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Forward Scatter Meter Measurements
of Slant Visual Range

1. INTRODUCTION

Restricted visibility conditions continue to have a strong impact on the safety
and efficiency of aircraft operations . However , improved low-visibility operational
capabili ty is being achieved through the installation of advanced instrument landing
systems. Step by step the aviation industry has progressed to the point where a
significant number of airf ields have been approved for Category II operations . These
ai rfields provide for instrument approaches to a decision height (DH ) of 100 ft
(30 m)  with a runway visual range ( R V R )  minimum of 1200 ft (365 m) . Inherently,
the concept assumes that the pilot having made his decision to land has sufficient
visual ground references at DR and sufficient  time to make a safe landing. On the
basis of the excellent safety record and widespread acceptance of Category II opera-
tions , even more sophisticated automated landing systems are being established to
extend capability of operating in very low visibility conditions. The next step.
Category lila operations , provides for landings with the aid of pilot visual reference
under conditions when the RVR Is not less than 700 ft (230 ml .

The requirements for accurate and timely measurements of airfield visibility
have become more urgent as the operational minim a for low visibility approaches
and landings are reduced, Current observatIonal Information supplied to the operator
consists of human observer estimates of prevailIng visibility and , at most major

(Received for publIcation 9 August 1978)
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airfields , instrumental measurements of RVR at one or more locations adjacent to
the runway. Although these observations supply essential information , experience
has shown that the surface RVR measurements and general-area visibili ty observa-
tions often are not representative of the conditions encountered by the pilo t as ne

proceeds alo ng the glide path through the DH to touchdown. Progress has been

diffic ult and slow in the development of effective techniques for the measurement
of sla nt visual range (SVR) ahead of the aircraft , along and be low the g lide slope
path. Two techniques for SVR measurement are under investi gat ion by the A i r

Force Geophysics Laboratory (AFGL) . The first  is an eye-safe lidar system em-
ploying a f requency doubled ruby laser . An experimen tal model of the sing le-e nded
lidar system is being fab ricated by the Raytheon Com pany 2 based upon a novel opti-
cal design by HSS Inc. Initial field tests of the lidar system have been delayed due

to fabrication problems; these tests are now planned for the fall  of 1978.
Meanwhile , fi elu experiments with the second technique are wel l  under way at

the AFGL Weather Test Facility (WTF) at Otis AFB , Massach usetts . Ar , ins tru-
men ted tower approach is being evaluated that is s imilar  in concept to a system
proposed by the Federal Aviation Adminis t ra t i o i which was tested by Bradley ,
Lohka nip , and Will i ams. The development and testing of SVR systems at the WTF
are pa rt of a continuing program to upgrade the Modular Automated Weather  Sys t em

(MAWS) 5 developed by AFGL fo r fixed-base Air  Force requirements . The field
t est s of IvIAWS com ponen ts, incl uding the SVR system , i nvolve a continuing series
of detailed measurements of visual range at the WTF by means of forward scatter
visibil ity meters and transmissometer instruments mounted both at the surface and
on an array of instrumented towers. An automatic data acquisition system at the
WTF processes the raw dat a in order to provide a continuous record of the fine scale
varia tions of atmospheric extinction coefficient in t ime and space up to a heig ht of

200 ft (60 m) .  The extensive data base provides a basis for assessment of many of
the factors affect ing our ability to measure and describe SVR in a variety of re-
strictive weather conditions . This report present s an interim summary of the inves-
t igation , wi t h particular emphasis on the expected performance of a remot e tower
SV R system.

1. Moro z , E .Y. (1977) Investigation of Sensors and Techniques to Automate
Wea ther Observations, AT’GL-TR-77-004 1. Instrumentat ion Paper No. 253.

2, McManus , R. G. • Chabot , A. A . .  Young, R. M , ,  and Novick , L. R. ( 1976) Slant
Range Visibilit y Measuring Lidar. A FGL -TR -7 6 -0262.

3. Stewart , H. ,  Brower , W .,  and Shuler , M. ( 1976) Design Principles of a Slant
Transniissometer for Airport Use , TuC6- 1. Proceedings of Atmosphe r ic
Aerosols Conference, NASA CP-2004.

4, Bradley, G.S. • Lohkamp, C.W . , and Williams . R . W .  ( 1976) Flight Test
Eva luat ion of Slant Visual Range/Approach Light Contact Hejg~~ (SVR IALCH )
Measurement System. Final Report Phase III, FAA-RD-76-1T7 .

