The Geometry Of Visibility

Do as much prior planning as posshile to avoid getting caught too high, too close in.

By Wally Roberts and with runway visual range (RVR),is shortened and distorted. Too steep
and also with and without approactan approach is okay from an obstacle
THE INSTRUMENT RATINGGIVES light systems. This article will dwell clearance standpoint, but flare man-
us the freedom and flexibility to fly on the geometric relationship of vis-agement becomes more difficult with
without reference to the natural hoibility vs. the height above touch-the possible result of either a hard
rizon or other visual points of refer-down (HAT) of the MDA. landing or an excessive float.
ence. It's possible to takeoff and see . Smaller, straight-wing aircraft
nothing but clag out the window for Normal final descent have a wider range of acceptable fi-
hours until shortly before landing at The most critical segment of thenal approach angles. Nonetheless,
your destination. final approach for landing usuallythere are reasonable limits. No air-
Except for the elite “CAT Ill auto- begins at 500 feet HAT and continplane should be flown at a final ap-
land club,” something meaningfulues to flare and touchdown. This iproach angle of less than 2.5 degrees.
must be seen at the appropriate p@specially true for jet transport air-The upper limit for small aircraft is
sition before you can descend belowraft that can tolerate very little de-approximately five degrees, provided
the minimum instrument altitude andviation from optimal stabilized flight a rate of descent of less than 1,000
visually position the aircraft for a safefor this last portion of the final ap-feet per minute is achieved during
landing. This is so obvious it hardlyproach. But even more maneuverthe last 500 feet of altitude. Five de-
seems worth stating. able, smaller aircraft need a stablgrees is the upper limit with the lim-
Sometimes, however, it's those obfinal approach to flare and touchdted visual conditions often present
vious things that reach out and bitelown during the often short visualduring IFR weather, where visual per-
us really hard when the weather isegment of an IAP when the visibil-ception is limited and the objective
really in the pits. When we practiceity is poor. is to make a safe touchdown in the
approaches in the aircraft, we're usu- It's generally accepted that a threeacceptable touchdown zode.
ally under the hood, and the visibil-degree approach angle is optimal for
ity is always well above minimums.all jet aircraft, from the small bizjets
Then, our friendly neighborhoodto the really big birds. This is the Because a single instrument ap-
CFIl pops the hood and proclaimsangle that’s neither too shallow noiproach procedure must serve all
“Runway in sight!” Even when we’re too steep. Too shallow means the aitypes of airplanes expected to use the
fortunate enough to practice duringplane “drags in” with too much approach, the precision IAP is driven
actual conditions, the visibility is usu-power and too steep a cockpit decko accommodate the most critical
ally better than minimums. angle. case: the large jet transport airplane.
I've written about the various as- The shallow approach decreaseAs a result, most ILS glideslope
pects of instrument approach visibilclearance from the ground or otheéngles are set at 3.0 degrees unless
ity! more than any other componentbstacles and, at the same time, tignal segment obstacles require a
of the TERPs equation. Previous arwiew of the runway from the cockpitsteeper angle.
ticles

“Precision” in precision IAPs

h"?“ée co n(; Table 6. EFFECT OF HAT/HAA ON VISIBILITY MINIMUMS

sidere

the regu- s 250-320 | 321-390| 391-460| 461-530 | 531-600 | 601-670 741-810 | 811-880 | 881950 | 951 & above
latory and CATA | lmi .
opera- CAIB Llm | 1% T A
ti | HAT/HAA 250-400 401-500 501-600 do do do do do do
lonal as- CATC 1mi 1% 1% % 2 2 A % 3
pects Of FHATHAA | 250341 |342.426] 427511 512-600 do do do do do do
required CATD T mi 1% 1% 1% 2 2% 2s 2% P —
visual ref- [CHAT/HAA | 250-320 [321-390 [ 391-460] 461530 ] 531-600 do do do do do do
erences, CATE 1 mi 1% 12 1% 2 2% 2% 2% R

