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NUMERICAL STUDY OF DIURNAL
TEMPERATURE VARIATIONS
AT THE METEOROLOGICAL STATION OF HELLINIKON
FROM 8 SYNOPTIC OBSERVATIONS

by
V. BE. ANGOURIDAKIS* and . C. SAKELLARIDES**

(Recerved 10.5.78)

Abstract: A Newion’s polynomial inlerpolation was effeeted for the period from 1956
to 1971; as interpolating poinis were taken the 24 temperature calues from synoptic
obserpations of three consecutive days (38X 8), thus rendering minimum the boundary
error of the middle day. From the interpolated polynomial, hourly calues of temperature
were also estimated, For every month, mean hourly temperatures —both real and inter-
polated— were calculated, as well as standard devigtions and mean values of differences
(AT = Troni - TNewton), indicating thus the aecuracy of the Interpolation,

It is shown that mean hourly temperatures of a eertain time interval, may be obtained
by ealculating the mean Newton’s coefficient for the same time interval. Moreover the month-
ly mean values of diurnal temperature varlations, for every month, were obtained from
the mean coéffictent. From the equation of diurnal temperature variations (and on eondi-
tion that the exireme lemperatures are known ), was deduced the time at which the mazimum
and minonum oecured,

Finally 1t is shown that there is a tendency in Newton’s interpelating formula, to
underestimate Lhe times at which minimum temperature cecurs during the warm months.

INTRODUCTION

It is desirable to estimate some meteorological variables, such as
temnperature at cerlain hours or levels, where the only available data
are values from neighbouring points. These variables may be obtained
by using an interpolation method.

Thus Brooks? proposed a method for calculating daily values, or
date of occurence of any given value, from monthly means, on the as-
sumption that 3 successive months can be represeuted by a sine curve
with aunual period,

* Meteorological Instilute, Aristotelian University of Thessaloniki.
** Hellenic National Meteorological Service,
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Zmuda and McClay®, because of the discreteness of the data ob-
tained in magnetic surveys, did interpelation between measured points,
before charts could be drawn. Rigorous relations connecting surface
variations of different elements were introduced into the interpolation
formulas, so that the resulting charts were mutually consistenl.

Related elements are continued by a power series, in whieh the
unknown coefficients are compuled under Lhe conditions of consistency.

Fletcher* showed that there are personal bias introduced during
interpolation. Simple mathematical surfaces were used by Johnson® to
inlerpolate numerically within two-dimensional networks of 500mb con-
jour heights and winds.

McDonald® did a small series of tests of one objective estimation
scheme, applied to missing seasonal totals rather than to missing storm
Lotals.

Stumpft? discussed analysis of series of observations, to replace a
smoothed curve by a few superposed sine curves.

In compiling monthly mean rainfall maps for Germany, various
methods of correcting short series were tried by Schirmer and Hans
(1952). They found the annual total and divided among the months, in
proportions given by neighboring stations, with regard to topography.

In Chapter 2 is presented a discussion and application of Newton’s
interpolating formula for the meteorological station of Hellinikon (Athens
airport).

In Chapter 3, are calculated the times of occurence of extreme
temperature values.

In Chapler 4 are discussed comments and conclusions on the appli-
cation of Newton’s interpolating formula for the meteorclogical station
of Hellinikon.

Finally, in Chapter 5 arve illustrated some appendixes.

Chapter 2.

2.1. Twenty-three Degree Newton’s Polynomial Interpolating
Passing through 24 Points.

Consider three consecutive days. Let Ti, 1= 2(3)23* be the 8

* The symbolism Ti, 1 = 2 (3) 23 means that fhe subscript i takes original value
2, final 23, and slep 3.
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values of temperature which were recorded at Xi, 1 = 2 (3) 23 synoptic
hours* of the middle day. Hereafter the minus and plus sign stand for
the days next to the middle day.

If the base points are Xi and the corresponding functional values
are Ti, then the 24 interpolating points are:

8 points of the day before the middle day (T-i, X-1), i = 2 (3) 23.

8 points of the middle day (Ti, Xi),1 = 2 (3) 23.

8 points of the day after the middle day {T-+i, X+1), 1 = 2 (3) 23.

Let X—(24—1), 1=2(3)23 and X+(2441), i=2(3)23 be a re-
presentation for X—i and X1 respectively, then the interpolating points
Xi lies in the closed interval (—22,47), and it is always XizEX] % 155].

Now for the function T1 which is continuously differentiable 24 times,
the above 24 points are known. Our problem is then to find the fun-
ction value T (x) corresponding to a given value x. We consider the
golution given by Newton (1), (3). Therefore the equation ol the diurnal
variation of temperature for the middie day is given by:

24 —1
TE)=A+ 2 AJI1 (x—xu ) ¥ x €(4,24) (1)
1=2 1=1
where the coefficients A, 3 1 (1) 24 safisiy the linear system
Ay =T,
k —1
Al"*“_ EgAj 'Hi (K25 — Xsimzs) = Tak—zs k= 2(1) 24 (2)
]: 1=

Singe the matrix of the unkown is down-triangular, its value is
equal to the produect of the diagonal elements, l.e.
237 1
.H _H (Xai—za "Xaj—zs) (3)
=] —1

Sinee the product 3 is always different from zero {always j<i and
Kai—pe>Rgy 95), system (2) has always a solution.

Therefore, the temperature of equation (1) for a given value of x,
cau be found if previously the coefficients Aj are determined by solving
the system (2).

* Local time of Greece.
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2.2. Application of Newton’s Interpolation Formula in the Meteo-
rological Station of Hellinikon.

2.2.1. Hourly Temperatures from the 8 Synoptic Observations.

For every month and for every three consecutive days of the pe-
riod 1956-1971, a calculation of Newton’s coeflicient was carried out.
Then, from equation (1) hourly temperatures of middle day (Txewion(l)s
1=11(1)24) were caleulated. In order Lo get a measure of errors due to
interpolation, since the real hourly temperatures were known, (Tge. (i),
1=1(1)24), the dilferences:

AT(i) = TReal(i) ‘"TNewlun(ija 1=1 (l) 24

were found. Moreover, for every month of the period 1956-1971, were
calculated the following:

— Newton’s interpolated miean hourly temperatures (Tnewion(1),
1=1/(1)24).

— Real hourly mean temperature {Tg.,(i), i =1 (1) 24).

— Mean values of the differences (AT(), i =1 (1) 24).

— Standard deviation of the differences denoted by:
SAT(), i =1 (1) 24.