5. Tahn k, W. R. • and Lynch , R. Fl. (197 8) The Development of a Fixed Base
Automated Weather Sensing and Display System. AFGL-TR -78-0009.
Instrumentation Paper No. ZOO ,
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2. VISIBILITY MEASUREMENT TECHNIQUES

As reported by Pou glas and Booker , 6 ins t rument-sys tems for RVR measure-
men t have been used operationall y in the United States for over two decades . The
basic National Bureau of Standards (NBS ) t ransmissometer  instrument , the refer-
ence i l luminance thresholds , and the concept of a irf ield visibility measurements
have remained essential l y unchanged since the systems first were instal led at a
selected group of Air  Force bases in 1954 , excep t for a shortening of the trans-
missometer baseline where necessary to extend the range of visibility measurement
to lower values in support of Category II and Category III operations .

2.1 Runway Visual Range Measurement

T he follo w ing defini tions , R un way Visual Range ( RVR )  and U. S. Defi nition of
RVR , respectively, are given:

The maximum distance in the direction of takeoff or landing at which
the runway, or the specified ligñts or markers delineating it , can be seen from a
posi tion above a specified point on its center line at a hei ght corresponding to the
average eye-level of pilot s at touchdown.

A val ue normally determined by in struments located alongside and
about 14 ft higher than the center line of the runway and calibrated with reference
to the s ight in g of high - in t ensi ty ru nway li ghts or the visual contrast of other
ta rge ts—whi chever  y ields the grea ter visual range.

T hus t he approved ope rat ion al proced ure is the measurement of the tran smit-
tance along an elevated horizontal path between the t ransmissometer  source and
the receptor. The recommended path lengt h is 250 ft (75 m )  for Category II opera-
t ions . The t ransmi ttance t over baseline distance d is given by

-bdt =  e

whe re b is the at mospher ic ext in ct ion coefficie nt which va r ies wi t h the wavelength

of li ght and the composition of the atmosphere. 7 In fog and precipitation conditions ,
the attenuation by absorption in the visible portion of the spectrum is small  com-
pared with attenuation by scattering, and therefore the extinction coefficient is given
to a good first approximation by t he atmospheric scatter ing coe f ficien t alo ne.

6 . Douglas , C.A. , and Booker , H. L. (1977 ) Visual Range: Concepts, Instrumental
Determination, and Aviation Applications. Final Report FAA - RU - 77-8.

7. Middleton , W. E . K. ( 1952) Vision Through the Atmosphere, University of
Toronto Press. Toronto.

Federal Meteorological Handbook (1912) Government Printing Office,
Washington, U. C., pp A6-304.
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Thus the sca ttering coefficient is the primary atmosp heric variable which
determines  the vis ibi l i ty .  If b is relativel y cons tant over a distance equal to
visibili ty i t se l f , the vis ual range V is related to the measurements  of t ransmi t tance
or scattering coefficient  by K oschrniede r ’s law when convenU ial dayt ime targets
are used ,

= e ’
~” = e(V In t ) / d

arid by Al la rd s law (day or nii~ht )  when light s are used as the reference ,

- ie h’~ - Ie’~~ 
In t ) / d

___  - _ _ _ _ _ _

where f is the threshold of contrast and € is the threshold i l lum inance.  The RVR
C t

computer accepts the measured transmittance or extinction coefficient as input and

calcula tes RVR in accordance with these relationshi ps .
The ope rational values of threshold luminance (2 mi cd night and 1000 mi cd

dayt ime) and contras t threshold 
~ 

(0. 055 dayt ime) have been established throug h
field expe rimentation.  A3 such , t hey reflect the opposite effect of many inf l uencing

factors such as the luminance of the background , the physical cha racteristics of
t he target  or li ght source , and obse rver k now ledge of reference light or target loca-
t ion . These factors and other influences can lead to a wide spread in pilot percep-
t i on of vis ual range relative to a g iven measured value of atmospheric extinction
coeff ic ien t along the flig ht path .

To p lace requi rements for accurate and representative measurements of atmos-
pheric ex tinction coefficient  in better perspective , let us consider the magnitude of
the unce rtainties that are caused by t he fac t ors in the f oregoing disc ussion as re-
vealed by the res ults of prior field experiments . For exam ple , Figu re 1 shows a
cum ulative frequency distribution of computed values of threshold ilium inance based
upon a series of visibility observations and corresponding measurements of trans -
mit tance carried out by Lefkowitz and Schlatter 8 at Atlantic City during fo g condi-
t ions . Reaults  of this study presented on probability paper show a roughly normal

cumulative frequency distribution of the logarithm of illuminance threshold as
det ermi n ed f rom the ca ref ul ly controlled experiment consisting of ground observa-
tions of runway edge lig hts and centerline lights from a fixed position 15 ft .ibov e
the centerline of the runway, As shown in Figure 1, the standard deviation of
log for both day and night is about ± I or one order of magnitude in € 

