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I

PHOTOMETR IC CONVERSION FACTORS

ILLUMINANCE

One footcandle = 10.76 lux 1 .076 x 10~ kilometer candles 279 x
mile candles * .

One mile condle* = 3.59 x footcandle = 0.386 kilometer candle =

3.86 x 10

One lux = io6 kilometer candles = 2.59 x 106 mi le condles* = 0.0929 footcandle.

One kilometer candle = 10-6 iux (one microlux) 2.59 mile candles * —

9.29 x io 8 footcandle.

* When English units ore used, the usual practice is to use the term mi le candle when
the unit of length Is a statute mile and sec—mile candle when the unit of length is a
nautical mile. One mile candle Is equal to 1.324 sea—mile candles.

LUMI NANCE

One candela per square foot 3.382 x 10~~ lombert = 3.382 millflomberts =
10.76 condelas per square meter = 3.142 footlamberts.

One footlambert = 0.3183 candela per square foot 1.076 x io~~ lam bert =

1.076 millllamberts 3.426 candelas per square meter.

One candela per square meter 0.2919 lootlambert = 9.290 x 10 2 candela per

square foot = 3.142 x ~~~ lambert = 0.3142 vnillilombert.

One lcwnbert IO3 mlllilomberts = 3.183 x IO~ condelas per square meter =

9.290 x io2 footlamberts = 2.957 x 102 candelos per square fOot.

On. millilambert = 3.183 candelos per square meter 0.9290 footlambert

0.2957 candela per square foot = 10~ lambert.
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ALS Standard U. S. Configuration A high intensity approach light system

CAA U.S. Civi l Aeronautics Administration (now FAA).
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HIRL U.S. High intensity runway light system

ICAO International Cv i I Aviation Organization, P. 0. Box 400,
Succarsole; Place de I’Aviotion Internotionale, 1000 Sherbrooke St.
West , Montreal, Quebec, Canada H3A2R2

IGIA Intergovernmenta l Group on International Aviation

115 Instrument landing system

LAES Landing Aids Experiment Station, Arcata , CA (closed 1950)

MALS U. S. Medium intensity approach light system
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NATC Naval Air Test Center, Patuxent River , MD
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RCLS Runway centerline light system

RVR Runway visual range
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OPTIMUM INTENSITY SETTINGS
OF

APPR OACH AND RUNWA Y LIGH T SYSTEM S

1 . INTRODUCTION

1.) Scope

This report ghres the results of a study of the problem of determining the optimum
intensity settings of approach and runway lig ht systems as a function of atmospheric
transmittance. This study was undertaken at the request of the Federal Aviation Admin
ktrotion Office of airports programs to detennhie the optimum intensity settings for
approach and runwa y light systems under Various meteorological conditions down to one-
fourth mile visibility and to provide information for use by a Wor ldng Group oi the
International Civi l Aviation Organization for purposes of international stondardiz&lon.
The study was conducted as part of contract N68335-78-C-2022 with Quanta Systems

• Corporation , Rockville , Mary land. It consists of a review of the literature , a historical
review , an analysis of past and present intensity setting criteria , a review of experimental
and theoretical studies of intensity setting c, i teria, and recommendations for intensity

• settings based upon these studies.

1 .2 Objective of this Study

The objecti ves of this study were:

1. To determine the optimum intensi ty settings for pilots during landing and
take—off of the approach, runway edge, touchdown tone and centerline lights as a
function of visibi lity restr ictions.

2. To evaluate the effect, as a function of visibility restrictions , on the Runway
Visual Range (RVR) of using the proposed intensity settings in place of the present settings.

3. To recommend the changes, if any, in existing procedures for Intensity
settings required to ac hieve better v suol guidance for aircraft operations at airports.

-~ 
. .—~~ 
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2. PRESENT INTENSITY SETTING CRITERIA FOR NIGHT—TIME CONDITIONS

2. 1 Federal Aviation Administration (FAA) Practices

The intensity setting criteria used by the FAA are listed in FAA Document
7110.65A [11. (See Appendix I) Intensity settings for selected night—time visibility
conditions, based upon present criteria, are shown in Table I.

Table I. INTENSITY SETTINGS USED BY THE FAA FOR STEADY—BURNING LIGHTS
UNDER NIGHT-TIME CONDITIONS° *

‘s biiity Intensity Sifting Stsp /(Perc .nt of f u ll intensit y)

AI.S MAISR-3 Sep MAI S& 2 Step HIRI TOZI. RCI.S MIRL 3 Step

G, oter thon 5 1/(0 .16) l/(4) LOW/(4) 1/ (0.16) 1/(0. 16) 1/(0 . 16) 1/(1O)

5 1/(0.16) 1/(4) LOW/(4( 2/(0.8) 2/(0.8) 21(0.8) 1,1(10)

4 1 /(O.16( 1/(4) ~ow/(4) 2/(0.8) 21(0.8) 21(0.8) I/(lOf

3 2,’(O.S I/(4) LOw/ (4) 2 O.R~” 21(0.8) 21(0.8) 21(30)

2.5 11(0.8) 21(20) HIGIj/(t00 (~ 3/(4) 3/(4) 3/(4) 21(30)

2 2/(0.8) 21(20) HIGIi’(!00)4 3/(4) 3/(4) 3/(4) 2/(30

I” 21(0.8) 21(20) tfIGti/(100(~ 3/(4) 3/(4) 3/(4) 21(30)

Less thon 1’” 3/(4) 31(100) HlGtj’(10O)~ 4/(20) 41(20) 4/(20) 3,1(100)

Based upon FAA Publication 7110.65A 1).

Step 3/(4~ wher~ used wi th  MAtSR .

or 6000 ft RVR.
3RAIL ON

The criteria given in Appendix I give only the intensity setting step and does
not state the percent of full intensity which corresponds to each step for the several
lighfl rg systems listed. These percentages have been obtained from FAA Handbook
6850.2 j2J and are listed parenthetically in Table I. The representative intensities 00

produced by the light systems during the se lected visibility conditions when the intensity
settings are as indicated in Table I ore listed in Table II. These representative intensities
are derived from the representative intensities at full current or voltage, listed in
Table III.

o See page viii for list of abbreviations.
00 See Appendix II for an explanation of the use of the term “representative intensity. ”

_________________________________________
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Table Ill. REPRESENTATIVE INTENSITIES OF U. S. APPROACH AND
RUNWAY LIGHT S WH EN OPERA TED A T

FULL CURRENT OR VOLTAGE

Representative
System Light Type Lamp Type lntensity *

____________ _____________ ________________________ ICondelas)

A LS FAA 982 Q2OA/PAR56 28000

MALS -- 150 watt , PAR38/SP 6000

Sequenced Flashers -- ---- 14000

HIRL 1819 6.6A T J4P 16000
1862 ---- 10000

TDZL 18508 Q6.6A T4 6000

RCLS 1.850A Q6.6A T4 5000

MIRL 1802 6.6A/T10/1 P (45-watt) 2500

L861 -— —— 125

* Of white (unfiltered) lights when new.

Note that the intensities listed in Table II for the MAL.S and the MIRL ore sig—
• nificantly higher for the better visibili ty conditions than ore th. intensities listed for

the “high” intensity systems. The rationale for these differences is not clear .

The percentage intensities corresponding to the intensity setting steps quoted in
Table II and uied throughout this report ore nominal values and ore in accord with the
relative intensities listed In Handbook 6850.2 121 .

The relation between relativ, intensity and lamp current for different lamp ypes 
-

is not constant but varies somewhat with such factors as lamp wattage, lamp life and
filament design, as shown in Figures 37 and 38 of NBS Report 6190 Supplementary 131.

2.2 Night—tIme Intensi ty Setting Criteria of other Countries

At it~ Sixth Meeting the V sual Akh Panel (VAP~I of the International Cvi l
Aviation Orgonizaflon (ICAO) tabulated the intensities used by th, countries rep-
resented in the Panel as part of on effort to obtoin stondardization of intensity

-4-
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settings 14o 1. The intensities listed were reaffirmed at the Seventh M5e.t ng of th. VAP I4bL
The intensities listed by the VAP for approach , runway edge, touchdown zone and center-
line lights ore listed in Table IV . To facilitate comparison with the intensities used by the
U. S. for these li ghts, the intensities listed in Tab le II for the ALS , HIRL, TDZI and RCLS
systems for the stated visibility conditions hove been included parentheticall y in Table IV .

Table IV. LIGHT INTENSITIES (IN CANDELAS) FOR NIGHT—TIME CONDITIONS
LISTE D BY THE VISUA L AIDS PANEL

Li ght Systems
RVR or Runway
Visibility Approach Runway Touchdown Centerline
Condition Centerline Edge Zone (50-foot spacing)

• Greater than 3 Off to 400 30-300 10-100 10-100
mi les (and cloud (45) (26- 130) (10—50) (8-40)
base above 500 ft)

6000- ft RVR to 3 300-2000 100-1000 50-500 40-300
mile vis. (or cloud (220) (130-640) (50—240) (40—200)
base between 200
and 500 fee t)

RVR 2600 to 6000 800—5000 600-3000 250-1500 200-1000
• ft (or c loud bose (1100) (3200) (240—1200) (200— 1000)

below 200 ft)

RVR 1200- 2600 ft 2000-20000 1000-10000 500-5000 200-1500
(1100) (3200) (1200) (1000)

RVR less than 2500-20000 4000-10000 600-5000 600-2500
1200 feet (1100) (3200) (1 200) (1000)

Note: - Corresponding intensities used in the U. S., from Table II, have been
included parenthetically.

—5—
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Thes, tables will be considered in some detail later in the report. At present,note will be taken only of th. following:

The range of intensities listed by the VAP for a given light system at a givenvisibility condition is due in part to the break points between visibility conditionsused by the VAP being d fferent than the break points used by some of the countr iesreporting.

The agreement between the intensities listed by the VAP for runway edge,touchdown zone and centerline lights and U.S. practice is surprisingly c lose.

The intensities listed by the VAP for approach lights are typically about twicethe intensities listed for the runway edge lights but the intensities used for the ALS bythe U. S. are considerably lower than the intensities of the HIRL.
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3. FUNDAMENTAL ASPECTS OF THE NIGHT-TIME INTENSITY SETTING PROBLEM

3.1 Aspects with Systems Which Do Not Significantly A ffect the Ambient Background
Luminance

If obtaining the maximum visual range from on approach or runway lighting system
were the only criterion, determination of the optimum intensity setting for a given system
and analysis of the performance of the system would , at first thought, be comparatively
simple. Maximum range would be obtained with the lights operated at full intensity and

• the visua1 range would be computed from A llard ’ s Iaw ,* namely

Em = I0 T D/D2, (1)

where

D h the visual range ,

T is the atmospheric transmissivi ty (transmittance per
unit distance),

~ 
is the intensity of the light when operated of full
current or voltage , and

Em is the if luminance threshold app licable to the ambient
background luminance.

The re lation between the illuminance threshold and background luminance would
be based upon a curve such as that shown in Figure 1.

* See Appendix II.
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The threshold illuminance values shown in Figure 1 ore not directly applicable
to a pilot. They are app licable only under laboratory conditions where the obrirver
knows precise ly where and when to look for the light. In obtaining a curs’e apc Ucoble
to the pilot such fac tors as the transmittance 0f the windshield , the e ffect of a moving
observer , the e ffec ts of lighted instruments in the cock pit and the e ffects of the pilot’s
dividing his attention between looking for the lights and fly ing the airp lane.

NOTE: In analyz ing flight test data and in computing the
visual range from aircraft , it is convenient and conventional
to cons ider the i f  luminance incident on the windscreen, not
on the pilot ’s eye, as the illuminance used in Allord’s law .
Thus, a correct ion must be applied to threshold data obtained
w ithout the interference of a windscreen . This factor usually
has been ignored in applying laboratory or field data.

In consideration of such factors, a threshold il l uminonce of 0.5 mile candle was
chosen as the threshold illuminonce applicable to pilots in the 1930’s . This va lue was
accepted as applicable to shipboard lookouts by the International Association of Light-
house Authorities in 1933 and is still being used in maritime applications. Because of
the increase in the comp lex ity of the flying task , the great increase in the number of
lighted instruments and the increased losses in &rcroft wind screens , a number of
workers in the aviation field used an increased threshold illuminance of 1 mile candle
in the 1940’s. Later this was increased to 2 mile candles in the U. S. at the start of
the RVR program . At the some time , but independently, a value of 1 microlux (2.5
mile candles) was recommended by the International Commission on Illumination . The
choices of threshold illuminance were based pr imaril y on engineering judgment w ith
little, or no, hard evidence . Supporting evidence has , however , been obtained in
subsequent studies 151 . Note that these threshold illuminances were intended to apply
to the flat part of the curve of Figure 1.

Note that a threshold illuminonce of 2 mile candles is approximately 10 times
the threshold illuminonce shown in Figure 1 for a background luminance of iO~

1 foot—
lambert. A factor of 10 will be used as a field factor in this study to convert threshold
illuminances shown in Figure 1 to threshold illuniiriances applicable to the pilot.

