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Visibility is an increasing problem not only for meteorologists, but also 
for surveyors and specialists of aviation. Surveyors cany out measurements 
in the atmosphere, therefore visibility determines the range and accuracy 
of both traditional gcodetic measurements - primarily horizontal and height 
goniomctry and of up-to-date electro-optical telemetry. 

Determination of horizontal and slant visual range is important not only 
for scientific reasons, but for nearly all sections of transport: in navigation, 
in rail and road transport, and above all, in aviation, systematic meteorological 
observations are necessary of long standing for safe taking off and landing. 

This problem has already been treated by us [31], here particulars of 
statements will be discussed. 

Before examining this complicated problem, let us see the definition of 
visibility. 

lVIeteorological vis£b£lity As defined by the Meteorological World 
Organisation, it is the greatest distance at ·which a black object of suitable 
dimensions can be seen and recognized against the horizon sky, or, in the 
case of night observations, could be seen and recognized if the general illumina
tion were raised to the normal daylight level. 

Optical visibility is the greatest distance at which 
and perceived geometrically - true to form and size 
tion and atmospheric conditions. 

a given object is seen 
under given illumina-

Geometri,cal visibility is the greatest distance for a light beam from an 
object reaching the observer without extinction. 

Theoretical and empirical formulae for determination of visibility es
tablish relations between the physical conditions of atmosphere and visibility. 

Based on research work by KOSCHMIEDER [I, 2], MIDDLEToN [3,4" 5], 
KASTER [6, 7] and lVIOLLER [6, 8], certain suppositions and neglections are 
used in determining the theoretical visibility values, thus, Earth curvature 
and atmospheric refraction effect are neglected in our examinations. 

Furthermore the value of the visual extinction coefficient a is supposed 
to be constant along the visual ray, near the soil surface. The observing eye 
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has a sensivity maximum III bright-field adaption circumstances at wave 
length ? = 0.555 mp. The relationship 

(1) 

defines the contrast of the mark at the end point of the base line under in vestiga
tion relative to the background. The value of Ko is negative, when the mark of 
an illumination intensity Bo is darker than the background of illumination 
intensity B~; it is positive, when the mark is brighter than the background. 
As only horizontal visibility near the ground is investigated, the background 
is substituted by the celestial horizon, brilliance of which (surface brightness) 
is BH , thus: 

(2) 

Let us examIne the nlark at distallce R. The contrast IS expressed b}~ 
the Lambert-Bouguer relationship: 

(3) 

In this exponential expression, a is the visual extinction coefficient valid for 
the entire visible range of the spectrum. In the value of a two components 
are expressed: the absorption coefficient which can be neglected as a small 
value except in strong smoke pollution, and the scatter coefficieut. 

It follo'ws from (2) and (3) that 

(4) 

If length R of the basis line exceeds the visual range s and the mark is 
still visible, then, by analogy to (1): 

I
BR-BRI I I 

BR 1= KR1>s (a constant value) (S} 

a relationship valid for R > s and a relatively great angle of view. 
According to the law of Weber-Fechner, when at the observer's place 

the apparent contrast betw'een mark and background diminishes to the con
trast threshold value s of the human eye, the mark is just at the end point 
of visual range, i.e. just disappears against the background. 

For small viewing angles 6 the contrast threshold values s cannot 
be considered as constant either. 
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It follows from (4) and (5) that 

or in logarithmic form 

hence the visual range s: 

s 

as = - In 
8 

1 
-In 
0' 

I~ (~-1)[ 
I 8 BH 

(6) 

(7) 

(8) 

Visibility is thus function of extinction coefficient 0', of the contrast threshold 
value e of the human eye, of the brightness Bo of the investigated mark and 
of the brightness B H of the horizon sky. Among the arguments the extinc
tion coefficient can be measured with suitable instruments, also the brightness 
B H of the horizon sky is relatively easy to establish, though there is some 
difficulty in the fact that its value is a function of the solar altitude, but the 
brightness of the investigated mark B 0 and the contrast threshold value c 
of the human eye are somehow complexer quantities. 

Eq. (8) is the most general formula of visibility. The relation simplifies 
by supposing the investigated mark to be absolutely black, because then 
Bo = O. Eq. (2) yields in this way the so-called real contrast, its value being: 
Ko = -1. Taking this into consideration, the visibility is: 

1 1 
s= In -. 