both with TERPS Table 6. Effect of HAT/HAA on Visibility MinimumsThe highest visibility for Category A is
prevailing 1-1/4 miles for HAT/HAA above 880 feet; for Category B, the highest visibility is 1-1/2 above 950 feet;
visibility for Category C, the highest vis is 3 miles above 950 feet; and Category D is 3 miles above 810 feet
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The ILS provides an electronic Category A aircraft are allowedlight aircraft to make a safe visual
iron rail in the vertical profile. As a one-mile visibility through an HAT final approach below MDA during
result, the pilot is spared the someof 880, then it becomes 1-1/4 mildimited visibility conditions. Add
times very complex task of assesgegardless of the HAT. Category B isiighttime and/or rain or snow, and it
ing vertical position in relation to thealmost as permissive: it allows onebecomes an even bigger problem.
runway, often with little time and mile visibility to an HAT of 740, 1-  Of course, the visibility is seldom
with marginal visibility conditions. 1/4 mile to 950, where it becomes lat minimums, especially around the
Further, many non-precision 1APs1/2 regardless of HAT. one-mile range. More often than not,
not only lack vertical guidance, they The Category A descent anglehe visibility is either quite a bit bet-
are so misaligned with the runwayfrom 880 feet at one mile is 9.6 deter or worse than one mile.
that the pilot is faced with the addigrees. The Category B angle from The descent angles for Category
tional task of aligning the airplane950 feet is 8.3 degrees. These af aircraft range from slightly less

with the runway while attempting toproach angles are too steep for most (continued on next page)
get into the correct vertical profile JERPPESEN 248 07 (8- PINEVILLE, W VA
on Short ﬁnal. CHARLESTON Approach  118.95 KEE

Not only does the ILS provide a ket unicom CTAF 122.8 VOR Rwy 25
rock-solid vertical path that assures Obtein local altimeter setting on CTAF; If on e
precise vertical positioning for land- o — : , BKWVOR ____Apr. Elev 1783
ing, the DH concept places the =
missed approach point at the opti- [
mal position. Either you have the re- & Jes NI @% Y7 S °/:mo
quired visual reference when in the G 267 ‘@’ '
landing slot or you pull up before
getting too-high, too-close-in. That’s 2]
what a precision approach is all oo )8
about. [ &

. P G
Politics of minimums 1 O\ @

Before the United States con- I %,
verted to the TERPs operating con- N b23.2 )
cepts in 1967, both ceiling and vis- sase’ 05
ibility were required to begin an IAP. s ) a\s
The TERPs concept eliminated any N e\
consideration of ceiling, other than . N2 P2
to not descend below MDA (or con- i oy 3580’
tinue descent below DH) unless ad- N A s (147 110.0 BLFEE o0 a1
equate visual cues are present.

There was a rash of jet transport D23.2 Vg"?fk %%{EK , VOR
crashes during non-precision IAPSs in ! | 3800 ,249""02‘1?209%
the early days of TERPs. The re- Nep—0o" | 227 | o
quired visibility minimums didn’t T T oo |© FemoiF vor.
bear. any I.‘atlonal relatlonShlp to_the missep APPROACH: Climbing RIGHT turn to 4000’ inbound via BKW VOR
vertical difference between MDA R-249 to WELER INT/D18.0 BKW and hold.
and the runway. In the mid-1970s, STRAIGHT-IN LANDING RWY 25 CIRCLE-TO-LAND
the FAA decided to tighten down the woa30007(1229') Hoan3540°(1769°) A e a | A Chariemen

. .. . With Local With Charleston
requirements for the airline jets, i.e., e AliterSotng L] woarn -t woarn
. A 1Y4 1Y 90 [30007(1217°)-1/4|3540"(1757)-1%

Approach Categories C and D. 8 1V 1V [300071217)-1/2[35407 175712

TERPs Table 6 (page 10) is the pri- c 3 3 0[30001217) -3_[35407(1757') -3
mary basis for visibility minimums. G NA NA o NA NA
These values can be reduced by up T
to one ha'lf mlle If the runway has SC%:%:;:;?.. A BT e Iy (© JEPPESEN SANDERSON, INC., 1986, 1997. ALL RIGHTS RESERVED.
an approach light system and the REPRODUCED WITH PERMISSION © JEPPESEN SANDERSON, INC., 1997. ALL RIGHTS REBER
critical last 10,000 feet of the final With the local altimeter setting HAT of 1,229 feet, the
segment is relatively obstacle free descent angle from MDA to the runway is 10.7 degrees at
below MDA or DH. 1-1/4 miles visibility and 8.9 degrees at 1-1/2 miles vis.
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might be sufficiently turbulent andand straight-in MDAs are the same.
The Geometry' o unstable that an actual adverse preBx most cases, however, the circling
(continued from page 11) sure differential exists that places yoWIDA is higher, so you cannot be be-