~~
. This

corresponds to about a 20 percent variation in RVR for visibility In the range 400

8. Lefkowj tz , M , ,  and Schlatter , E. E. ( 1966) An Anal ysis of Runway VIsual
Range. FAA-RD-88- 100 .

10
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to 800 meters. It should be emphasized that those estimates of uncertainty in

re f l ect , in part , sampli ng errors in extinction oefficient due to horizontal varia-
tions in fog density. Note that the ~0-percen t probabilit y i t lu r i inance  threshc.ds as
given by these experimental data are near 100-m i cd f o r  day and I mi-cd at night .
Douglas and Booker6 point out that to he applicable to the pilot these values should

be increased by a fac tor of 2 or more to compensate for wind screen losses and the
forward motion of the aircraft .

i i i I I J I ~~ I I I  I

~~~

2 i00

it
b

0AY

~~~~~~~~~~~~~~~~~~

2/

I -

-j 
I

- 2 -  I -

I i  I I I I  t i l t  i i i i  I I I
I 2 5 tO 20 50 90 95 98 99

CUMULATIVE FREQUENCY (PERC ENT)

Figure 1. Cumulative Frequency of Day and Night Visual
Illurninance Threshold as Determined in Atlantic Cit y
Experiments by Lefkowit z an d Schla tte r . Th e grap h is a
plot on probability paper of resu lts give n in Fi gur e 20
(page 43) of their report (Reference 8). The number of
night cases was 1049 and day cases totaled 894.

2.2 Slant visuar Range Mea surement

With the foregoing limitations , sim ilar con cept s are applicable to SVR deter-
mination. The Thternational Civil Aviation Organization defines SVR as “the fur thest
distance along the slant glide pat h at which approach li ghts are visible. The
Federal Aviation Administration defines SVR more specificall y as ‘the slant distance
to the furthest high Intensity runway edge light or approach light which a pilot will
see at an altitude of 100 ft on the approach path or, if larger , the slant distance
which would have a transmittance of 5. 5 percent .

11
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A rigorous SVR system requires measurement  of a tmosphe ric extinction coef-
ficient  throug hou t the region below the glide pa th from fli gh t alt i tude to the aim
poin t. Thus , the degree of sop histication required in the remote sensing fo r SVR
determinat ion  depends upon the inherent  var iab i l i ty  of extinction coefficient in t ime
and space , w h i c h  in the  subject  of the invest i gat ion described in the  fo l lowing  sections .

3. TEST FACILITY INSTRUMENTATION AND MEASUREM ENTS

The conf igura t ion  of sur face  and tower  mounted  i n s t r u m e n t s  at t h e  . T F  a~
Otis  A FB , Massachuset ts , continues to change in response to  r e q u i r e m e nt s  for

thermal fog dispersal experiments and to requi rements  for the test and evaluation

of new meteorological  measurement  systems. Recent  addit ions to the  f a c i l i t y  b r ing
the total  number  of towers available for sensor ins t a l l a t ion  to seven . Measurements
from two of these  towers , A and Q, as shown schemat ica l ly in Fi gure 2 . were use I
in th i s  in i t i a l  SVR inves t igat ion . Values  of a tmospheric  extinction coef f ic ien t  were
derived from forward scatter measurements  made w i t h  an a r ray  of F(; and c; F or-
ward Scatter Meters (F SNi ~~), which were mounted at 100 , 50 , and 10 ft on towers
A and Q. These towers  are separated by a distance of about 1500 ft (500 ml . The
FSM instruments have been used successfully i n a long ser ies of v is ib i l i ty exper i -

rnents carried out by the A ir Force (;eop hysics Laboratory. Analysis of the  per-
formance characterist ics  of the FSM for the measurement  of ex t inc t ion  coe f f i c i en t
and v i s ib i l i ty  are given by Muench , and Chisholni and Jacobs . 

10
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Figure 2. C o nf i g u r a t i o n  of
A Ins t rumented Towers and Location

of Poi nt V i s i b i l i t y  Ins t ruments
45o Ins ta l led at the Otis AFB Weather

Test Fac i l i ty  and t ’sed for the

9. M uench , II .  S., Moroz , E. V . • a nd Jacobs , L. p. ( 1 9 7 4 )  [)evelopment and
Ca libration of the Forward Scatter Visibil i ty Meter , AFCRL-TR-74 - 0145 .