0' ! 81 
(9) 

The visibility of an absolutely black mark can be stated to be independent 
of the horizon sky brightness, hence of the solar altitude. Therefore visibility 
is only function of the mean value of visual extinction coefficient expressing 
the physical condition of the air, and of the contrast threshold value of the 
human eye. 

KOSCHMIEDER [1] considers the contrast threshold value of the human 
eye with the theoretical value 8 = 0.02, yielding a normal visibility: 

3,912 
SN=---' 

(j 

(10) 

Thus the normal visibility is inversely proportional to the extinction coefficient 
value. 

This relationship is used in constructing instruments for determining 
visibility, based on determination of fr.!' extinction. 
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According to (10), FOITZIK [9, 10, 11, 12, 13] defines the normal visibility 
as the distance from which a black mark of great visual angle b > 1° is just 
visible and perceptible in case of a homogeneous overcast sky, taking as rela
tive contrast the theoretical value c = 0.02 of the contrast threshold of the 
human eye against daylight horizon sky. 

The contrast threshold value of the human eye is function of the viewing 
angle at which an investigated mark is seen, furthermore function of the back
ground brightness. 

BLAcKwELL [14] carried out 90 000 test determinations with 19 observers 
during his thorough investigations. The contrast was sensed by 10 to 95 % 
of the observers. The tests comprised round objects of various sizes (visible 
under 0.6 to 360 steradians) and different background brightnesses (5)< 10-'1 
to 4 102 cdjm2 ). Fig. 4 in [31] shows the adjusting diagram of the test results. 
It is characteristic for the linear sections of the diagrams that the product 
of the surface hy the brightness is a constant value. In this range the illuminated 
mark can be considered as a point light source. The contrast threshold value 
is nearly constant at a viewing angle of b > 1° and daylight illumination 
B~ > 102 cd/m2• An important increase of the contrast threshold value can 
be reckoned with at a brightness B~ > 101 cd/m2, due to dazzling of the human 
eye. 

At dusk or night illumination (B~ < 102 cd/m2) the value of the con
trast threshold increases. 

It is striking that the B~ const. lines densify below the value 10-2 

cd/m2• This is due to the physiology of the human eye, namely over a surface 
brightness of ahout 10-2 cd/m2 the eye is in bright adaption condition, and is 
the most sensitive at alight of wave length ;. 0.555 mf-. Light is then perceived 
by the retina cones (foveal sight). The eye is in a dark adaption below a surface 
hrightness of 10-2 cd/m2 ; in this condition sensivity is the highest at a wave 
length }. = 0.515 mf-. Here the thinner rods of the retina take part in the light 
perception (parafoveal sight). Adaption time for the transition from dark 
to hright is ahout 3 minutes, but for the transition from hright to dark nearly 
30 minutes. 

To determine the theoretical contrast threshold at different viewing 
angles b, test results of BLAcKwELL [14] and MIDDLETON [4] may he used. 

Be the hrightness of the horizon for completely overcast celestial back
ground: 

102 cd/m2 s:: B H < 103 cd/m2 

and BH = B~. (11) 

At the contrast threshold I c50 I the perception probability of the investi-
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gated mark is 50%, then, according to [14]: 

1 
log !c30: = - -----------

0.197-
1

-
. 10gb 

0,04.89 log 0 

0.849 (log (; 2F 2.540. (12) 

The symbol of absolute value refers to the possibility of either a positive 
sign (a mark lighter than the background) or a negative sign (a mark darker 
than the background) for c. 

Eq. (12) can be transformed for the 100% contrast threshold value: 

that is: 
log I cI00 . = log i 2c50 ! log: c50 i --L log 2 

1 

0,197 _1_ --L 0.0489 log b 
log b 

0.849 (log (; 2)2. 2.239. 

(13) 

(14) 

The contrast threshold value c determined hy Eqs (12) and (14) can be 
substituted into Eqs (8) and (9) for determining the visibility. 

A somewhat simpler relationship is obtained by dividing the curve 
BH = B~ = 103 cd/m2 into linear (log (; < 0.8) and hyperholic (log (; > 0.8) 
lengths 

log i c50: = 
1 

1 
0,197 -- + 0.0489 log b + 0,191 

logo 

and taking (13) into consideration 

1 
log IClool = - ------------- - 0,301 . 

