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REPlY T(1
' ATTN oF: NO 17 January 1983

SUBJECT : Rel ease of CHECO Document s

T    AFSHRC/ CC

' 1. The list of CHECO reports you sent to us with your letter of 3 January
are releasable as far as PACAF Public Affairs are concerned. When referring
to CHECO documents, it's most helpful if you include the number assigned in

  the Research Guide you published in 1976.
 
. We will be sending you the Air America documents as soon as we can spare

the time to pack them up--we need the vault space,

,
3. Am retiring at the end of this month, so you probably won't be hearing
from me again. It's been nice knowing you and working with your very
supportive organization. Best wishes for the future.

MES C. NOLAN
  Chief, Office of PACAF History

,

;  •   . c 
 

,.
3 .

     /  ,   Ỳ- .
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PRUJECT CHECO REPORTS

 
The counterinsurgency and unconventional warfare environment of

Southeast Asia   as resulted in USAF airpower being employed to meet a
multitude of requirements. These varied applications have involved the 
full spectrum of USAF aerospace vehicles, support equipment, and n anpower.As a result, operational data and exper ences have accurnulated whicf  should
be collected, documented, and analyzed for current and future impact upon

 1 USAF policies, concepts, and doctrine. 
Fortunately, the value of collecting and documenting our SEA expe-

j riences was recogniZed at an early date. In 1962, Hq USAF directed
• CINCPACAF to establish an activity which would provide timely and analy-'  tical studies vf USAF combat operations in SEA and would be prin arily

responsive to Air Staff requirements and direction.'
  Pro ect CHECO, an acronym for Cantetiiporary Historical Examination

of Current Operations, was established to meet the Air Staff directive.  Based on t lie pol i cy 9ui dance of t he Uf f i ce of Ai r Force Hi s t ory and
managed by flq PACAF,with elements in Southeast As a, Pro ect CHECUprovides a scholarly "an-going" historical examination, documentation,' and reporting on USAF policies, concepts, and doctrine in PACOM. This
Cti :CU re port i s part of t fre overa l l docunre nt at i on and exarni nat i on w ii ch
is buing acconrplished. It is an authentic source for an assessment of
the effectiveness of USAF airpower in PACOM when used in proper context. 
Tt e rPader must view the study in relation to the events•and circumstances
at ttie time of its preparation--recogniZing that it was prepared on a
contemporary basis which restricted perspective and that the author's
research was limited to records available within his local headquarters
area .

%C  f    
`

ROBERT E. HILLERllirector of Operations Analysis 

•
DCS/Operations

 
`
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OAD 1 October 1973

`
`  

s          Proj ect CHECO Report , "Guided Bomb Operat i ons in SEA: The Weat her
  Oimension, 1 Feb-31 Dec 1972"

   SEE DISTRIBU7ION PAGE

! l. Attached is a SECRET document. It shall be trans orted storedP ,  safeguarded, and accounted for in accordance with applicable security
directives, Retain or destroy in accordance with AFR 205-1. Do not 
return.
2. This letter does not contain classified information and may be, declassified if attachment is removed from it.•
FOR THE COhT1ANOER I N CHI EFi: . ,    f
V. H. GALLACNER,

Lt Colonel, USAF 1 Attachment 
, Chief, CHECO/CORONA HARVEST Division Project CHECO Report (S),Directorate of Op rations Analysis 1 October 1973
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FOREWORD

 
 

(U) The introduction of laser guided bombs (LGBs) and electro-optical

gulded bombs (EOGBs) into the United States Air Force (USAF) inventory
 

revolutionized the air wa  in 5oetheast Asia, Targets'which had with-

stood repeated conyenLional attacks by bombers--such as the Thanh Hoai
Bridge in North Vietnarn--fell quickly to the new weapons. Statistical

i studies made of the success rate of these weapons demonstrated that they
= 1

were many times more effective than conventional weaponry an point targets.
I

(S) In spite of this impressive record, the guided bombs were not as

effective as they might have been. While they performed exceedingly welli
. :under optirnum weather cond tions, marginal to unfavorable atmospher c

  conditions degraded the capability of the aircrew to visually acquire the
.

target. If the targets could be visually acquired by the aircrews at
 

roll-in altitudes, they could be effectively attacked; if they could not

be visually acquired, the LGB's effectiveness was eliminated since

•
 

*delivery was not possible unless special techniques were employed. In

  the opinion of this author,weather was a more significant and detrimental

factor than had been previously reflected in mission reports and other

I
- *A 1lmited adverse weather LGB delivery capability was successfully demon-

; strated during the PAYE NAIL OY-10 combat evaluation. OV-lOs equipped with
   laser designatars and operating below cloud cover located and illuminated

targets for PAVE PHANTUM F-4s which would deliver MK 84 LGBs from in or
above the clouds. The F-4 aircraft released the LGBs on LORAN coordinates  provided by the OY-lOs. Once these weapons passed through the clouds, they

r woul d guide t o t he ta r get
_
be i ng desi gnat ed by t he PAYE NAIL ai r craf t . 0

_
f
_the 12 MK 84 LGBs delivered using this tactic, three achieved direct hits

on t he t ar get , one impac t ed at a d i s t a nce of seven f ee t f ro m t he t ar get , f our 
  at 11-20 feet, one at 27 feet, one at 40 feet, and two in excess of 50 feet.

 
xi
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studies. In part this was the result of the crews' unfamiliarity with
 

,
the sometimes subtle veriances in atmospheric conditions that could degrade

their wea on's effecti eness In _ '
 

p v . creased understanding of the relation

ships between weather conditic ns and guided bomb performance on the part  

of weathermen, crews, and mission planners could possibly increase guided

bomb effectiveness in the future.
 

