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Abstract: Ground relief affects aerial photogrophy in many ways (distortion, pro-
blems of photo-interpretation elch.

Of partieular inlerest is the effect of ground relief upon photogramametric refra-
etion, eonsisting in differentiations of refractive index values, due to the vartations of
thermodynamie parameters beeause of the relief, in connection with free air.

In this paper we endeavour to study refractive index at high altitudes, namely the
mountain mass of Ayios Antonios on Ml Olympus, in correlation with refraetive index
in free air, caleulated upon dota of radiosonde observations from Muikra’ s Upper Air
Station tn Thessaloniki.

There is evidenee of the influence of mountein masses, which, ecombined with
the effect of atmespheric pressure, produces differences in values of refroctioe index
between corresponding places upon eertain eliitudes and in the free air.

1. INTRODUCTION,

The effect of ground relief on aerial photography appears under
many aspects, that is as displacement of ground points illustrated on
the photographic film, due to altitude differences, or as problems of
photointerpretation, from the general variability, caused by ground
relief, of thermal conditions, humidity, covering, reflection of light,
ete.

Besides the above, the effect of ground relief in the study of pho-
togrammetric refraction 1s also of interest, from the viewpoint that
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the refractive index depends on thermodynamic parameters, which
1s the subject examined herein,

In the relative works (Leijonhuvfud 1950, Faulds and Brock 1964,
Bertram 1966, Schut 1966) the refractive index in various elevated
ground points is usually correlated with the refractive index of the
same altitude in the free air, calculated from data of standard atmo-
spheres.

We, being interested in the study of photogrammetric refraction
- in the greek area (Patmios 1971, Patmios 1972), by means of actual
meteorological data, undertake here a study of the refractive index,
calculated from data of radiosonde observatjons from Mikra's (Thes-
saloniki} upper air station.

On the mountain mass of Ayios Antonios (Mt Olympus) a meteo-
rological network of surface stations was started in 1961, manned and
operated by the Institute of Meteorology and Climatology of the Ari-
stotelian University of Thessaloniki4; the nearest upper air station
of the greek network is that of Mikra - Thessaloniki, within a distance
in which radiosonde data are considered valid.

The surface stations of the above mentioned mountain area, because
of the deep ravines and the updroughts rising in them and causing con-
densation, are quite often covered by convective clouds?, besides the
ones produced by more general dynamic factors.

Moreover, the mountain mags of Olympus, remaining snow - free
during the summer season, acts as an additional thermal source?.

All the meteorological data nsed herein, have been obtained from
the records of the Institute of Meteorology and Climatology of the Uni-
versity of Thessaloniki.

2. METEOROLOGICAL DATA; OBSERVATIONAL PERIOD; WEATHER CONDI-
TIONS.

2.1 The meteorological data used herein have been obtained as
follows :

From the midday (12:00 GMT) radiosonde observation of Mikra-
Thessaloniki upper air station, we have taken data of temperature and
pressure in the free air, for levels of 2.817 m and 1.850 m. corresponding
to the altitudes upon Ayios Anlonios, on which stand the surface sta-
tions of Olympus Scientific Center (0.S.C.) (elev. 2. 817 m, on top of
the cone of Ayios Antonios} And the Skiing Center (3.C.} (elev. 1. 850 m.,
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on the axis of Sparmos ravine - Skiing Center - Ayios Antonios, facing
south towards the plane of Thessaly).

Values of the above elements have been obtained by plotting and
reading on thermodynamic diagrams of the wsan-31s/aD1aBATIC
CHART/U. 8. DEPARTMENT OF COMMERCE, WEATHER BUREAU type, the
corresponding temperature-height {T. H.) and pressure-height (p. H.)
curves, taken from temperature and pressure data, contained in daily
weather maps of the greek National Meteorological Service, for the
standard and significant levels 8.

From midday observations at the O. S. C. and the S. C. surface
stations, we have taken values of temperature and atmospheric pressure,
as well as the existing cloud cover.

Finally, from the midday observation of the surface meteorolo-
gical station of the Institute of Meteorology and Climatology in the
University of Thessaloniki, we have taken the cloud cover existing
above the area of Thessaloniki, where the sounding was effected.

2. 2 The observational period examined here, is that of the surnmer
1969 (from June 28 to October 14, when the meteorclogical network
of Mt Olympus was in operation), and especially the days of that sea-
son, when a radiosohde observation was effected at the upper air sta-
tion of Mikra. The above days, 86 in all, are distributed per month as
in the fellowing Table [.

TABLE 1

Number of days examined per monih

J J A s 0 x
3 30 21 19 13 86

2.3 Various weather conditions prevailed in the area of Greece
during the above days, described generally by the corresponding press-
TABLE II

Distribution of days examined per weather type.

