Sci. Annals, Fac. Phys. & Mathem., Univ. Thessaloniki, 45, 33, (1975).

DEGREE DAYS IN ATHENS AND THESSALONIKI

by
ANG, ARSENI - PAPADIMITRIOU

{Institute of Meteorology and Climatology,
Arisiotelian University of Thessalontki).
{Received on 13.12.74%)

Abstract: Study of degree-days in the two major cities of Greece, Athens and Thes-
saloniki, proves that the latter has much highcr values than the former.

Mean values, as well as mean remaining and mean accumulated degree days are
tabulated.

Finally an equation for calculating fuel consumpiion estimates, as a function of
degree-days and certain other factors, is given.

INTRODUCTION

The need for estimation of fuel consumption, for small or long
intervals, arises quite often in our time. On the other hand the demand
for heating fuels is closely related to the prevailing weather conditions,
and air temperature in particular.

The unit of measurement that is widely employed by heating en-
gineers in the U.S., the U.K. and other countries, for the estimation of
- fuel consumption is the «degree dayw», that is the accumulated
temperature deficit below the temperature of 65°F or 18.3°CW.

The «degree-days» (D;) of each day are defined by the following
relation:

D, =183 —T

where T_, the daily mean temperature of a certain place.

When T, = 18.3°C we consider the degree-days of that parti-
cular day as zero.

We should also mention that when degree days are to be used for
the estimation of fuel consumption in spaces where manual work is
conducted (factories, workshops etc.) their calculation basis is 45°F-
55%F, that is lower than the one used in the present work; in that case
we have the so-called «industrial degree-days»

m?
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In this work we shall examine the «degree-days» of the two major
cities in Greece, Athens and Thessaloniki, in which, according to the
census of 14 March 1971, are gathered 35,39, of the whole population
of Greece.

Data of degree-days, for these two cities are given analytically (per
month and heating season) at the end of this paper {Appendix I
and II).

MATERIAL

The period examined herein extends from 1 October 1945 to 30
September 1973, since the cold season (when artificial heating is needed)
in Greece, begins in October and ends in April of the next calendar year.
We assume the above two months as the beginning and the end of the
heating season, because October as well as April have quite small tem-
peratures Livadas‘”, Flocas - Arseni®®,

The material used has been taken from the following two sources:

— «Climatological Bulletin» of the National Observatory of
Athens®1® for the city of Athens.

-— «Observations Météorologiques de Thessaloniki»®'® for the
city of Thessaloniki.

Mean and extreme Values of Degree-Days

The mean and extreme annual values (that is the sum total of d.d.
of each heating season) of degree days in the cities of Athens and Thes-
saloniki for the 28-years period (1946-1973) and their differences are
given in the following Table I.

TABLE 1
Athens Thessaloniki A (A-T)
Max. 1533.0 {1948-1949) 2026.9 (1953-1954%) 493.9
Mean 1185.544-140.51 1628.94-159.91 443.5
Min. 924.9 {1960-1961} 1300.0 {1960-1961} 3751

The warmest winter season (with the minimum of degree-days)
coincides in both cities in the 1960-1961 winter; while the coldest has
been for Athens the winter of 1945-1949, and for Thessaloniki that of
1953-1954.

The annual numbers of degree-days in both cities have a strong
correlation, equal to 0.4 (GRAPH I).
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The winter seasons of 1963-1964 and 1971-1972 had a reversion of
conditions in the two districts: that is the value of d.d. rose in Athens
while it fell in Thessaloniki; in both cases Thessaloniki had a rather or-
dinary winter while Athens had an unusually severe winter.

Mean, Accumulated, and Remaining Degree-
Days.

In Table 11, under the heading of «wmean degree-days» we give the
mean per month values of this parameter. The warmest' month of the
heating season is October for both areag, and January the coldest.Values
are as a rule, higher in Thessaloniki than those of Athens. In Athens a
percentage of 88,4%, of the days included in the winter season (1/10-
30 /4) have T, < 18.39%C, while in Thessaloniki the percentage of such
days is 93.3%,. This fact again explains the superiority of Thessaloniki’s
values over those of Athens.