0.197-
1

-
. log b 

0,0489 log b + 0,191 

(15) 

(16) 

In case of smaller viewing angles (b < 10°·8' = 6.31') the KASTEN and lV[OLLER 

linear equation is used: 

log: c50 ! -1.767 log (; - 0.671 (17) 
and 

log i cloo : = -1.767 log b - 0.972. (18) 
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Based on further simplification by Kasten and MalleI', the viewing 
angle 0 is substituted by a simple trigonometric relationship: 

o Dj2 
tg -= -- (19) 

2 s 

where D is the diameter of the circular mark, and s the Yisibility. In case of 
small viewing angles it can be v.rritten, 'with an error of about 1 %: 

D 
(20) 

s 

for 0 < 1.835 >< 10- 3 ; expressing the value [; in radians leads to the fonowing 
relationship: 

log ' .. c'.: = 100" iKi = log I Bo 1. = 
- to" v I BH 

1.767 log 0 - 6.620 0.434· IJ S. (21) 

In case of an ideally black mark, the left side of the equation is zero. 
In his extensive tests with 10 observers, Middleton obtained contrast 

threshold limit values 

0.01 < 13 < 0.15 ; 

taking all the observations into account, he obtained the mean value 

13 = 0.031 . 

According to BRICHA;\IBAUT [15] the contrast threshold 13 is in the range: 
13 0.02 for a trained observer; 
13 = 0.06 under llllfavourahle observation circumstances; 
c 0.03 generally accepted mean valuc. 
In aviation meteorology under unfavourablc conditions the value 

e = 0.05 is recommended. The extreme values of the threshold value sho",
about 15 % relative deviation even for one and the same observer. 

From the aspect of geodetic measurements it is noteworthy that the 
same regularity is observed for surveying by theodolite. However, the contrast 
reduction due to the optic system has to be taken into consideration. The 
contrast threshold variation as a function of the brightness of the theodolite 
field of view is sho'wn in Fig. 1. 

Perceptibility of survey beacons under field conditions also influences 
the visibility value, which is a function of sharpness of sight and of other 
psychological factors. 
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In connection with the contrast threshold value of the observer it must 
be noted that its value in geodetie measurements depends -- like that of the 
pilot in aviation meteorology - on the physiologieal eondition of the observer, 
therefore visibility determined from the mean contrast threshold value must 
be eonsidered only as a representative value. 

o-L----~~==~~-,----~ 
10-3 

Fig. 1. Effect of light inteU5ity of the theodolite field of sight on the contrast thriOshold nllue 
of human eye at a visual angle greater than 1 0 

The value of t1w visual extinction coefficient (j depends on the con
centration of particles larger than the absorbed gas moleculcs, the colloids 
and aerosols pTesent in the atmosphere. These paTticles weaken the light 
aniving through the atmosphere: 

partly in consequence of diffuse scattering on particles of radii r 
smaller than, or equal to the wave length I. of light; 
paTtly becausfO of reflection, for particle radii gTeater than the wane 

length of light. 
The value of the diffusion coefficient depends on: 
a) the Rayleigh cocfficient; in case of colloids and concentration nudei 

with radii r < 0.5 . 10 5 cm: 

b) the absorption coefficient of haze according to the theories hy 
lHIE [16] and STRATTO:> [17], for particle radii r of 10- 5 to 10- 3 cm: 

c) the water vapour absorption coefficient. 
Based on the theories hy Rayleigh, Mie, Stratton, and the experiments 

of GAERTNER [18, 19], floating particles with radii r = (0.2 to 0.8) 10 -1 cm 
ean be stated to cause greater diffusion in the shOTt wave than in the long 
wave range of the eleetromagnetie spectrum. On the other hand, fog particles 
of r > 10-4 cm result in greater diffusion in the long wave range; presence 
of particles of r > 2 . 10-'1 cm causes a decrease of the diffusion in the wave 
range I, > 5 m. 

