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NATURE OF THE DIURNAL VARIATION
OF ATMOSPHERIC PRESSURE IN THESSALONIKI

By
T. J. MAKROYANNIS

{Institute of Meteorology and Climatolegy, Aristotelian University of Thessaloniki)
(Introdueed by Prof. G. C. Livadas)

{ Received 3.4.1974)

Abstract: The nature of the diurnal variation of Atmospheric pressure in Thessaloniki
is examined for the 1931-39 and 1347-70 period.

The resulting hourty mean values indicaie that:

a. Atmospheric pressure, as an average for the 24-hours, has a double fluctuation,
with a primary maximum around 10 :00 hours, and a primary minimum around 17 :00,
while the secondary mazimum and minimum occur around 24 :00 and 04 :00 hours re-
spectively.

b. In the months of December and January a tertiary Rykatchef - fluctuation ap-
pears also, whose range is 0.02 mm Hg for December and 0.01 mm Hg for January,
occuring between 01:00 - 43 :00 hours in both months.

The Harmonic Analysis-four harmonic terms - of the
above hourly values, for cach month, gave the following results :

&. The first harmonic - 24-hours component - has relatively high values in the
summer and relatively small ones in winter, opposing the average annual veriation of
almospheric pressure in Thessalontki; however this scems to contribute positively to the
eccurence of the primary minimum around 17 :00 hours.

b. The second harmonic term - 12-hour component - should contribute considera-
bly to the development of the primary mazimum and the secondary minimum of the di-
urnal variation. The annual mean value of the amplitude of this component coincides
with Simpson’s ctews (equatorial component).

¢. The third harmontic term - 8-hour component - has relatively higher values in
winter than in summer. This contributes also to the secondary macimum.

d. The contribution of the fourth harmonic term - 6-hour component - is generally
insignificant.

INTRODUCTION

The need for systematic study of the diurnal variation of atmosphe-
ric pressure, resulted generally from the use of barometric tendencies
in pressure-change charts for forecasting purposes prevailing pressure
systems.

In the present paper we study the nature of the diurnal variation
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of atmospheric pressure in Thessaloniki, from the viewpoint of hourly
values and their mathematical expressions.

The first who examined atmospheric pressure in Thessaloniki was
ALEXANDROU ? who of course gives tables of hourly values but they
only cover the 1930 - 1937 period.

Another general study on atmospheric pressure in Thessaloniki has
been previously published (Livapas - MaxkroyaNNis %) in which hourly
values of the 1931 - 1939 and 1947 - 1970 period were examined.

In the past ApciniTis?, FiNDIELIS ¥ and MarioLoroULos** have
studied the subject of atmospheric pressure in Athens based upon mea-
surements of the 1894 - 1903 period the former, and 1904 - 1929 period
the other two.

MaTEriAL AND Process

The basic material of this study, consists in the hourly values of
atmospheric pressure taken from the recording of an uneroid barograph
combined with readings of a mercury barometer (bhoth manufactured
by R. Fuess) for 33 years in all, that is 1930 to 1939 and 1947 to 1970.

These instruments have fuctioned in the old and the new site of the
weather station of the Institute of Meteorology and Climatology of the
Aristotelian University of Thessaloniki. (1930 - 1958: Hz = 46.35 m,
1959 - 1970: Hz = 30.78 m) (Livadas %).

All these values have been reduced to O°C and M.S.L., through a
special program for processing the above data in the electronic compu-
ter (I.B.M. 1620/1I) of the Aristotelian University (Makrovannis &
ARSENI - PapaDIMITRIOU 11},

From Tables I and Il and Grapk { we draw the following conclusi-
Ons.

a. Atmospheric pressure in Thessaloniki as an average over the
whole year, has a double fluctuation in 24-hours (Table I & Graph I): The
primary maximum (max I} occurs around 10 : 00 and the secondary one
{max 2) around 24 :00 ; while the primary minimum (min I) occurs a-
round 17 : 00 and the secondary minimum (min 2} around 04 : 00 (1.
t.} (Table II, Graph I, year-curve).

b. The deviation from the mean-time of (max 1), {max 2), (min 1)
(min 2) is for every month of the year 4+ 1 or 4+2 hours (Table II).

