIGIW| €2
¢ | els [ oive | 6905 | oo | rzeZh | LELB | 99iL | Lol | TL | €W WOD HIZANYW| 22
e Bvel | §928 | ¥'RLOL GiEL 9BE0Z | LEDL | B8 | 06l | LD g1 | wlo 3dHaHLIa| L
VIZ | 95K | L'eeb | 09LL | eeel | oLLL | G086 | 9%l | 9LE | ¥OE | ¥9 251071 Y| 02
UL | 188 | §049 | §92EL | LB2EL | G560 | ©09 | LBME | S2b | 6F | 9% |  waD3SWOOVI 6l
L0v | €68 | 09501 | LOSGL | OLbbl | zEedz | £96Gh | SBZ | b9 | 9+ | 92k | SHISYNYNYH| Bl
\'f8 | SBGL | 969E | 928 | 9OE0L | EEMS | ¥SE | 0SL | 958 [ ¥el | 698 |  wW3dsvr| Al
UE | 9LEL | %898 | LGEPE | TEEHL | OFLG6E | SO | SSKE | 162 | L0 | €0 HIAE HOIH| a1
0L [ ocel | Lzes | 0B00L | 9LEZL | 0Z€8L | vEi® | BJZZ | v9 | €ilL | BE | NIHDITD| 61
L6Z | £e8 | L¥ee | L'svB | amsvl | 06lZL | o068 | w08 | Lbr | BO | ®L ~ M3INdIYE| Fl
68l | 976l | 0'60 | yozal | LZvel | 0'9BIZ | €980F | L6k | LML | L) | €8 JONVHLNT| £l
00r | S0. | 228 | ZiE9L | €591 | EL462 | DEGS | S0kl | 86 | 0T | O NOSQ3[ Z1L
LEl | 16 | L2es | gouel | O%eel | 0G69L | |5ie | ¢ebl | 18 | €1 | v NOLNOWAZ| I
TS | ViEL | OPS6 | VEPbL | 9PeEl | @482 | VLOEL | tSGL | SME | 80 | &F AVANEYD] OF
Shh | £68F | FO/EL | C6OFE | b/SEL | 680G | WEBSZ | ZVLE | BOL | S0 | ¥E NOLSOHYD B
SBL | GES | 9105 | 0'9SSL | ZEEEl | 9989l | 0'€89 | SvOZ | £BL | 40 | LB 315dnva] 8
Ll | FEEL &p0L | e'6B) | 2126l | £'988l L5808 §LkE | 0g pe | otl dYINTD L
¥Z | 619 | 0°868 | £686) | 2985 | B69LZ | DOBE | OLAL | ZEEL | L | L0 ¥ LINIAYYE YD & |
2Ok | T2bZ | L'PEGL | O'RIGL | Z24bZL | L29LE | OOG5Z | ¥BUE | Oek | L0 | 69  Tiamawol s
98 | £9L | Bv0L | L6 | TEIS | G926k | e62L | §622 | &L | 91 | &2 JuHY Syooua|
L0 | 6'80L | £'646 | VL | ®G8G1 | 0'BPSL | 6995 | €89 | 4B | 02 | S% YUO O143AvaE| €
ZB. | 0G0z | BZLLL | BGIEL | goomL | & CVELDZ | ZElE | gEL | B mm_m SININ W3AYIE] 2
¥'EEL £5E6 259 : danva| |