The results are shown in Table A, of Appendix B, Chapter 5. Com-
ments ahout results are presented in Chapter 4, in connection with con-
clusions.

2.2.2. Mean Monthly Coefficient of Newton — Mean Monthly Values
of Diurnal Temperature Variations.

We have seen that the diurnal temperature variation for the middle
day is well approximated by a twenty-three degree interpolating poly-
nomial passing through the 24 points of three consecutive days.

Let M be the number of days of 1956-1971; if for every day of this
period a computation of coefficients Al, 1 =1 (1) 24 is made, then an
introduction of the mean Newton coefficient may be defined as follows:

N
B A
Aj = ]-:—lé—, j =1 (1) 24 where N = M—2
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and similarly: T (x}) =——=——, x = 1 (1) 24.

Now consider an arbitrary day of the ahove period; the coefficients
and temperatures of this day can be written as follows:

Aj=AJ+Aq, j=1(1)2 and T (X) =T @+T'(x), x=1(1) 2%

Where A’} and T'(x) are the deviations of coefficients and temperatures
from the mean values. Therefore, equation (1) may be written as follows:

| _ % i1
TE)+ Tx)=A+ A+ _22 (Aj+A7) ‘Hl (x—Xg1—s5) (%)
j= i=

Integration of equation (4) for a definite x, i.e. x=12h from 0 to T
gives:
T T T
T (x) dT = —1—JT’(x)dT . ifK dT ifA' T +
Tb To ' To '

24 1 T —1
. (AJ+ Ay dT Hi (X—Xgi-25)

e
T\m
1\3

OL__ﬁ

T T T
L - : 1 e . 1 [T 1 . —
Now smce.TE[F(x)dT._TafAldl“__T;JA T=

F % i
we obtain: T(x) =A, | % Aj Il {(X—X;i_ss) (5)
=2 it

For every x which belongs to the interval [1, 24] an expression similar
to {5) may be obtained: therefore, equation (5) is defined for all xe[1, 24].

From equation (5) we caninfer that:i1f mean temperatures
are to be found in a certain time interval this
gan bedonebyevaluating the mean Newton coef-
ficient in this interval

The monthly mean coefficient and the equation of the diurnal varia-
tion of temperature, are shown in Appendix A of Chapter b, in Tables
A and B respectively.
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Chapter &

3.1. Calculation of Occurence Time of Extreme Temperatures by
Numerical Method.

The contribution of Newton’s interpolating formula in calculating
the mean diurnal temperature variabion is very important. Because not
only hourly temperatures, but the time by which the extreme temperatu-
res occur can also be found.

Consider a time interval greater than a day and let Tone and
Toi, be the mean maximum and minimum temperatures respectively.
The equation of mean diurnal variation of temperature in this period
is given by equation (5). Obviously the time by which the maximum
and minimum temperatures occur, are solutions, with respect to x (lime)
of the following equations:

- A i

A4+ DA I (x—%5-05 = Tnax (10)
i=2 j=i

2 _ i

A+ X AL IT (g4 5s) = Toin (11)
=2 j=1

The value of x which satisfies equation (10) [{11)] determines the
time by which the maximum (or minimum) oceurs.

Solutions ol equations {10) and (11) were cbtained by the following
iterative procedure.

Comnsider the iterative procedure by which the variable x takes
original value 1, final 24 and step h, i.e. h =0.5 hours. We look lor values

x = H such that the corresponding function value T(I) satisfies the
relations:

T(E[) — Tmax I

T(H) _‘rfmin I Lz (13)

N

(12)

[0}

where ¢ 18 the required approximation, i.e. ¢ = 0.5° C.

When the variable x with the given step h runs through the interval
(1, 24), a determination of values of x denoted by H, which satisly equa-
tion (12) and (13) will be carried out. The average of the values of H
which satisfy (12) [(13)] determine the time by which the maximum
{minimum) ocecurs.
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The results of the application of the above method for the meteo-
rological station of Hellinikon are summarized in Table L.

The same Table I contains the real times (means) of occurence of
extreme temperatures. These real times were deduced from the mean
hourly real temperature with the help of the Graph in Appendix B of
Chapter 5.

TABLE I
. Mean times of cceurence of extreme temperatures and errors of estimate
| af these occurence times.-—
. MAXIMIUM MINTIMIUM
1 FORRR vean Real Time  [Time deduced from } Mean Real Time Time deduced from
:) .~ TFrror of interpolation Errer of interpelation
estimate N Estimate
I | 14M30r  s150 | 1abog 7hoq! z30" | 7hoot
) F | 1sh3gr x1s5' | 14bigor shsp: £30' | eh3or
w N
M oL 14B30r x150 | 14Pag - sh3o- +15' | gkpo' ™
A | 14h30'  x157 | 14h3or 2 6hoo! 15" ghage 3?“
m A m .
0 Mo 14RA5T 2307 ) 14045 @ shgso 150 | ahis 9L %
[ <o
J j1stoor zisto|1skoor B3 shisp 150 LaR1st =&
i — M — +
J {1sBoor s1st | 1sPogr w4 shig’ +15' | 4B157 "L oA
- (=] @
he a lashoor w15t | 1shoor  EEE 6760" £150 | 4hagr A= s
s [1iBlsr e1s0 | 14Pise wB S 6015 157 | 4hgse 5
i © [V VI
. o 1sPoor s1s0 | ishase D00 shyse £15' |ehist  nwow
2 i . oo~ @~ o
¥ jistoor w150 | 13hagr o 7hoo! £30° | 7h00" 4% 5
| s h " 1 h t £ EH h ) 1 h 1 i
Los D ‘14 00" :x15' | 13B30 =R e 6045 +30 ghao oo W@
ues
the
(12)
Chapter 4.
(13) ,
Comments and Conclusions.
erval 4.1 Conclusions onr Chapter 2.
Hua- 1. Since the hours 2, 5, 8, 11, 17, 20, and 23 are the base points of
of H interpolation, it 18 always Trewionli) = Treut(i), 1= 2 (3) 23.
mum Thus the mean value and standard deviation of the differences

AT(i) = Treatli) — Trewionli) at these points are zero,
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2. More than 8 peints (synoplic observations of one day) are ne-
cessary to be taken if sameone wishes to get accurate interpolated values.
By this wav the base points of the interest day become more central,
and so there 1s a significant reduction of boundary error. In this work
8 base points of the previous and next day are taken, in order to make
the base poinls of the middle day more central,

3. From Tables A, Appendix A, Chapter 5, we {ind that the hourly
values of temperatures calenlated by Newton’s interpolating formula
of 24 base points, are almost identical {o the real hourly values of tem-
perature.