Aqueous solutions of hygroseopie materials present in the atmosphere, 
the so-called nuclei (10- 6 cm ~ r 10 1 cm) in form of veil, mist, haze and 
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fog, haye a darkening effect. The SIZe of the hygroscopic nuclei grows with 
increase of the relatiyehumidity by causing more and more "water to condense. 
Up to r 5 X 10- 5 cm they cause selectiye diffusion of the light, this is the 
veil of bluish hue in reflection. With further growth of size, selectivity is off, 
and a practically colourless fog is formed. Mie determined the light intensity 
of an inyestigated direction by means of the electromagnetic waye theory. 
The yalue of light intensity depends on the ratio of the particle circumference 
to the waye length 2 nrj;. and on the refractiye index of the particles (for water 
n = 1.33). From the spherical integral of the light intensity function, the 
entire quantity of diffuse light can he determined. It is noteworthy that in 
general it is greater than that "which actually hits the drop. This is explained 
by diffraction. For larger drops of the fog the geometrical diffusion theory 
of BRICARD [20] can be used. 

The size of fog particles, determined by seyeral researchers, is of a dis
tribution that can he expressed hy a unimodal function bet"ween particle 
sizes r = 4 . 10-4 cm to 10 . 10-4 cm. 

Interference of the aerosols present in the atmosphere may greatly 
reduce visihility. Relation hetween fog and visihility is 8ho"\\'11 in Table 1. 

Distribution in time and space of Yisibility less than 1000 m is decisively 
influenced hy wind, atmospheric pollution, temperature distrihution (vertical 
and horizontal lapse rate) and humidity of the air. 

Scale 
number 

o 
1 
:2 
3 
4 
5 
6 
7 
8 
9 

Table I 

Daylight '.isibility 

Less than 50 m 
50-- 200 m 

200- 500 m 
500-1000 m 

1-2 km 
2-4 km 
4-10 km 

10-20 km 
20-50 km 

Above 50 km 

Fog, mist or haze 

Dense 
Thick 
Medinm 
Moderate 
Mist 
Slight mist or haze 
Slight mist or haze 

In case of calm, air pollution - primarily by traditional energy carriers -
is yery high. The free energy of the haze depends on the relative atmospheric 
humidity. This free energy determines the degree of interactions hetween 
the haze, the hygroscopic, soluhle and insoluble macro-particles. Smoke 
particles are condensation nuclei, increasing the stability of fog drops. In the 
environment of cities, quickly forming and slowly dissolving fogs are frequent 
and visibility persists below 100 m (in London, visibiIities helow 10 m occur). 
Materials such as sulphur (sulphuric acid) from exhaust products of motor 
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cars modify the relative humidity balance and at the same time its effect 
on light diffusion. 

Fett related air pollution and visibility as: 

JI (22) 
s 

where .LvI is the mass concentration in fhgJm 3, s is visibility in m. 
CHARLSON [22) deduced a similar relationship by using an integrating 

nephelometer for atmospheric aerosol measurements: 

'where (j 0,51-' is the diffusion factQT for a 'wave length i. 
mass concentration. 

(23) 

0.5 m{<, }vI is the 

Comparing relationships for visibility and mass loads, GRIGGS [23] es
tablished that these yielded essentially similar results and expressed the actual 
situation. 

Investigations conducted on different continents and in different seasons 
proved that the visibility values of meteorological stations especially in the 
environment of cities yielded conclusions about the long-range trend of 
air pollution, and data valuable also for environment protection. 

Investigation of visibility changes during rain and snowfall 

Visibility decreases not only in fog but also because of rain and sno\v-fall. 
From examination of the microstructure of rain POLIAKOVA [24,] establish

ed a relationship between rain intensity and visibility: 

s = 14 I-O,H (24) 

where s = visibility in km, I = rain intensity in mm/h. 
The relationship between snowfall and visibility, according to POLIAKOVA 

and TRETIAKOV [25] is: 
s = 0.94 I-O,91 (25) 

or, in approximative form: 
1 

s=-
I 

(26) 

1 mm/h is the rain equivalent of SIlo\v-fall intensity. 
According to these relationships upon medium rain intensity of 4 mm/h, 
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Yisibility decreases to 5 km, whereas in a medium snowfall of 4 cm/h, visibility 
is 260 m (I cm snow conesponds to I mm rain). 