•
'
-

I

.
i
   
i 
 
  -
 
 
  -

. . 
x;i  
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  CHAPTER I
 

TECHNICAL ASPECTS OF THE EFFECT OF ATMOSPHERIC

CONDITIONS ON GUI ED BOMB OPERATIONS 
'

The LGB 
' en to a family of air-to-surface(S') PAVEWAY I was the code name gtv

2
weapons--the LGB, The laser guided bombs consisted of guidance and con-i
trol kits attached to the noses of certain standard high explosive bombs.

 
No propulsion was used. The guidance and control kits consisted of (1} a

seeker to detect 1.06 micron laser energy reflected from a target illum-
 

ser 2 uidance electronics to process this
inated by an airborne la ,

( ) 9

information and generate guidance commands,
(3) fins to provide stability, 

. ers.
and (4) a control section with control fins to perform gutdance maneuv

. mmon t es of LGBs employed were the MK-82 500 pound bomb with the

-
I

The co Yp

KMU- 388/ B ki t , the MK-84 2,0  pound banb wi t h t he KMU- 351/ B ki t , and t he
 

mb with the KMU-3706/B kit. The seeker was gimbal mounted
M118 3,000 pound bo

on a robe at the nose of the guidance and control kit. Wind passing throughI p
rin -tailed fin on the seeker aligned the seeker head with the flight path

d 9

of the weapon.
The seeker had a 24-degree field of view, with its detector

 
 

  divided into quadrants.
The reflected laser energy was focused onto a

 

uidance signals to rr aneuver the bomb so that the
quadrant,

developtng g 3

target was centered on the seeker head.I
lasers

(S) Illustrative of the airborne PAVEWAY I illuminator system

 

, used to designate the ground target was the one called WHITE LIGHTNING

or ZOT. This la ser employed a neodymium doped glass rod as the primary

` .
1

!

SECRET 
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energy producing elemer t. The rod was excited by a Xenon flash lam forP
a period of 40 nanoseconds, 10 times a second, and produced a hear. of 1,5megawatt intensity. A narrow bandpass filter (bandwidth 0.015 micronspassed only energy centered at 1 0

,

. b microns. The laser was aimed by meansof a four-power sightirn  teiescope with a field of view of 12 degrees.. The laser beam aiming p  int and telescope cross hair ima e coi9 ncided. Theref l ected laser radiat ic n was i n t he near- i nf rared spect rum and n4 ot visibleto the human eye,
 S) Following visual acquisition, the target* was continuously  lluminatedwith the laser beam. This was accomplished by a self-illuminator del veryaircraft as in the PAUE KNIFE (F-40) system or by another aircraf t such
as an OV-10 in the PAVE IrAIL system, (See Figure 1.) For o timum  P per-formance the laser beam t ad to continuously paint the tar et fr9 omLGB

_release to detonation. 1'he reflected laser beam appeared to the  LGB
seeker head as energy radiating from a point source. The seeker sensedthe iocation of this energy relative to the field of view and generatedappropriate guidance sign,ils. These signais produced commands for thegas-operated control fins which guided the bamb to the source of the  

. reflected energy, The rec:ommended bomb release altitude was 10,000 to14,000 feet above ground level (AGL) to allow the LGB time
I

to acquire '
and "track" the target, Operating altitudes varied, however wi. th theterrain, weather, and enem,y

defenses. The bomb fell ballisticall
 

y for
*Note that the requirement existed to estimate an " 1laser designation to compensate for winds during   

gfdej1
V
erm point" for  

p. 11, below, es. See

.
 

2
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.

 
.

( 2)

  (3

PYLON
(S) 

4)
(4) 

  ( 3)
(2)

TARGET 
  - - 2 Mi l e 1 Mi l e -+ ( 1) 

.
(1) Bomber calls target in sight. . 

. (2) Illwninator calls target in
sight, bomber starts roll-in.

 
(3) Illuminator continuously

spotlights target and clears
release, bomber tracks and

  drops (1)

(4) Bomb away
  Illuminator tracking

(S) Approximate Illuminator
position at impact  

SOMBER 

 
ILLUMINATOR

.

 

WHITE LIGNTNI( G
  Low Threat Basic  Uelivery Concept

.

 
Fi ure 1 '9

j T, SECRE
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three seconds prior to starting its aerodynamic maneuvering. At all times
 

.
during a bomb's fall, the illuminator aircraft could not exceed 25,000

feet slant ran e from the tar  et and had to remain within the desi n limita- -. 9 5 9
5

tions of the laser designator.

.

 

(S) i leteorological cond tions affected the perforraance of LGBs. The laser

beam left the aircraft as a be aro of coherent monochromatic radiation thinner ,

than a hair, but in its obliq  e path toward the target the beam was ben
 

t

and diffused by variations in refraction and attenuated by scattering and
 

absorption. (See Appendix I for explanations of ineteorological terms and
!

effects.
) When it finally hit:the target, it formed a spot up to several

feet in diameter. This radiafiion then had to reflect from the irregular  

surface of the target and reac:h the seeker in the nose of the LGB with
 

sufficient intensity to produc:e lock-on. With moderate to heavy haze .

 
'

over the target, the laser bea.m sometimes became so weak and diffuse that
.

 
lock-on was impossible and the bomb began a ballistic (no-guide) trajectory.
Similarly, if either terrain c r weather (clouds or haze) obscured the target  

so that it was not continuously painted by the laser during weapon guidance,6  
the bomb began a ballistic tra.jectory.
(S) Figure 2 depicts air to ciround transmittance values for both laser

. .