Since approach and runway lights are also viewed during the course of an approach
and landing at distances much less than their maximum range, cons ideration must be
given to the possibilit y of annoy ing, or disabling, glare from the nearby lights . To
some extent , the glare can be reduced by designing of the intensity distribution of the
light beams so that the pilot is outside the main beam of the lights w hen the distance
between the pilot and the light is short. (See Section 5.1) However, the application
of this method is severely limited since the beams of the lights must be w ide enough to

-9-
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I
accommodate the expected deviations of the aircraft from the glide slope and center-line . Typ ical minimum distances at wh ich the aircraft on gl ide slope (where applicable)and on center line is within the main beam of present U. S. l i ghting fixt ure s ore givenin Table V.

Table V
TYPICA L MINIMUM DISTA NCE S A T W HICHAIRCRAFT IS WIT HIN THE MAIN BEAM

Minimum DistanceLight Type 
(feet)

Center Approach 750lnner Approach 450Runway Edge 530Touchdown Zone 340Centerline 170*
* Assuming 15 foot eye-to-wheel distance.

Fie ld tests conducted by the Notional Bureau of Standards on Nantucket Islandshowed that when the illuminance produced by o light was 1000 times the thresholdilluminonce, the light is annoyingly bright, or glaring . Using this ratio, an iJIumi—nonce of 2000 mile cand les would be considered glaring. (See Appendix III.)
The intensity which would produce a “glar ing” ill uminonce as a function of lightsystem and fog density can then be computed by using th0 distances listed in Table V .Th s  has been done for several visibilities (on the U. S. night v isibility scale) and theresu lts ore shown in Table V I.

L 
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Table V I. INTENSITIES (IN CANDELAS) WHICH WILL CAUSE NEAREST LIGHTS
TO BEC OME G L A R I N G  AT NIGHT

System __________ 

— 

Outer Inner
Vis Vis t250 ALS ALS HIRLS TDZL RCLS

Mi les Feet d 750’ d 450’ d = 530’ d = 340’ d = 170’

5 26400 0.9620 45 15 20 10 2

3 15840 0.9300 50 20 25 10 2

2 10560 0.8883 60 20 25 10 2

1 5280 0.7636 90 25 35 10 2

1/2 2640 0.5-461 250 45 70 20 3

1/4 1320 0.2615 2300 160 350 50 5

1/8 660 0.0526 300000 3000 10000 450 15

The intensities given in Table V I are based upon the assumption that the light ing
systems have no effect on the ambient background luminance (and hence on the adapta-
t ion leve l of the eye) and that the presence of numerous lights (some of which are bright)
within the field of view does not affect the ‘~ laring rating . Thus, these values are the
lowest ones wh ich would cause annoying g lare.

Note the strong effect of minimum distance on the intensity which produces glare .
The difference in the intensities between the outer and inner approach zone suggest the
use of lights of different intensities and of separate intensity control for these two zones [61.

Note a lso the low intensities listed for the centerline lights .

it is apparent that if freedom from glare were the only criterion, only low intensities
wou ld be used at night for most of the lights. However , this procedure would result in an
undesirable reduction in visual range . Hence , a compromise between glare and visual
range is necessary.

The intensities listed in Table V I would be increased si gnificantly if the minimum
distances listed in Table V were increased by using narrower light beams and reaiming
the lights so that the ir beam axes intercepted the glide slope or the runway centerline at
a greater distance from the light. However , as shown in Section 5.1 , this procedure is
unacceptable .

— 1 1 —
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3.2 Aspects with Systems wh ich Themselves Significantl y Increase the Background
Luminance

3.2.) Effects on the Visual Range of the Lights

Experience has shown that most approach and runwa, lighting systems do have
a si gnificant effect upon the background luminance and hence upon the adaptation
level and threshold illurrinance of the pilot , especially when the light systems are
operated at , or near , fu ll intensity and during periods of restricted visibility .

As can be seen from Figure 1, if the background luminance is not above 0.01
footlambert (clear , moonlight) there will be no change in the threshold illuminance
with background luminance. However , if the lighti ng systems produce background
luminonces above about 10 footlamberts, the threshold illuminance varies nearl y
directl y with the background luminance . Since the background luminance varies
almost directl y with the intensity of the lights in the system , the result is that the
rat io of threshold illuminance to intensity becomes constant . As shown by equation
(1), if the ratio ElI is constant , further increases in intensi ty wil l produce no increase
in visua l ronge .*

There are few data on the background luminon~ es over approach and runway
lighting systems . Such data as have been obtained should be considered only as a
roug h opproximaflon to the back ground Juminances encountered by the pilot.

Not only must one contend with the tempora l and spatial variations in fog density
and the effects of small changes in the direction at which the photometer is aimed, but
even the field of view of the photometer wi l l  a ffect the values obtained . These data
are , howe ver , sufficient to illustrate the effects of the back ground luminance produced
by the lighting systems on the visual range of these systems.

L 

The most extensive set of background luminance data is that reported by
Simeroth 17] and shown in Figure 2. Luminance data points obtained at the Notional
Aviation Facilities Experimenta l Center (NAFEC) especiall y for this study and at
Schiphol Airport [81 have been added to this figure .

The value s shown in Figure 2 are based upon the systems operating at full inten-
sity. Since nearly all the background luminance iS produced by the lights themselves,
the background lum inances when the light systems are dimmed are 20% and 4% of the
values shown on Figure 2 w hen all systems are dimmed to step 4 and step 3, respect ive ly.

* The significance of this condition in producing a limiting range was first stated
exp licity by Padmos and Vos . (See Section 5.4)
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Figure 2. Background luminonces produced by runway and approach lights .
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Pi lot threshold illuminances applicable to various visibility conditions and
intensity setting steps may then be estimated using the data of Figures 1 and 2 and
applying an appropriate field fac tor .

This has been done and the results are given in Table V II. **

Table V II

THRESHOLD ILIUM 1NANCES APPLICABLE TO RVR COMPUTATIONS
WHEN THE EFFECT OF THE LIGHTING SYSTEMS ON

THE BACKGROUND LUMINANCE IS CONSIDERED

Visibility Intensity Setting Background Luminance Threshold II luminance
(Miles) Step (Ft . Lamberts) (Mile Candles)

_________ _________________ 

Approach Runway Approadi Runway

1 5 32 1.0 180 10
4 6.4 0.20 50 3
3 1.3 0.04 12 2

1/2 5 43 0~9 220 8
4 8.6 0.18 55 3
3 1.7 0.04 16 2

1/4 5 52 0.9 280 8
4 10 0.18 60 3
3 2.0 0.04 14 2

1/8 5 35 0.8 200 7
4 7.0 0.16 50 3
3 1.4 0.03 12 2

** S meroth [71 made similar computations as part of his study but did not adjust the
basic threshold illuminance to 2 mile candles.
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The following assumptions were made in developing these threshold illuminonces :

a. The pilot threshold illuminonces are 10 times the values obtained from
F gure 1. (See page 9)

b. The curve of Figure 2 designated as “ALS” has been used as a basis for the
est imates of the lunlinances applicable to viewing approach lights.

c. The estimates of background luminances applicable to the pilot over a run—
way lighted with HIRL , TDZI , and R CLS were based primari ly upon the NAFEC
measurements .

d. All lighting systems are operated on the same intensity step .

The threshold lluminances shown in Table V II can be used to compute visual
ranges app licable to the several visibility conditions and intensity setting steps listed
in the table. This has been done and the results ate given in Table V III. Visual ranges
computed assuming a fixed threshold illuminance of 2 mile candles are included paren-
thet ically for comparison.

Table V III. VISUA L RANGE (IN FEET) AS A FUNCTION OF
INTENSITY SETTING STEP

NIGHT

Ug ht Syst em
Visibility P250 Intensity At  S FURL IDZI RCLS

(m l.s) 
___________ 

Step ~fl ~~ - 
(1 ) (2) ~

) (2) ~1) (‘~
0.7636 5 4800 ~8liXI~ 6500 (7o00~ 5800 (6900) 5~00 (6800)

4 4600 ~~ OO\ 6200 (6500) 5500 (5800) 5400 (5600)
3 4500 (5700 ) 5300 (5300) 4700 (4700) 4600 (4600)

1/2 .5461 5 2600 ~4t(X 1\ 3500 (4000 ) 3100 (3600 ) 3000 (3600)
4 2500 (3t’00~ 3300 (3400 ) 3000 (3100) 2900 (3000)
3 2400 (3100 t 2900 (2900) 2600 (2600) 2500 (2500)

1/4 .2615 5 1360 (2120) 1800 (2000) 1630 (1900) 1600 (1800)
4 1350 (1$ 0) 1700 (1800) 1550 (1600) 1500 (1600)
3 1330 (t~’20~ 1500 (1 500~ 1400 (1400) 1400 (1400 )

.0526 5 750 (11~)0~ 920 (1040) 850 (970) 840 ~950)
4 730 t°60~ 890 (920) 820 (850) 810 (840)
3 720 ~U50~ 810 (8 1 0) 740 (740) 730 (730)

(1 Computsd assuming Ph. thr.shold illumtnonc.s of Table VII.

(2) Comput.d ous.milng a flx.d thruhold illuminonce of 2 mile-candle,.
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In addition, visua l ranges of the HIRE , based upon a stt’~1 made by Lelkowitz
and Schlatter , of threshold illuminonce using stationary observers viewing
the lights w ithout the interference of on aircra ft windscreen or of cock pit lights,
arid thus ore not directly comparable to the threshold illuminances of Table V I [91.
However, it is believed that the ratio between threshold illuminonces with intensity
setting steps is applicable . Lefkow tz and Schiotter ’s data show that when the prob-
ability of seeing was 80%, the threshold illuminance applicable to runway lights for
step 5 was about 10 times that for step 3 (the same ratio as that obtained from the
NAFEC luminance measurements made for this study). * Thus, threshold illuminonces
of 10, 3 and 2 mile candles have been assumed as being applicable to a runway with
HIR L, TDZL and RCLS operated on steps 5, 4 and 3, respectively.

Note that in computing these visual ranges no account has been token of the
additi ve intensity e ffect of adjacent lights in determining the intensity to be used.
This effect would produce little or no increase when the visual range is less than 1000
feet and the increase would increase as the visual range increased.

The v isual ranges given in Table V III should not be considered to be definitive
but to be illustrative only. Nevertheless, several significant conclusions may be
drawn, namely:

a. No significant increase in the visual range of approach lights will be
obta ined by increa s ing the intensity of the approach light system beyond step 3.
(A lthough not shown in Table VIII, computallons indicate that a small increase is
obtained by going from step 2 to step 3.)

b. The use of a threshold illurrinance of 2 mile candles in computing visual
ranges of approach lights will produce gross errors in the visual range when these lights
ore operated at full intensity .

c . The increases in computed visual range of runway lights produced by going
from step 3 to step 4 is small , and from step 4 to step 5, very small.

d. Use of a threshold illuminance of 2 mile candles in computing RVR or visual
ranges oF runway lights w ill produce errors when these lights are operated on steps 4
and 5, which are of the some order of magnitude as would be obtained by using intensi-
ties which are 1 .5 or 5 times the representative intensity of a light.

* Lefkow tz and Schlotte r ’s data show that when the probability of seeing was 50%,
the threshold illuminonce for step 5 operations was about 5 times the threshold
ill uminance for step 3 operation.

-16-
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3.2.2 Effec ts on the Glare Produced by the Lights

It is evident from the Foregoing discussion that the back ground luminonces
produced by approach and runway I ghts not only increases the threshold illuminance
but also increases the illuminance at which an individual light becomes glar ing.
Because of this increase and the presence of other bright li ghts in the system, the
intensities required to produce troublesome glare from individua l sources wil l be con-
s iderably higher than those shown in Table V I.

There are, however, two other troublesome effects frequently referred to as
“glare .” When the lights are operated at high intensity settings , the holation surround-
ing the lights will be much more visible and will produce a general fuzziness in the
appearance of the system . In addition, the high background luminance levels of the
approach zone raise the pilots ’ adaptat ion leve l and will reduce the visua l range of
the runway lights. This, plus the sudden decrease in back ground luminance as the
visual segment passes out of the approach zone, will produce a “black—hole ” effec t.
This effect is less pronounced when the background luminances are those corresponding
to the flatter parts of the threshold illuminonce curve of Figure 1.

-17-
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4. HISTORICAL R~ SUM~ OF INTENSITY SETTING CRITERIA IN THE U.S.

4.1 Early Criteria

During the period 1935 to 1940, neon approach light systems and runway edge
lights were put into service at major airports. The neon approach lights were operated
only at full intensity. Since the peak intensity of the neon li ghts was approximate ly
1000 candelas and since the lights were 72 inches long, the lights did not cause exces-
sive g lare when the viewing distance was short . There were, however, some complaints
of the lights being too bright.

The runway edge lights (then called contact lights ) were semiflush lights of low
intensity . The type AN— L— 9, the lost in a series of these lights, hod a peak intensity
of approximate ly 800 candelos. Consequently, a large range of intensity control was
not considered necessary. When intensity control was provided, the steps available
were 50%, 100% and 150% of rated intensity. (The corresponding series-circuit
currents were 6.0, 6.6, and 7.0 amperes.) it has been stated that a major airport of
the period used the 150% setting in c lear weather to provide better surface illumination
of the runway edge and the 50% setting in haze and fog to reduce the glow around the
lights.