RICHARDS [26] determined visibility as a function of snowfall intensity 
per hour from his observations carried out in the winter months for 12 years at 
lvlalton (Canada) Airport. From the mean value of increasing sno'wfall, he 
constructed the probable visibility curve, which shows good agreement with 
the diagram computed from the relationship ofPoliakova and Tretiakov (Fig. 2). 

lisibility (km) 

::~l 
::~\ 

I ' 2'°1 ~ 
l'Ol '':(, 

I ~-o-_ ...... ~--c-____ -c Hourly rate of 
o • 

o O.S 1.0 1.5 2.8 2.5 3.0 3.5 L,O 5~O'Nfoll (cm) 

Fig, 2, Expected visibility curves calculated from the mean valu~ of sl1o",faIl intensity accord
ing to Richard, (smooth line). Poiiakova Treti>lkoy (dotted line) 

JEFFERSON [27] established from the obsen-ation data of meteorological 
stations in the Atlantic region that Iwa,'-y showe:;-~ diminished visibility less 
than continuous rains of similar intensity. N amdv hecause of its smaller - . 
spatial (horizontal) extension - the shower obscures only part of the distance 
between the observing station and the investigated point, whereas continuous 
rain hlurs the entire distance. Furthermore it has to be taken into considera
tion that showers over the sea occur generally in the presence of cold air 
masses, and the fog-free condition, characteristic for this atmosphere, improves 
also visibility conditions. For mean values of visibility in dry weather, the 
effect of haze or fog, generally present over the sea, is of importance. It is 
noteworthy that in case of weak showers, good visibility is relatively more 
frequent than in dry weather. This can be attributed to northwest ,vinds of 
high or medium intensity, usual concomitants of showers, dissipating the fog 
over the water surface. 
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Practical determination of visihility 

Until rt'ct'ntly, visibility, the meteorological visual range where the 
background contrast of a given object is just identical with the contrast thresh
old of the observer, has been determined by setting out marks for visual 
estimation. This method is still in use at most meteorological observatories as 
well as at airports with no busy traffic. In aviation meteorology, however, 
visibility along the runway in take-off and landing direction is the greatest 
distance at which definite lights of the runway are still visible above the centre 
line of the runway from a height corresponding to the eye level of the air men 
at touch down. From th:s definition the difficulties are immediately apparent: 
to place thc observer above the centre line of tl1{' runway at eye level of the 
air man seems to be nearly impossible. Moreovpr obs('T,-ations have to be 
continuous and the datn of visibility chmlging with time and space along the 
runway have to he trall~felTed each 1.5 scc. to the control to\\-e1". Tile observer 
can be replaeed by a television camera, making this way the o:Jservations 
semi-automatic, hut even in this case at least one caln·~ra pe:- runway has to 
be handled continuou;;:ly, thus operators are indi;;pen;;ahle. 

These difficulties nccessitated the development of automatic measuring 
and recording instruments for the determination of visibility. Instruments 
in actual use helong to either of two groups: 

1. Transmissometers measuring the optical transmittance of the tested 
atmosphere. Taking into consideration different parameters, continuous values 
of visibility can he determined from the optic transmittance. This instrument 
has been developed taking requirements for the measuring range and lifetime 
of automatic and distant signalling meteorological stations, e.g., meteorological 
satellites, into consideration. 

2. Instruments measuring the extinction coefficient, i.e. light beam losses 
after passing through the tested atmosphere. Disadvantage of these instruments 
is to yield reliable results only in case of nuclei consisting of drops of water, 
whereas for frost fog, snow and industrial pollution no reliable values can be 

expected. 

Effect of visibility on geodetic measurements 

1. In traditional horizontal and altitude angle - measurements the 
chief requirement is the reciprocal visibility (and sighting). Namely, the sighted 
survey beacon has to be seen definitely for the sake of sighting with ±0.5" 
to == 2/1 accuracy depending on the performance of the instrument in actual 
use. When working with strongly magnifying theodolites (NI = 30 to 50 times) 
the marked loss of contrast due to the instrument has to be reckoned with. 

7 Periodica Polytechoica Civil 21/1-2 
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With regard to all this, it can be stated that the sighting distance should not 
exceed about one half of the ·vi.sual range. 