 
(1
.
06 micron) and visible (0

.  5 micron) wavelengths for a var ety of

meteorological ranges, i.e., instrument-measured visibilities common to 1  

Southeast Asia (SEA ). Table 1 gives reflectance values (portion of radiant

energy reflected) for several common targets and backgrounds for the same
 
'

.
two wavelengths. Note that mc st targets and backgrounds reflect more laser

.
 

4
 

      Q  t ,
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AIR TO GROUND TRANSMITTANCE (T) OF RADIATION

Below Five Kilometers Altitude

S  y 5KM 13KM M eteorological  Ra n g e s
• 5 ZKM 2 M 2KM 13KM 1 3KM 23K 25KM (V isibilities}KM i i   I

       ' i i

I i '
1 ' I

t  
  i  4   i ,    

KM ,  

I I I
    I

_        s •d              i  
   KM I i   

4        
 I t `  ,   1

  i
`
 
`

;
 

I 
c       

•   2      
 

\ t
  KM   \ `  

•
    `  

\
         ,

 
 --    \   ` ,  

 
 

  . ./   •  •  •
1  

`
  .i .

KM •  
                , ij , '   '̀.   ` ` _ ` `

  ` `_
I

-     '•-   _  -   _  
 

          `           
_0

0 .20 ,4 0
,6

0
.
8 0 1.00

 
Transm ittance (portion of rad iation reaching the ground)

; _ . 
--------- 0.55 microns at 60 degrees with the ground

  0.55 microns perpendicular to the ground (n a d i r )
 

1.06 microns perpendicular to the ground (nadir• - -
)

 
• Fi ure • 29

, 
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TABLE 1
.

t

TARGET AND BACKGROUND REFLECTANCE

.
 

Reflectance at Reflectance at
Object .55 Microns 1.06 Microns

Vegetation (mean) .12 ,50

Sand (mean) .
27   ,45

 

Grass Field .06 .30

Plant Leaves .12 52
 

Ground (dark) .05 .12  

Ground (light) .20 ,45

Water .04 .03
 

.
Cloud (dense) .60 .50

Olive Drab Tank ,15 ,15 •

 

Weathered Steel .05 .20 1
Tan Painted Steel .50 .40

Concrete ,25 .50
 

Asphalt .10 .25

B]acktop Road .15 .30

Dirt Road .10 .10  

Wood .
10 ,15

Dead Vegetation .10 .25
 

Earth Works .10 ,20

Red Soil .10 .40 ,

 

,
   

6  
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1

,
(1.06 microns) than visible light radiation. This gave the LGB an advan-

tage over the EOGB in haze penetration because the EOGB operated in the 
- visible spectral range; however, even the LGB could prove ineffect ve

when the haze was heavy. For example, for a meteorological range

(visibility) of 2 kiloraeters (kro), and an aircraft flying at an altitude
,

of 4 km (13,120 feet) acquiring a tan painted steel target, only about

6 percent (
.40 T down X .40R of tan painted steel X .40T up) of the laser

  jrad ation leaving the illuminator got back to the seeker in the nose of

/ the LGB, This was the case if the illuminator and the seeker were both
•

pointing straight down. For oblique angles of view the transmittances were
 

even lower, On the other hand, concrete runways (reflectance = .50
) on a

.
day with a meteorological range of 13 km (vertical transmittance .82

) would 

° return about 34 ercent .82
T x .50R x .82T of the laser radiation leavinP   ) 9

  the illuminator. Surface irregularities on some targets could also cause

the reflected energy to be scattered in varying amounts and in all direc-
j tions from the target. Some targets, such as gun revetments, can at times

act as laser energy "sinks" and return little or no radiation. 

Th 
 

(S) PAVEWAY II was the code name given a sophisticated weapon using self-

contained television (TY) as a means of guidance. The AfK-84 Electro- 
Opt cal Guided Bomb consisted of a KMU-353/6 gu dance and control kit

  mounted on the nose of a standard 2,000 pound MK-84 general purpose bomb.
  The KMU-353/B kit consisted of a guidance section, a control section, four

  
  stabilizing strakes, and an external electrical conduit. The guidance

 
7

1 SECRET
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section consisted of a gyrostabilized platform, a five-inch focal-length
r

 

TV system (with 525 raster scan lines}, an electro-optical contrast tracker,

and associated electronics. The EOGG system sensitivity was defined as  
 

the lowest apparent contrast level which the seeker had the capability to

track and was, in part, affect.ed by weati er conditions. Apparent contrast

is defined as the difference in brightness between a target and its back-
 

ground divided by the brightne ss of the background--Ca - (gt ' Bb  6b•

A positive value for Ca indicates a target is brighter than the backgraund,
r

while a negative value indicat:es a background brighter than the target. 1
To optim ze weapon system performance a sensitiv ty threshold had to be

determined. Initially, there was a requirement that the EO system be able  

to track a contrast edge which produced an apparent contrast of 0.25 at  

the entrance pupil of the TV seeker. This value, however, was found to + .

 

be too high since the system locked onto only those targets which had a  

well defined black-white edge. It was also found that an EO system which

would react to an apparent cor,trast as low as 0.15 would produce equally i

undesirable side effects. As the weapon approached the target, it woul
 

d

detect even minor contrast edges within its field of view and could be
 

decoyed away from the primary target. A sensitivity setting of approxi-  
mately 0.20 was finally selected to give the weapon an acceptable stand-

off capability against most targets, even during less than ideal weather  
1

conditions.
(S) Target size and configuration were also important factors. Adequate

 

 
lock-on required a sufficiently long vertical contrast edge within the

.
 