The range of intensity settings was increased to I %, 3%, J 0%, 30% and 100%
at the start of World War II to permit operation of these li ghts under blackout and
restricted illumination conditions. [10] The some intensity settings were late r used for
the high intensity, elevated type D-1 li ghts when they were introduced for use as both
approach and runway edge lights and continued to be used with the medium intensity
type M—1 and with the high intensity type M—2 runway edge lights when these lights
were introduced by the USAF. (Corresponding civi l designations of these li ghts are
L802 and L819, type 2.)

No reference to the applicable intensity setting criteria was located . However,
specifications for instruction plates on the regulators of the period indicate that the
criteria given in Table IX were app licable . [ 11]

-18-
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Table IX

NIGHT—TIME INTENSITY SETTING CRITERIA
CIRCA 1943-1950

Visibility Intensi ty—Setting
(miles) Step

Over lO 1 1
StolO 2 3
2 to 5 3 10
l to 2 4 30
Less than 1 5 100

4.2 Air Force Night—time Intensity Setting Criteria , 1950—1968

Tests of the Landing Aids Experiment Station and field experience showed that
approach lights and high intensity runway edge lights were annoyingly bright when
operated at the 1% intensity setting in c lear weather, and in the early 1950’s the ratio
between steps was changed to five to one yie lding intensity settings of 0.16%, 0.8%,
4%, 20% and 100%. (See Section 5.2.2) Air Force intensity setting criteria of 1954
and 1958 using these new intensity steps are given in Table X. [12a , 12b1 Note that
the steps specified for approach lights in 1958 are one step lower than the 1954 steps
for visibilities of ~ mile and greater. During the 1950’s the Air Force was using type
C—i (L819) runway edge lights and a center row (Configuration B) approac h light system
tamped with 200 watt lamps. A later order , AFM 60— 5(C1) doted 29 Apri l 1968 112c 1
sta tes that the ALS shall be operated on Step 3 at night when the visibility is 5 mi les
or less or when the ceiling is less than 2500 feet and on Step I at all other times. The
intensity settings given for the HIRL in this order are those given in Appendix 1.

Table X. AIR FORCE NIGHT—TIME INTENSITY SETTING CRITERIA
OF 1954 AND 1958

Intensity Setting Step
Visibility Condition Approac h Lights Runway Edge Lights Relative

(miles) 1954 1958 1954 1958 Intensity

Greater than 3 2 1 1 1 0.16
1—3 3 2 2 2 0.8

1/2—1 4 3 3 3 4
1/4-1/2 4 4 4 4 20

Less than 1/4 5 - 5 - 100
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4 .3 FAA Nighfrt me Intensity Setting Criteria

Early CAA/FAA intensity sett ing criteria were not located . The earliest one
located was prepared in 1958. 1 13 1 This order gives the same night-t ime intensity
settings for the ALS and HIRL as those now in use and given in Appendix I. They are
repeated in Tab le X l for convenience.

Table X l

FAA NIGHT-TIME INTENSITY SETTING CRITERIA FOR
THE ALS AND HIRL , 1968 TO DATE 113 , 1]

intensity Setting Step
ALS

Visibil i t y Condition Step

More than 3 miles 1 0.16
1 to3 mi les incl. 2 0.8
Less than 1 mi le 3 4

l I I R L
More than 5 1 0.16
3 t o 5 i nc l .  2 0.8
I to but not including 3 3 4
Less than I 4 20

4.4 Night-time Intensity Setting Criteria for Touchdown Zone and Runway Center-
line lights

The Air Force instructions a1 1968 Il 2c1 give no intensity setting criteria for touch-
down zone and centerline lights , presumab ly because the intensities of these lights ranged
from about 60 candelas for the open strap lights to about 60,000 condelas for the Elfoko
lights, stating only that local procedures shall be established .” FAA order 7110.8 [131
r•quires the intensity settings given in Tab le X for the HIRL and states that the touchdown
zone arid centerline lights be operated when the RVR is 4000 feet or less, the prevailing
vs ibility is 3/4 mile or less , or as requested by the pilot. Present criteria 11] call for the
intensity settings listed in Table X for the HIR L except where a Facility Directi ve specifies
other settings to meet local conditions .

This exception is stated for all types of tights, as would be expected, and it is not
known whether spec ial attention is given to the differences in the intensities of TOZI
and RCIS lights w ith intensi ties ranging from the 400 candelos for the type 1842 to the
5000 candelas for the type L850A or B.

- 20-
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4.5 Night— time Intensi ty Setting Criteria for Medium Intensity Approach and
Runway Lights

4 .5. 1 Runway Li ghts

Neither the FAA nor the Air Force orders of 1 968 give intensity setting criteria forthe MIRL. Regulator specifications 114 1 indicate that the criteria given in Table X II wereused for Air Force medium intensity runway lights .

Table Xli

AIR FORCE NIGHT—TIM E INTENSITY SETTING CRITERIA
FOR MED IUM INTEN SITY RUN WA Y LI GHT S

Visibility Intensity Setting
(miles) Step 

_____________

Combat Operations 1 0. 1
Combat Operations 2 0.7
Greater than 5 3 4.0

2-5 4 20
Less than 2 5 100

* Based upon use of 30W lamps .

Present FAA criteria for the MIRL ore given in Table X III. Although not stated int the FAA criteria , the criteria for the MIRL apply only to medium intensity runway light-ing systems using type L802 fixtures and do not apply to systems using type 1861 fixtures.

Table X III

FAA NIGHT-TIM E INTENSITY SETTING CRITERIA
FOR M I R L

Vi&ibiiity Intensity Setting
(mi tes) Step 

_____________

Greater than 3 1 10
1-3 2 30

Less than 1 3 100
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4 .5.2 A pproac h Li ghts

FAA PubUcot ons ~ t I’~~ I1- ~ and 1969 151 d~ not give intensit y setting
criteria for the ~V’tA[  c~ Ct r r  ,~r i t  ci  t, ’ . lo o~ ’ g i ven in Icible )( IV .

Tc,ble XIV

FAA NIGHT—TIME INTENc ITy SETTIN G U~ITERIA
FOR T HRFF-~ T E P M A [ S

V ic i bWt y Intensit y Setting
(miIes~ Step

3o r more 1 4
1 to but not including 3 2 20
Less than 1 3 100

When used in a MALSR configuration .

The MAIS was fi~~t used as an economica l accompaniment to the low cast IL~.120 volt lamps were used in multi p le c i cu itc  and a (- heap two step intensif y contro l
was obtained by operating the lamps at ~i’ I I  and half vo ltage . This type operat ion
cou ld be obtained from a 120 volt c r i c o i t  b~ using a comme rcial 240/1 20 ‘120 volt
trans former , wi t hout the use of a special t~qL lo tOr . Present intensity setting criter ia
for this system are g iven in Table X\ . 1 !

Table XV

FAA NIGHT—TIME INT ENS ITY SETTING CRITERIA
FOR TWO- STE P MALc

Intens ity Sett ing
MALS RAIL

Visibi~~ty 5tep

3m iles or more LOW 4 L~N l00°~Less thon 3 mi les ~4 IC,H 100 C~FF

When used in a MA L SR confi guration.



5. STUDIES OF INTENSITY SETTING CRITERIA

5.1 Work of J. 8. Bortow

The problem of adjus t ing the intensity of approach and runway lights was f i rst
given serious consideration by i. B. Bar tow of Bortow Beacons, Inc . 1 161 in the late
l930’ s . Bortow proposed the use of a parallel row approach light system of high
intensity projector s together with an elevated runway light system using the some type
of projectors. The intensity distribution of these projectors was Intended to make the
illuniinonce at the eye of a pilot over the centerline the san-re for oil lights in each
row For al l fog densities. The condition of uniform illuminonce requires a beam pattern
whic>~ changes with fog density . Bor tow proposed to approximate the desired change
in beam pattern by moving the lamps in the projectors laterall y, thereb y changing the
angle of toe-in and the beam pattern. Lamp voltage was to be adjusted so that the
illuminonce at the pilot ’s eye was near thres hold thereby min imizing the background
brightness of the fog over the approach zone and runway.

A lthough the uniformity of illun’iinonce at the pilot ’ s eye achieved by using the
Bor tow pr inc iples was better , For a p ilot over the center line , than that achieved by
any other sys tem, the Bor tow principles were found unsatisfactory in serv ice because
the electronic approach aids could not be f lown with the accuracy required to make
deviat ions of the aircraft from the centerl ine sufficient ly sn-rail so that the princ iples
of the design would he effective j  17, 18 , 191

5 .? Not i~ noI Bareau of Standards Te st s ar-rd Studies

5.?. 1 Nantucket and Indianapo lis Test~

During the year s 1939 1942 the National Bureau of Standards conducted a se ries

of tests of approac h and r unway lights at the CAA Experimenta l Station, Ind anapolis ,
and on Nantucket Island. The pr imary purpose of these tests was to determine whether
the Bartow system of controlling and adj ust ing the ilILrrr inance from appr oach and r unway
lights would produce greate r visua l ranges in foggy weather than would a system of lights
with fixed beams. 1 1 7 1  From this study it was determined that , because of the adopt-
ability a1 the human eye , there is a ratio of about 1000 between Ph. minin-rum and maxi-
mum iflumlnonces. (See Appendk l i l t .

These rating values were us.d in the determination of the optimum intens it y of the
lighting systems under observation as a function of fog densit y. The in tens i ty  o1 the sys-
tem was adjusted to obtain the best appearance of he system cons ide r ing the appearance
of the nearer and farther ti ghts of the wstenr wei ghting th. glare o1 Ph. nearer li ghts
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against the ease of seeing the more distant Iiqhts and noting the prevailing trans-mittance measured with the f i rs t  NBS transmisson~ete ,

The general formula obtained to, the night observation is of the f~un ’

I’  “ la = Cl

where

I is the prevailing trans nhissi i.’ity;

l~ i~. the int .nci ty of a light operated at full intensity;

I’ i s the O p t i ’ ~
- , m  i r r ter1si ~v at  the tronsmissiv ity I;

and

C and d are cOnstants wh ich depend upon the lighting system .
When the system is set at optimum i ’te ’fl~ itv , the i lluminance at a distance dfrom th, pilot is given by Aliard’ s law

~ - -7
E I’ T ’ d~ .

Combining equations 
~
‘ or- r~-~ ~3’ r.ie Id..