10. Chi shoim , I) .A, , and Jacobs , L. P. ( 1975) An Evaluation of Scattering-Type
Visibility Instruments ,  A l ’ ( RL- ’I’R-7 5-O4 11 , Instrument tion PaperNo .  237.
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The data acquisition system is automatic. It continuously records raw sensor
output at the rate of five interrogations per minute . The raw data tapes are pro-
cessed to yield a continuous t ime series composed of 1-mm averages of extinction

coefficient for each sensor . A sample of processed data acquired during a period of
dense advection fog in A pril 1976 is shown in Figure 3. Three time series are shown

present ing data from the 100- . 50- , and 10-f t levels of tower A. The sequen ce of

data shows featu res that are characteristic of marine fog that has advected inland
over the Cape Cod area. A quasi-steady state increase in advection fog densi ty
tends to be established and maintained as a result of fog droplet fallout and low-level

ORTES 6 R P O I / O 1 0 0  FSM R I O  a FSM P05 a FSM Ao l
300.

270

240.

21 0

tao

ISO

1 .00 1.5 0  2 . 0 0  2.50 3.00 3.50 4 .00 4 .S Q 5.00 0.50 6. rI O 5.~ 0 7.11 0
TI ME IZ IILU IIOI JII S I

F i gu re  3. One-minute Average Values of Atmospheric Extinction Coefficient as
Measured at the 10- , 50- , and 100-ft Levels of Tower A on 1 April 1976.
Extinction coefficient is given In units of 10~ m 1

13
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scavaging processes. The vertical correlation of even the high-frequency compo-

nents remains high throughout the episode as the systematic vertical gradient is
stubbornly maintained . As discussed by Roach , 11 the quasi-periodic oscillations
in fog density, hav ing in this case a period of about 35 mm . p robably are caused
by an organized vertical motion pattern associated with gravity wave disturbances.
Such fluctuations are a regular feature of Test Facilit , obse rvations in ~dvec tion
fog situations. 

-

4. TEST DATA

To da te , from the data gathered at the Weather Test Facility, fou r ep i sodes
of restricted visibility were used for this initial series of tests of an FSM tower
system~

4.1 April 1976—Advection Fog (Duration 11 Hours )

Sea fog moved into the Otis AFB area about an hour after sunset on the last day

in March. The fog advanced over Cape Cod in a moderate east to southeast wind
flow which persisted to the north of a warm front, oriented east-west near Long Isla nd.
The fog was accompanied by intermittent light rain and drizzle and the visibility
remained below 2 mi thro ughout the nig ht.

4.2 May 1976—Adwection Fog (Duration 1-1/2 Days)

The long period of advection fog began near su nset on 2 May following the pas-
sage of a warm front . Behind the front , lo w level winds were from the southeast or
south 10 to 20 knots. Very de nse fog persisted from 1400 LST on 2 May until cold
frontal passage after sunrise the following day.

4.3 Jul y 1976— Rain aud Adsectior. Fog (Duration 2-7/8 Days)

The fluctuoting periods of restricted visibility began in mid-morning on 29 July
and continued for a period of about 3 days. Under southeasterly winds 8 to 15 knots,
bands of advection fog and rain showers that were associated with a low pressure
system passed over the Cape Cod area. The episode of fog and rain ended shortly
after midnight on 1 August as the storm system moved to the east of the region and
the wind shifted to a westerly direction,

11. Roach , W. T. ( 1978) On some ~asi-periodic oscillations observed during a
field Investigation of radiation fog, Quart. J. Roy. Meteoro l. Soc.
102:355 -360.

14
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4.4 August 1977—Radiation Fog (Duration 7 Hours)

Dense radiation fog formed during the night of 22 to 23 A ugus t following the
passage of a cold f ront over Cape Cod which was accompanied by heavy rain showers.
Under  clearing skies and radiational cooling, a strong low-level temperature inver-

sion was formed a few hours after  sunset. Radiation fog was observed before mid-

night and persisted until af ter  sunrise. Local wind speeds remained less than

3 knots throughout the night and increased to 8 to 10 knots in association with clear-

ing fog conditions at 0600 LST.

5. FORWARD SCATTER METER TOWER EXPERIMENTS

Fo r purposes of this initial stud y, a straightforward average of the FSM rnea-
surements at tower A up to the 100-ft level was assumed representative of the SVR
in the simulated approach zone:

= (A
1~~ + A 50 + A 10) /3

The object ive was to det ermine t he acc u racy wi t h which A could be specified at

specific time intervals from time zero to plus 10 mm from various combinations of
FSM measurements made at t ime zero at remote tower Q (see Figure 2) . Forward

Scatter Meter measurements at A 10 were al so used as predictors , recognizing
that measurement s from the touchdown RVR instrument would be available for SVR
determination as part of an automated airfield observing system.