The mean values of the differences AT = Teearli} — Tnewtonli)
1=1 (1) 24, are less than 0.5° C and only once in a month they are greater
than 0.5° C.. Besides the fact thal the standard deviation of the differences
is small (less than 1° C in all cases), all the results show that the real
diurnal temperature variation is well fitled by Newton’s interpolating
formula.

4. We can generally conclude that hourly temperature can be cal-
culated to a high point of accuracy by Newton’s interpolating formula
passing through 24 points of three consecutive days.

4.2. Coneclusions and Comments on Chapter 3.

1. From Table 1 of Chapter 3 we conclude that the deduced times
of occurence of maximum temperature provided by Newton’s interpolat-
ing formula of 24 points, are identical to real ones. The small deviations
found, are within the limits of the errors introduced when the times
of ocenrence of the maximum temperafure (Real - Newton’s) were cal-
culated.

2. The times of occurence of minimum temperature (according to
Newton) [or the cold months: January, February, November and Decem-
ber, are to a great degree of accuracy similar to real ones.

3. Tor the remaining months, there are great differences denoted
by Ah, which are symmetrically distributed over the year, with respect
to the middle months of June and July (See Fig. 1). The differences
are most pronounced during the warm months of April, May, June, July,
August, and September.

Since deviations due to transient eflects can not produce such a
symmetrical distribution, we are bound to conclude that part of these
deviations are due to permanent effects. Such permanent effects is the
mountain effect of Himittos. The maximum height of mount Himittos,
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M A M J J A S 0 N D
Graph of differences Ah=Real time Of occurenca

of minimum —Time due to Newton
z k.

Graph of vertical cross section of Imittos by
plane parallel to yoz and position of

Met. station of Hellinikon.

he oceurence time of minima is AB = 0.765 km and the dis-
- 7.5 kin (Fig. 2). Thus the influence of Mt Himittos on the
nee of minimum is given by the angle e expressed in hours.

. AB 1
- —1 —_— o~ !
‘mountain effects: tan STE S 30
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Since the maximum Ah is about 1h 30/, still Al == 1h remains to be ex-
plained. This difference (Ah = 1h) during the warm months is due to
inability of Newton’s interpolating formula to simulate well the real
variation of temperature from 06 :00 to 08 : 00 (See Appendix B of
Chapter 5). :

From these figures can be seen that the real rate of increase of
temperature from 6 to 8 for the warm months, is greater than any other
rate. We can say that this part of mean monthly values of diurnal tem-
perature variation ig something independent from the rest of the curve.
Thus Newton’s polynomial of 24 points which pass through the base
points, can nol follow the real variation during these hours.

Since the rate of increase of temperature due to interpolarion from
6 to 8 is smaller than the real one, we infer that thereis a tendency
of Newton’s interpolating formula to shift the
time of oceurence of minimum towards smaller
honrs during the warm months.

This i3 the reason why an underestimation of occurence time of
minima took place.

4, During the months of January, February, November, and Decem-
her, there is a southwards movement of the points of sunrise, and there-
fore the sunrise-time of the station is not affected by the mountain mass
of Himittos.

5. During the months of March and Qctober, the time of minimum
is affected by Mt Himittos; thus there is a difference Ah ~ 30"

APPENDIXES

Appendix A consistg of three tables for every month, that is

— Table A contains mean hourly temperatures {Real, obtained by
interpolation of 24 points) for every month of the period 1956-1971 and
also rnean values and standard deviationg of differences Treat - Tnewton

— Table B: Mean monthly coefficients of interpolation of 24 points
are presented,

— Table C: The equation of mean diurnal variation of tempeta-
ture for every month is presented.

Appendix B: Illustrations of mean diurnal variation of temperature
for both real and due to interpolation, are presented for every month.
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BLE A
Mean hourly Differences AT Mean hourly
temperatures ' femperatures

| Inter- Mean Standord 5 Inter=
gl poloted Value Deviation ES Reat polated
9,05 5.3 0.22 0,74 12 12,30 12.43
8.93 8,93 0,00 0,00 4 12,52 12.52
v ¢,00 -0,23 0,70 15 12.52 12,36
8.60 8.85 -0.25 077 16 12,30 12,05
8.51 8.51 0.00 0.00 17 1165 .85
8.42 .17 0.25 0,69 18 10.88 1.17
8,38 8.08 0.30 0,79 1 10,40 10,65
843 8 .43 000 0.00 0 1013 10,13
9414 9,21 0,07 0,68 21 9 .34 9,70

10.36 10,23 0,13 0,68 22 9,55 9,43

1 11,24 11.24 0,00 0.00 23 7.3 £,31

11.89 12,00 0,12 0.66 24 9,10 9,25

E B

Monthly Coefficient of Newton Interpolation.

09084 x 100 Ay =-023 x 107 A =-0m2x10'7 Ay
0,042 x 10°  Ag = 0,102 x 1070 Ay = 0.2834 x 1070 Ay

0,00 x 107 Ag = -0.4186 x 107 Ap - -0963 %1070 A
00532 x 107 Al 00770 x 167 A= 02461070 Ry
03542 x 1072 Aj)= -0.1004 x 107 B = -0,6900 x 1077 A

b - - -1 _ _ _
90,3682 x 107 Ay~ 0.4363 x 10 ! Rig = 0.3307 x 10 18 R

i-1 .
Ay jnl (f35 p5) ¥ x £{1,24}

Kyj-z5 = 33-25, § = 1{1)23 and Ay, 1=

35

Month: Januvary
Period: 1956-1971

Differences AT;

1¢1)24 ore given in Table B,

Mean Standard
Volue Deviation
-C.13 0,60
0,00 0.00
0,16 0.65
0,25 0.6
0,00 0.00
-0.29 0,55
-0.25 0.58
0.00 0.00
0.14 0,43
0,12 0,72
0,00 0,00
-0,15 0,69
= 20,1382 x 1077
0.510t x 107
= 01687 x 10722
= 0.5061 x 1072
= -0,13% x 1072
= 0.35% x 107
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ket, Station of Hellinikon

24

s = B+

X3j-25 = 33~25,

i=2

i-1
i B SO
=1 33-25

3= 1¢n23

Equation of Monthly Mean Value of Diurnal Temperature Variation .