10 C 
~~~

-

, (4~
where E’ is the illuminance at a t i’~ed £stance d when the system is set at Optimumintensity. Note that T does not appear in equation ~4’ . Since 10, C and d areconstants, E’ is a constant independent of the fog dencit~ ,

Equotion (4~ prov ides a Y C V  impor tant r inc ip le for contro lling the intensity 
~fon approach or runway light ~y stpr r ’  ot nq ht ; namely , mointoin a selec ted illumir,anceat a suitabl, distance regardless of the transmissk~ity. Whe n this is done, a light whichis nearer to the p ilot than the selected distance s~ I I  appear br ; - ,hter os the fog densityincreases and a light which i s  farther from the pilot than the selected distance willappear dimmer . The Change in brightness inc reoses as difference between the distanceto a light and the selected distance increases.
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T he values of constants C and d are dependent upon such factors as the beam
spread of the lights, their spacing, their offset from the runway axis , and the number
of extraneous lights in the area .

5.2.2 Tests at the Landing Aids Experiment Station (LA ES)

The validity of the princ iple developed from the Nantucket and Indianapolis
studies was tested at LAES during 1948 and 1949 during tests of a method of photo-
electr ic control of approach and runway lights developed by the National Bureau of
Standards. f 20, 211 The method of control is outlined in the block diagram of
Figure 3.
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Figure 3. Block diagram of NBS Automatic Intensity Control System .
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The light source L, fed from the lighting circuit , is p laced at the selec ted
distance d from a photoelectric receiver R 1. The output from R 1 is sent to meter ing
uni t Ml . This unit is linked electricall y with A , the control unit mechanism of the
l i ghting system in such a way that a change in the illuminance on Ri, because of
changing atmospheric tronsniissi vit y causes the control unit to drive an induction
regulator supp lying the lighting circuit so as to produce on equal and opposite change
in the intensity of light L which is fed from the lines of the lighting system . Hence:
the intensity of the lights of the system are also adjusted for the prevailing transmissivity .
Receiver R2 monitors the background luminance and through meter ing unit M2 and
sens itivity control unit B adjusts the sensit ivity of Ml to compensate for changes in
background luminances rang ing from night—time to daytime levels.

Aft er preliminary tests in 1948, the automatic intensity control system was con-
nected, in 1949, to control the intensit y of the high intensit y (type M—2) edge lights
of runway 13—31 in all conditions of visibility and during night—t ime , twilight and day-
t ime conditions. The selected distance was 400 feet. Detailed operational records ,
comp lete w ith several hundred p ilot reports , were kep t by LAES personnel. At the
close of the season, LAES personnel reported that the system e ffective ly controlled the
runway li ght intensity throughout a wide range of visibility conditions both by day and
by night and should prove a valuable aid to the sa fe operation of aircraft . ~21]

The night—t ime intensity setting—visibility relation used by the automatic control
at LAES is shown in Figure 4 .

—
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Figure 4 . Night—time intensity settings obtained from NBS
Automatic intensity Control System
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5.2.3 Tests at the Nava l Air Test Center (NATC) —

When the work at LAES was terminated in 1950, the automat ic intensit y control
system was moved to the Nava l Air Test Center , Patuxent River , Maryland, where it
was connecte d to the power supp ly for the approach ti ght systems being tes ted there .
The selec ted distance - - is first 400 feet, as used at LAES. However, it was found
tha t a greater increase in intensity was needed as the visibility decreased for the
approach lights than had been required at LAES for the runway lights . The separation
between the source and receiver was increased to 800 feet. The resulting visibiflty/
intensity setting relation is also shown in Figure 4. Following this change the automatic
contro l was found to provide better control than was obtained manually and that the
intensity settings provided by the automatic control were lower than those used by the
controllers. [22 ]

The intensity settings in candelas and percent intensity provided at LAES and
NATC by the automatic contro l as a function of visibility read from the curves of
Fi gure 4, are given in Table XVI .

Table XV I

NIGHT—TIME INTENSITY SETTINGS PROVIDED BY
AUTOMAT IC CONTROL AT LA ES and NATC

Intensity Sett ings

Visibil i ty Approach Lights (NATC) Runway Edge Lights (LAES)
(miles) Relative Relative

Intensity Intensity
________________ 

(Candelas) (%) (Candelas) (%)

3+ 25 0.1 30 0.1
3 35 0.14 30 0.1

55 0.22 50 0.16
.5 170 0.6 75 0.25
.25 1400 5 300
.17 25000 100 900 3

Although its use was recommended , the automat ic intensity control was never put
into service because of the costs involved. However , the tests of the system provide the
greatest amount of intensity setting data avai lable. More than 400 test flights in all
k inds of weather were made at LAE S and over 100 test flights were made at NATC .
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In considering Table XV I , the follow ing factors should be noted .

The intensity distributions of the runway edge lights used at LA E S and of the

approach lights used at NATC did not diffe r significant ly from the distributions of the
present type 1-819 runway lights and the present Q2OA/PAR56 approach lights. Hence,
t he results of Table XV I may be compared directl y with present intensity setting criteria .

The tests at LAES were restricted to runway edge lights only. The tests at NATC
involved several approach light systems but did not involve the present ALS configuration.

The intensity settings for the visibility range 1/2 to 3 miles ore considerably lower
than those currently in use . This indicates that for this visibi 1 ty range, at the time of
the tests, the pilots were more concerned about the glare from the nearer lights than

they were with extending the length of W e visual segment.

The intensity settings of Table XV I for vis bilities below 1/2 mile are higher than
those in current use. For the approach lights this difference can be attributed, at least

in port, to the differences between the configurations used Tturing the tests and that of
the ALS. None of the configurations tested at NATC had a concentration of lights on

the center line similar to that of the ALS. No rationale for the differences for the run-

way f ights can be given.

The data of Table XV I are applicable to precision approaches only.

5.3 FAA Studies

5.3.1 Intensity Setting Criteria for Slope-line Approach Light System

In a theoretica l study of the visibility and glare ranges of the slope—line approach

lights, Gilbert and Pearson developed opt imum intensi ty setting criteria for these

li ghts [231 . This study used as its basis the criterion developed during the Nantucket

tests that glare begins to be experienced when the illuminance at the pilot ’s eye reac hes
a value of the order of 1000 times the threshold value (See Appendix Ill) and those
intensify settings which would give the greatest possible intensity without glare on the
glide path. The computed optimum intensity settings are given in Table XV II. The type

250 PAR56 approach light lamp was used in the slope-tine system . The axial intensity
is given in the table, not the representative intensity , as the authors used this intensity

in computing the g lare range.
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Tab le XVII

OPTIMUM INTENSITY SETTINGS FOR
SLOPE— LINE APPROACH LIGHTS [231

Visibility Intensity Setting

• (mi les) Step % Cande las *

1/2 1 0. 16 140
1/4 2 0.8 720
1/8 3 4 3600
1/16 5 100 90000

* Based upon a peak intensity of 90000 candelas for the
12. 5 volt , 250 watt , type 25OPAR lamp .

5.3 .2 Intensity Setting Criteria Developed by the U.S. Advisory Committee on
Visua l Aids to Approach and Landing

In 1971, the U.S. Advisory Committee on Visual Aids to Approac h and Land-
ing undertook a study of intensity setting criteria in preparation for the consideration
of this subject at the SIxth Meeting of the Visua l Aids Panel of ICAO. Under the
direction of its Chairman, R. F. Gates of NAFEC, the Advisory Committee developed
the night— time intensity setting criteria given in Table XVIII. [24]

Table XV III

NIGHT—TIME INTENSITY SETTING CRITER IA
DEVE LOPED BY U.S. ADVI SORY COMMITTEE ON
VISUAL AIDS FOR APPROACH AND LANDING 1241

V it ib il i ty  I i rr ht Sy~terr~
or RVR A pproac h Rc rrw rry L i on loochdowrr Zone Cent erl ine
(miIe~~f t)  Condelas St~~ Condelo~ 

r rr.j  - 
condeios~~ reU Condelns

More than 2 220 2 130 2 50 40 2m rt et

— More than I 100 3 -411  3 SI) 2 40 2to 2nr de~

More than
2400 RVR 1100 3 64r 3 240 3 2C$ i 3
to I

I800 to it m -r I’ t r  I ‘ $ 1  3
2- ’00 RVR 

- . 1  - I  00

1 
r6

)
Ol;OR 5600 4 I~ I I ~‘€O 4 11100 4

Bated çon the representative nt,-~~i t . -  I~~r.- I n Intric III.
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Operational tests o f these settings were conducted for a 90—day period at 26 U.S.
airports having runways equipped with ALS , MIRL , T DZL , and RCLS (See Appendix lV~,and pilot remarks and requests relevant to these settings were obtained.

No formal report analyz ing the data obtained from these tests was issued. The find-
ings were summarized in a brief document prepared for the Sixth Meeting oi the yAP. [251The findings in that document relating to night—time intensities were:

a . Approach lights: Step 1, 0.l6’-\~ intensit y, was requested and used ‘to a fair
degree ” when the visi bility was above six miles .

b. Runway edge lights: The proposed night-time settings were ‘ we ll received .”

c. Touc hdown zone lights: ‘ T he settings of the touchdown zone lights in
visibilities of one mile or more appeal- to be too high and rechecking of the proposed
sett ings may be required .”

d. Runway centerline lights: Lower settings were also requested for the
center line lights but not as frequently as they were for the touchdown zone lights
at visibi lities above two miles.

The document concludes with a statement that the experimental settings appear
to be a considerable improvement over those then used in the U.S . However , no
change has been made in U S ,  intensity setting criteria. Tile findings of reference 25
appear to have been complete ly ignored.

5.4 Theroretical Study of Padmos and Vos

Padmos and Vos developed intensit y setting criteria in a pure ly theoretical
ana lysis based upon the effects of the lighting systems on the background luminance
and hence the threshold illuminance of the pilot. 1261 They show that fot any given
lighting system , or combination of systems , and fog density, a point is reached where
further increases in intensity will produce no increase in visual range because the
change in threshold illuminance with the increase in intensity completely counteracts
the effec ts of change in intensity . The distance at which this point occu rs is the
maximum possible visual range for lights of the system under the given conditions of
fog density. Padmos and Vos then use the intensity required to obtain nine tenths oi
this distance as the op timum intensity for the given condition of fog density. The
intensity settings deve loped by this method ore given in Table X IX .
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Tab le X IX

NIGHT- T IME INTENSITY SETTINGS IN CANDELA S
DEVELOPED BY PADMOS and VOS 1261

Light System

RVR Approach Touchdown
Meters (feet) Approach Siderow Runway Ed ge Zone Center line

‘5000 (~1 7000) 300 100 600 130 200

1 
(5000-17000) 300 100 600 200 200

800- 1500 300 100 1000 400 300

300 100 1500 600 500

~ 400 (<1300) 300 100 1500 800 500

Note that intensities are higher for conditions of good visibility and lower for condi-
tions of low visibility than ore those in current operational use.

The study is ~n excellent example of the power of theoretical analysis but, as noted
by the authors, since it is based upon theoretical considerations , it should be considered
only as a starting point.

5.5 Related Laboratory Studies

The glare criterion used by NE” . by Gilbert and Pearson, and (presumably) by LA ES
and NATC during their flight tests, was that of discomfort glare; that is , the lights were
annoy ingly bright but did not s gnificontly interfere with the seeing of other lights. Thus,
the term “glare ” as used in this report refers to discomfort , not disability, glare .

In a recent study of discomfort glare produced by small sources, Bennett studies the
effects of background luminance, source angle from the line of sight and source size. 1271
The conditions of this test are so different from the operational use of approach and runway
lights that a comparison of numerical values is not warranted . Howe ver , this test yie lds
one very s gnificont finding that is usually over looke d, namely, the enormous di fferences
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between observers. Whereas, most studies use only a few observers , Bennett used a
total of 97 college students as observers. He found that for one condition, the indi-
vidua l values of borderline between comfort and discomfort luminonces covered a
range of 20,000 to 1. The borderline comfort-discomfort level of the 75th percenti lewas 12 times that of the 25th percenti le.

When these figures are considered, the range of intensities given in Table IV
and the di fficulties the VA R has encountered in reaching agreement on intensity set-
ting criteria becomes less surprising.

In addition, a person is relatively insensiti ve to changes in intensity between
adjacent lights in a system . Balder [281 found that deviation in intensity between
0.7 and 1.3 times the normal intensity were not noticed in more than 90% of his
observa t ions. Deviations between 0.6 and 1.5 times the nominal intensity were not
noticed in more than 75% of the observations . Deviations between 0.4 and 2.1 times
the nominal intensity were cons idered unaccep table in less than 15% of the observa-
tions.

In Balder ’s study there were adjacent lights which provided a base for compari-
son. When the intensity of oIl the lights of the system are changed, there is no such
base, and the tolerances to changes in the intensity of a complete system would be
even greater than those found by Balder .

Inagaki has studied the illuminances required of signal lights used as aids to
mar ine navigation by means of a model. 129 1 The e ffects of background luminances
and backgrounds of city lights were cons idered. The lights were evaluated visua lly
into five rating categories (just visible , dark , proper , bright, and glar ing) in a
manner very similar to that used by NBS nearl y forty years earlier. (See Appendix III)

~nagak i found thoj the environmental background luminances ranged from 1O 4
to 10 cd/ma (3 x 10~~ to 3 x 10-2 footlomberts) and that typically the illuminance
for a given rating category increased by a factor o f about three in going from the
lowest to the highest background luminance. The “ just visible ” illuminance was of
the order of 5 x J O~~ lux (1. 4 mile cand le), a va lue very close to the night-time RVR
thresho~d illuminance of two mile candles . The “proper ” illuminance was of the order
of 10 lux (280 mile candles), w hereas , the “adjusted ” illuminance for the “sat is-
factory” category of the Nantucket tests was 120 mile candles. Inogaki found an
illuminance of the order of 3 x 10’~

’
~ lux (8,000 mile candles) to be “glar ing”. The

corresponding value from the “adjusted” Nantucket study was 2,000 mile candles .
lnagaki found the ratio between “glar ing” and “just visible ” to be of the order of
6,000; whereas, a value of about 1,000 was obtained at Nantucket and as currently
used in aviation design practice.
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In view of the large individual differences found by Bennett, the relatively
sma ll differences between the illuminonce values of Inagaki and those of the Nantucket
study are pleasantly surprising.

5.6 Summary of Night—time Intensity Criteria

Pertinent night—time intensity setting practices are summarized in Table XX .
Since the break points used in the several practices are different, the intensities to be
used for specific visibili ty conditions are shown instead of the visibility ranges cor—
responding to the intensity settings.
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Table XX

-a-

SUMMARY OF NIGHT-TIME INTENSITY SETTING PRACTICES SUMMARY OF NIGHT-TIME INTENSI1Y SETTING PRAC IICES
FOR HIGH INTENSITY APPR OACH LIGHTS FOR HIGH INTENSITY RUNWAY EDGE LIGHTS
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The following should be noted from Table XX .

a. The visibility conditions of 3 mi les and lower , the upper limits of the
ranges o f intensities listed by the VAR are greater, and in many instances much
greater , than the intensities listed under any of the other methods for the correspond-
ing visibilit y.

b. For visibilities above 3 miles , the intensities listed under Padmos and
Vos and the intensity of the upper VAP limit ore comparable. Intensities listed under
a ll other methods ore lower.

c. Some of the intensities liste d for approach lights under FAA Publication
7110.65A are lower than the intensities 0f the lower VAP limit for the corresponding
visibility, although the VA R listings supposedly inc lude U.S . practice.

d. The intensities listed for approach lights and runway edge lights under
the method labeled NBS are lower , often much lower , than the intensities l sted for
the corresponding visibility under all other methods when the visibility is 0.5 mile
Or more .

5.7 Recommended Night—time Intensity Setting Criteria

5.7. 1 Recommended Night—time Intensity Setting Criteria for Steady Burning, High
Intensity Light Systems

As is evident from the preceding discussion , there is no unequivocal method of
obtaining optimum intensity settings. Therefore, the intensity sett ings recommended
in Table XX I are only the eng ineering judgments of the author based upon the fore-
going discussions.
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Table \ \ I

RECOMMENDED NIGHT— I IME INTENSITY SETT INGS
FCfl~ STEADY BURNING , HIGH INTENSITY LIGHT ~ SIEM —
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41, l~~so Ihon 1 200 1.. t RVR .

In making these judgments , special consideration was give n to the following
conclus ions:

a. A 1~ 
— T hert k no si gnificant gain in v isual range when the approac h ti ghts

are operated on steps 4 or 5 over thot obtained wi th step 3 operation. (See Table V III’t

h. The tests conducted for the 1) . S . Advi sory Committee indicated that Step I
was preferable to Step ~ in conditions of good visibility . (See Section 5 .3. 2\

c . HIRL — In order for the RVR system to he operative under conditions of 1 mile
vis ibi h tv , Of 6000 ft RVR , this system must he opeiated on Step 3 or- higher step . This
system con be operated on Step 4 when the TDZL and RCLS ore on Step 3 without signifl
canttv incleasing the luminance of the fog over the runway .

d. TD I and RCLS — In order to maintain a “b~iIanced ” system , t hese systerro

should be operated on the same intensity step as the HIRL. An exception was made for
ve ry low vis ibil ities because the diff culty in seeing the HIRL under this condition s
believed to warrant Step 4 operation. However , t is believed that Step 4 operat ion
of the IC’.-’ L and RCLS would produce annoy ing g lare under this condition .

Table X XI I  has been prepared to provide a convenient means of consporing the
intensity setti ngs recommended in this lepor t with those listed in F A A  Publication

~110 .65A and those recommended by the ( ‘ • S • Adv isor y Committee .
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Table XX I I

COMPARISON OF RECOMMENDED NIGHT-TIME INTENSITY SETTING CRITERIA ,
PRES ENT U. S. PRACTI CE AND ADVISORY COMMITTEE PROPOSA L

a. Intensit y Setting Steps

- :1— • f” T II’.

—~ 7110.65 U S .  -,  - 71 1 . 65 1. 5 . 4..~-~--  7110.65 U. S . Rico... 7110.65 .‘ . S .  Ric o.,,’
_______ — I - ~~~~~~~~~~~~~ v I ‘-.“ . ‘.O ~~~~~~~~ ~-.,d.,, Ad.i~~~ y ~ .nd.d

RV R \ . o l - l~1y - Co.’. “ - - - Co..’ . “-.. Co.’. ,h., Co... thi s
- I~,’~~~~ 5 - Ri~o~-~ I I 0.0-” ’ Ripo~ l Riport

4- - - - c - - - -— -— - __________— — — —  ____ ____

2 1 1 2 5 I 7 1 1 2
I - I — — —

5 I . 
, 

.‘ 2 2 2 2 2 2 2 2

4 I 2 :~~~ 2 •‘ 7 2 2 2 2 7

3 2 2~~~ 1 1 $  2 2 2 2 1 2 2 2 2

2 2 3 I 3 3 2 2 3

6000 1 2 3 3 3 3 ~ 3

3000 I - ’? 3 3 a 3 4 3 3 4 3

1600 ~~ 4 3 4 4 4 4 4 3 4 4 3

_ _  

L.u Phon~~~~~~ : 
L1i ~~

_
~~

:
~~~~ 