(lanul) feyues e 4o sauveues SUUoW 5 aige L



L'BSE | LUSE | ¥JSZ | 9I0L | B2 | L0 | 92k | D21 | L%0¢ | O99Z | Z99Z | D'GBE abEsany|
©BEZ | L6ZZ | 9SSk | BBl | 0D | 00 | 00 | S12 | LSvl | €S8 | BLLL | BES e E D
T | ¥T0¢ | Z€9T | VY6 | L0 | VO | @) | §IZh | S'92E | €8T | §'€9L | LOBE | ISNOHLWANOCH 8 |
081g | LKL | #88 | €86 | 90 a0 | o0 7EE vie | 0zsl | 2152 | | 6958 {mm_.__._,_.m Iov3Ad| 66
08l | 6%9Z [ ¥18T | 899 | LD a0 00 | ¥6Ck | 269 | G&C | #9921 | 60vl PRELER HOIH| SE
LS0% | 066 | 0B5L | 036 | 1OL | 00 | 00 | 52 | I¥0F | €6l | L6 | 6¥EL | v vid 3ONvHD! 48
BELL | FEEL | 69FE | LOF | 00 a0 a1 g%k | FSLL | 2602 | 05k | FRPL | YOD IWH3A LHOd] EE
G8GL | B's8c | O%RL | 9955 | 00 00 o LW | E62} | £€81 | ®Ell | 505} WOHMNOW LH0:|  TE
LeRl | €3%C | F08l | &€l | 01 (i g0 21 | gl g | 29l | 9F6 | NYAM3HIHD 1H0d)  LE
gvil | ¥98 | 8%vk | 06 | 00 | 00 | 00 | V'SZ | ¥9) | ¥6EL | LIZL | S6EZ NOILYNOMOD| 08
yGZZ | GE0C | BESZ | 2062 | LB | OO0 | 9EL | 0L | 9416 | OL2 | 9esk | 0%ee | v I90lWEHLTY| 62
[00v | 5'60F | 6'96Z | O'BZ | 1'0 | 00 | 1'0 | 90L | G5k | UEOE | SUEE | 2B ~ Nois| ez
C6kL | 285 | Z8PE | ¥EF | 20 (Vi) &0 V8 | 99k | Z68L | 096 “ [ YH33d O3H| L2
zevh | zesz | veol | g1z | 00 | 00 | 00 | zee | vael | ez | gz | eel ER T
7659 | 0'GAS | 97rS | ZESE | 8 | 20 | AYE | 0295 | ZBOEL | O'LI§ | 1Z8E | @Zsy ONaM3d| 82
O'tl) | v9ZC | 608l | VBB | 00 | 00 | ¥l | 96 | B6EC | beal | 988 | 9R0Z sa10| w2
Lol |oeez | ©0l | 652 | ZL | oD | L0 | ZEL | BELL | RESL | BUZL | @PBL | ¥ 1lvH3NOIO3In| €2
ZSlZ | €95 | 096 | 582 | 00 | 00 | Z€ | Vbl | 260F | ©52 | P2 | Z95C |  vOD W3SANYW| e¢
EGEZ | 4257 | 96GC | BESH | 00 | 00 | G§ | L9C | zJSP | G96b | SPEL | 6Cbg | w0 JDAMEHLTN| 12
L'siel | eearl | g5 | gL | 12 | 00 | BFL | 017 | L6990 | €619 | 9BO0RL | LA 38IN0T V1| 02
G8LF | G181 [ G0LL | 06 | 00 | 00 | 00 ves | @'LiZ | £TPl | 6'68L | VIFL WO2 S80I &l
oy | 2S5y | LA25 | VelE | BE | 00 | L) | 64EL | 6066 | B'08S | §'5lF | PSP SIASYMYNYH| Bl
veee | 2ece | 208 [ e [ g0 [ oo [ 2 [ oey | vbe | veor | L | BN H3dser| L1
VEZE | L2 | RG22 | §98 | €L L 14 .n_m:. 8945 | vibe | ekl | w081 A HaIH| 9k
L5l | 098l | 0BZL | S6€ | 00 | 00 | L0 |ZSEL | 4902 | 9SSl | 089l | §EEl NFHOITTD| S
yOLY | bZes | 6961 | €011 | @8 | 00 | G0 | ¥2h | 6512 | 960 | 0°L0F | GU%E M3
94 | SMLT | B55C | 845 | 00 | 00 | 00 | 54F | 0088 | L6628 | L'L5€ | €615 JOMYHLINT| &)
Fegs | vobE | 9YEC | E06 | 00 | 00 | 00 VEl | &lge | 566l _ vIST | LTS MOG03| ZE
502z | 6982 | LOLL | @62 | 10 | 00 | 1o | VeS| &'l | 960z | 069k | €952 | NOINOWGS| LI
00b | 6087 | LB09 | G992 | G%) | L0 | 005 | 98YE | 699 | G80Y | S 666 | 50 AvAaYD| 0L
GUSY | 97955 | ZS9E | G00L | 00 | 0D | S0L | B¥VE | 6629 | L¥BF | OLBL | €459 NOLSQdvo| 6
ZL2Z | wOIT | LOvl | &0k | L0 | 00 | 4G | 586 | GGl | LAV | Leek | £GiZ | Slsdival 8
095L | £452 | #6/L | 682 | 0D | 00 | 00 | OD6 | E0/L | DZ2Z | V¥EL | LEEE HYWTYD| L
989} | 9622 | §0vl | 6k | 0 | 00 | LS | 9402 | £¥Ee | £15) | LOM | ZBLL | VLINIANYOTYD] 9
V'S8 | 6588 | G008 | OUEP | 00 | V) | L'Z6 | By | vS0) | 060/ | Z€13 | Zo6s TEMaTYa| &
951 | £0Lh | 200L | £62 | Lt | 00 | VE | gFl §I5h | ¥i5 | bwil | odnv Swooug| ¥
Gty | 922y | 6192 | @98 | LB 00 | ver | 09r | 2202 | ¥96L | S0ZE | WEL | vOD OlW3AY3E| €
L8yl | ®U68 | £1v8 | VBIE | 602 | 00 | 645 | V266 | LTkl | U895 | €685 | 686 |  SamIN wM3AVIE| ¢
m__m__“m | ¥157 | 818 : L REee | BOLE | B LEF ; | |
DEIEE