than 3.0 degrees to slightly more thaat an HAT of 1,229 feet when flyinglow the circling MDA when depart-
4.0 degrees, and stays well belowt an indicated altitude of 3,540 feeting the electronic final approach
4.0 degrees for Category D. TheséThat's the protection for which thecourse. Can you climb back to the
two higher categories don’t permitRAS assumptions are providing.) circling MDA if you decide to do
very high HATs until the basic VFR  On another different unsettled daythis? Yes, provided it's done prior to
visibility of three miles is achieved.however, you might be considerablthe MAP and prior to departing the
higher than 3,540—safe from an obelectronic guidance.
Real world case-study stacle clearance standpoint, but not

Refer to the VOR Runway 25 IAPso good from a visibility and MDA Impromptu VDPs
at Pineville, WV (page 11). This is ageometric standpoint. It's also a good idea to have an
great case study, which contains sev- When the atmosphere is relativelympromptu visual descent point
eral problems that exacerbate norbenign, the chances are the RAS wiVDP) pre-planned for any non-pre-
precision IAP problems at manybe close to what the local altimetecision IAP with a high HAT. Be
small airports. The HAT of thesetting would have been, if it wereaware, though, a VDP is of little value
straight-in MDA is quite high (1,229 available. Therefore, when flying thewhen the visibility is at minimums
feet). The HAT becomes signifi-legally required MDA of 3,540 feetfor either Category A or B. This is
cantly higher when the CRW remotavith the CRW altimeter setting,because of the fundamental conflict
altimeter setting must be used (1,769ou’re probably close to an actualn MDA/visibility geometry between
feet). The MAP is 23.2 miles fromHAT of 1,769. This increases the prethe Table 6 limits and the angle re-
the VOR station, which results in aviously stated approach angles ofuired for a reasonable VDP. With
sloppy final approach course neat0.7 degrees (Cat A) and 8.9 (Cat BLategories C and D, impromptu
the airport. to 15.6 degrees and 12.9 degree¥DPs have a greater chance of work-

Note the HAT of the MDA is suf- respectively. ing most of the time.
ficiently high to trigger the 1-1/4 vis- H d d safel In our case study, | would have
ibility requirement for Category A, ow to descend safely two VDPs pre-calculated using the
the 1-1/2 mile requirement for Cat- Obviously, in all cases of actualBKW DME. | would first check to
egory B, and the three-mile VFR reminimum weather conditions at thissee whether the runway has a VASI
quirement for Category C. With threeairport, it would be unsafe to descendr PAPI. If so, | would ensure my
miles visibility, the small bizjet straight-in for landing when first descent angle is at or above the vi-
would probably find the runway insighting the runway threshold. Thesual indicator’s slope. Because no
time for a safe, final visual descenbnly effective option is to circle to angle is shown (below) for the AVASI

to landing. But, what about Categotand on Runway 25. on Runway 25, you can assume it’s
ries A and B if the visibility is actu- At this airport, both the circling 3.0 degrees. | would pre-calculate a
a”y at minimums? ADD"lmmmmmNUSABLE LENGTHS

Let's assume the actual visibility e hweshold | Citde Slope | TAKE-OFF |0
is at minimums, and it exists uni- L S - s0'
formly through a homogeneous at-
mosphere to the base of clouds,
which are slightly higher than MDA.
With the local altimeter setting HAT
of 1,229 feet when the pilot sights
the runway threshold level at MDA, O Activate on 122.8.
the required descent angle would be:
(1) Wlth 1_1/4 mIIeS VISIbI|Ity—107 TAKE-OFF & 1FR DEPARTURE PROCEDURE FOR FILING AS ALTERNATE
degrees; (2) with 1-1/2 miles visibil- All Rwvys
ity—8.9 degrees. 162 4]