8
 

 C    'Q   T  
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field of view of the seeker. At the center of the TY seeker was a gate
.

produced by two vertical and two horizontal lines in a "tic-tac-toe" pattern. 
- This gate was large enough to hold s x scan lines at one t me. The EOGB

was designed to maintain lock-on from release to impact when at least three

of these six lines intersected the target contrast edge. For this, the
 

target height had to fill half of the 1.3 mil gate, that is, be 0.7 mil

high. Since one mil is the angle subtended by one foot at a distance 

e determi he ma imum slant ran eof 1,000 feet, the height of the targ t ned t x g

  at which a target could be bombed. For example, a seven-foot long verti-

cal edge could be bombed at a maximum slant range of 10,000 feet, because
 

this was the point at which the seven-foot tnrget would produce a sensor
. g

image, 
• S Atmos heric haze de raded wea on efficienc b reducin the tar et  ) P 9 P y y 9 9 /

= background contrast. At zero distance, the contrast between a target and
 

its background is called inherent contrast. The apparent contrast is
 

always less than the inherent contrast because of weather-caused atmos-

pheric attenuation which occurs in the airspace between the sensor and the 
tar et. The reater the distance from tar et to TY seeker and the more9 9 9

turbid (optically dense) the air, the bigger the difference between the 

. . .apparent and inherent contrast. Haze scatters target imagine-forming
  light out of the field of view of an optical sensor and also scatters in

_
non-image-forming light. The apparent brightness of a ground target as

 

. seen from an altitude z  8'
  is e ual to the inherent bri htness at.    : q 9

# ground level, B , times the path transmittance, T, plus the haze-induced
  •

9 

  TSECRE
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bri htness B*. Thus, Bz = B° T + B*. A similar equation holds true for
 

g ' t t
the brightness reaching the sensor from the background, B

b
= BbT + B*.

.
 

Thus, at altitude z, the apparent contrast (C
a
)
, already defined, equals

(Bt - Bb)/Bb. The non-image-forroing light or haze light (B*) is frequently

called path brightness. Path brightness is a function of the length of the

viewed path, its angle relative to the sun, the size and density of the
 

haze particles, and the wavelength of the radiation. The effects of path  

brightness may be verified by the reader by looking straight down from an

aircraft and then slowly scanning towards the horizon. The sudden drop-  

off in scene contrast is obvious. Additional visual scans at differen
.t

angles to the sun reveal the well-known phenomenon (predicted by scattering
 

.
theory) that looking into the  ;un produces maximum path brightness and

.
 

contrast loss, while a smaller secondary maximum is found by looking directly

down-sun. Angles 90 degrees.
tu the plane of the sun usually produce the i

least contrast loss.  

Additional Weather Factors AffE:cting Technical Operations of All Guided Bombs

(S) Other weather conditions   lso adversely affected the operation of guided  

bombs. First, the wind velaci  y and the wind shear below the attacking air-

re im ortant factors in determinin uided bomb accuracy. Strong
 

craft we p 9 9

winds or large vertical wind sl ear caused significant downwind impact errors  

because the guidance and contr  l units could not ad ust in time to compen-

sate for sudden changes in either wind direction or speed during freefall,
 

,
It was , t heref ore , desi rable t    plan t he rel ease headi ng ei t her di rect ly

u wind or downwind. Since the wind speed and direction over enemy territory  
 

P

10
,
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was seldom known with any degree of accuracy, the pilot estir ated these
.

pdrameters from such observable phenomena as the roavement of smoke near
 
• the tar et, For this ur ose, FAC-assisted tactics usuall involved the9 P P Y

use of smoke rockets. The illuruinator pilot estimated the wind field below 

the attacking aircraft and corrected the aim point of the laser designator
 

relative to the target. No correction was used for winds less than 10

knots. A lack of wind over the target could be equally troublesome because

  multiple strikes on a target were not ossible if the smoke and dust ro-P P

duced by the impact of the initial LGB or EOGB were not blown away by thei .wind prior to additional str kes. Secondly, attacking aircraft flying
, through rain clouds could degrade the performance of LGBs and EOGBs because
 

.
precipitation damaged the face of the bombs' seeker heads. 

.

i
 
 
 
 
 
.

 • ,1
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CHAPTER II

THE WEATHER: IMPACT ON PLANS AND OPERATIONS 
•

(S) The impact of weather on guided aomb plans and operations was fre- 
quently mentioned by General John W. Yogt, Jr., Commander of Seventh Air

Force (7AF), in messages he sent to General John D. Ryan, USAF Chief 

of Staff, during the North yietnamese 1972 spring and summer offensive.
  The following are excerpts from a few of those messages:

[021200Z June 12] The last two strikes on the power
  plants were below our standards and for this reason

I visited Ubon today to work out any prvbleras they
may have. I am reasonably confident our difficulty
was weather, and not pilots or systems. Cumulus 
clouds were drifting across the laser beam in both

• instances and probably account for the less than
precise bombing. 

• 061130Z June 72 Weat e[ ] h r , once aga  n,   nt erf ere d
with optimum use of laser pods. . . .i
[101125Z June 72] Weather caused us many anxious
rnoments today. . . . Weather reconnaissance flights
indicated unworkable weather until just before noon,  and ma rgi nal weat her at t hat poi nt . Trust i ng  t he
weatherman s forecast, we launched the force with
a 1515 TOT jtime over target]. . . . The first  flight found the target clear and rolled in with a
successful run.
[261020Z August 72] With laser work a few clouds 
in the local target area can disrupt the entire mis-
sifln, as happened yesterday, even though the gen-
eral area had only 3/8ths cloud coverage. 
[011031Z September 72] I am atte npting to achieve
as rnuch damage to the nortlieast rail line as is  possible with the few remaining weeks of good laser

, weather just ahead of us.