(i)

lIBp0US [£10} j0 anusles Ao ol aige ]




LO¥E | BFFE | 6L0F

00FE | BRI | 19T

858l | avol | L0SE

§'GL6 | 6'892) | LESEL | | EE0C | 20C0L | 266y | GESC | ¥OSC | 9Ot afieany]
N._m.m_.m 0'gEll | '52EL | SRkl ¥ aak TOLE o LLE 081 'air AT NS 8%

LVobL | €2261 | 505z | 692v2 | WLOEL | LUZY | G492 | 9Ll | SALZ | ISNOH LW AMD0YH| Lt

9Bl | DML | 2€8L | OV | L9L | CEEOL | REEvl | B9ES | Z60L | vE6 | GSG1 | D461 | wHIANG3OvVEd| 98

6%kl | S02T | 4¥BP | S¥EF | ©UZ6 | GEOS | OEZ6 | OLLv | VLEL | LESL | 286 | 52§ ¥ IAATTHDIH| 5%
QEIE | TEBT | 98LE 5689 | OEZPEL | LBLLL | BLBEL 0GE¥ SEGL | OOLE | OB%E | €285 Y e d JONYHD| FE

Lerl | 0SEL | V82 | O'vkr | 6B0L | G980L | CEWS | BODS | TSHT | ___..mmw DSEF | 8'9FF | W2 INSEIA LHOd| EE

CEEL | ViSL | OME | ®'0ML | €08Z) | Z'Rl0L | @OEEL | £165 | 5¥8) | B1E) | SBT) mww_. {w_:_______u___.___._.w__...uu_ (i

galt h.wmm. | B'e6% | v055 | £685 | 1496l | LUE9 | ORLZ | 9291 | O€G | §LIL | 966 _z__"___.._..._.___._m_n__Iu 1Hod| Le