Note the remote altimeter setting 5;. 800-1 < NA
(RAS) increases the MDA by a whop- TF¥ BEPARTIRE FROERDUR Rwy 7, 25 climb on run- .
pmg 540 feet. Usually the RAS ad- way heading to 4000 before proceeding on course. g
ditive isn’t this extreme. However, o
it brings out a significant point to Runway 25 has an abbreviated (A)VASI. Since no approach
consider: on one day the atmosphere angle is indicated, you can assume it's 3.0 degr
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three-degree VDP for the local altim-and disregard allowing for TCH, youof the final segment is free of ob-
eter setting and a four-degree VDHWill still be in the ballpark. If no DME stacles below the/ASI obstacle
for the (RW altimeter setting. (The is available, the result of your calclearance plane. (The only reason
steeper angle would be a pad foculations should be a timing pointPineville doesit have a DME VDP
being lower than the nominalAT for your impromptu VP is becauseFAA policy prohibits
of 1,769.) charting of VDPs where there are two
If you have a “trig” pocket calcu- altimeter setting sources. This might
lator, you can improvise a precise Once you have your impromptuchange some day—stay tuned.)
VDP where DME is available. Oth-VDP available, and especially where Many non-precision IAPs not only
erwise, use 320 ft/ nm for 3.0 deyou've proven its accurgcyou’ll be have the vertical geometric chal-
grees, and 420 ft/nm for 4.0 degreesempted to depart MDA at this pointlenges set forth in this article, they're
Also, | like to have my informal ap-when you can see straight down, butlso offset significantly from the ex-
proach angle cross the thresholdarit see one of th€AR-required vi- tended runway centerline. The align-
(TCH) at 50 feet. (Note: these calcusual cuesYou must resist this tempta-ment maneuver to the runway be-
lations should be made during pretion. Instead, the lack of required vicomes even more difficult on such
flight and not in the cockpit while sual cues at your impromptu VDP telldAPs when the visibility is low and

Caveats

getting bounced around.) you to press on toward the MAP athe HAT of the MDA is high.
My precisely calculated VDPs forMDA, either for a circle-to-land or for
this approach are: 3.0 degrees for @ missed approach. Wally Robets is aretired airline

HAT of 1,229: 19.5 DME; and for a Keep in mind onlyFAA-charted captain, former chairman of the
4.0-degree slope with a AT of VDPs assure obstacle clearance b&lLPA TERPs Committee, and an ac-
1,769: 19.2 DME. If you simply uselow the MDA. In the case oftive CFIl in San Clemente, CAisit
my “wag” numbers of 320 ft/nm (3.0Pineville, the presence of t#&/ASI Wally’s web site at http://
degrees) or 420 ft/nm (4.0 degreesjlso tells us at least the last four milegww.terps.com

HIFRR June, 1995: “Establishingsibility Minimums”; April, 1996: “Whats Below MDA and DH?”; August, 1996: “Lights,
Camera, Action!”; Decemlgl996: “LowVisibility Operations”

2 For straight-in landing out of an instrument approach during limited visibility conditions the optimum touchdown zdnie is wit
the following general ranges: (1) small piston aircraft: between 250 and 1,000 feet beyond the approach end of the rupway (AEF
(2) large propeller aircraft and non-wide body jets: between 500-1,000 feet beyond the AER, and (3) wide body jets: @@ween 1,
1,500 feet beyond the AER. (Note that the upper limit of 1,000 feet for a small aircraft would be too generous for & venyvshor

Also, the legally acceptable touchdown zone for commercial operations would be the first 3,000 feet where touchdown zon
lighting is installed.)

|
Subscribed IFR Refeshertoday!

Yes, please enter my order for: Name

O 1 year 6IFR Refreshefor $60 (U.S. and International).  Address

O 2years 6IFRRfor $110 (U.S. and International). City

O The backissues (see list on reverse side) I've listed/delo state Zip

just $7.50 each, pa$2.00 shipping and handling per total ardplease bill my: MQ/isa American Express

(Cash or check only for back issue orders.) Card # Exp. Date
Signature

Daytime Phone # (required for MC/V)
Mail to IFR Refreshe 75 Holly Hill Lane, Greenwich, CT

06836-2626
$ Total for items selected above.
$ Shipping & handling (not applicable to subscrip-
tions)
$ Total this order

IFR RefresherGuarantee

If you are not completely satisfied with any item you order from
us, you may cancel or return the item for a cheerful refund.

IFR Refresher, January 1998 13