: :~ ~ : : 
_ _

b. Representative Intensities (Cande las)

SysIsm —6 AL S I’41R1 T OZL RCLS

Mi thod 7110.65 U .S .  Recom 7110.65 U. S. Rico..- 7) 10 .65 U.S. R.co,,,- 7110.65 U.S . Rico..-
Advtsory m.nded Adv iso ry ...rded Advluo y n,.nd.d Advisory m.nd.d

RVR ~~ty Co.’. th.~ Co... this Co... this Co... this
(tsst ) (miii,) 

_______ _______ 
Riporl 

_______ _______ 
Riport 

_______ _______ 
Rspo. t 

_______ _______ 
Rsport

Gr.ots e 45 220 45 26 130 26 10 50 10 8 40 8
11,0. 5 — — — —

5 45 220 220 130 130 130 50 50 50 40 40) 40

4 45 220 220 130 130 130 50 50 co 40 40 40

3 220 220 220 130 130 130 50 50 .S0 40 40 40

2 220 1100 220 640 640 130 240 50 50 200 40 40

6000 1 220 1100 1100 640 640 640 240 240 240 21X~ 200 100

3000 l~ 2 1100 1100 1100 3200 640 640 240 240 240 1000 200 2(X)

1600 1/4 1)00 5600 1100 3200 3200 640 240 1 200 240 1000 1000 200

800 IfS 1100 -- 1100 3200 -- 3200 1200 -- 240 1000 -- IIi.,

~~~ 

Li %l lhOfl 11 00 -- 1100 3200 - -  3200 1 200 —— 240 1000 -- 200
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5. 7 .2 Recommended Night—time Intensit y ‘~ett inq Cr iteria for ‘s tead y Bi.~’ning
Medk,m Intensit y Apptooch and Runway Light 5ysten c

No studies or other considerat ions regarding intensity sett ing r i t er ia app licable
to the MALS or MIRL were located in the literature . Such studies as exist were con—
fined to high intensit y systems.

There is no apparent reaso n why t he intensity settings of the MALS and MiRL
should not provide , insofar as practicable , t he recommended intensities listed in
Table XXIIb for the various visibility conditions. Although, at f irst thought , it wou ld
seem that since the barrette s of the MAtS are spaced at 200 foot intervals , instead of
the 100 foot intervals of the A LS , the back ground luminances of the MALS would be
about one half that of the A LS for a given candela out put . However , the lamps used
in the MALS ore much less efficient in generating a beam than are those of the A LS.
Computation indicates that this inefficiency compensates approximate ly for the differ-
ence in spac ing and that there is no si gnificant difference in the background luminance
per candela .° Hence , no c hange in intensit y is warranted.

The intensity settings recommended for the MALS are g ive n in Table XX III .
These se tt ings have been chosen, inso far as the limitations of the circuitr y permits , to
be consistent with the intensities given in Table XX I for the ALS.

Table XX I I I

RECOMMENDED INTENSITY NIGHT—TIME SETTINGS FOR
STEADY BURNING , MEDIUM INTENSITY LIGHT SYSTEMS

3-Step MAtS 2. Step M A t S  MIRL
Type L802 Type L861

Vis biflty Range Intensity Intensit y Intensity Intensity
(miles) (Candelac( Step (CandeIas~ Step (Condelas~ Step (Conde Ias~ Step

Mor. than I 240 1 240 LOW 250 1 125 3
3/4 to 1 nd . 1 200 2 6000 HIGH 750 2 125 3

- 
lass Phon 3/4 1200 2 6000 HIGH 2500 3 125 3

* The inner 1400 feet of the ALS , w hen operated at full current , radiates roughly four
t imes the lumens radiated by the MALS operated at full voltage . Howe ver, as shown
in Table Ill, the representative intensity of the lights of the A LS is roughly four times
that o f the MALS. Thus, when the two systems are operated so as to produce equal
candlepower , the lumen outputs o f the two ~4O0 foot lengths of approach t ights w ilt
be roughly equal. Hence , the background Iuminances will also be roughl y equal.

-38-

— .— ----- — -~~- --- 
- 

t . .  ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~



A compar ison of these settings wi th present practice and that recommended
for the ALS is given in Table XX IV . Note that it is not possible to obtain as low
an intensity as desired for use in clear weather . Note a lso that it is not possi ble
to obtain a suitable intensity from the 2- Step MALS for use in 1 mile visibility
conditions .

Table XX IV . COMPARISON OF RECOMMENDED NIGHT-TIME INTENSITY SETTING CRITERIA
FOR MEDIUM INTENSITY APPROACH LIGHT SYSTEMS

AND PRESENT U. S . PRACTICE
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A similar comparison for the type 1802 MIRL is given in Table XXV . Note
that the minimum intensity obtainable for this MIRI is somewhat higher than desired .
Note also that the intensity recommended for this MIRL for ~ mile visi bility s about
Four times that recommended for the HIRL. This higher intensity was recommended as
the MIRL will seldom be used with an RCLS and because the horizontal beam spread
of the lights of the MIRI.. is somewhat narrower than desired. The higher intensity
w ill increase the coverage at the dsk of increased glare .

Table XXV

COMPARISON OF RECOMMENDED NIGHT-TIME INTENSITY SETTINGS
FOR MED1UM iNTENSITY RUNWA Y LIGHTS USING TYPE L802 LIGHT S

AND PRESENT PRACTICE

Method 7110.65A Recommended ReCOm~ s.”rded for
HIRL in Table XX I

Visibility Step Intensi ty Step Intensity Intensity
(miles) 

_____ 

(Cande los) 
______ 

(Condelas) (Conde las)

Greater than 5 250 ! 26
5 I 250 250 730

4 1 250 1 250 130

3 2 750 1 250 130

2 2 750 
1 

250 130
1 2 750 2 750 640

1/2 3 2500 3 2500 640

5.8 Intensity Setting Criteria for Sequenced Flashers 
- -

The sequenced flashers installed as a port of most high intensity approach lighting
systems now hove no provision for intens ty control . (However, these fixtures are being
rep laced with fixtures having intensity control as the towers of these systems ore being
rep laced with frangible towers.) They are operated at full intensity when the associated
A LS is operating and the ceiling is less than )000 feet or the visibility less than 3 miles . 11]

Wit h this type of operation the sequenced flashers often produce annoying glare and are
turned o ff at the request of the pilot at some point during his flnal approach.

Intensity control of flashers was developed by Weinstein as part of the MALSR
deve lopment . [301 Weinstein related the intensities of the sequenced flashers to those
of the HIR L as shown in Table XXV I. Sequenced flashers with intensity contro l are now
being used in the MALSR with their contro l circuits interconnected with the MALS contro l
c ircuits so that the two systems ore operated rn the same intensity setting step .
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Table XXVI

INTENSITY CONTROL OF FLASHERS 130 1

HIRL Flashers
Intensity

Step Step
_________________ _________________ 

(Cande las)

5 HIGH 14000
3 MEDIUM 4000 or 1200
2 L~~W 130

The latest FAA Specification of sequenced flashing lights provides for 3 step
intensity control for a ll newl y installed sequenced flashers with nominal intensities of
300, 1400 and 14,000 candelas (2°’~, 10% and 100%) for steps 1, 2 and 3, respec-
t ively. [31)

The only ava ilable data upon which to base the intensity setting criteria for the
sequenced flashers are the results of the flight tests reported by Weinstein. [301 The
relat ions between the intensity sett ing steps of the ALS , or the MALS, and the sequenced
flashers given in Table XXV II  are based upon these data . Thc~se cr iteria appear to be
sat isfactory and their continued use is recommended .

Table XXV I I

RE LATION BETWEEN INTENSITY SETTINGS
OF THE ALS AND THE MALS

AND THE SEQUENCED FLASHERS

A LS Sequenced Flashe rs

Step Intensity Step Ef fect ive Inre rrs ir y ’
_________ 

(Condela s~ — _________ 
(Conde las~ -

2 :20 ] 1 300

3 1100 2 1400

145 28000 °°°
MA L ’

1 I 300
2 1 200 2 14 CtO

3 6000 3 1 4000

Based upon Speci~1~ ,- P c ’ r s  F
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6. OPTIMUM DAYTIME IN 1FN ”l1’~ “I 11 ING (. k’Il[RIA

6. 1 Theoretis sml (‘t iri sidt’ n t it  is i t is

Dove lop I 115) the sop t ir um unm I i~tt’tisi l’s sell iim ~ s i  ton isi f s si dciv I ighut pi esents foss
prob lenus . The dayf inmt’ thresho LI ill tins 1 c is i l is  I’ (I  5(~s i i is the I. ‘~~. to I’~\ t~ ( silinpIl tot i s i l lS

is 1000 nuile candles , ~ I,X) t i t i me s the night— l i m i t ’  thiesliold illun imo us s’. liws , h ut’

intens ities which would s ’ s l t I  sO the r Oth t ’ s t  I qhi tc tci l’o s’ i ,n~ q ia t  i nq t HV  I’ ~ pt’t ’ ted t~ he
about 500 times the intensi ties Ii sted it s 1 s l ~ lo \ I . lh i’ ., ss- 1uon these Ii qhm ts d C  opei cited
s t  1(X)’ ’ - intensit y, Flue I nto ,s ’si t i t ’ s cif $ lie l uos l i  I ights ~m ie  on1 y sli ghtl y okive th~
‘ glat ing” intensity . 1 IS L IS , the ~~s,iIiIt’i n s it s l t ’ f o i  l imi I i i i iq  Opt illil i lhm i t ite l ici t’ t -  ‘(‘ttit5~) s I itt’i 0

is pi iniar i ly a probleni cif  detoi n u u i n s j  I l i tO Ims  i Fir’’ .  s ’sh Is hi wi ll pi ovidt’ si,h’,;t’ol’ts I u ~til
guidance.

The inten s it y i t’s)u ii es l ciI I iqht to pi s ”s id ci v is t i t i  I i on~ e equti I to the ~~i r’vciil ing
day light (me teon ci log ico I ‘I vi s ilsi lily is , s l S s (  l i i i Ii~ 1 si doy l ight f lu eshold ii It,niinorsc~ ,it
1000 nil Ic candles and ii t Im , eshiol s i cs i im t i  t i s t  of 0. 0~’ , s)i  s-en by (‘510(11 is’ s (~ \ .

l~ - ‘20, 000 \- - ‘,,~
where

1 v is the inti’nsi f ’s cit si I i s j i s t  Im ~~ 111(1 ci \ ‘ i \ t ’ sil (1 15)1’ (‘(1( 0 1
-t to the nmete’o i s ’ Ioqi s ~ v kibi Iit~’ , sit id

is the dci ’st ii nt~ vlsi hi Ill ’ i ts m i  It’s

Thus , ciii intt’nsi t i of ‘0, ~X)0 s suim ,ie Ia ’. is I t’ s 7 t ’  ii od w h e n  list ’ vi’ . i  I’ i h t ’ s  is I ~ ‘ i ,
and the list -mci ty req Lii  esi I mci (‘sist ’ ’. op id ly cit the v ls i  I’i Ii t i i I k I  (‘t lS( ’s .

rho Cs -mdi t ion untie! wls it ~ii the v isI ts I i singe’. c i t  the I ights sit the ‘~‘ve~ ~~l Ii ghi f i rms ~
‘t )- sto~ i~ are (‘51(10 I t t~i the vls i l~i l i t ’ s -  is t~~i ’ s t ’l l I s ~-

p = c i~~0 (X)0

w het t’

‘s list’ l i u t o i ss i t s -  sit the light t i r i s i e ,  s ’ im ’ . i sh ’ i c i t I s~ i, tiim s i

P is the v isu i l  IsSlsq ’ cit the light and the s-is i bi l i t ’ s

The results s if the conmpi i tc i t  Is il ls t h i t ’ ~1 5~~t i iii 1 ,ulile \ \ \ III.

~ sot ’ A ppendk II.
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Table XXV I I I

CONDITIONS UNDER WHICH THE VISUAL RANGE OF APPR OACH
AND RUNWA Y LIGHTS IS EQUA L TO THE DAYTIME

(METEOROLOGICA L) VISIBILITY

Visual Range and
light Intensity (Meteorological) Visibilit y

____________ 
(Candelas) (miles) 

— 
(feet)

ALS 28,000 L2 6200

HIRL 16 ,000 0.9 4700

TDZL 6,000 0.55 2900

RCLS 5,000 0.5 2640

MALS 6,000 0.55 2900

MIRL 2,500 0.35 1870

SFL 14 ,000 0.8 4400

It is evident from this table that the visua l ranges of the several li ghting systems
are less than the visibility unless the visibility is low , even though these lights are
operat ing al full intensity .

However , for reasons give n below , the visual range of the runway and the run-
way sur face markings is usuall y less , and often much less , than the visibility . Thus ,
the lighting systems can provide very use fu l guidance even when their visual ranges
are less than the visibility.

Since the runway and the runway surface markings are not viewed against a sk y
or fog back groun d, the ir visua l range cannot be compute d ft- m Koschmieder ’s Law .
The theory of the visua l range of an obje c t viewed against c n  immediate terrestr ial
background was developed by Duntley (33 1. In 1 953 , Doutj las app lied this theory to
the problems of visibility from aircraft ~~34l . In his analys is he found that the visual