¥ x £{1,24}

Month: Fdoruary
Periad: 1956-1971
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Differences

0.5767 x 107

TABLE A
ot Differsnces  AT; e
:,a_ Feal Inter~ Mean Srcln.dord g Redl Inter- Mean
polated Value Devigkion =T polated Value
T 9,44 9,12 0,32 .80 13 13,32 13.45 -0.13
2 9,24 9,24 0.00 0,00 14 13,53 13,53 0.00
3 9,04 9,33 0,28 074 15 13.56 13,39 0.17
4 8,84 9,14 -0.30 0.72 16 13,30 13,12 0.18
5 870 8,70 0.00 0.00 17 12,75 12,75 0,00
& B.SE 8.27 0.31 .47 B 1.9 12,24 -0,25
7 8.55 8.20 0.35 0,74 19 11,3 11,60 -0,27
8 8.49 8,69 0,00 0,00 20 10,92 10,92 0.60
9 10,00 9,71 0,29 0.80 21 10,53 10,36 0.17
o 11,30 10,98 0.23 0.72 2 0. 10,05 0,19
12,17 12,17 0.00 £,00 23 9,97 9,97 0,00
12.84 13,02 -0.18 0.63 24 9,73 9.95 -0.22
TABLE B
Mean Monthly Coefficient of Newton Interpatation.
0.9183 x 10' = 20,3840 x 1074 Ayy = -0.1151 x 107! Ag = -0.1917 % 10
Ry = 01820 x 10° = 0.2060 x 1670 By, = 0.6187 x 10713 Egp = 07170 x 10
0.3020 x 167 RAg = -0,1130 x 10°¢ Ao =034 x 107" Ay - -0.2428 x 10
0.1821 x 107 Ayg= D.652) 108 Arg = 0.1508 x 107"? gy = 07518
= 0.,4405 x 1078 A= 20,3847 x 107 Ay = 09863 x 107 By = -0.2153
0,484 x 1070 K|, = 02158 x 100 A = 0,489 x 1070 A, =
TABLE C

and ‘;‘i' 1 = 1(1)24 ¢re given in Toble B,

Stondord
Deviation

0,74
000
0.73
0.57
0,00
0,57
0.54
0.00
0,57
0.63
0,00
0.71

-19
~-21
-22
24
25
27
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Manth: March

Metearologicel Sation of Hellinikan, Period: 1956-1971

TABLE A

Mean hourly Differences AT Meen hourly Differences AT;
temperatures temperatures
feal Inter— Meon Stondard § Real Inter- Mean Standord
polated Volue Deviation X polated Value Deviation
10.56 10,41 0.5 0.74 13 14,55 14,53 -0,02 0,60
10,36 10,36 0,00 0,00 14 14,66 14,66 0,00 0,00
10.13 10,27 -0.14 0,62 15 14,72 14,83 0,09 0,61
5,92 10,05 0,13 0.68 16 14,54 14.47 0,07 0.55
$.77 9,77 0,00 0,00 17 14.16 14,16 0.00 0,00
9,63 .64 -0,01 0,62 18 13,50 13,64 0,14 0.52
9,63 986 -0,23 0.75 19 12.76 12,95 0,19 0,48
10.51 10,51 0,00 0,00 20 12,22 12,22 0,00 0,00
11,89 11,48 0,41 0.71 21 1,84 1,62 0,22 0.54
12,78 12,56 .12 0,61 22 11,50 11.29 .21 0,55
13,51 13,51 0.00 0,00 23 1139 1.9 0,00 0,00
14,05 14,17 0,12 0,58 24 10,90 11,15 -0,25 0.65
CTABLE B
Mean Monthly Coedficient of Newton Interpalation,
01028 x 10° 37 = 20,2594 x 107 2‘13 = 01399 x 107! ;&]9 = 0,1007 x 1077
= 0,192 x 10° Ay = 0.1794 x 107 TAM - 05895 x 1077 320 = 0,4082 x 1072
07034 x 107 A = -0,1246 x 107 By = -0.2435 107! By = <0.1470 % 104
0.6424 x 1072 Alg= 0.8638 x w® 7:16 = 0,1068 x 1071 122 = 0,493 x 10'2‘f
02640 x 107 Ay = -0.5469 x 1077 By = -0.4974 x 10717 Ry = -0.1526 x 107
= 0 <107 Appm 02984 x 1070 Rpg = 0.2008 x 1070 Ry, = 0,437 x 1077
ABLE C

‘Equation of Monthly tMeon Value of Diurnal Temperoture Variotion.
A L% -
Te) <A +E Ry T

i=2 =

1
(R-Xgj_95) ¥ x {1,245}
i

‘where X3q.25 = 33-25, § = 1{1)23  and A., 1 = 1(1)24 ore given in Table B,

WYnoeiakA BiBAI0BAKkN Ogd@pacTog - TuAua MewAoyiag. A.MN.O.



38

Meta Stotion of Hellinikon

TABLE A
Meen hourly Differcnces AT, Mean hourly

. famperotures " temperatures

£ g
£ Resl Inter- Mean Standerd £ Real Inter-

e poloted Value Deviation ® polated

11379 13.93 -0.14 0.80 13 18,34 18.39

2 13,44 13,44 .00 0,00 14 13,64 18,64
31304 12,95 ¢.19 0.67 15 18,66 18,67

4 12,88 12,44 0.24 0,73 16 18,44 18.47

5 12,66 12,86 0.00 0,00 17 18,03 18.03

& 12.53 13.06 -0.43 0.87 18 17.45 17.39

7 13.09 13,80 =07 0.93 ¥ 16,59 16,64

8 14.74 14.74 0,00 0,00 20 1592 15.92

9 15.90 15.72 0.18 0,64 2 15,44 15,33
10 16,70 16,63 0.07 0,34 22 15,00 14,91

1 17.38 17.38 0,00 .00 23 1462 14,62

12 17.9¢ 17 .97 -0,01 0,69 24 14,23 14.36
TABLE B

Meon Menthly Coefficient of Newten Interpoletion,

Ay = 0,133 x 107 By = -0.4088 x 1070 A _=-08210x 077 K,
A, =0.2591 x 100 A~ 0.3439 x 107° Ay, = 0722 x W' A,
Ay = 0.1555 x 100 Ay = -0.4175 x 107 Ayg = 0.4687 x 1071° Ay
Ay =0.1330 x 107 A= 0.4475 x 107 Ay =00703 x 1070 A,
Ay =0.6117 x 1070 B 10,3548 x 107 A, = 0.4350 x 107" A
<7 -4 2 100 5 -43 -
Ay = 0.4994 x 107 A= 0.2046 x 10 Ag = -0.1966 x 10 Ay
TABLE C

Equotion of Manthly Mean Valuve of Diurnal Temperature Veriotion .