 
• 12
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[091140Z October 7 ?] In reviewing LINEBACKER o era-

 

tions of the last : everal weeks, one thing is a
p
par-ent. The transitic nal weather associated with the

pending monsoon sh lft is causing many problems for
 

visual strike opert tions and especially laser guidedweapons delivery.
(U Si nce weat her condi t i on ; •

 
  did affect the techn cal operation of gu ded

bombs, general as well as spE cific weather problems had to be addressed
- - - - - - - - --

 

_in areas where such weapons  rould be employed. Two factors, topography
and monsoon wi nds , i nf l uencecl the general s tat e of t he weat her i n sout heas t

 

Asia. The probability that a particular target would be workable depended
on (1) its location relative to the Annam   ounta'

 
 n Range, wh ch parallels

the coast of Vietnam, and (2) whether the Northeast or Southwest Monsoon i
 was the dominant weather system. '

The Nort •
 

heast Monsoon

(I ) The Northeast Monsoon, so named because the low level wind flow is
 

predominantly from the northe,ast, begins in late October and lasts through
mid-March. The wind flow is  icross the water and brings clouds and rain

 

to those portions of North Vi  tnam and upper South Vietnam between the
sea coas .

 
t and the mounta ns. The Annam Mountains served as an effect ve

natural barrier in preventing the per,etration of moisture to the interior
 

regions of SEA. Consequently ,the Northeast Monsoon brings relatively
dry and cloud-free weather to Laos, Thailand, Cambodia, and southern South

 

Vietnam. The passes between  Iorth Vietnam and the Ho Chi Minh Trail are
often cloud-free durin t ' _

 

g his t. me of year, but this depends on the strength

of the winds and the amount of clouds which spill over the mountains and
.
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cover the Trail. During the late winter and e rly spring the farmers burn

their fiel is, and heavy smoke haze often reaches to 20,000 feet. Horizontal 
visibilities aloft of less than three miles and vertical vis'b '  ilit es of

only a few thousand feet are common during this period. During the two 

hours after sunrise and before sunset, slant range visibility, especially
  into the sun, is extremely limited, severely affecting air operations.

In addition, the North Vietnamese deliberately set fires to hamper U.S. 
military operations.

 
The Southwest Monsoon

(ll) The spring transition period begins in mid-March. Low level wind flow
 

. gradually turns southerly  n April and by May southwesterly winds prevail

  over most of SEA. By this time cloudiness and rain over interior regions
. have increased significantly. The Annam Mountains again act as a barrier, 

and so much of North Vietnam is relatively cloud-free. The Ho Chi Minh

Trail, which averages one or two inches of rain during the Northeast Mon- 
soon now ex eri n, p e ces its wet season and veh cular traffic  s severely

  retarded. September is the last month of the wet season over the interior.
By the second half of the month the autumn transition period begins. From

,
mid-September to mid-October, a significant decrease in connected cloud

activity and precipitation occurs over interior SEA. By late October, 
once a ain the Northeast Monso9   on beg ns to dominate the general weather

  pattern.

 
,

i4
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Mission Planning
 

(S) Weather played an importa.nt part in mission planning.
A ma or limita-

tion on tactics involving botf LGB and EOGB weapons systems was that good
 

weather was essential for lonc -range standoff delivery. Clouds, haze,  

high winds, and precipitation all reduced the effectiveness of such wea-

pons. Accurate forecasts werE a ma3or factor in achieving successful  

guided bomb strikes. A clear line of sight to the target was an absolute

necessity. In the case of thE LGB, the laser illuminator could not pene-
,

trate even the thin clouds. 1'he EOGB had to "see" the target to acquire  

and lock on prtar to release. For planning purposes, three-eighths or less

cloud cover below 1B,000 feet and visibility greater than three miles were  

considered favorable for LGB <<nd EDGB operations. Four-eighths and five-
 

elghths was marginal, and six• eighths or more with visibility less than .
 

three miles was unfavorable. While the cloud cover over ene r y territory

.
 

couid be observed with meteorc logical satell tes and forecast with acceptable

accuracy, the visibility could not be remotely measured or forecast with  

the precision required for opl:imum EO system performance. As already men-
tioned, above, visual recognit:ion/identification was the sine quc non

 

of guided bomb tactics. Giver tha-t the cloud cover over a target was

less than t e -  

 
hr e e ghths, the Frobability of m ssion success was st ll

uncertain because of the low-level haze common to SfA . Even after pre-  

strike weather reconnaissance appraised the target weather as favorable

for tactical operations, rapid changes in the haze level sometimes pro-
 

,
duced unacceptable or unworka  le conditions by the planned TOT. Consequently,

.
 