range of such targets as the runway or its surface markings was of the order of 0.3 to
0.6 of the visibilit y under overcast conditions , and the visibility factor could go to

0. 1 or lower under low , up sun , haze or thin cloud conditions. See Appendix V for
further details.

If visua l range were the only cr iterion , during day light the approac h and runway
lights would be operated at full intensity at all times . However , in the interest of
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extending lamp life and energy conservation , operat ion at a reduced intensity is
desirable if on adequate visua l range will be provided at the reduced intensity.

A visua l range of one mile for the approach and runway li ghts is taken as
adequate in this study.

When the visua l range required of the light differs from the meteorologica l
visibility the required intensity is given by equat ion (7 ) .

I = 1000 V 2/0.05(’hh”v’m) (7)

where

Vm is the (meteorolog icaD visi bility, and

V is the desired visua1 range .

The intensity required to give a visua l range of 1 mile as a function of
meteorological visibility is given in Table XXI X .

Table XX IX

INTENSITY (IN CANDEL A S) REQUIRED OF A LIGHT TO
PRODUCE A VISUA L RANGE OF ONE MILE

Meteoro logica l Intensit y Required Intensity
Visibility (Candelas) Setting Step for

(mi les) ALS and HIRL

10 1350 3

5 1800 4

3 2700 4

- . 2 4500 5

1.5 7400 5

1 20000 5

* See Appendix II.
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As is evident from equation (5), the intensit y required to produce a visua lrange equa l to the meteorolog ical v isibility decreases significantl y as the visibilitydecreases . At very low visibilities the visual range of lights of all lighting systemsexceeds the visibility when the lights are opera ted at full intensity. This effect isshown in Table XXX .

Table XX X

VISUA L RANGE (iN FEET) OF APPROACH AND RUNWA YLIGHTS OPERATING AT FULL INTENSITY DURING
CONDITIONS OF LOW VIS IBILITY

m t 25o AL fl~~~~~f l-~~~

(mi les) (feet)

3/4 3960 0.83 4700 4300 3500 33001/2 2640 .75 3600 3300 2700 26001/4 1320 .56 2200 21 00 1760 1 7001/8 660 .32 1 340 1 250 1 090 1060
* Based upon a threshold contrast of 0.05.

6 .2 Recommended Daytime Intensit y Setting Criteria

Recommendations of daytime intensity sett ing criteria based upon the foregoingana lysis are given in Table XXX I.
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Table X X X I

RECOMMENDED DAYTIME INTENSITY SETTING CRITER IA
FOR STEADY BURNING I IGHTS

Light System
Visibility ALS HIRL TDZL RCLS

Range Step Intens ity Step Intensity Step Intensity Step intensity
(mi les) 

____ 

(Cande las) 
____ 

(Cande las) 
- 

(Candelas) (Candelas)

Greater 3* 1100 3* 640 4* 1200 4* 1000than 5

3 to 5 m c I  4* 5600 4* 3200 4* 1 200 4* 1000

Less than 3 5 28000 5 16000 5 6000 5 5000

MAILS MIRL *

3 to 5 m c I  HIGH 6000 3” 2500

Less than 3 HIGH 6000 3 2500

* To be used when approaches are being made into a low sun, at all times less than 30
minutes before sunset or after sunrise, and upon pilot request .

** For systems using Type L802 lights .

A comparison of the recommended intensity setting criteria and present pract ice is
given in Table XXX II.
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TobI. XXXII. COMPARISON OF RECOMMENDED DAYTIME IN1ENSITY SETTING CRITERIA WITH
PRESENT U. S . PRACTICE AND ADVISOR Y CO MM I TICE  PROPOSA L
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The intensities of Table XXX I I  cot responding to the intensity settings of
Table XXXI were obtained from the relative intensity-current re lations of reference 3
using the representative intensities listed in Table Ill .

Note that the recommended intensit y setting criteria for the high intensit y sys-
tems ca ll for considerably more operation at Steps 4 and 5 than does present practice .
In considering the effect of this upon lamp life , i t  should be noted that the calculated
life of lamps operating on Step 4 (20% intensit y) is about 500 times the rated life.

Because of the relativel y low intensities of the MAILS and the MIRL , operation
only at full intensity is recommended .

7. INTENSITY SETTING CRITERIA FOR TWILI GHT

Little consideration has been given to the op timum intensity sett ing criteria
for operation during twi light conditions . The only reference to twi flght operation
found in the review of the literature (excep t for descri ptions of the NBS automatic
intensit y control system which automaticall y provided a smooth transition between
day and ni ght operation) was a note in Section 1050 of Publication 7110.65A 111
which allows an exception to the listed intensi ty setting criteria “w hen facility
directives specify other settings to meet local atmosp heric , topographic and twili ght
conditions .” Yet it is obvious that there should be a smooth transition between the
daytime and night—time intensity settings , not a sudden jump.

To provide this transition , it is recommended that the Ughts be operated one
step below the steps listed in Table XXX I  during the periods extending from sunset to
30 minutes after sunset and from 30 minutes before sunrise to sunrise .

* Appendix II contains an exp lanation of the meaning and application of the
“representative intensity ” concep t .
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8. DISCUSSION OF RECOMMENDED INTENSITY SETTING CRITERIA

8.1 Restrictions to App lication

T he intensit y setting criteria recommended in Tab les XX I  and X XXI  are app licable
only to lighting systems using fittings having the lamp types and representative intensities
listed in Table III and regulators having output currents listed in Advisory Circular
AC 150/5345-b C 1351 for high intensity lights , in Advisory Circular AC 150/5345—11 [361
for medium intensity runway lights , and in Specifcations FAA— E—2325A , B or C, and
FAA-E-2700 for the MA LS . [371

Whene ver there is a variance in equipment , the intensities of the lights of the
system should be checked against the intensities listed in Tables XX I and XXX I and any
necessary adjustments in intensity setting step s made .

The recommended intensity setting criteria are based upon the assump tion that the
aircraft wi ll be using precision approach electronic aids or other guidance which will
bring the aircraft into the beam of the lights. The o ff—runway intensities of neither the
approach lights nor the runway lights are high enough to provide circling guidance when
they are dimmed to prevent glare from the near lights when the aircra ft is properl y
aligned on the glide path.

8.2 Possible Problems Resulting from Differences in Lamp Characteristics

No listing giving intensity setting step number , corresponding regulator current and
re lative intensity was located in the pertinent FAA doc uments. Although one can deduce
the correspondence from Publication 71 1 0.65A Hi ) and Handbook 6850.2 121, inclusion of
a definitive listing in the documentation is highly desirable . This listing should also in-
c lude the lamp types to which a given set of regulator currents is desirable since , as shown
in reference [31 , the relative intensity—current (or voltage) characteristic varies signifi-
cant ly between lamp types. If the intensity—current (or voltage) characteristic of the
lamps used in an approach or runway light system does not correspond to that for which the
output of the regulator supp lying the ci rcui t was desi gned, the intensity setting steps recom-
mended in this report and those now listed in Publication 7110.65A are not app licable.

Examples of such mismatches are the use of a regulator designed for use with the 6.6
ampere, 200 watt lamps of the HIRL , TDZL , and RCLS on a centerline or touchdown zone
circuit using type L 8 42 lights having 6.6 ampere , 45 watt lamps or on a MIRL circuit
having a 6.6 ampere , 30 watt lamp. Similarl y, 7~ KW regu lators having 5 intensity setting
steps designed for use with 6.6 ampere , 30 and 45 watt lamps are available and the use of
suc h regulators to supply power to HIRL circuits is possible.

An indication of the effects of such mismatches on the relative intensi ty of a lighti ng
system is given in Tab le XXXI II.
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The following matches to the des gn relat ive intensities are evident from the
table.

ha . The relative intensities of the 200 watt lamp match the design re lative
intensities very c lose ly w hen the lamp is powered through a Type A regulator.

b. The relative intensities of the 100 watt lamp match the design re lative
intensi t ies for Steps 2, 3, and 4 c losel y w hen the lamp is powere d through a Type A
regu lator .

The following mismatches ore evident from the table .

a. The relative intensit y of the 100 watt lamp for Step 1 is signi ficantly
lower than the desi gn re lative intensit y w hen the lamp is powered through a Type A
regulator . When lamps of this type are used in HIR L fixtures, an intensity settin~~9fStep 2 should be used whenever use of Step 1 is specified.

b. The relative intensity of the 30 watt lamp is si gnificantl y lower than the
desi gn re lative intensi ty for Step 1 , and that of the 45 watt lamp is higher , when the
lamp is powered through a Type B regulator.

c . T he Type B regulator should not be used with the 100 and 200 watt lamps
and, converse ly, the type A regulator should not be used with the 30 and 45 watt
lamps because of the bad mismatches with the design re lative intensity on Steps 1, 2,
and 3.

An eve n more ser ious mismatch wil l occur should older type 7~ KW military
regu lators providing 5—step control wit h relative intensities of 1, 3, 10, 30 and 100%
w hen used with 30 watt lamps be used to power 200 watt lamp circuits.

A survey of airports to check for possible mismatches is war ranted.

8.3 Methods of Accomp lishing Intensity Ad justment

There are numerous ways of accomp lishing the intensity adlustment of the several
lighting systems once the relation between atmospheric transmissivity, of meteorological
visibility and background luminance and the optimum intensity setting for each lighting
system is known. Among these are , in decreasing order of sophistication:

a. Control from the cock pit of the approaching aircra ft . Comp lete flexibi lity
in control appears to be neither necessary nor desirable . The light systems could be set
in accordance w ith the specified intensity settings criteria by the controller before ~he
approac h and the settings would then be changed by the pilot as desired . Before the
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next approach , the cont ~I)er wou ld i ’ - ~t u ie  thy settings to those sp e c i f i e d , i f  necessary,
by means of a rese t button . The fo l lowing commands should be provided the pilot.

ALS: — Increase intensit y one step; decrease intensit y one step .
These commands could be used repeated ly if so desired .

SFL : - ON;OFF

HIRL , TDZL , and RCLS: — Increase intensity one step; decrease
intensity one step . These commands could be used
repeated ly if desired .

b. Use of a comp lete ly automatic ground— based intensit y contro l system . With
today ’s regu lators and state-of-the—art computer technology such an automatic system
wou ld be much simp ler than that developed by NBS. It cou ld easil y be made on adjunct