Month. April
Period: 1956-1971

Differences AT,
1

Mean Standord
Value  Deviotion
-0.05 0.80
0,00 0,00
-0.01 0.85
-0,03 0.68
0.00 0.00
0.06 0.67
005 0.64
0,00 0,00
0,11 0,61
0.0 0.65
0,00 0.00
-0.13 0.69
= 0722 x 16720
=0,2225 x 1072
= 0.5742 x 10722
20,1195 x 10724
= 01733 x 1072
=.0.,3668 x 10727

_ o2 -1
T} =A +E &y T (X34 550 ¥ = &{1,24)
i=2 3=1
where 3. 05 = 3j-25, 3 = 101)23  and A, 1 =1(1)24 are given in Table B,
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2
T = 3, 3

EEES A
Mean hourly
temperalures
Inter-
s poloted
18.14 18 .47
17.77 17.77
L 17.06
17.11 16 .68
16.86 16,86
16,80 17 .57
18.42 18,62
19.75 19,75
20.76 20.74
21.51 21 .49
22,02 22.02
22.53 22 .42
ABLE B

= 01758 x 10°
= .0.2978 x 10°
= 042107 x 100
= -0.2725 x 10
0.1887 x 102
20,5807 x 107
BLE €

&
£
i=2

It

R]]=>-023783 x 10

)

Ay
i

Met, Station of Hellinikon

>l o3l
o5

-0

~J

10

i

-

Differences AT;

Mean Standard
Value Deviatian
-0.33 0.72
0.00 ¢ .00
0,33 0,68
0.43 0,72
0.00 0,00
-0,77 0.68
-0.20 0.72
0,00 0.00
0,02 0,64
0,02 0.4%9
0.00 0.00
0.1 0,75

0,3374 x 107
0,1645 x 10
-0,4658 x 10
0,5134 x 10°

0.,1929 x 107

i-1

7€ X35-35 = 3j-25, ]

I
=1

1{1)23

5
6

7
8
9

10

(X3, _z5)

n tanthiy Coefficient of MNewton Interpalarion.

Hours

14
15
16
17
18
19
20
21
22
23
24

Mean hourly
temperotures

ool ;Lﬁ:;ﬁ
22,85 22.72
22,94 22,94
22.97 23,02
22.80 22,90
22,53 22,53
22,06 21,97
21,38 21.29
20.62 20,62
20,05 20,03
19.40 19.55
19,15 19.15
18,73 18,78

= ~0,5536 x 10712

- 09599 x 107"

0.2444 x 107

= -0.1883 x 10717

0,1029 x 107"

= -0,4547 x 10718

ation af Monthly Mean Value of Diuraal Temperature Veriation.

% x £{1,24}

)

[

Menth: May

39

Period: 1956-1971

and Ay, 1 = 1(1)24 ore given in Table 8,

Differences ATi
Mean Standard
Volue Deviotion

0.13 0.89

0,00 0.00
-0,05 0.87
-0.10 0.89

0,00 0,00

0,09 0.91

0,09 0,49

0,00 0.00

0.02 0,63

0,05 0.43

0.00 0,00
-0.05 0.71

01707 x 1077
-0.5575 % 1072
0.1603 x 10722
-0.4086 x 10724
0.9284 x 10720
= -0.1909 x 1072
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Month: June

Mel, Station of Hellinlkon Period: 1956-197%

TABLE A
Meon hourly Diffarences AT Mean hourly Differences AT:
temperatures ! temperatures !
;E Real inler- tMeon Standord jf:\:’ Reol Inter— Mean Standord
&9 polated Volue Deviatisn ¢ poloted Volue Deviatian
1 22.40 22 76 -0,36 0.71 13 27,13 97 406 0.07  0.84
2 21,99 21,599 0,00 0.00 14 27 436 97.36 0.00 0,00
321,62 21,22 0,40 0.45 15 27.37 27.51 0,14 0,91
421,31 20 83 0,48 0,69 6 27.32 27 .43 0,1 0.83
321,04 21,04 0,00 0,00 17 27.08 27,08 0,00 0,00
& 21,00 21.82 -0.72 0,70 18 26.57 26,48 0.09 0.79
7 2293 22.95 ~0.02 0.69 19 25.82 25.75 0.07 0.72
8 24,11 24,11 0,00 0.00 20 25,01 25.01 0,00 0.00
9 25,01 25.09 -0.,08 0,68 21 24,32 24.36 -0.04 0,64
0 25,75 25.81 ~0.06 0,79 27 23,85 23.82 0.03 0,67
1 26,32 26 .32 0.00 0,00 23 23,38 23.38 0,00 0.00
12 26,82 26,71 0,01 0.76 24 22,94 22.97 -0.03 0,70
TABLE B
Mecn Monthly Coefficient of Newton Interpolation,
A = 02187 x 102 A, = 07842 x 1077 Ay = 05175 x 10712 Ay, = 0.1996 x 107"
/12 = 0,316 x 10° Z\B = ~0,7978 x 107 ,T:\M = 20,1523 x 1073 320 = 0,5575 x d
A, = 0,228 x 107 Rg=-0.3822x 167 A, = 0.29%4 x 1w Ay = 0912 x 1072
A4 - ~0.3000 x 107 'Aw= 0.5042 x 10°° l]é = 02191 x 1077 2\27 = 0,493 x 107
A, = 0.2350 x 107 Ay -0.3854 107 K= 01192 107" Ry = 0.1142 x 10>
=7 35 -0 - S8 7 -27
Ay = ~0,1534 x 10 A, 041953 x 10 Ajg = -0.5281 x 10 A T 70,2094 x 10
TABLE C

Equation of Monthly Mean Value of Diurnal Temperature Variation .
_ _ 24 _oi-l
T{x) = A+ T Ay I <x-x3j_25) ¥ x £11,24}

i=2 j=1

where X34.25 = 33-25, 3 = 1{1}23 and K., i = 1(1)24 are given in Table B,

WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MNewAoyiag. A.lNM.O.