Specific combinations of measurements from Q 100, Q50. Q 1~, and A 10 we r e

preselected as predictors of A. The series of predictors were chosen to investigate
specification accuracy relative to the number and spacing of the instruments as
follows:

Method 1. Installation of a 100-ft tower and 3 FMS instruments:

A = (Q 100, Q50, Q
10

) = (Q
100 + Q

50 + Q
10

) /3 + O

Met hod 2. Installation of a 50-ft tower wit h one FSM instrument mounted
at the 50-ft level and measurements from the touchdown RVR

In strument:

A = (Q
50

Q10 ) =  k 1 Q50 + kqA 10 + 6

Method 3. Measurement s from the existing touchdown RVR instrument : -

15



Because of the limited data base available for this init ial series of tests,

si m p li fying assumptions were made to establish in advance the specification
al gorithms. Method 1 assumes horizontal homogeneity of fog density over the

1500-ft distanc e between towers Q and A. The Method 2 prediction algorithm is a

linear combination of  measurements from the 50-ft level of remote tower Q and

surface measurements from the touchdown RVR instrument, taken as A 10. Esti-
mates of coefficients k 1 and k2 were obtained through multiple linear regression

techniques using a small sample of data obtained prior to the onset of the test

period in advection fog conditions. No attempt was mad e to refine the coefficients
during this preliminary study; thus k 1 and were held constant irrespective of the

cause of rest ricted visibility (rain, shallow ground fog, advection fog, and so on).

Method 3 was included as a baseline reference. This method measures the repre-

sentativeness of an RVR measurement as an estimate of visual range over a 100-ft

vertical column overhead .

6. EVALUATION CRITERIA

l orecasts of vertically averaged extinction coefficient ~ by the three pro-

visional methods were verified separately for each episode and several lags , using
a variety of established measures of accuracy. The percent root-mean-square
error is given by

1/2
2

~~ , (
~~~

-

~~~
) I ~~ ‘°° -

where~~ . is the forecasted or estimated value and is the observed . Pairs of

values where ~ 1 km 1 (nightt ime R V R >  4 mi) were excluded from the sample to
eliminate spurious values of PE that can occur during periods of relatively good

visibility (denominator near zero),

Another series of verification scores related to the practical utility of the
methods for prediction of below-limit SVR conditions were determined through cal-
culation of 2 )( 2 contingency tables for two thresholds of average extinction coeffi-

cient ~~~~. One threshold , 5 km converts through Allard ’ s law at Runway Light
Setting 5 to a visual range of about 1 /2  ml (800 m) daytime and 1 mi (1600 m) at

night . The second threshold of 12 km 1 corresponds to abo ut 1/4 mi (400 ml daytime
a nd 1/2 mi (800 m) at nig ht.

Shown for example in F igure  4 is the resultant contingency table as calculated

for the 1 April 1976 fog episode using Q 100Q50Q 10 
as a zero lag predictor of X above
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or below a nighttime threshold of 12 km 1. [sing values in Figure 4 for i l lustrat ion,
one notes that verification scores were calculated as follows:

1. Probability of l)eteetion (POE))

P01) = ~~~~~~~ / 100 = 94.4%

2. False Ala rm Ratio ( F A l l )
15F A H = / 100 5.~~l o

3. Threat Score (Thi

rs— 68 100 — 89 6°!— f2 6 8-+15+ l 6) — .

F3RECAST
F i gu re 4. Contingency Table

~ 2 12 ~ 12 KM ’ TQTA L for  the 1 April 1976 Fog
311iJ .~ V I S i I I L I T Y  V I S I E I U T Y  ~I N Episode Which illustrates

Method of Computing
~~LOi li lT V 

_______ Verif icat ion Scores. The
, I ~~i I L I T Y  exampl e refers  to the
EU L L I1II T 268 16 extinction coefficient

-1 threshold of 12 km 1 which
~ 2 12 ~ l 

____________ ____________ corresponds to a visual
V IS IOIL ITY range of about 400 m (1/4 mi)

in the daytim e and 800 m
1 ( 1/ 2  mi) at night

~~< 12 K5 15 362 377

TOTAL 283 378 561

7. DISCUSSION OF RESULTS

Some important generalizations can be made on the effectiveness of a 1 S M  tower
system for SVR determinatior2 in a coastal region such as Cape Cod . In par t icular,
the remot e tower measurements provide accurate estimates of approach zone con-
ditions in sea fog situations. Mi nut e by minute comparisons of specific vs observed
values of A for the 1 April 1976 cage are shown in Figure 5 for both Method 1 and
Method 2. Under the breezy wind conditions which usually accompany the advection
fog on the Massachusetts coast, the fog density tends to be uniform over distances
comparable to that between remote tower Q and tower A (1500 ft), so that the remot e
FSM measurements closely track the observed conditions in the simulated approach
zone, including significant fluctuations occurring on a time scale of a few minutes.
Both Methods 1 and 2 closely specif y the time of onset and end of periods of below-
limit visibility at tower A In sea fog conditions.