  15
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many strikes diverted to secondary targets because the primary target was

unworkable. Cloud forecasts for guided bomb operations were routinely 
' i ven o mig t ssion planners 24 hours in advance and updated six to eight

hours prior to TOT. Visibility, or more properly "seeability," forecasts 

were also prepared, but with less confidence. The impac  of "seeability"
 

on tactical air operations will be discussed in greater detail later, -
(S) Another important aspect of mission planning was intensive and thor- 
ou h tar et stud . Successful LGB and9 9 y EOGB strikes demanded painstak ng

preparation on the part of the Intelligence, Operations, and Plans
`

staffs and a detailed prestrike briefing of the aircrew involved. Terrain
  features, cultural areas, target dimensions, target construction, and the

.
similarity of nearby features to targets were but a few of the things 

• that had to be known and understood thor houg ly. In add tion to these

factors, EOGB strikes required special preplanning which considered sun 

angle and shadows, Shadows could create either desirable or undesirable
 

contrast edges from the target or adjacent objects, respectively. Since

the spectral response of the pilot's eyes and the EOGB are similar, the 
pilot's abilit to clearl see and identif a ey y y t rg ts was normally a va]id

indication that an EO system could hit them, Aircraft headings into or away 

from the sun were avoided since they produced maximum target contrast loss.
  Reconnaissance photos of the targets were studied to determine the best

contrast edge for the planned aiming point.
Targets which had several 

identical contrast edges that could simultaneousl a ar within h fr y ppe t e   el d

of view of the TV seeker were particularly difficult to hit successfully. 
'

16 
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A good example is a bridge witf several vertical concrete supports. The  

EOGB TV seeker, unable to decicle which of several equally well-defined

edges to lock onto, would shifi:its focus from one bridge support to the .
 

next and finally impact the river bank at one end of the bridge. It was,  

therefore, imperative that the p lot select an area on the target w th

only one high contrast edge ap  earing on his scope. This would normally  
9

preclude the EOGB from being dt coyed in flight by other contrast edges.

(S) Another weather-related f  ctor.cons
idered by mission planners was

 

the use of smudge pots by the I orth Vietnamese to obscure large, important

I    ene In such instances a weather

 

targets and degrade guided bom effectiv ss. ,

forecast of conditions which v  uld result in rapid clearing of any smoke  

accumulations and a reasonable chance of mission success prompted planners '

to strike the target with guid :d bombs. A forecast of light winds and heavy
 

.
haze conditions, on the other nand, usually resulted in planners moving  

guided bomb miss ons to other target areas.

0 rational Em lo ent of Guided Bombs
 

(S) The "seeability" in the n eiqhborhood of the target directly influenced  

both the attacking altitude arn1 the total time spent over the target. Thus,

weather-caused atmospheric att enuation was an important factor affecting  

guided bomb tactics; it was directly related to the degree of hostility

of the target environment.

 

(S) Over low threat areas with little or no defending ground fire, the

 

 

attacking aircraft commander could fully employ all the potential  nherent

in guided weaponry. If weather factors precluded achieving a lock-on at  

17  
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12,000 to 14,000 feet, he could descend, approach the target from a variety

of headings to find a cloud-free line of sight, achieve
the lock-on, and 

' urelease the weapons w th some certainty of target destruct on. The one

  bomb to destroy one target" concept of guided weaponry was most commonly

achieved in a low threat environment under favorable weather conditions.
 

Even if the first bomb missed the target in a low threat area, aircraft

could remain in the area for additional deliveries. 
S I n 1 Se ember 1 2 e e e i - a EOGB a i s( ) n a 1 pt 97 m ssag conc rn ng low thre t t ct c ,10

1 the 8th Tactical Fighter Wing (TFW) stated,
S

High angle deliveries are appropriate on bridges or
targets with some vertical dimension. Only one wea- 
pon should be expended by each aircraft with a release

• altitude of 12,000 feet or greater AGL, 30 to 60
degrees dive angle and .82 to .90 mach. A minimum  acceptable parameter would be a 10,000 foot AGL release;

• low angle deliveries are more desirable for caves and
storage areas near karst networks. Weapons release

  should occur at 28,000-30,000 feet slant range, up
to 30 degrees dive angle and ,87 to .90 mach. 7his
equates to a minimum release altitude of 4,900 feet
for a 10 degree dive.

It is imperative that a good  lock-on be attained for at least 5 seconds before
release to insure a good contrast lock dur ng low
angle deliveries. A flight of two aircraft is effec-  tive for both low and high angle deliveries. The
lead aircraft can deliver separately, one weapon on
one pass, while the wingman provides element support.  The roles then reverse and the wingman expends his
weapons.

(S) Note that, while not mentioned, the tactics just described demanded 

nearly ideal weather conditions. At 2B,000 to 30,000 feet slant range,
  only very large, high-contrast targets (concrete runways, large bridges,

. etc.) could be "seen" by the EOGB TV seeker with the haze levels ambient
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over North Vietnam. For smaller, less well-defined targets, the moderate  

to heavy turbidity of the SEA air would force the attacking aircraft to

descend to very low altitudes for lock-on. -
 

(S) In high-threat areas the optimum launch altitude for LGB/EOGBs was  

12,000 to 14,000 feet. Wh le a broken to overcast middle cloud layer at

10,000 to 14,000 feet allowed the attacking aircraft to work beneath the t

clouds, the pilots usually pre ferred to stay above.
i0,000 feet becaus

•
e

North Vietnamese antiaircraft artillery (AAA) was much less effective above
 

10,000 feet than below. However, flying at that altitude above an over-
.

 
cast also was dangerous since surface-to-air miss les (SAMs) could suddenly

appear through the clouds, cat:ching the attacking aircraft with little  

chance for evasive action. A prestrike weather forecast or reconnaissance  

report of marginal weather ove r targets in high-threat areas usually ,
 

resulted in the cancellation c f the planned bomb strike. Higi  priority  
targets, however,were somet rr es attacked even under marginal conditions.
(S) The target environments aver the upper regions of North Vietnam were  

as hostile as any likely to be encountered anywhere by tactical aircraft.
Tracked by enemy radar even prior to ingress, subject to SAM and AAA fire

 

from below and MIG attack froR any direction, the pilot quite naturally  
wanted to keep h s total t me over the target to a min mum. To quote the

8th TFW manual on mission employment tactics, "Timing is of the essence,  

the mission itself is simply a mass roll in, one pass, haul ass, and RTB
11

(return to base) operation."
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, {S) For such tactics to be successful, it was imperative that the amount
  ..

and location of clouds or haze layers over the tarqet be knowri. A pre- 
• planned cloud-free attack heading sometimes had to be aborted due to line-

of-sight problems; and another heading, while cloud-free, was possibly  .over unacceptable threat areas or involved angles producing minimum laser
  reflectance fro m the target. Following the manual's guidance, tf e flight

leader illuminated the target with his laser and, on command, all aircraft
 

released their LGBs. Most targets were struck with a flight of four air-

craft delivering eight bombs simultaneously. Occasionally, four bombs would 
be used on target, saving the other four for another target or as a back-up.