_WELL 65 | OGel | L7e9 [9LOZ) | L'ekBL | LEEQL | GRS | 0'BOE | ZGEF | S'EOL | £G9L | NOILYNOWOD| 0
650 | €692 | €615 | 6126 | OPELL | O'ZOZL | CELGL | L'OPOL | 648G | 220k | G kL | €46 | W IOQREHLT| 62
L19e | @BBE | D'ESE | 0/S8 | S'0JSL | ¥'SE8l | 9/E6Z | BGIB | JZZ | LGIE | EOEE | @ETE | NOIS| 82
LA | Vevl | OW0Z | 696 | O'vB8L | £UBEL | 8L/l | EEZ8 | BZEZ | OFTL | 916 | @8O | ¥ {330 03| 2
LBbL | LIBZ | LEVE | GUES | 00Z9F | LUSEL | L'PEPL | @998 | 9BSP | L'SBL | ELAEL | LEEL Aandnve| 82
L'269 | 6'08S | ['86G | L'0SB) | B'POSL | E'685) | O'WPOY | ©7LO5Z | @6SE | 0U6F | ©18E | BELS OWgINad| sz
£6Lb | Z5ZZ | L'B5Z | LivZL [EL£0Z | ZESOL | @ELPE | 088 | L'BOS | 198l | L20b | gEeE s010| ¥

FEpl | vel2 | @9eZ | vude | ZEZe | Syrs | BV0ZH | EGEB | DELE | 6'6GL | SEEL | LebL | W IVHINIDIQIW €2
922 | §10) | G'BBL | 6¥B8 | 6905 | G695 | O'LOCL | bOVB | B89 | VBZE | FAIZ | B ST ¥00 HAMANYN 2T

gk w.w_-__.w._”__wmv 06l | F¥lLOL | S48, | G'¥PLE | LS00 [ VLMD | OBLL | G191 | 98EL ,q_uum_.m.,__....__mm__._.._.m.__ [

¥'2.6) |0LSL) | 9'552) | VLIS | 208L | peel | OOVL | ©2eg | DMEL | 64D | TEeEl | A0SR 3SIN0TIAVT, 0F
TeSl | 9591 | 9'WOZ | PIGL | G'RZEL | VEZEL | G'GE0Z | ZSVE | FEES | G85H | 60k | 0EF Y00 N0V 6l
8E5F | B'B0F | £805 | 9E08L | 0D009L | O'Lvbl | B¥GEZ | LPROZ | GZCOL | GESS | B9EF | BEGF | SIMSVYNWNYH 8t
L\ZE | v'852 | £'eSz | 298 | £F2e | 9O0F | 9TIS | LU0E | 90l | ¥LEL | L'0iv | 695 ErE T
©'GZE | PZVE | OLLP | BB¥OL | L'ZP) | 26GLL | 0'SZ0F | SPBLL | 02k8 | SEEL | T 45l | DES) B3N HDIH| oL
OPBL | E'9EZ | GEBZ | ZGL6 | 0'600L | @'LETL | S'€/8L | LODG | BEey | BBPL | 8BBL | ZFEL NEHOIETD| §1
1'9BE | E'GSE | £'0EZ | Z¥RS | O'GLE | 695FE | 94IT) | L0688 | £MZ | T'86) | £SBE | O'SEC naindled| ¥l
V'bZE | 6'8GZ | S'LBE | @106 | 2Ol | LE¥EL | 0'9RIZ | S¥ELL | gGer | 0GLE | 0E5E 57155 SONvHING| €L
£G6LE | BPEE | 2LEE BEPE | Z0FDL | £'00LZ | m.ﬂmﬁm. 2008 & 90F n_.m.r._ : MNOSOd| £l
U9l | 0'0LZ | 90SZ | vSES | QOSEL | OEZE) | vUEO)L | 9GEE | LU6T | §'LOE | NGINGWGI| |1
Q05F | P'OZF | GBLE | L'SIEL | GObLL | 0'DBEL | SCIPE | 24190 | OZFE | S0P AdEYD| 0L
wepy | LZL5 | 829 | L'BEGL | ZEOFL | LUSEL | VBOIE | BEI9Z | PBLL | 665 NOLSONYD| &

gite | 1'sez | L0L | VEes | 9655k | el | evsel | €760 | LLE | visl
§9) | 952 | OVME | §15L | G'68FL | £ |26k | Z968L | B906 | 866E | EELC |
LeEL | 0022 | O'VOZ | §'6901 | Z0BSE | L'BSS) | 1'SLZZ | 6'S/EL | G6BE | V'RLL | 9821 | 6€B | W LLNIANYDIVD