¢. The daily range of (max 1-min 1) is larger in summer and smaller
in winter. The opposite exactly happens for the nightly range (max 2-
min 2) (Table II).

d. The mean value of the daily and nightly range is almost steady
the whole year through. (Table Il).
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TABLE 1I

time of time of time of  time of max., min, max. min., max.,, maX.,- sum mean of
max., min., max., min., values values values  values -min., -min, {a{+b) a,b
a b
I 10:00  16:00  24:00  05:00 6406  63.06  63.95 6335 1.00 059 1.59  0.79
F 11:00  16:00  25:00  05:00  62.84  61.64 62.46 6248  1.20  0.28  1.48  0.74
M 10:00  17:00  01:00  04:00 6273  61.39  62.38  62.06 1.3% 032 1.66  0.83
A 10:00  17:00  24:00 0400  61.23  59.85  60.91 6058 1.39  0.33 1.2  0.84
M 08:00  17:00  24:00 0400 6074  59.61  60.58  60.29 1.15 030 144  0.72
J 08:00  17:00 2400 0400  60.82 5941  60.44 6023 142  0.22 166  0.82
hj 08:00 1800  24:00  0&00 6046  58.57  59.73  59.59 160 04% 174 087
A 09:00  18:00  24:00  0&:00  60.51  58.84  60.02 5985 1.68 0.7  1.85  0.92
S 10:00 1700 2400  04:00  63.08 61.60  62.60  62.30  1.48  0.30 1.78  0.89
) 10:00  17:00  23:00 0400  64.49  63.17  64.08  63.79 132  0.20 161  0.80
) 15:00  23:00 .

N w000 1280 300 o500 6as2  63.43 6424 63.82  1.09 042 151 0.75
D 10:00  15:00  23:00  05:00  63.69  62.53  63.30 63.01 1.6 029  1.45  0.72
Mean  10:00  17:00  24:00  04:00  62.52  61.2a 6247  61.90 1.28  0.27  1.55  0.78
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TABLE IV

Harinonic analysis of diurnal variation of pressure (M .5.L.) at Thessaloniki Greeee,

mean 1st harmonic 2nd harmonic 3rd harmonic 4th harmonic
pressure a, t, Ay a, t, A, 8, ty A, a, t, A, lLimin  tymin
mm Hg mmHg mmHg mm Hg mm Hg

763.66 0.20& 301507 32°.32 0.363 9029’ 165°.43 0.087 0h55° 48°.28 0.085 3023 247°.00 15h517 3h29’
762.41 0.290 5PM16° 11°.09 0.376 9h30° 164°.98 0.104 1b5¢” 7°.07 0.009 0h37”  52°43 17015° 303w
762.27 0.356 5he’  13°44 0402 9b37' 164° 52 0.049 1b33° 5°.70 0.030 1R16"  13°.46 417h06’ 3Sh37’
760.76 0.392 540’ 12°36 0,424 9041’ 159°.21 0.007 &by’ 174°.76 0.045 1h29’ 0°.52 17h41° Jh407
760.45 0.385 5ho0” 14°.88 0.337 9h38” 160°.85 0.069 5048 214°.25 0.018 0h31* 58°.70 17ho0” 3h3s’
760.34 0.488 5h2g  9°.00 0,359 9h37” 161°51 0.058 5h49° 187°.97 0,012 1b14”  16°14  17h24" 3hyy”
759.60 0.591 5h17° 10°.69 0,359 9h38° 160°.78 0.054 5h59° 180°.76 0.015 1h2y’ 7°.83 17h17’ 3h3g’
759,91 0.586 5h32°  7°.00 0.202 9h37" 164°.57 0.037 5h&1” 194°.32 0.021 1h56” 333°.80 417h3e’ 3h37’
762.51 0.401 5043 4°.32 (.435 9b31° 164°.24 0,024 34’ 344°51 0.047 2Bo0’  329°.99 47h4i3’ 3haf’
764.00 0.327 5h5"  13°.60 0.408 9M47° 171°41 0.073 1844° 11°.79 0.016 1b52° 337°.58 47ho5’ 37°
76411 0.485& 4M4’ 26°34 0.378 986’ 176°90 0.104 1h25  26°.921 0.028 3h31° 238°.37 46D16’  shoe
763.24 0.206 545 3271 0.303 9bip’ 4159968 0.076 203’ 355°.76 0.055 1B33° 357°.00 417hay  3hgo’