Wn@iakn curoyiy

IBAI0O" KN

‘OEOZPAZ TOX"
lrf.|r']|.|a FewAoyiag
A.lN.0

g

TABLE A
Mean
temy &

Tg Real
1 25.02
2 24,63
3 24,23
4 2390
o kgl
6 23,75
7 25.38
8  26.65
B L7 ]
0 28.60
i 20 .33
12 29,91

TABLE B

hMean Maonthly

A= 0,255
Ay -0,2902
Ay = 0.2106
Ay = -0.2512
'f-’* = 10,1441
A = -0.4980

TABLE <

TG =

N

(e]

Met. Station af Hellinikon

hourly Differences AT,
ratures 1
Inter- Peon Stondard
poloted Value Deviation
25,26 -0,24 0.79
24,63 0.00 0.00
23.98 0.25 0,66
23.61 0,29 0.75
23.74 0,00 0.00
24,40 -0.65 0.76
25.45 -0.07 0.65
26 .65 0.00 0.00
27 .76 -0.05 0,48
28,67 -0,07 0.68
29.33 0.00 0,00
29 .81 0.10 0.66

Ceefficient of Newlan Interpolation,

x 102

0
x 10

0
x 10

-1
= 10
1072
197

X

X

_ 2
Al + L
i=2

whete X355 = 35-25, 3 <

%7 = _0,8914 x 10':
Ag = £.5389 x 10
.?9 = -0,7719 x 10:3;
’f‘io: 0.7227 x 10_9
Ay -0.4930 x 10_10
Ry, = 02433 x 10

i-1
n
i=1

Ki (X“X3j _25)

1(1)23

Mean haurly
temperofures
Ig Real ;;;:;;d
13 30.28 30.17
14 30.44 30,44
15 30,49 30.56
16 30,47 30,48
17 30,10 30.10
18 29,51 29.46
19 78 .68 28,62
0 27.74 27.74
21 26,96 26,97
22 26441 26,37
23 25.94 25.94
24 25.48 25.58
Ay = 07373 x 10‘11 A
f‘]ﬂr = ~0,3226 x 10_14 i\
1—3\75 = 0,2169 x \0_15 f
f‘]{, = -0,1725 x ]0_‘? f
A\? = 0,%341 x 10 A
Ajg * 04032 x 0% A

Equaticn of Manthly Mean Value of Diurngl Temperature Variation.

¥ x £{1,24)

|

Month: July
Period: 1956-1971

Differences ATi

Meon Standord
Value Deviation
0.1 0,79
0,00 0.00
0,07 0.98
-0,01 0.93
0,00 0,00
0.05 0,89
0,05 0,76
0,00 0,00
-0.01 0.72
0.04 0.67
0.00 0,00
0,10 0.71
= 0,142 x 1077
= 20453 % 1070
~ 0.1212 x 1072
= 20,2750 x 1072

0,510 x 1072
= -0.7065 x 1072

and A&;, 4 = 1(1)24 are given in Teble B,
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Month: August

Mret, Station of Hellinikon, Period: 1956-197)

TABLE A
M .
’_V\EOH hourly Differences AT; 230 hourly Differences AT.
femperofures temperatures )
,E Real Inter- Mean Standord Ig Recl Inier- Mean Standard
e polated Volue Deviation =a polated Volue Deviotian
1 25 .47 25,57 -0.10 0.67 13 30,72 30.73 -0.0 091
2 25,03 25.03 0.00 0,0 T4 31.06 31,06 0.00 0.00
3 24 .68 24,48 .20 0,60 15 3.4 31,20 -0,06 0.82
4 24,40 24,13 0,27 0,62 16 30,97 31,08 -0.1) 0.79
5 24,14 24,14 0.00 0,00 17 30,65 30,65 0.00 0.00
6 23.96 24.39 -0 ,63 0.70 18 29,91 29,91 0.C0 0.77
7 24,90 25.45 ~0,55 0,71 % 28,88 28,97 -0,09 0,49
8 26,55 26 .55 0,00 0.00 20 28,00 28,00 0.00 0,00
9 27,80 27,70 0,10 0.79 21 27.35 27 .19 0,16 0.59
0 28,79 28.74 0.05 0,65 72 26.74 26,61 0.13 0,58
11 29 .60 29 50 0.00 0.00 23 26,25 26,25 0,00 0.00
12 0,24 30,25 -0.01 0.80 24 25,78 25,94 -0.16 0,488
TABLE B
Meon Menthly Coefficient of Newlon [nterpolation.
. - - - -1 - -
Ry= 02512 x 100 AL - -0,843x 1070 A = -0380x 107 R < 07260 x 10670
112 = -0.3050 x 10° Ag = 0.7850 x 167 Ay = 03580 x 1073 Any = -0.2080 x 1072
- - - - - - -23
Ry = 0.1863 x 100 A - 09200 x 107 A= 00452 x 107 Ry = 0,545 x 10
- - -7 - - = - -25
,A4 = -0,1702 x 10 ! AlO: 0.8640 x 10 8 A]é = -0.6410 x 10 16 A22 = -0.5715 x 10
Ro= 08122 %107 A =-0.6200 x 167 A= 04437 x 107 A= 08300 x 1077
. -4 - =10 < -18 - -~28
= = = 0.2 =
Aé 0.4186 x 10 A1? 0.3403 x 10 Alp 0,2035 x 10 A211 0,8594 x 10
TABLE C

Equotion of Manthly Mean Value of Diurnel Temperature Variation.
_ oz oam1 _ )
TGy =4, + E Ap T (X-Kgyl55) ¥ x £{1,24}
i=2 3=1

where X39-25 = 33-23, 7= 1¢123  and Ry, 1 =1(3)24 ore given in Toble 8.
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Month: Seprember
Period: 1956-1971