to the RVR converter. Capability of pilot over-ride would be highly desira ble .

c. Use of an intensit y— setting di sp lay suc h as an analog—disp lay mete r con—
nected into the transmissometer indicator unit which would disp lay the app licable

5 intensit y setting step . Th is method could be used in combination with a master switch
w hich would set each light system to the app licable step . The positions on the switch
should be marked with the visibility condition to which the switch position applies.

When either method b or method c is used , the controller should have individual
INCREA SE and DECREASE switches available to provide a capability of adjusting the
intens ity of eac h of the lighting systems separatel y C t pi lot request. These could be
momentary contact sw itches which wil l  produce a one—step c hange in intensity . A reset
switc h should aiso be provided to restore the sett ings to their design va lues.

d. Use of the master switch described in ‘c wit hout the use of an intensity
setting disp lay.

e. The present system , use of a separate intensit y contro l switch for each system
w ith the controller determining the switch settings app licable to the prevailing atmos-
pheric conditions from a table. This is a cumbersome and difficult process , part icularl y
if cond itions are variable , s ince as many as five switches must be set . The procedure
can be improved by labeling the switch positions wit h the app licable atmospheric condi-
tions instead o f with arbitrary numbers.

—53 —



- -

8 .4 Relation of intens ity Sett ing Criter ia to RVR Assessm ents

8. 4 .1 Night—s in-te Conditions

The Eng ineer ing Requirements for thi 5 stud y rake d the question , ‘ What is the
change in RVR value , assum ing fog densit y remains constant , w hich results from the
new light intensities ” and requested a d iscussion of the significance of the changes.

In the U.S , night—time RVR k based only on the visua l range of the lights of
the HIRL. Thus , in responding to the question raised by the ER , onl y differences
between the intensity settings of present practice and those recommended in Tables
XX I and X X X I  ore of concern.

For night—time conditions, present pract ice calls for use of Step 3 for visibilities
from 1 to but not including 3 miles; recommended pract ice calls for use of Step 2 for
vis ibilities greater than I mile . Both practices ca ll for use of Step 3 for mile vis-
ibility. The RVR and visibility tables of Federa l Meteoro log ical Handbook No. 1 [381
shov~ that ‘when the night—time visibilit y is greater than 1 mile , the RVR is greater than
6000 ft . for Steps 3, 4 and 5. Thus , this change has no e ffect on RVR values.

Present pract ice coils for the use of Step 4 For v isibi lit ies less than 1 mile;
recommended pract ice cal ls for use of Step 3 for visibi l ities in the range of ~ to 1 mile .
This change would produce decreases when the visibility is less than I mile but not less
than ~ mile as shown in Table XXX IV .

These changes would reduce the reported RVR one or two reportable increments
depending upon whether the RVR computed on the basis of present intensity settings is
in the high or low part of the interva l when the present RVR is 2000 feet or lower and
two reportable intervals for higher values of (present ’I RVR .

In considering this question , one must differentiate between values of RVR com-
pute d using a fixed value of threshold illuminance (2 mile candles) or a value of thres-
hold illuminonce which takes into consideration the eff ects of changes in intensify
sett ing on the back ground luminance and hence on the threshold illurninance. As
shown in Section 3.2.1 and Table V III, the threshold illuminance app licable to the
HIRL with Step 4 operation is about one and one half t imes th~ threshold illuminance
for ste p 3 operation . if this increase in threshold is taken into account , the decreases
in RVR resulting from a change from Step 4 to Step 3 operation w ill be about two thirds
the differences shown in Table XXX IV .
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ToLie XXX IV

DE C R EA S E I N V A L U E S  OF RVR R E S U L T IN G F R OM
USE OF RECOMMENDED NIGHT-TIME RVR

INTENSITY SETTING CRITERIA

RV R RVR.k 5. Diffe en~-
(feet ’

~ ( feet )  (feet )
T250 Step 4 Step 3

0.758 6000 4910 1090

0.704 5000 4130 870

0 .627 4000 3330 670
5 

0.576 3500 2930 570

0.512 3000 2530 470

0. 482 2800 2360 440

0. 449 2600 2200 400

0.413 2400 2040 360

0.374 2200 1880 320

0.331 2000 1710 290
0.284 1800 1540 260

0.234 1600 1 380 220

0.21 1~~~ 1510 1300 210

Computed va lues based upon a Step 5 int en-U >-  of 10,000 candelas ,
and a fixed illuminance threshold of 2 mile—candIes.

~ Recommended intensity setting .
-‘ -~ * Low e- ~t fr ~ n~m ttance in ~ mile v15i b i I it y interva l

Observ~ t ions ~-a de at Bedord , England , showed tHt decreasing the intensi ty of
a runway lighting svs te r r , sshich conformed to Category Il l criteria , from 100% to lO~c
i n c . -  ec— ed He visual  c f l a e  of a ref efence  fi ght lam 3lOm to 37Om when he R\R  was
400n- arid from 490rr to 510m when the RVR was SOOm (Letter from A. Horst rran to
lC-\O Working Group on Li ght Intens it y Control dated 10 November 1 977~. These
observations show the effects of scattered li ght from the runway li ghting system in
reducing the visual range of a ~j~~~~~of  fixed int ensit y. These observatio ns are similar
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to some made by the author at the CAA Exper imenta l Station , Indianapolis , on the

night of Dt ’cerir ly i  25 , 1940.

Since a light ~ t fixed intensity was used as a refe rence  source in the U.K . tests ,
these observations indicate the e ffects of dimming the runway lights on such lights as
a ircraft pos ition lights , tax iway entrance lights , and obstruction lights near the end
of the runway. These observations are not indicative of the effects of dimming on the
visua l range of lights of the system that is being dimmed for then the lights of the system
which -jre~ at the limit of visibility are not of constant intensity but decrease in intensity
w ith the near-er lights which ore illuminating the intervening fog . The author has never
observed an increase in visual range of the lights of a system wit h decrease in intensity
o f the system . However , often the background luminance applicable to a given light-
ing system is produced not only by that system but by other systems as well.  Thus, if ,
with on RVR of 2000 feet , an a ircraft is over the approach Ughts , dimming these lights

~or turning them o f f )  wil l  increase the visual range of the runway lights. Similarl y,
dimming, or turning of f, the touchdown zone and centerline lights wi ll increase the
visua l range of the edge lights , and converse ly.

The conclusion to be drawn from observations of this type is that in choosing the
night—time intensit y sett ing of any one of the approach or runway lighting systems ,
con-~iskiution should be given to the effects of this intensity sett ing on the visual range
of the lights of relate d systems.

8.4 .2 Day time Conditions

Present intensit y setting crite r ia for HIRI in day light call for use of Step 5 when
the visibil it y is Ie— ~- tha’i a mile and use of Step 4 for vis ibilit ies 1 — 2 miles inclusive .
The cr i te r ia recommend~d in this study (Table XXXI )  call for use of Step 5 operation
w hen the visibi l i t y is less than 3 miles and the use of Step 4 under special conditions
for v is i hi lit ies of 3 miles and more . The transmittance over a 250 ft baseline , t 2~~
at the lower limit of the one—mile v isibilit y increment is 0.865. Since for all
greater than 0.843 , RVR is computed from the visua l range of a black object viewed

a sk y or Fog back ground , this d if fe rence in intensity setting will have no effect
on the RVR.

8. 4 .3 Twil ig ht Conditions

FAA Publication 7110.65A contains no spec ific intensity sett ing cr iteria for tw i-
light conditions . Hence , the changes in RVR which would he introduced by use of the
recommen ded intens it y sett ing cr i ter ia are unknown .
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8.5 t , orisi~Ir’r at io r is for a Test Pi os~u alit

As is evident from the pi eced i nq rusi f t ’  o I, fi re r  e is l it t l e to ho qoi nod fr ont a
test program using observations other than those niuslr’ ii orit on c i  a f t  cock pit ,
simulated cockpit , located at the proper points  in spsice . I fon 0 , ri ist  te s t r ig

should he fli ght testing. Care shoe Id he token to i n s t  t o  that such t r ’s t i  nt~ s loe’ .  not
degenerate into a simp le conipar i son of vi sea I ranges , hut Inc ludes a rt ova I sr ~~t on

annoying g lare we ll as of vi sea I i arigo in j udqi nq the ii tsi I~i Ii ts  of an intonsi t~
setting. In view of the vet y large i ndi video I d i f fe r  n’ncc-’ s in d, scorn fort si s i r O  i epor ted
by Bennett 1 271 , an 0 ‘~te rts i  ye test sor I es f ’v a I m u  ted number- of pi l~ t ’ . wou ld be s it

little va lue . Therefore , only a I m u  ted number of fli ght tests shoe Id he cs snduc ted at
NA FEC. ~trc 1i test’s should be fo I lowetl h~ all Of~Q, cit s i nusu I (‘Vci I1 t i t  ion of the iii ten’. I t y

setting cr iteria by request ing a number of air pot ts to usc’ the recommended intensi ts-
setting cr iteria and make a systematic of hi, $ t~ obtai ii pi lot evaluation of those cr I teria
Such eva luations would then be conside red in establi slil ii sp ec i find in tens i ts s~~tt irig
crite r ia. During thes e tests emp hasis should be put - s r i  obtaining dot-n s’. iiic Ii ss i l l
answer t he follow ing qu iest is ins .

A. f o r  High Intensity I iih tin g Systems

1 . Is operat ion of t h e  A I \ at ii ight ott ~tep .~ when the v si I’ III $v
3 to ~

‘t cii les 111010 so I table than oper at iort on Step 1 ~

V/ha t are the e f f e c t s  of opt’t at ing t h e  oriway li ght’. on ‘s tOp .~

i nstead of ‘~tep 4 dun irig vkihi lit~- con dit ions in the ,j to I mile
range ?

Is oper at ion of t h e  slf ipr 0515 ’ ii and ruw ay lightin cs- st out ’ .  sl ur in
low—sun and p ie — c m , 1 po’.$ t w i  I i~1ht conditions , t s  i ~s ’oiur i t t t ’t id ~ ,1
in Table X X X I  sidvciru t sisie o i i s ?

4 . Are the intensity sot t Irus ~ u- i I$r ~i ici tot tw ilight condition’ .,
S ’c t i o r t  6 ..~, su it s ’iI le ’ -’

B. Far Medium Intensit y I iqhit iriq ‘-‘s -c $01115

The intens ity s~ t t i r rs i  ci ite r ia i t’ s ,‘ i r s ’ is r ’ ru ,led foi the niediunt in ter i s i ts  IRJ lut  —

ing systems t r s i r u s ~ type I t~O~ I iilit~ s it 0 those 5v111s ’ Ii il l s-i ~~ld init t ’nsi t i e s  that o re
tent wit h those r ec onsnsr s ridisd for the hi ~)I i n ti  is i 5- ‘s - ’t  en’  to the e \ten t pot us i tted l’s the

I m u  tc i t  ions imposed hs~ the reg ulat or  sp ot f ed for r se s r i  tli thu r mcdi tn t  i ntenci ts ss-s t ~’nus

No spec i fic te s ts  ore recommended tot th eso ned Is ‘ rut nt ( ’ r ts i  t s  s~ - s t e , ~~’. . f r us t ~ sid , the
intensity setting (~i i tor ia I ecomtu n lertsl esf tot ‘.~~5 It c~- st t ’ ru ,s shoe Id I~’ t o  t ’\ s lrus m e d  a tt r’ r  the
tests of the ci i t t ’ s  s i  t~ r the Ii ighu I nte ncr t s s -  s t~~r s- s at 0 s ’ s~~i l f ~ Iotod , ansI then sh ot ’ 1 d he
ad j t rct ed i t  I1OCO’.’.’Il v .

- 
~~

——

~~

—-.- - -
~~~~ 