In the first part of this same Table II, we give under the heading
«mean remaining degree-days» their sum-total from the
first day of each month till the end of the heating season; while under
the heading of wmean accumulated degree-days» the
sum total of d.d. from the beginning of the heating season till the end of
each month. Each figure in this Table is followed by its standard devi-
ation and probable error. It is noteworthy that all values stand in the
interval of mean J-3¢.

Studies conducted in various Institutes of the U.S. (i.e. Univ. of
Ilinois®) proved that when data of degree-days of a certain station cover
a long enough period, the estimate of fuel consumption of a future heat-
ing season is satisfactorily expressed by mean values of the afore men-
tioned period. However deviations from such mean values would be
recorded in belated or early winters. Still best results are to be obtained
in regions with small standard deviation values (J-0¢). Yet, in spite of
such drawbacks, the prediction of future degree-days is meant to play
an important role in economy and the petroleum industry.

The Degree-Day Method

The accurate calculation of the estimated fuel consumption of a
certain period is extremely difficult, since many factors enter into this
calculation, such as the heat loss or the required system capacity whose
final result has a different effect on the fuel consumption of every given
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moment of the estimate period. Besides, the amount of fuel required

also depends on the material used, since each has a different efficiency
of utilization.

TABLE 11
Degree-days (1.10.1945 - 30.4.1973)
ATHENS
0 N D J F M A Heating
Beason
Mean degree days
remaining 1185.4 1150.5 1043.9 821.7 543.7 309.0 92.%
Standard deviation (¢) 140.5 440.2 1224 952 859 60.2 31.8
Probable error 94.8 946 823 642 579 406 215
Mean degree-days 349 106.6 222.2 278.0 2331 216.6 92.4 11854

Srandard deviation {g) 23.5 316 47.7 43.2 458 439 3.8 4405

Mean accumulated

degree-days 3459 1415 3648 641.3 876.4 1093.0 1185.4
Standard deviation (¢) 23.5 424 742 940 106.5 1256 1405
Probable error 15.8 284 500 634 71.8 847 948

THESSALONIKL
0 N D J F M A Heating
SBeason
Mean degree days

remaining 1628.9 1563.6 1388.5 1066.8 678.7 371.4 106.2
Standard deviation {#) 159.9 155.6 1444 1052 96.6 62.2 33.6
Probable error 107.9 105.0 972 710 652 42,0 227
Mean degree-days 65.3 1754 321.8 38841 307.3 2611 106.2 16289

Standard deviation (¢) 35.4 33.7 554 56.6 579 444 336 1399

Mean accummulated

degree-days 65.3 240.4 5621 950.2 1257.5 1518.6 1628.9
Standard deviation {o} 35.4 553 846 1084 127.4 1450 159.9
Probable error 239 3723 574 729 859 978 1079

We shall not go into any further details on the methods for calcula-
ting such factors as heat loss, capacity of the building, and feficiency of
utilization of fuel, which are beyond our field of study; we shall only
give the equation used for caleulating fuel consumption estimates, which
has as follows:

F=UxN,xDxC
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where: F = fuel consumption for the estimate period.

V = quantity of fuel used per degree-day (building load unit).
N,= Number of building load unit.

D = Number of degree-days for the estimate period.

Cy= Temperature correction factor.

The values of N, depend on the building for which the estimate
must be found by surveying plans, by observation, or by measuring of
the building.

The C, that is the temperature eorrection factor, is a multiplier de-
pending from air temperatures in %F. We should mention that in the U.S.
and Brittain, calculation of degree-days is effected by the Fahrenheit
temperature scale; since air temperature is measured in Greece by the
centigrade scale (“C) our study is based on the scale used in this country.