_

- - 
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Verification values of percent rms error (PE )  given in Table 1 reflect the con-

sistently good performance of Methods I and 2 in advection f og  situations. For the

three sea fog episodes , values of PE are less than 20 percent at zero lag and only

slightly higher at 2 minutes.  The percentage errors for Methods 1 and 2 increase

substantially at longer forecasting intervals , becoming about a factor of 2 higher

than the zero lag values after 5 minutes. As expected , mu ch larger erro rs we re

obser ved in the radiation fog case because of the patch y nature of this type of fog

which fo rms under conditions of high moisture at low levels of the atmosphere .

clear skies , and light winds. Notice that the PE values for the August  episode were

abou t 40 perce nt at 0 to 2 mm for the methods based upon the remote tower measure-

ments. It is of special interest that the errors for both advection and radiation fog

res ulting from the use of the 50-ft tower (Method 2) were virtually the same as

those using a 100-ft tower system with 3 FSM instrument s (Metho d 1), even though

the provisional coefficients k 1 and k 2. fo r Method 2 were derived from a small data

sam pl e .  In turn , the two tower-based methods represent a substantial improvement

over control Method 3 which uses the R V R  measurement at A 10 as a predictor of

slant visual range. A strong bias exists in the Method 3 forecast errors which

changes sign , depending upon the type of fog conditions. A strong increase in fog

de nsity with increasing height is observed in advection fog and the reverse is true

of radiation or ground fog conditions.
F urther evidence of the excellent potential of remote-tower FSM measurements

fo r timel y disc rimination of approach zone visibility in coastal sea fog conditions is

given by the test scores fpr probability of detection (POD) , false alarm ratio (F A R )

and’ threat score (TS) listed in Tables 2 through 4) . The minute by minut e P01) of

below lim it visibility, as defined by the two preselected threshold values of A,

exceed s 90 percent for all 3 advection fog cases for both zero and 2-m m lag periods.

The POE) fo r A greater than 5 km 1 (le ss than 1/ 2  ml visual range in the daytime)

averages slightly higher than the POD for A greater than 12 km 1 threshold (less

than 1/4 mi dayt ime visual range) . The test scores of POD for Methods I and 2

were particularly hig h , 98 percent or greater for the 5 km threshold for the

A pril and May advection fog episodes.
Some additional items of interest in Tables 2 through 4 are as follows:

(1) The P01) of below limit visibility decreases significantly in some advection

fog cases at lag periods greater than 2 minutes. Thus,  an effective automated

system for rapid dissemination and display of the observations is essential.

(2) As shown in Table 3, Methods 1 and 2 , using remote tower measurements,

have low false-alarm ratios for lag times up to 2 mm or more. On the other hand ,

Method 3, based upon surface R V R  measurements, consistently overestimates the

fog density above the surface in radiation fog; hence the high false-alarm ratios for

the August case.

19
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(3) Since in most instances the false-alarm ratios are low for Methods 1 and 2 ,
it follows that the Threat Scores (TS) in Table 4 closely parallel the P01) values
given in Table 2 and , fo r at least the short lag periods , are onl y a few pe rcent
lower than the corresponding POD values.

Table I. Values of Percent Root-Mean-Square  Error f o r
Fo recasts Made by th e Th ree Met hods for Each Fog Ep isode

I 
Lag (Minutes)

Method Episode 0 2 5 10

1. Q100
Q

50Q
10 

1 Apr 76 11 18 27 38
Ad Fog

July 76 17 23 39 60
Rai n/A d Fog
May 76 19 21 25 47
Ad Fog

Aug 77 42 43 43 42
Rad Fog

2. Q50A 10 
1 Apr 76 12 16 23 33
Ad Fog

July 76 14 20 34 54
Rain/Ad Fog
May 76 18 21 27 51
Ad Fog
A ug 77 38 (1 51 81
Rad Fog