- — 
~~t. ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ - ~~~~~~ _—.



- ~~~~~~~~~~~~~~~~~~~~~ -~~~~ T —- .~ -~ —~~~ ‘~~~~~r “
~~~~~ 

— —,, — -1

9. CONCLUSIONS

Recommendations for intensit y ss .t t i r u g criter ia night—t ime , twi light , and day time
hove been prepared using theoretica l st udies , f ield tests , and operationa l experience as
a guide . (Se e Tobles XX~, X X X ’ , and Section 6.2) Factors to be considered in a test
program have been prepared . (Section 8 .5)

10. RECOMMENDATIONS

It is recommended that:

1 . Studies be made of the suitability of the intensity setting criteria oi
Tables XX I , XXV I I , arid XXX I  recommended in this report for adoption
as U. t

~. practice.

2. That onl y 5-step regulators be used with the “simp lified” approach light
systems. ( Section 5.9’

3. The sui tabilit y of a fixed night—t ime threshold illuminance of 2 mile
candles be re-examined . (Section 8.4)

4 . Consideration be given to rep lacing the present sw itching arrangements
for intensi ty control with a system which coup les intensit y con trol to the
transmissometer . (Section 8.3)

5. Steps be taken to improve the method of accomp lishing intens ity adjust-
ments by the air traffic controller or flight service specialist using the
met hods discussed in this report as a guide. (Section 8. 3’t

6.  A check be made of the constant current regulators used in runway
lighting systems to insure that the output c urrent steps of the regulato r
are su itable for the lights which it supp lies . (Sec tion 8.2)
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A P P E N D I X  II

FACTORS DET ER M I N I N G  THE VISUA L RAN GE
OF

LIGHTS AND OBJECTS

NOTE: A detailed treatment of the factors discussed below is contained in Re ference [al.

lI—i Allard ’s Law

The illun’inance at an observer ’s eye , produced by a light, determines if the light will

be seen . The illuminance E produced at a distance x by a source of luminous intensity I

in an atmosphere having a transmissivity (transmittance per unit distance) I is:

E = IT X
/x

2 ( 1)

If the illurninance E, at the eye, is greater than Em, the minimum perceptible (or

threshold) illuminance , the light will be visible . The distance at which E is equa l to

Em is designated as V, the visua l range of the light. Then fbi:

Em = lTv/V2 (2)

Equation (2) is generally known as Allard ’s Law . [ci

Equations (1) and (2) are strictl y app licable only when the luminance of the back-

ground is small compared to the average luminance of the Ught. [di Otherwise Equation

11—7 becomes:

E = [I - 
(I.. - L’)A) 1.x/

2 (3)

where L is the luminance of the background of the light, L’ is t”e average luminance

of the unlighted projector , both in candelos per unit area , and A is the area of the

entire projector projected on a plane normal to the line of sight.

It — I
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Both L and L’ are measured in the d iuect ion of the tine of sight from a position

near the light.

The quantity (L — L’) A is the intensity tequired of t l-~.’ light to make its average

luminance equa l to t i-sat of the background . The visual range of the light is determined

by the net intensity, that is , the difference between the measured intensity of the light

and this intensit y. T yp icall y, the term (L — L’) A has a si gnificant effect on the visua l

range of a signa l light only under day light conditions when the light is dimmed or when

the light has a low average luminance in the direction of view.

11-2 Koschmeider ’s Low

The distance V0 at wh ich a large black object can be seen against the horizon sky

is given by the re lation:

C T” 
(4)

where c is the minimum perceptible contrast , or threshold contrast , of the observer. 1
~~

A va lue of 0.05 is considered representati ve of the day light contrast tht esho ld of a

meteoro log ical observer. t ~i

Equation (4) is a particu’ar case of Koschmieder ’s law . 
[c , gi l i the object is not

blac k , equation (4) becomes

C [(L~, 
- LH

’)/LHl 
T

V (So)

or

C = CO T
V (Sb)

where 1~ 
is the luminance of the object , LH is the luminance of the horizon sk y,

V is the visual range of the object , and C0 is the inherent contrast between the object

and the sky. (Note that C may be either positive or negative , having the same sign of

10 - LH. ’) Equotion (5 1 app lies to art f lcia lly lighted as we ll as naturall y lighted objects .
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Equation (4) and (5) may be used without si gnificant utror in computing the visua l

range of objects , or area sources , viewed against a terrestrial bac kground i f  the distance ,
d, between the object and its back ground exceeds one hal f of V0 of equation (4).

Equations (1) through (5) are based upon the assumption that the transmittance of the
atmosphere k independent of wa veleng th throughout the visible portion of the spectrum.
In clean fogs and in rain this assumption is usuall y va lid. However , in smo ke or dust

there may be occasion , be significant differences with the transmittance of red light

being greater than the transmittance of blue light , and these equations must be app lied
wave length by wave length.

111— 3 Relation between Visual Range of Lights and Daytime (Meteorologica l) Visibilit y

The intensity required for a light to be seen a distance equal to the daytime (meteor—

o log ica l) visibilit y can be computed from equation (1) by computing the app licable value
of the transniissivit y, T , from equation (4).

Combining equations (1) and (4) and so lving For I yie lds

= EmV2
/C (6)

Using as the va lue of Em the illuminance threshold used for daytime RVR computations
in the U.S., 1000 n-rile candles and as the value of c the contrast threshold agreed upon
by the Wor ld Meteorologica l Organization , 0.05, in equation (6) yie lds

= 20000 Vm
2,

where Vm is the daytime meteorologica l visibility.

If the visua l range of the light is not equa l to the meteorolog ical visibi lity, com-
bining equations (2) and (4) yie lds

= 1OOO V 2/O.O5 (’
~’/’~’m

’) (8)

where V is the visua l range of the light and Vm is the meteorologica l visibility.

11—3
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11— 4 Representative Intensit y

The concept of using a representative intensity in computing the effecti ve visua l

range of airfield lights originated in the U. S . during the ear ly development of the runway

visua l range program .

Its opplication is exp lained in the fo llowing quotation:

“The selection of on intensity representative of an approach
or runway li ght is at best a somew hat arbitrary procedure . In the
past the maximum intensit y of the light has been used frequent ly.
This is unsatisfactory since the probabi lit y that a pilot will be
prec isel y in the peak of the beam is very low. 

To avoid undue influence on the representative intensit y
which wou ld be produced by a narrow peak having an intensit y
much greater than other parts of the beam in the determinat ion
of representative intensit y, al l intensities more than three times
the minimum intensity within the reg ion are treated as being three
times the minimum .

This concept was adopted in 1 966 at the Fifth Meeting of the Visua l Aids Panel and
— has been used in pertinent ICAO documents since that time.

I l—S E ffective Intensity

The intensities used in characterizing flashing lights are e ffective intensities com-
puted by met hods agreed upon by ICAO and used in the U.S . for evaluating signal lights

~h page 264, i ).

For short flashes , such as those emitted by the approach— light flashers , this effective
intensity is given by

= 5] Idt

where

11-4
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t e is the effect ive intensit y,
I is the instantaneous intensit y at any time during the flash , and

is the time since the start of the flash .

The instantaneous intensity is integrated over the entire flash.
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APPENDIX Ill

BRILLIANCY RATING SCA LE FOR
APPROACH AND RUNWA Y LIGHTS

In 1940 and 1941 the Notional Bureau of Standards conducte d field studies of
approach li ghting on Nantucket Island. ral As part of that work a qualitative system
for rat ing the brilliancy of approach and runway lights was developed. These data were
taken by a stationary observer using a relativel y short syste m of lights. Experience
indicates that taking into account the losses in the windscreen , the coc kpit lights , and
the effects of a moving pilot , the i l lu minonces corresponding to each step found at
Nantucket should be increased by a fac tor of about four [b) . The revised relation is
shown in Fi gure Ill—i. The following descri ptions app ly to the brilliancy ratings.

Threshold (T) — Light could just be seen.

Visible (V) — Light was intense enough to be seen but was of doubtfu l use .

Faint (F) — Light could be seen distinctl y but was of too low brilliance
to be considered a desirable signal.

Weak (W) — Li ght was not as brilliant as is desired but was considered
a usable si gna l.

Satisfactory (S) — Light was at the brilliancy considered the most satisfactory
for use.

Bright (B) — Light was more brilliant than is desired but was thought to
be a usable si gnal.

Glaring (G) — Light was considere d an unsatisfactory signa l as it was
definite ly annoying .

Note that there is a facto r of approximatel y 4 between the brilliancy steps and
that there s a ratio of about 1 000 between the bri lliancy ratings of ‘visible ” and
‘glaring .” This latter ratio has received broad acceptance as being app licable to
approach and runway lighting design. cb ,c,dl

I l l—I
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APPENDIX IV

LI ST OF AIRPORT S WHERE 1f~ LI ’t IN L IL~ H1
INTENSITY SETTINGS UNDER DIF FERENT ME ~ET~~ I~~~1OGlCA1 CONDI1 K~NS

BY U. S . ADVISORY COMMITTL[ ON V I~IJAL A IDS
FOR APPROACH AND LANDING (1972)

A irpot t Runway

Bar Ungton, Vermont 15
Poitlan d, Maine 11
Teterboro , New Jersey 6
Buffalo , New York 23
Charleston , West Virg inia 23
Atlanta , Georg ia 9R
Lou isvi l le , Kentuck y
Nashville , Tennessee 2L
New Orleans , louisiana 10
Oklahoma Cit y, Oklahoma 35R
Dallas , Texas (Love ) 13R
Sacramento , Cal ifornia 16
Oakland , California 29
Reno , Nevada 16
Seattle , Was hington (Seatt le—Taco ma) 16R
Portland , Oregon 101
Boise , Idaho 1OL
Salt Lake Cit y, Utah 341
Denver , Colorado 35
Billings, Montana 9
Kansa s City, Missouri (Municipal) 18
St. Louis , Missour i (International) 12R
Des Moines , Iowa 30
Cleveland , Ohio 5R
Minneapolis , Minnesota (Minneapolk-SI . Poul ) 4
Indianapolis , Indiana -IL
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APPENDIX V

VISUA L RANGE OF THE RUNWAY AND
ITS SURFACE MARKINGS

Although in the computations of RVR , in day t ime , the visua l range of the runwa y
or runway surface marking s is somet imes assumed to be equal to the meteorolog ica l
visibility both in the U. S. Ea l and internationall y lb i  , this assumption is i nco i tect as
wi l l  be made ev ident by the following discuss ion .

Meteorolog ical visibilit y is based upon the visua l range of a “ large black , or
nearl y black , abjec t viewed against a sk y or fog background. it is dependent onl y
upon the transmittance of the atmosp here and a fixed contrast threshold. It is independ-
ent o f the sun position, the luminance of the object , and the luminance of the back-
ground. Visibility is computed from Koschmieder ’s Law ,

= ~~~ (1)

where

~ is the contrast threshold (a value of 0.05 is used internationally,
a value o f 0.055 in the U.S .)

T is the atmospher ic transmissivi ty, and

Vm is the meteorological vis ibility .

The runway and the runway surface markings ale viewed against an immediate
terrestr iol background, not the sky. Their visua l range is dependent upon their lumi-
nance, the luminance of their background, the luminance of the portion of the sky
mak ing the same ang le w ith the sun as does the line of sight. (In the case of a landing
aircraft , this portion of the sky is within a few degrees of the horizonta l pro jection of
the line of si ght. ) The relation for determining visual range was developed by Duntley Ed

and is much more comp lex than Koschmieder ’s Low; namel y,
- 

- 

= C0 E l  ~ (Ls/Lb) (T’~- l)1
1 (2)

w here

and I are as previousl y de fined ,

C0 is the inherent contrast between the runway, or runway
sur face markings , and the immediate terrestr ia l background,
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k the luminance of that pot tion of the sky making ti re some
ring le with the Ii ,ie of siqht as does the sun ,

L b IS the inh erent luminance of the background , and

V is the visual range of the runway, or of the runway surface
markings.

In 1953, Doug las ‘tudied the operat ional si gnificance of visual ranges computed
from equation (2) . [d l He found that under overcast conditions the visual range of
runway sur face markings ranged typ icall y from about 0.3 to 0.6 of the meteorolog ical
visibility. (The visua l range of the r unway would usuall y be less than the v isual range
of its markings.)

Under low sun and hazy or thin cloud conditions , the factor could fall to 0.1 or
lower if the line of si ght was up—sun.

Thus , even thoug h the v isual range of a lighting system does not equal the
meteorolog ical visibility under many seeing condit ions , its v isual  range ~~Il ofte n be
greater than that of the runway or of its surface markings .
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Opt. Soc . Amer . 38 179 (1948).

d. Douglas, C A . ,  “Some Factors Affecting the Relation between Reported Visibility
and Visibilit y from Aircraft ” , NBS Report 2715 (Aug. 12 , 1953).

* The author once observed an extreme examp le of the effect. With the elevation of
the sun about 20°, a cloud cover which just obscured the sun and a meteorolog ica l
visibility o f about 1/4 mile , the v isual range in the up—sun direction of freshly pa inted
runway mark ings on a moist black—to p runway was about 30 feet and the rr “rkings were
darker than the runway ! In the down-sun direction the visual range of the markings
was about 1/4 mile .
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