In countries where such estimates of fuel consumption are emploved,
the resulting amounts approach very much the actual quantities,
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Tear

1945-46
1946-47
1947-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
Toatal

Mean

0

6.5
51.5
45.0
18.3
46.1
33.9
88.5
10.2
38.8
15.2

9.7
33.7

9.2
36.0
86.6

3.6
32.0
21.3
40.3
12.6
63.2

0
121
39.3
36.3
41.4
68.3
76.9

976.5

34.88

ArrEnDIX I

Degree-days in Athens. (1.10.1945 - 30.4.1973)

N

111.5
67.7
101.2
142.9
97.4
109.8
143.3
132.8
201.8
1200
1324
110.9
119.9
121.5
136.4
41.5
65.8
59.6
66.3
118.6
88.7
70.6
118.3
119.4
74.0
108.5
118.0
117.4
2985.6

106.63

D

261.4
254.8
170.3
352.8
205.0
152.5
252.2
166.1
313.0
226.0
188.9
267.9
261.2
183.8
172.0
128.8
208.8
250.9
207.9
200.6
217.0
210.4
188.9
243.3
198.5
228.6
240.7
269.4
6221.7

222.20

J

297.2
356.1
189.5
299.2
353.1
233.8
256.0
283.7
316.7
1881
248.3
312.5
285.0
2744
244.5
270.3
242.9
2744
360.5
266.6
2774
285.5
313.5
319.5
231.9
224.0
283.1
2951
7782.5

277.95 23342

F

2531
186.5
281.7
292.7
218.6
186.9
250.7
218.4
273.6
1404
2734
192.0
173.4
302.3
216.0
276.3
256.9
198.3
287.6
293.0
149.4
2811
224.7
190.2
187.5
252.9
256.9
26141
6572.3

M

2201
98.1
259.7
299.4
218.9
158.8
226.8
296.7
204.1
181.4
3161
225.8
202.0
180.7
2301
169.1
165.3
233.2
210.9
210.0
210.4
215.0
226.2
232.8
187.8
216.9
2121
257.3
6065.7

216.63

A

81.3
39.5
1001
127.7
74.6
59.7
49.8
78,9
159.3
152.5
84.2
105.4
108.3
98.6
97.7
35.3
70.6
96.5
101.3
126.9
59.0
107.6
62.6
144.0
62.7
116.5
74.2
1121
2586.9

92.39

Total

12311
1054.2
1147.5
1533.0
1243.7
935.4
1237.3
1186.8
1507.3
1023.6
1252.4
1248.2
1159.0
1197.3
1183.3
924.9
1042.3
1133.9
1274.8
1228.3
1065.1
1170.2
1143.3
1288.2
978.7
1188.8
1253.3
1389.3
33191.2

1185.40
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ArpEnpIX If
Degree days in Thessalontki. (1.10.1945-30.4.1973 ).

Year 0 N D J F M A Total

1945-46 93.6 176.2 348.0 432.9 314.2 231.0 96.4 16923
1946-47 1121 130.0 313.2 471.3 281.5 143.1 44.8 1496.0
1947-48 75.4 1751 319.9 275.5 355.2 251.8 105.0 1557.9
1948-49 30.3 211.7 475.5 381.5 326.7 3371 134.8 1897.6
1949-50 55.5 148.6 294.5 460.1 2714.3 228.8 69.1 1527.9
1950-51 43.3 1921 219.2 322.1 242.2  200.4 81.7 1301.0
1951-52 127.7 157.6 340.3 346.8 326.0 272.9 56.5 1627.8
1952-53 53.0 173.2 239.6 372.7 275.8 302.9 88.1 1505.3
1953-54 77.8 265.1 405.8 472.3 416.1 233.6 156.2 2026.9
1954-55 49,0 194.8 299.3 279.8 195.3 243.3 185.5 1447.9
1955-56 36.9 216.1 293.0 3644 414.8 373.0  113.0 1811.2
1956-57 68.4 217.2 364.0 412.8 231.0 259.0 113.4 1665.8
1957-58 39.7 173.0 367.7 368.9 245.4 2794 1306 1604.7
1958-59 76.7 170.0 293.7 417.8 3501 231.9 124.3 1664.5
1959-60  125.8 206.4 2435 355.6 3041 278.0 130.7 1644.1
1960-61 17.0 114.2 210.9 391.2 317.7 192.5 56.5 1300.0
1961-62 32.8 135.4% 345.8 348.2 356.4  254.0 102.0 1574.6
1962-63 43.4 117.5 3971 454.6 315 302.8 129.0 1755.9
1963-64 61.4 137.5 329.4 459.8 3481 257.4 118.6 1712.2
1964-65 32.2 1651 295.7 358.2 426.4 261.6 150.9 1690.1
1965-66 75.0 189.8 303.7 417.6  196.0  252.0 80.3 1514.4
1966-67 6.1 153.8 326.3 425.0 351.6 248.5 1309 1642.2
1967-68 29.3 164.3 3291 441.7 279.8 2723 871 1603.6
1968-69 65.9 156.1 348.8 437.4 276.7 293.9 151.9 1730.7
1969-70 55.9 133.% 298.7 330.8 276.2 251.0 86.6 1452.9
1970-71 771 193.7 330.4 289.6 317.7 295.3 143,6 1647.4
1974-72 108.0 210.7 3104 3603 312.9 245.3 87.0 1634.6
1972-73  157.8 203.0 366.0 416.5  284.5 31484 133.3 1879.2