2. In the use of up-to-date electro-optical distance measuring, mutual 
vision between the measuring instruments and the reflecting surface is a para
mount requirement. Telemeters namely work ,,,ith a sharp measuring beam. 
In pOOl' visibility conditions the most difficult operation is the sighting of 
the reflecting surface. Sighting is easier using a cylindrical lens, in spite of a 
great reduction of light intensity. When measuring over greater distances, 
because of poor visibility, reflected light cannot be sighted and received even 
by a searching theodolite. 

In a ·weather free of fog and heavier haze, electro-optical telemetric 
instruments now in use generally permit 5 km of visibility, under Hungarian 
conditions. For greater distances a minimum requirement is recognizability 
of at least the outlines in the environment of the other end point. Namely, 
if the sharp measuring beam misses the reflecting instrument, because of 
inaccurate sighting or of some minute displacement due to handling of the 
instrument, the measuring program fails. 

Knowledge of the interaction between visibility and the range of the 
measuring instruments as well as of the prohable meteorological vision, contri
butes to planning more reliably the measuring program. In Fig. 5 of [31] 
visibility is shown according to experiments made by RICHTER and WENDT [28, 
29]. In this way the range is up to 3 km about one third, up to 7 km approxi
mately one fifth of visibility. For the relation between visibility and range there 
exist empirical equations. The relatively small range is due to losses of the 
focussed measuring light heam depending on the extinction coefficient, hecause 
the measuring hcam passes twice the distance betwecn the instrument and 
the reflecting surface, while the sighting point has stiJl to be kept clearly 
ev-aluable. Decrease of the visual range is of great importance both for accuracy 
and economy in choosing adequate periods of measuremcnts, therefore the 
expected values of the visual range have to be known. To increase practical 
efficiency of electro-optical telemeters, the theory of interaction between 
visibility and range still awaits development. For the possibility to fulfill this 
task, an extensive measuring program seems necessary to determine the 
value of the measuring light loss by an instrument measuring the exact 
extinction coefficient. 

From the interaction of meteorology and geodesy, the development of 
instruments suitahle to a precise and rapid determination of the light loss 
value is expected to comply with practical requirements. The practical use 
of the developed instruments would permit an exacter prediction of visual 
range and accuracy of electro-optical telemetry and also the measuring program 
could be planned more accurately. 
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Definitions of photometric quantities used in the study: 

1. Unit of light intensity or brightness: 
1 cd (Candela) = 0,981 I.C. (International candle) = 1,107 HC (Hefner candle). 

2. Light intensity E; Lambert-value, brightness of the evenly lighted dull surface receiving 
1 lumen of light on every cm2• 

Phot 

3. Light intensity B, unit 

Stilb 

Lumen 
cm2 

cd 

Lux 
Lumen 

Apostilb = c~. 
m-

4. Extinction coefficient (1 expresses the weakening of light while passing the atmospher e: 

(1= InT 

where T is the transfer coefficient, reciprocal of the ratio of the entcrir:g to the leaving £luxus: 

F 
T= 

5. Contrast K is the difference of light intensities (or brightncsses) between two surfaces: 

for El > Ez, K has a positive value. 

Summary 

Knowledge of visual range and reckoning with its variation is a fundamental require
ment both in geodetic measurements and in transport. In aviation meteorology, systematic 
observation of visibility is a long-standing requirement for safe taking off and landing. 

Accuracy requirements have already exceeded reliability of visual estimation, therefore 
different instruments have been developed for an exacter determination of visibility. Manysided 
requirements are for the most part fulfilled by instruments measuring extinction coefficient. 

Knowledge of visibility is important both in scientific and in practical geodesy. Funda
mental condition of traditional geodetic measurement is the definite visibility and sighting 
of the sighted point. Decrease in visibility reduces accuracy and range of the measurements. 

A similar problem arises in electro-optical telemetry, where mutual sight between the 
instrument and the reflecting surface is required. Visibility influences decisively the range 
and the accuracy. Visibility might change definitely as a function of space and time, also 
because of changes occurriug in physical characteristics of the fog. Small changes in wind 
velocity and direction might cause a relatively rapid change of visibility. 

Thus, requirements of geodetic measurements are not met by knowing the statistical 
probability of visibility; it is indispensable to take atmospheric factors influencing the repre
sentative value into consideration. Interaction between meteorology and geodesy lets expect 
the development of instruments suitable for accurate and rapid determination of the light 
loss value. 
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