  This tactic usually resulted in the destruction of the target with a single
  pass. In the northern half of North Yietnam, where many targets were camou-

 

.
flaged, target acquisition--especially for EOGBs--was difficult. This resulted

in both decreased accuracy and increased TOT. Consequently, LGBs were employed 

over heavily defended targets in the northern one-half of I orth V etnam, almost

  to the exclusion of EOGBs, which were largely limited to use over the more

1i qlit l y def ende d t a r qe t s i n sout her nn os t  lo r t h Vi et nam and nor t he r n Sout h
 

Vietnam.
  evertheless, EOGB tactics did exist for high threat areas, and

12
such tactics were addressed in an 8tt  TFW message thus: 

- - - - : - - - -- -  High angle deliver es are mandatory in a high threat
area. A 30  egree dive, .82 to .90 mach and a release

  altitude of 12,000 feet AGL are considered optimum
by each aircraft. Tf e delivery of two weapons on one
pass usually forces the aircraft into rnore of the QAA
environment while increasing the probability of an 
unsuccessful weapon through acquisition or tracking

' problems. Dive angles of 45 degrees or g:̂eater require
excellent crew coordination but afford the best 

•
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contrast for bridges, buildings and military complexes. `

 
A flight of two aircraft  s not desirable due to lack
of mutual support during the ingresslegress; but in
t he immedi at e targe t, area , f our ai rcraf t del i ver 9ng  
simultaneously are attempting to achieve individual
release parameters and mutual support will be lost.Therefore, the lead aircraft should achieve para-
meters as required   y the target and threat with the

 

flight in pod format:ion. After established on the
roll-in heading each aircraft acquires the target and
pickles separately. Separate aim points should be

 
briefed to increase target coverage and preclude tar-
get masking from one bomb impact to subsequent bomb
impacts.

The flight:leader must also brief a minimum  
release altitude; if an aircrew has not released by
the minimum altitude, the pass will be aborted and
flight integrity w111 be maintained.  

Note that by employing high dive angles in high-threat areas the path

length between the aircraft and target is minimized, resulting in the least  

.target/background contrast loss. Also, geometric considerations indicate

that for a given amount of clauds below the aircraft, the higher the dive .
1

angle, the greater the probability of seeing the target. Thus, high dive
.

 

angles optimized the chances f or successful single-pass EO strikes.
 

-
 

 

 
 

_
 

•
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CHAPTEI  I I I

MISSION EFFECTIVENESS AND WEATHER 
'

Th 
 

(S) Table 2 lists EOGB ex enditures data for the eriod 1 F bruaP p e ry

through 31 December 1972, Of a total of 8B3 EOGB weapons scheduled 
(fragged  only 329 were released, The remainder were cancelled either

  on the ground or after takeoff for reasons listed under the heading CANCELLED

OR RETURNED in the table. A total of 280 (or roughly 32 percent) of the
 

EOGBs frdgged were cancelled due to weather, the largest sin le reason for9

mission cancellation. Note that in November and again in December the 

• bulk of cancellations were caused by adverse weather conditions,which
  resulted from the Northeast Monsoon over SEA. These are carried in the

.
table under WEA, CANCELLED OR RETURNED, Weapons released and failing to  

 
guide to the target because of clouds, haze, or other weather-related

factors are tabulated on the right side of the table under WEA, REASONS 
FOR NO-GUIDES. Note that of the 89 no-guides that occurred during this

  period only one was judged to be due to weather.
(S) One rather striking aspect of tf e "Reasons for No-Guides" was the

 
large number of no-guides listed under Unknown--over 40 ercent. Evi-P

dence suggests that many of these "unknowns" were in fact caused by 

unfavorable weather. This can be proven both theoretically and from actual

  measurements of contrast loss from aerial reconnaissance photography. The
.

question arises, then, why the pilots did not recognize tt ose occasions
 

'
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when the weather caused the bomb not to guide. The answer possibly lies
.

in the subtle and not easily recognized impact of atmospheric attenuation 
• -- - - - - - -- -on EO systems and in the relat ve unfam liarity of many pilots with the

  practical aspects of liqht-scattering theory. Discussions with numerous

8th TFW pilots verified that most did not fully understand the total
 

impact of weather effects. For example, one pilot asserted that he

preferred an attack heading into the sun because this enhanced the tar- 

et shadow effect. He did not understand that su h a headin also maxi-g c g
13

  mized the effect of atmospheric haze.
(S) In addition to the statistical data already mentioned, many EOGB

 
reports of the month or week also contained short remarks which aptly

described EOGB system problems caused by weather and related factors. 