I 17 iy vV VI Vil VIII IX Xa Xb XI XII X
45 12 — 4 3 2 2 3 6 — 3 3 1 56

ure pattern - weather type 8. Thus the 86 days examined, are distribu-
ted per weather type as in the following Table I1.
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In order to have a conception of the existing state of sky in the area
of Mt Olympus (0. 8. C. and 8. C.), as well as in the area of Thessaloniki,
we give in the following Table IIT the number of days, on which the total
cloudiness of the midday observation corresponded to the figures of
the first raw of this Table {giving cloudiness in tenths of sky covered)

TABLE IIIL

Number of days per tenths of sky covere, in each station.

Cloudiness 0 Traces 1 2 3§ & 3 B 7 8 9 10 P

AUT. 2 5 5 ) B 8 6 7 10 10 9 13 86 —
0.8.C. - — 7 2 5 4 5 [} 4 5 11 37 86 40
8.C. 11 — 1 2 2 ] — — b 1 12 35 86 9

and where in the columm marked v we have included the number of
cases on which the surface stations under consideration were near or
in the clouds.

3. STUDY OF METEOROLOGICAL DATA AND REFRACTIVE 1NDEX.

From air temperature and pressure values, obtained as above,
we have calculated 8 the corresponding values n of the refractive index,
using the following relation 3. 1 :

_ no -1 P
n=1% 70 momas 3.1

where n, = 1,0002926 1s the refractive index of the atmosphere for
(v C temperature and 1013,25 mb pressure,

a=(0,00366 is the temperature expansion coefficient of air,
t =18 the air temperature in degrees Celsius (°C},
= air pressure in mb.

Instead of the value n representing the refractive index, we have
followed, as it is nsual & the formula :

N = (n-1) 10° 3.2

from now on meaning by N the refractive index.

In Table TV have been included the minima, mean, and maxima of air
temperature (°C), air pressure (mb), and refractive index (N), correspond-
ing to the 86 days examined for the surface sltations of O. S. C. and
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S. C. on Mt Olympus, and also for levels corresponding to their (the
stations’) altitudes in the free air.

TABLE 1V

Minima, mean and moximae of air temperalure, pressure, and refraciive index in the
surface stations and in the free air.

0.8.C. (elevalion 2.817 m) Free air (level of 2.817 m)
Minimum Mean  Maximum Minimum Mean Maximum

Pmby 720 729,9 735 717 796,3 732
Ty —1,3 5,0 12,5 —2.0 3,9 10,8
N 201,5 206,9 211,9 200,8 206,8 212,8

8. G (elevation 1.850m)} TFree air {level of 1.8501n}
Pab) 824 8324 838 812 818,1 894
T¢ocy 31 13,5 23,4 0,0 9.5 17,0
N 291,7 2995 2382 2914 228,3 9377

In order to illustrate the effect of the ground relief of mountain mas-
ses as a thermal body, we have found the dilferences of air tempera-
ture between each couple of surface station and its corresponding le-
vel in the free air. In Table V we give a distribution of these differences
per 1°C, far intervals as the ones written in the upper raw of the Table.

The thermal effect being different on an elevated ground point
and in the free air, combined with the generally more complicated
influence of atmospheric pressure (due to morphological circulation fac-
tors), resulted in different values of refractive index on the ground
relief and in the free air; these differences are distributed as per the fol-
lowing Tahle VI

4 CoNcLUsIONS.

1. Air temperature values were found to he (Table V) generally
higher in the surface stations (in every case for the 0. S. C. station and
n 80, 2 % of the cases in the S. C. station) than those of the correpond-
ing levels in the free air, because the mountain mass of Ayios Anto-
nios on Mt Olympus acts as a thermal sonrce.

2. As concerns the refractive index, comparison indicates (Table
V1) a higher percentage of higher values on the ground; there is however
a certain dispersion of values, because the various combinations of air
temperature and pressure, have each time a different effect upon the
refractive index. ‘
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TABLE ¥

Disiribution of temperalure differences between each couple of station and its corresponding level in the free air.

3,0 —20 —1,0 0,0 1,0 20 30 40 50 60 69
Interval °C —3,0
—24 14 01 0,9 1,9 29 39 49 59 69
Tose 2817m — Tiree air 2817m 1 2 3 11 20 18 2 7 1 1 1
Tse  1850m — Tiree ajp 1850m & 7015 17 17 14 12
TABLE ¥I

Distribution of refractive index differences beiween each couple of surfuce station and its corresponding level in free air.,

—30 —240 —1,0 00 1,0 2,0 30 40 49
Interval N —-3,0

21 —4 —61 09 1,9 29 29 49
Nose 2817m — Nipee air 2817m 1 1 10 28 29 14 4 2 2
Nosc 1850m — Nypge ajr 1850m 5 15 30 18 10 7 1

86
86

86
86
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3. As to the variation of air temperature, (gradient) pressure, and
refractive index values with height, mean values show a larger decrease
on the elevated ground (8,5 °C/102.5 mb/ 22.7 N) than in the free
air (5.6 °C/91.8 mb/21.5 N) for the ditference of 967 m that exists be-
tween the two stations.
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