TABLE A
Mean  hourly Differencas AT. Mean  haurly Differences AT.
temperatures 1 temr erctures !
_E' Real Inter- Meea Standard 3 Reo! Inter- Mean Standard
b polated Value Devigtion T polated Value Deviotion
1 2.4 21,62 0.01 0.72 13 26,85 26,94 -0,09 0.67
2 21.31 21.31 0.00 G.,00 14 2712 27.12 0,00 0,00
3 20.96 20,96 0.0 0,62 15 27 .04 27 .06 -0,02 0.78
4 2074 20,65 0,09 0,70 16 26.77 26,76 0.01 0.76
3 20,5 20,51 0.00 0,00 17 26.23 26,23 0,00 0.00
6 90,31 20,70 -0.3% 0,45 12 25.34 25,50 -0,16 0.73
7 20.51 n.2 -0,78 0.95 1% 24.34 24,63 -0.29 0,55
B0 04 22,26 0,00 0.00 20 23,75 23,75 0,00 0,00
e 23,77 23,44 0.31 0,56 Al 23,24 23,02 0.22 0,54
10 24,84 24,67 0,17 0.55 22 22,72 22,52 0.20 0.53
=5 7> 25,72 0.00 0.00 23 22,22 22,22 0.00 0.00
12 26,38 26,48 -0,10 0.58 24 21,84 21.99 -0,15 0.67
TABLE B
tean Monthly Coefficient of Newlon Interpolalion,
I\] = 02146 x 10° 7.\7 <0672 % 107 2‘13 = 09213 x 107 % ,&]9 = - 0,717 x 1677
_-2\2 = -0.2653 x 10° Ag = 0.1087 x 107 Ay, = 0.2700 x 10713 Ay = 07442 x 1077
-'.8.3 = 00,1425 x 10° A, = -0.7808 x 107 7-\15 = _0,4218 x 10" :A:u = 04170 x 1075
.2\4 = 0.5467 x 1072 'A]O= 05993 x 107 'AM = ~0.3841 x 107" ;22 = 0,801 x 1072
¥ -2 - N - -18 - .
AL = -0.1462 % 10 z Ayy= -0.4085 x 10 7 Ay, = 0.5595 % 10 Agq = -0.6562 x 10 26
A= 02165 %1070 A - 02225 %1000 A = -0.5735 x 10°0 A = 0.2098 x 1072
& 2 18 24
TABLE C
Equation of Monthly Mean Value of Diurnal Tempercture Variction.
- I |
T{x) = A] + I Ay E (X-X3j_25) ¥ x £{1,24)
1=2 3=1
where X35 o5 = 3325, § = 1(1)23 and ., 1= 1(1)24 ore given in Toble B,
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Manth: October

Met. Station of Hellinikon Period: 1956-1971

TABLE A
Mean  hourly Differencies AT, Mean hourly Differences AT,
" temperatures temperotures i
5 i
2 Inter- Meon Standard g Inrer~ Mean Stondord
Reol L ks Real -
poloted Volue Deviotion palated Value Deviotien
174 17.27 0,14 0.76 13 22,32 22,41 ~0,09 0,66
2 17,05 17,15 0.00 0,00 14 22 44 22,44 0,00 0,00
3 146,94 17.02 -0.08 0.56 15 27,34 2.7 0,17 0,60
4 16,72 16,78 0,06 0.45 16 21,90 21.70 0,20 0.53
5 16,53 16,53 0,00 0.00 17 21,10 21,10 0.00 0.00
& 16.3% 16,45 -0.06 0.62 18 20,13 20,42 -0.29 0,53
7 16,35 16.74 -0,39 0.83 19 19,46 19,71 -0.25 0.48
8 17,50 17,50 0.00 0.00 20 19,03 19,03 0.00 0.00
9 19,02 18,64 0.48 0,70 Al 18,59 18,47 0,12 0,58
10 20.28 19,94 0.24 0,77 22 18,21 18,10 0,11 0.59
Uoo?raz 2192 0,00 ,00 23 17.88 17,88 0,00 0,00
iz 21,85 21,98 -0.13 0.72 24 17.55 17.77 -0,22 0.67
TABLE B
Mean Monthly Coefficient of Newtan Interpofotion,
A = 0728 x 107 A, = 0.2460 x 107 A, = -0.4821 10712 A = D114 x 10720
,12 = 02137 x 10° 5\8 = 0.1189 x 107 Z\M = 0.2304 x 10710 2\20 = 0,356 x 1077
;13 = 09198 x 107 E\q_ = .0,4937 x 107 2\15 = ~0.1208 x 107 Zqz] = 00241 x 10722
2\4 = 0.5807 x 107° Z\]O: 0.2476 x 10 Rw ~ 07037 x 107¢ 322 = 00,3899 x 10724
;35 = 0,301 x 1077 Z\”: 01572 x 107 ;‘17 = ~0.4010 x 1077 7*23 = 0120 x 107
<7 -3 s - .18 =5 _ -27
Ag= 03591 x 10 Ap,= 0.9440 x 10 Alg = 042045 x 10 Ay = 0.2977 x 10
TABLE C

Equation of Monthly Meon Volue of Diurnol Temperalure Variotion.
- _on 14 .
T(x) = A +.x Ag T (x-x3j_25) Vv ox £{1,24)
i=2 i=1

where ¥3y-25 = 33-25, 4 = 1(1)23  and ‘Ei' i = 1(1)24 e given in Table 8.
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Metearclogical Station of Hellinikan

TABLE A
ffean  haurly Differences AT: Mean
temperctures ! -
¥
Real Inter- Meon Standard e Real
poloted Value Deviotion €
14,84 14,47 0.37 0,79 13 18,92
14,64 14,64 0,00 0,00 14 19.06
14,44 14,79 -0,35 0,70 15 18.98
14.24 14,62 -0,38 0,72 16 18,54
1417 14.17 0.00 0.00 17 17,82
14,05 13.73 0,32 0,69 i8 16,94
13,89 13,65 0,24 0.54 1% 16,46
14,18 14,18 0.00 0,00 20 16.06
15.70 15,27 0,43 0,70 21 15,72
16,96 16,64 0,32 0,45 22 15,45
17.90 17,905 0.00 0,00 23 15.17
18,54 18.77 -0.23 0.63 24 14,95
ABLE B
~ Mean Monthly Coefficient of Newtan Interpolation.,
.
= 0470 x 107 R = -0.3892 x 10t A, - -0.6249 x
= -0,1561 x 10° 38 = 0,2084 x 107 ’114 = 0,413 x
0.2695 x 107 By = -0.91165x 107 R, = -0.2806 x
= 00,1985 x 10 ’3‘10: 0.4015 x 107 '3\16 = 0.1781 x
A= 0,486 x 1072 R,,= -0.1963 x w” A, = 0.99% x
_ i -3 - =100 5
A, = 0.5428 x 10 Apy= 0,105 x 10 Alg = 044815 x
TABLE C
tion of Monthly Mean Value of Diurnol Temperature Voriotion
= - i-1
Tea) = A T Ay T (X-Xgype) ¥ x£(1,24]
i=2 i=1
here X35 55 = 33-25, § = 1(1)23 and Ay, i =

hourly

temr erotures

Inter=

polated

19.13
19,06
18,74
18,30
1782
17.28
16.68
16,06
15.55
15,26
15.17
15.14

Month: November
Period; 1936-1971

Differences ATi
Meon Stondard
Value Deviation
-0,21 0,62

0,00 0,00

0,24 0,62

0,26 0,5
0.00 0.00
0,34 0,99
-0.22 0.58

0,00 0.00

0,17 0,66
0,19 0.5

0,00 0,00
-0,19 0,469
= 20,2039 x 1077

0.7640 x 1072
= 0,256 x 1072
= 07819 x 107°°
= 02189 % 1072
= 0,5702 x 1077

1(1324 are given in Table B,
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Month: December