3. A 10 1 Apr 76 43 44 43 45
Ad Fog
July 76 34 36 41 50
Ra in /Ad  Fog

May 76 33 34 36 38
Ad Fog
Aug 77 114 139 203 331
Rad Fog 

_________________________
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Table 2a. Values  of Probability of Detection for Forecasts
M ade by the Three Methods for the Four Fog Episodes

(Percen t )  (Threshold 12 km~~~)

Lag ( Minutes )

Method [pisode 0 2 5 10

1 Apr  76 94 90 83 71
Ad Fog
Jul y 76 97 96 0 1 83
R a i n / A d  Fog
May 76 97 97 97 94
Ad Fog

Aug 77 80 80 80 79
Rad Fog

2 . Q50A
10 

I Apr 76 91 88 80 69
Ad Fog

July 76 91 90 86 79
R a i n / A d  Fog

May 76 97 .. 96 96 94
Ad Fog

Aug 77 78 78 78 78
Rad Fog

3. A 10 I A pr 7 6  13 13 13 12
Ad Fog
Jul y 76 56 56 56 54
Rain/Ad Fog
May 87 87 87 87
Ad Fog

Aug 77 100 100 100 98
R ad Fog
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Table 2b. Values of Probability of Detection for Forecasts Made
by the Three Methods for the Four Fog Episodes ( Percent)
(Threshold = 5 km l)

Lag (Minutes )

Met hod Episode 0 2 5 10

1. 1 Apr 76 98 97 96 95
Ad Fog

Jul y 76 95 94 89 85
R ain! Ad Fog
May 76 99 99 98 9?
Ad Fog

Aug 77 66 66 66 66
Rad Fog

2. Q50 A 
~ 

1 Apr  76 96 95 95 931 Ad Fog

July 76 84 83 80 76
Rain/ Ad Fog
May 76 98 98 96 96
Ad Fog
Aug 77 98 98 96 92

3 . A 10 1 A pr 76 72 72 72 72
Ad Fog

Jul y 76 48 47 46 45
R a i n / A d  Fog
May 76 86 85 85 85
Ad Fog

Aug 77
Rad Fog 100 99 99 98 

— 
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Table 3a. Val ues of False Alarm Ratio for Forecasts Made
by the Three Methods for Each Fog E pis ode (Percent )
(Threshold 12 krn~~~)

Lag (Minu tes)

Method Episode 0 2 5 10

~ • 1 A pr 76 5.3 9. 5 28 . 6 38. 9
Ad Fog

Jul y 76 3 .9  5.0  9 . 6 17 . 3
R a i n / A d  Fog
May 76 1.9  2 . 1 2 . 5  4.7
Ad Fog

Aug 77 0.0 0.0 0. 0 0. 7
Rad Fog

2. Q50A 10 1 Apr76 3.3 6.7 14.9 26.5
Ad Fog

Jul y 76 0.4 1. 7 6 .7 13. 9
R a i n / A d  Fog

May 76 0.2  0.7 1 .4  3. 2
Ad Fog

Aug 77 0.0 0.0 0.0 0.0
Rad Fog

3. A
10 

1 A p r 7 6  0.0 0. 0 0.0 10.5
Ad Fog
July 76 0.0 0.0 0.0 3.4
Rai n / A d  Fog
May 76 0.0 0. 0 0.0 0.0
Ad Fog
Au g 77 26. 1 26 . 1 26. 1 27 .7
Rad Fog
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Table 3b. Values of False Alarm Ratio for Forecasts Made
by the Three Methods for Each Fog Episode (Percent )
(Th reshold 5 km~~ )

Lag (Minutes )

Met hod E pisode 0 2 5 10

I~ ~~100~~5o~~10 1 A p r 7 6  1.8 2 .8 3.9 5. 6
A d Fog

Jul y 76 7 . 7 8. 2  13. 8 18 . 1
R a i n / A d  Fog

May 76 0 .0  0.0 0. 1 2 . 2
Ad Fog

Aug 77 0. 0 0.0 0 . 0 0. 0
Rad Fog

2 . Q50A
10 

1 A p r 7 6  0 .0 0.4 1. 3 3.0
A d Fog

July 76 1.7 3.1 7.8 13 .1
R ain / Ad Fog

May 76 0.3 0 .4  0. 8 1. 9
Ad Fog

Aug 77 0.0 0.8 3.3 7 .0
Had Fog

3. A
10 

I A pr 76 0. 0 0.0 0.0 0.0
Ad Fog
•Ju1y 76 0.0 1.7 5.3 8.3
R a i n / A d  Fog
May76 0.0 0. 1 0.3 0.6
Ad Fog