ool b 3 &

Year 761.94 0,368 5B12’ 12°72 0.378 9h29° 165°.43 0.026 2h25"  21°00 0.013 2h25° 305°.19

y, 4y, 83, 8 = The amplitude of 1st, 2nd, 3rd, 4th harmonic.
A, A, A,, A, = Phase angle of 1st, 2nd, 3rd, 4th harmonic

t, by, ta £y = Time of maximum of 1st, 2nd, 3rd, 4th harmonic.
timin, tymin = Time of minimum of 1st, 2nd harmonic.
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Variation of amplitude (a,), over the year of whole, follows a rather
definite pattern (Graph II).
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The relatively large summer values and the rather low winter va-
lues, oppose the annual mean variations of atmospheric pressure in
Thessaloniki (Table 1V, column 1 and Livadas - Makroyannis ),

Consequently it can assumed that the first component does not
contribute much to the pattern of annual variation of pressure in the
area examined.

The time (t,} of maxima of amplitudes {a,) of the component 1 (de-
fined by : s in (15t + A)) =1} is constant 05:00 (l.t.) during the
whole year, except for January (03:00 ) and November (04 :00 Lt.).

The time of minima (Ly,;,) of amplitudes (a,) of this some compo-
nent is also constant 17 : 00 (Table IV). Consequently the first harmo-
nic contribute considerably to the formation of the primary minimum.
(min TI).

12-hour variation (component 2)

The semi-diurnal variation is believed to be the effect of a world-
wide oscillation. This in fact is the most important variation and has
drawn the attention of many researchers in the past.

Simpson 13 proposed that its contribution to the diurnal variation
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of pressure at any place could be broken down into equatorial and Po-
lar components, defined by:

-equatorial component {a,) = 1.249 cos?p sin (30t + 154°) mb
-polar component (a,) ==0.183 (sinp - -1} sin (30t + 105° - 24) mb
where ¢ =latitude and A —=longitude

Simpson’s equatorial component for Thessaloniki {¢ = 40° 37’) is

ay = 0.545 mb, this value being in absolute agreement with that found
in practice, that is:a,=0.378 mm Hg or

a, = 0.540 mb (Table III, year).

The phase angle of 165° is also in quite close agreement.

The polar component for the same area (A =22° 57" E) is
a, ==0.0165 sin (30t -} 59°) that is rather negligible.

Graphs III and TV show that there is appreciable variation in the
amplitude of component 2 with equally high values in spring and au-
tumn and rather low-values in early summer.

The time (t,) of maxima of amplitudes (a,) is the same {around
09:00-09:30 I.t.) throughout the year. (Tabie IV}). Consequently, it
can be said that the second harmonic component contributes mainly to
the primary maximum (max 1) accuring around 10: 00 (L.t.).

Also the time of minima (t, min) of (a,) oceurs as an average around
03:30 (i.t.) (Table IV).

Consequently the second harmonic has a definite effect on the se-
condary minimum (min 2) also. around 04:00 (Lt.).

8-hour eariation (component 3)

Graphs V and VI show that the variation of component 3 should
constitute the main reason for higher, as an average, pressure values in
winter and lower in summer, in the area examined.

The time of maxima (t,) (Table IV) shows that the trend of winter
values is the occurence of (max 2) around 24:00 (l.t.) while summer

values result in the actually observed increase of pressure between
04:00 and 10:00 (L.t.).
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6-hour variation (component 4)

Absolute values of amplitudes (a,) as well as their variation over
the year (Graphs VII and VIII) are insignificant.
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This and the time of maxima {a,) show that the effect of harmonic
component 4 upon the final pattern of the diurnal variation of atmos-
pheric pressure in Thessaloniki is insignificant. This is the reason why
in the present research, we have not gone further than 4 harmonic terms.