Met, Station of Hellinikon Feriod: 1956-1971

TABLE A
Meon  hourly Differences AT, Mean  hourly Differances  AT.
temperatures 1 temperatures !
. £
o Inter- Meon Standard 2 Inter- Meon Standard
Real
= o polated Volue Devigion  © Real poloted Volue  Deviation
1 1.7 11,00 0,27 0,95 13 1467 14,89 -0,22 0.64
2 1,03 11.13 6,00 ¢.00 14 14,87 14,87 0,00 0,00
3 11.00 11,22 -0.22 0,84 15 14,74 14,59 0.15 0.64
4 10,50 11.07 -0,17 0.80 16 14,37 14,17 0,20 0.55
5 1071 10,71 0,00 .00 17 13,70 13,70 0.00 0,00
6 10,63 10.34 0.29 079 18 12,98 13,21 0,23 0,56
710,57 10,26 0.31 0,80 19 12,54 12,70 -0.16 0,66
8 10,67 10,67 0,00 0,00 20 12,21 12,21 0,00 .00
g 11,52 11,53 -0.01 0,70 2] 11.93 11,81 0,12 6.83
10 12.80 12,65 0.15 0.61 22 11,69 11.56 0.3 1.0
113,73 13.73 0,00 0,00 23 11.46 11.46 0,00 0.0
127 14,31 14,52 -0,21 0,64 24 .32 1,42 -0,10 1.9
TABLE 8
Hean Monfhly Coefficient of Newten Inferpolation,
A= 0,220 x 102 A = <0.2840 x 1674 App = 01516 x 10712 R = -0.1505 w0’
= - - - - - -2
A, = <0.1397 x 107 Ag = 01273 x 10 g Ay, = 0798 x 10 13 Ay = 0.5600 x 10 '
A3 = 0.2095 x 107 ,2\9 - 0.3876 x 107 1\15 - -0.7656 x 1074 I\z] - 01854 x 10722
1\4 = 0,1687 x 107 ,E\m: 0.7842 x 1077 I\M = 0204 x 1077 7:\22 = 0,553 x 10724
" 2 . - - - - -25
A, = -0.4013 x 107 Ry, =0.1400 x 10 10 Ay, = 07132 x 10 17 Ry = -0.1508 x 107
L -3 = Sl S -1 <Y -27
Ay = 0,4300 x 10 App= 01045 x 10 Ajg = 0.3537 x 10 Agg = 043809 x 10
TABLE C

Equotion of Monthly Mean Valve of Diurnal Temperafure Variation.
. L2l
T(x) = A +E Ay M (X-Kyy 550 ¥ x£(1,24}

L i=2 i=1

where A35.25 = 33-25, = M1} and Ei’ i = 1(1)24 ore given in Tel e B,
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{a)January
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42| (bl February

10+
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Fig 3a. Mean daily temperafurevariation
real (dashed line) and due to inferpotatin {

solidline) in mefeorological stafion of Helli-
nikon for the period 1956-1971 andfor January.

3b Asinfig. 3a except for February.
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Fig &ha Asin Fig.3a except forMarch.
Lb. Asin Fig.3a except for April.
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{b) June
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. _ time—>

Fig. 5. Asin Fig 3a except for {a) May and (hb)

June.
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Fig. 6. As in Fig.3a except for{a) July and (b)

August.
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Fig.7. Asin Fig. 3a except for (3) September and

{b) Qctohar.
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Fig.8. As in Fig. 3a except for(a) November

(b} December.
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TIEPTAHY'H

APIGMHTIKH MEAETH TON HMEPHZEION METABOAQN THE
BEPMOKPAZIAY ATIO & EZYNONTIKEEZ IMAPATHPHEEREIE ETO
METEQPOAOTTKO ZTAGMO EAAHNIKOY

T
B. E. ATTOTPIAAKIL? woi I, T, TAKEAAAPTAIL**

Me iy dpvaola adm) mpeoeyyiletar ¥ owdpTtnoy ThHe NUsoNding LETX-
Boidic e Oeppoxgustiag pé tH mohudwpe mapspforis Newton, Dy enpeie
mapeBorne mhpope Tig Tipds g Oeppoxpaaias mobd dvtisTorolv otle guv-
OTTHES (PEG THPATYONGECY.

Yo owvéyze EEetaletar & dptpde Tdy onpelev mapspforfs, Etor date
T opdhpate Oplou el mapsploric ve elvar Ehdylota, xol TO TOAUGVLLO
mopsBorTc v mpoosyvilel dpioTo THV TMpayLETMY GUVEpTTGY THE TuEpd)-
g peTaloris Thg Usppowpacing. “Eletdobnray of mopepfori tév 8, 14,
wol 24 onpeiav, xal dmodzucvdstar b, ) mapepfoiy iy 24 orpelov (8 arn-
pete mapspforiic Gmd Thy wpowyoluevn Fufpx, 8 &md v mepobow, wal B
amh THv Embusvy) mposeyyilel wehlTepn Y GUVEETROY TG THLEPTOLHG PETH-
Bokvc 17g Oeppowpucing. ME w0 Bovlzo the mapsufiorfic 1ov 24 onuelov,
moreyiclnxay Splaies Tipds the Depuonpaaiog yix xéfe wiva, v w0 Metzw-
poroyint Zralpd tob ‘Eldmvinol wul yid thy meplode 1956-1971. T quvé-
yeux, Hrohoviclyxay of pioor guvteheatis Tel mohuwvipoy mapspBoiic New-
ton, yix xabe phve tig mopolorng weprddon. Me t Poflaoix tév cuvteheoTiiv,
Beehpes ) péom fueptoia mopela v wdbe wive. Térog, amd ) wéoy fuephow
mopete, &0’ dooy Ty yvootic of péosg dupes Ospuowpocizs yid wdls phva,
Grohoyiclnuay of Hpeg, wata Tig dmoleg oyuettvoveal ol dxpse Osppoxpasizs.

* Hevaarhpw Metzwporoyies [lavermiotnuion Oeoomiovbxng.
* EOvueh By Metswporoywed) “Trpeato.
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