Aug 77 9.9 10.3 10.6 12. 1
Had Fog 

_________________________
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Table 4a . Val ues of Threat Score for Forecasts by t he
Three Methods for Each Fog Episode (Percent )
(Thresho ld  12 kn-r~~)

Lag (Minu tes)

Me thod E pisode 0 2 5 10

1. Q 100
Q
50

Q
10 

1 A p r 7 6  90 82 71 55
Ad Fog

Jul y 76 93 91 83 71
R a i n / A d  Fog
May 76 95 95 94 90
Ad Fog

A u g 77 80 80 80 79
Rad Fog

2. Q50 A 10 1 A p r 7 6  88 82 70 55
Ad Fog
Jul y 76 91 89 81 70
R a i n / A d  Fog

May 76 97 96 94 9 1
Ad Fog

Aug 77 78 78 78 78
Rad Fog

3 . A 10 1 A p r 7 6  13 23 13 12
Ad Fog

Jul y 76 ’  56 56 56 53
R a i n / A d  Fog
May 76 87 87 87 87
Ad Fog

Aug 77 74 74 74 71
Had Fog
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Table 4b. Values of Threat Score for Forecasts by the
Three Methods for ~ ach Fog Episode (Percent )
(Threshold = 5 km

Lag ( Minutes)

Method Episode 0 2 5 10

1~ Q I Apr76 97 95 93 90
1 Ad Fog

July 76 88 87 78 72
Ra in /Ad  Fog
May 76 99 98 98 95
Ad Fog
Aug 77 66 66 66 66
Rad Fog

2 . Q50A 10 I Ap r 76 96 95 93 90
Ad Fog
July 76 83 81 75 68
Rain /Ad  Fog
May 76 98 98 97 .95
Ad Fog
Aug 77 97 97 93 86
H ad Fog

3. A 10 1 Apr 76 72 72 72 72
Ad Fog

- Jul y 7 6 48 47 45 43
Ra in /Ad  Fog
M a y 7 6  86 85 85 85
Ad Fog
Aug 77 90 89 89 86
Rad Fog
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For ope rat ional pu rposes , i t may be suff icient to establi sh an observa t ional
capabili ty which sim ply specifies whether or not below-limit visibility conditions
exist at an airfield with respect to either the RVR threshold value or the SVR
threshold value. As noted , radia tion fog de nsity characteristically dec reases with
heig ht above the surface  so that the  RVR consistently is lower than the corresponding
SV R .  ‘1 hus , we can rely on surface v i s ib i l i t y  ins t ruments  alone to detect the  onset

and continued presence of be low- l imi t  conditions during episodes of radiation fog.
To the extent that radiation fog conditions prevail with RVR less than SVR, it is not
so important to monitor closely the visibility conditions aloft as long as the more
critical R V R  is described accurately by the surface visibility instruments. This is
for tunate  because SVR discrimination is difficult in radiation fog conditions due to
the large horizontal variability in fog density.

On the other hand , it is the SVR measurement  that is of major interest in ad-
vection fog conditions that prevail in coastal regions. Since sea fog density increases
with height , below-l imit  SVR typ ically occurs f irst  and persists longer than RVR
less than the same threshold value. As revealed by the initial field experiment s,
SVR i n advection fog is described effectivel y by means of remote tower measurement
of poi nt visibi l ity.

8. CONCLUSIONS -

T he extensive array of point visibility meters  installed at the Weather Test
Facili ty at Ot is AFB , Massachusetts , provides th e basis fo r detai led invest igation
of the small-scale variability of vi s ibili ty in t ime and space up to 200 ft above the
surface.  Pre l iminary  analysis of data collected during the f irst  year of operation
demonstrates the importance of measurements above ground level for meaning ful
descri ption of visibility conditions in support of aircraft landing operatiors. Mea-
surem ent s aloft up to dec[sion height are of special importance in coastal advection
fog conditions since the SVR along the elevated glide slope is predominantl y lower
than indlcated.by surface runway visual range measurements . In advection fog con-
ditions observed at Cape Cod , preliminary results indicat e that a 50-ft remote tower
system would provide a probability of detection of below-limit  SVR of greater than
90 percent as compared with large uncertainties in SVR discri m ination with conven-
tional RVR measurements alone.

Follow-on studies of SVR measurement will deal with ’a more complete definition
of slant visual range derived from simultaneous measurements from several in-
strumented towers In the simulated approach zone established at the Otis AFB
Weather Test Facility. Provisional algorithms have been developed for the short-
range prediction of SVR using remote tower visibility measurements. The
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algorithms are under continuing evaluation at the Test Facili t y and they have been
integra t e~-j into the demonstration model of TvIAWS at Scott AFH , I l l inois .
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