CONCLUSIONS

From all the above mentioned we draw the following conclusions:
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a. The diurnal course of atmospheric pressure in Thessaloniki has a
double fluctuation, except in December and January, wich also have a
tertiary- Rykatchef-fluctuation, of relatively small range.
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b. The harmonic analysis of hourly mean values, for every month

and the whole period examined, shows, that:

1. The resultant double fluctuation of this diurnal course, comes
from the interference of waves of 24, 12, 8§ and 6-hour period.

2. The 24-hour variation {component 1) contributes positively iu
the pattern of the primary minimum (min 1) of the resultant fluctuation.

3. The 12-hour variation (component 2) also contributes to prima-
ry maximum {max 1) and the secondary minimum (min 2} of this flue-
tuation. There is here a coincidence with Simpson’s!? views.

4. The 8-hour variation (component 3) contributes to the relative-
Iy high winter values and lower summer values of atmospheric pressu-
re in the area examined, and also to the secondary maximum. (max 2)
of the resultant fluctuation.

5. The contributions of the 6-hour variation is overall insignificant.
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EIII THE ¢YZEQY THE HMEPHXZIAY KTMANZEQY
THX ATMOZQAIPIKHY IITEXZEQY EN GEXTAAONIKH

Trd
TIMOAEONTOZ . MAKPOI'TANNH

("Ex tot 'Egyagtnplov Merewpoloylag xai Klparoloyias,
*Apiororedeiov Hovemornuiov Geooalovinge)

NDEPIAHYIZ

Meretarar 1 pbowg t7g Auepnolas mopelag THe *Arpoapurguds Tliécewng
gl Thv Bzgoahovinny - weplodog 1931-39 xal 1947-70.

Al =5peBetoa péoar dpaion Tipal Sstxvdouy &1t

a. Kata péoov 8pov, 7 dtpocporgind micowg xate v Sidpxsiay 1ol
2hdpou, mopovotalet SImATY xopavety, ud T xlplov wéytotoy mepl v 10:00
dpav, T wipov Ehdytotov wepl v 17:00, 16 Seutepelov uéyioTov mepl ThHy
24:00 %ot 18 Seutepelov Ehdytatoy mepl Thv 04:00 Hpav.

B. Elc wodg pivas Aexéufprov wal "Tavoudprov dupuvilerar xod tprrei-
ouoe whuavere Rykatchef - efpoug 0.02 mmHg $ia vév Asdpbplov xal
0.01 mmHg 8w tov “lavoudpiov, xal petald <év opév 01:00 - 03:00, 8
aupotépavs vobe pivac.

‘H "Appoviny "Avaivoig - Téooupes &ppovixol Bpot - TV
A dven Gpratov Tiudv, 8 Sxactov wiva, dider Td ££%c dmoteiéopata

a. ‘O wpidrog dppovinds 8pog - meplodog 24 bpdv - mapoumaler GYmidg
oyeTiide Timag xatk t0 0épog wal yopmhde xatd TOV yewwbiva, fror dvribeta
ud v xatd péoov dpov érnsley mopetav THe drpespupic miécews elg ThHY
Oeosadoviny, dika puivetar va oopfdiiy Oetixéds el Thv Stapbppasty Tol
woplov Ehayiorou mepl thv 17:00 Hpav.

B. “0 3edrepoc dppovinds Bpog - meplodog 12 dp&v - mpémet va supPBaiin
Betikdic elg Tv Srxpdppaoiy Tob xuplov peyiorou xal Tol Ssutepebovtog dha-
yhotou THe uepnoias wupdvoswe. ‘H péon 38 dmola mipl ol mAdTovs Tob
dpou adtob, edplonetar tlg dméiurtov evppwviav ug tac drddeic vou Simpson
tonueptvy) ouvieTdon -.

v. ‘0 Tplteg dpuovixds Bpos - mepiodoc B dphv - dupaviletan pi ndEn-
wévag CYETINGG TGS XUTX TOV YEwwdva, Svavtt Tob Oépous. TupBdire: 82 Oe-
Tixd¢ tle v Swpdppwoy Tol Szutepslovtog peyioTou.

8. ‘H oupPorh 82 yevinde 7ol Tetdprou dppovinel fpov - mepledog 6
Opdv - elvan aofpavrod.
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