A5y ®

L

. g

B'OF6 | §906 | 980Z) | 86622 | L'6i5h | vOSCL | vEYOY | BSE6Z | ZOEL | 6689 | 2600 | 9L06 TaMaTyd| §
p

£

Z

i

HYWTvD

VePL | 9121 [ BIEL | 8161 | ¥'SlG | ZEG | #BEbL | ZELL | FESK | TELL | 945 | EFLL JeHY SYOOHE
Vlee | OHE [ U818 [ €%6L | EvOL) | 1595) | 76651 | 0918 | Z69Z | Leel | €682 | 6815 | VOO OTHINVIE
9ZLZL | 1196 | T086 | £LEHL _ .

gEEE

S3ININ H3AYIE
3d4M%E

880rE
FREDE

VEVG | G865 | 9FLLL |

£'555

g0l L'088

{ M} vonepdiaasd (ejo) jo aauetes Auuog L Qe



J1

32
_EE
‘30
4
23
22‘
100 L] 100 200 Miles

Figure 1. A map of the selected climate stations
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Appendix B

Derivation of the optimal
averaging scheme

In this appendix we use the temperature field as an example to illustrate our optimal
method.

B.1 Weighted estimator of the averaged anomalies

We wish to measure the regional averaged temperature 73.(t) time averaged through the
interval 7 centered at ¢ over the region R. The true value of this quantity is

ﬁm=%Ln@ﬂm. (B.1)

where

nuﬂ_—f ‘T, ¢y ar (B.2)

is the 7-length averaging. The value of v can be a month, several months (for seasonal
averages), a year (for annual averages), or several years. In the above formulas, £ is a
vector that determines the position of the point in question, T(&, ) is the temperatare at
f and t, dA is the integration area element and A is the area of the region R, i.e. Alberta.

Departures of the r-average from the ensemble average are due to natural variability.
Such a departure is called an anomaly:

AT, (8,t) = T, (8, t) — (T (%, 1)) (B.3)

where (T (#,t)) denotes the ensemble average of T (%, t) Similarly, we can define an
anomaly of the Alberta average temperature:

AT‘T(t) = T‘r(t) - (Tr(t)) (B4)

By definition
(AT, (t)) =0. (B.5)



In what follows we will deal with the anomaly field and its Alberta average. To keep the
notation simple we drop the prefix A.

The global average temperature anomaly may be estimated from the data streams
collected from a given network of N stations {f;,5 = 1,2,3,---, N} by the estimator

T.(t) = Z w; T, (¥5,t) (B.6)

j=1

where w; is the weight assigned to the 7*# station. We impose the no-bias constraint on
the weights

N
S wi=1. (B.7)
j=1
Now we may form the mean square error (MSE)

e = (T — T,)%) (B.8)

where €2 is a function of the weight vector w = {w;}. A natural question is what is the
size of €2 and how does it vary for different choices of the station network {f;} and of
the weight vector w. In particular, one wish to know the best choice of w, in the sense

of minimum €2, for a given configuration {#;}, since the latter represents the locations of
historical stations, like the 38 stations used in our study.
Expanding the formula for the mean square error leads to

e = ((I'I*f T WTr — 1))

= / da [ a4’ p.(e,¥) -

-3 Ztm / dA p, (%, ;) + E wiwj pr(E:), £5)

i,j=1
where we have introduced the temporally smoothed covariance
pr (¥, 8") = (T (¥, )T+ (7", 7). (B.9)
All second moment information about the anomaly field averaged over the interval T is

contained in this temporally smoothed covariance function.