Total 1288.0  4901.9 9009.5 10865.4 8605.2 7310.9 3087.8 45608.7
Mean 65.29 175,07 321,77 388.05 307.33 261.10 106.21  1628.3%
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NEPIAHYIZE
DEGREE-DAYS AQOHNQN KAI OEXEZAAONIKHE

‘Trd
AT, APXENH - 1IIAIIAAHMHTPIOY

Meretdipey el thv mapeloav épyaciay ta degree-days tév “Abnpvav
xat Geooohovixng.

‘Optlerar 8¢ G degree-days (Dj) Exdomg fupoc 1o Beproxpacioxdy
Ehetpa adtg xotw The Beppoxpadios tév 18.3°C 3.

Dj = 18.30_ TM: ,E’VOGL

Ty ) péon huepneia Tipdh i Deppoxpusing xal Sia Ty <18.3°C.

‘H 28ethc meplodog g perémeg pug slvae ) mepthapfavopdvy amd 1ng
*Oxrofipton 1945 Ewg 30 Zemrtepfiptov 1973 xal dvagepdpeba clduearspa cig
Tag yeipeptvag meptédoug abrtis.

Elvar sagig f dmepoyn tév tipdv tov degree-days tic @Qecagarovinng
Evavtt TV dvnigtolywv tév "AbBpdv (GRAPH I, APPENDIX I =ei II).
Tolitoe Suxanohovelror xal dmd T8 peyaidrepov mosootdv Huepdv pe Ty <18.3°C
ol mapovotalz | Qeooadoviny xats Ty Jurpk weptodo v oyfost mple Tds
v "Afnvév (93.3% Evavtt Té@v 88.4%, tév TABnvév).

‘0O Beppbrepog EE Shav v wviiv tHg Beppawvopédung EmoyTeg dmd *Oxto-
fotov - "Ampiiiov elvar & *Oxnrofpros, 2vé & Juypdrepoc 6 lavovdprog. ‘H
yeteepvl) meploBog Tob 1960-1961 mHpkev 7 Beppotépa xal S tag dbo wé-
Aelg, &vdd 7 Juypotépa Srd pdv tac *Abfvac Hro vH 1948-1949 xed Sia 8¢ v
Qeooarovixny o 1953-195H4,

"Evag and Tobe ypvotpomolovpévons siz "Apeptedv xal "AyyAlav timove,
Omohoyioptv Tav kavstpoy mob dmartobvrar cle plav ypoveiy meplodov
glvar &:

F=Ux N, x Dx C &ba

F ="H xaravérwowg xavelpwy the Iyroupévns meptédou,
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U ="H dv& degree-day mosdtng tol yproigoneovpevou xausipov (building
load units)

Ny="0 2p0psc 1év building load unils.

D ="0 aplypdc tév degree-days

Cej= Zuvrerzotie Soglboews Bzppoxpasiag.

To N, Eaprdtar amwd =5 xriptov elg 0 dmolov dvagpepdpele xal dmoroyilerat
Sk Dapbpwv pstphosey clg adtd. To O slvar Bvag auvredsotic 6 bmotog
Eaprdvar dntd Thy ele °F Exgpalopiwnv Oeproxpasiay.

‘H psrdrn vdv degree-days mxiler amovdaio pbého elg v olxovoplay
xel Thy Propnyavioy metpcharostddv, Stav Pactletar elg peydhog ypovixde
Teptbdoug.
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