B.2 Optimization of weights -

We minimize the MSE subject to the no-bias constraint (B.7). This constrained mini-
mization problem can be solved using the method of Lagrange multipliers. We simply
extremize

Jlw] = 2[w] — 2A [ivj wj — 1] R (B.10)

j=1



where A is a Lagrange multiplier and is always regarded as being a constant in the com-
putational procedures following. This philosophy is the same as the method of optimal
statistical averaging (e.g., Gandin, 1993). Taking the partial derivatives of J[w] with
respect to the weights and the Lagrange multiplier and setting them individuzally to zero:

aJ
_ i =1,....N, B.11
o 0, i=1,...,N (B.11)
aJ
ox = O (B.12)
Inserting the expression for €2 results in
+d 1
Swiprat) —A = 3 [ p@®80da, i=1,...,N, (B.13)
J=1 A R
N
Sw = 1. (B.14)
=1

The above system is for N + 1 unknowns, the N weights {w;} and the Lagrange multiplier
A

B.3 Computational algorithm

Attention is needed for the different lengths of the data streams: some stations started
at 1880 and some at 1944 or later. The missing data for for a given station are replaced
by the arithmetic average of the data from the other stations of the same month. For
trend detection this procedure does not cause much signal deformation. Between 1880
and 1883, there were at most 2 stations in operation and for some months there were no
data reports from either of the stations. Since the above arithmetic averaging to fill up
the missing data needs at least one station, it is impossible to assess the climate condition
with no data. Thus in the following we conduct our analysis from 1884. After this initial
step of filling missing data, all the 38 stations have their data from 1884 to 1996.

According to the formulation in the above two sections (see equations (B.13) and
(B.14) in particular), the crucial part is to calculate the covariance matrix pr(%:,%;)
and the average & fr p-(%,%;)dA. Since it is not possible to conduct true repeated cli-
mate experiment, the ensemble is replaced by discrete realizations over the years. Hence,
pr(%i, t;) = (T5(%:, )T (£, t)) is approximated by

K
pr(E#5) = 2 3 Tolfs, KT (75, K) (B.15)
k=1

where K, in the unit [year], is the length of the longest data stream. In theory, if K is
sufficiently large and the temperature field T (&, t) is ergotic in time, the above should con-
verge to the true covariance. But, due to serial correlation in each data stream, the above



expression sometimes can be far from convergence and hence causes some uncertainties of
this method.

The average 4 [z p- (%, £i)dA basically measures the strength of the climate signal of
a neighborhood of the station ¢ and the area the station { can reach. In particular, if the
anomaly field is isotropic, a reasonable empirical expression for p. (&, #):

pr{f, #;) = oyogexp [—-cﬂ 2 ; £ |'5'] (B.16)

where o7 is the variance of ith station and

o2 =3 0?
[+ ] 3R E i
is the averaged variance, a is the correlation length, i.e. the length scale, of the field, o
and § are empirical coefficients (see Vinnikov ef al. (1990)). According to the results of
Kim and North (1993) and Hansen and Lebedeff (1987), the length scale may vary from
700 [km] to 2000 [km] depending on the length of T and whether the region R is land or
ocean. Our e-fold-correlation tests support that a = 700 km for temperature and 220 km
for precipitation in Alberta. The area of Alberta is 661,185 km?.
We take the following approximation

1 ma?
E fnp-,-(f, f‘.‘]dA == yoido T. (B.17)

In this expression, < is a dimensionless constant equal to 1/(we). The empirical values for
a and ¥ can vary from region to region. The best way is yet to be found to tune these

parameters.
Now the linear equations (B.13) and (B.14) can be solved to obtain the values of the
weights wn, ws, - - -, wy and the Lagrange multiplier A. With this result, one can compute

and plot the weighted average of the climate anomalies.