• Uuring the Southwest Monsoon ra9n season the wea on ex erienced man.Y P P y

problems due to moisture in the system. The weapon had to be grounded for 

a period of time until improved kits were flown in from the U.S. A new
 

electronic countern easure (ECM) pod also caused considerable electro-

n agnetic interference problems because it produced massive distortion 
of the TY icture. A wire screen laced over the lens eliminated thisP p

distortion but degraded contrast and reduced the lock-on capability of 

.the weapon. Bright sunlight, high contrast targets, and ideal weather
14 

were required before the weapons would work effectively.
(S) Specific weather-related performance problems with EOGBs were

 

, pointed out in an Sth TFW messa e to Seventh Air Force on 12 Au ust9 9
15

1972: 
•

.

  24
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Unly very l ar ge , hi c h cont r ast t ar get s permi t t he
weapon to be employE:d using acceptable parameters
for high threat are  s. Acceptable parameters are '
releasing the weapon no lower than 10,000 feet
AGL from a 30 degreE dive. This requires a tar-

 

get large enough and with suffic ent contrast
.
to

lock the weapon onto it by 13,000 feet AGL. Of
cour se , t he sun ang'ie , c l oud cover , and vi s i bi 1i ty  
must also be favorahle to meet these parameters.The EOGB is difficu'lt to use for multiple strikes
on the same target. The first impact will destroy
the target contrast for subsequent weapons and

 

cause them to break lock.
(S) In spite of these probletos, Headquarters USAF was interested in  

increasing the employment of I:OGBs in place of LGBs in the summer of

1972. In a 30 July message, (aeneral John D. Ryan expressed concern over
 

losses of PAVE KNIFE aircraft delivering LGBs. General Ryan suggested  

that future lasses could poss ibly be minimized by an increased applica-  
16

tion of EO weapons. The EO( Bs had shown good results recently; however,
.
'

General Vogt qualified those results and explained 7AF's preference fo
-

r

the LGB in a message to Gener rl Lucius D. Clay, Commander-in-Chief,
 

17
Pacific Air Forces:  

We agree that the E()GB with a modified guidance unit
has potential under certain conditions, and we are
using it whenever cc nditions permit. Particular  
effort is being expc nded to identify targets suitable
f or a t t ack by EOGB  ind t o obt a i n t he qua l i t y of
oblique photography necessary to insure successful  
operations. The re  ults reflected in recent 8TFW
operations may suggc st an overall effectiveness that
is not altogether  ustified in consideration of the
several limitations inherent in the system. Al1 of

 

the weapons upon wh ich these results were based were
emplayed in the rel  tively low threat environment
of RP jroute packagE ] -1 (southernmost North yietnam).

•

 
Conditions there petm itted selection of ideal sun
angles and axis of <<ttack, low release by single

'
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aircraft, use of unscreened weapons, ECM pods in 

y
standby, and even multiple passes when required for
opt mum lock-on. Many of these opt ons are den ed
in high threat areas such as RP-4 (just below Hanoi

  and Naiphong) and comparable results cannot be
- expected. Specifically:

A. Operation of EO weapons is highly dependent 
on weather conditions. Absence of contrast, as under
an overcast or momentary interruption of visual contact
by clouds or smoke, seriously degrades the lock-on  capability of the weapon.

. . . We will continue to make every effort to opti-
/ mize the use of the EOGB. Nonetheless, it is apparent
! that in the current state of the art, the LGB is a

far superior weapon system and the one we must rely
upon to assure best possible accuracy and highest 
probabilities of destruction.

Still, the employment of EO weapons increase d during September. As shown

  in Table 2 over one-third of the total lanned EUGB dro s were scheduled.   P P
_  

  for September, and over one-third of all EOGBs actually expended were

  dropped durinq that month. On the 19th of September, the 7/13AF Tacti-
 

cal Air Command Liaison Office (TACLO) sent a message which reflected the
18

increased EOGD effort during September. 7he message stated, in part:
 

At time of visit to 8th TFW b TACLO there were con-y
siderable interest in EOGB utilization coropared to
six months ago. Weapon now being fragged daily. It 
appeared that in the past there was a low level of
interest in employme t of weapon probably because
LGB has been doing well and is much simpler. Visit  by Lt Col Kitchens and Mr. Egbert greatly increased
entire EOGB effort. They identified several prob-
lem areas not only with weapon itself but also with

  munitions build-up, load crews, aircrews, etc.Expect in near future there will be a marked improve-
ment in each of these areas. One of the major problems
is targeting. Presently, the EOGB is being utilized 
in RP-1 and MR-I (northern South Uietnam) where there

' are not many high contrast targets.
As a result they

are being deployed against targets having very little 
vertical deveiopment and poor contrast..

  26
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(S) So susceptible was the EO( B to atmospheric effects, that only targets i

wlth high inherent contrast could be struck with confidence. Against tar-

gets with little vertical deve lopment and poor contrast, the weapon was .
 

i nef fect i ve.  

The LGB
._.__..___  
(S) Table 3 is a tabulation o f LGB expenditures for the period 1 February

1972 through 31 December 1912. Comparison with Table 2* shows that during
!

the 335 day period, 329 (about one a day) EOGBs vs 9,094 LGBs (27 a day)

were dropped. Although cost ($17,000 for an EOGB compared to $4,700 for .
 

19
an MK-84 LGB) may have been a factor which contributed to the disparity

in usa e of the two wea ons the strike lanners' referenCe for the LGB
 

9 P • P p
,

in high threat areas and the weather-related problems with the EOGBs cer-
20 .

 

tainly were ma or factors. Another reason was the aircraft modification

required for each EOGB delivery aircraft, which made a large EOGB strike  
21

force difficult to maintajn. The LGBs required no such modification.

S Uurin the riod covered in Table 3, no-guides numbered 1,422, or
 

( ) 9 Pe

15.5 percent of the LGB weapons released. Not counting the "Unknowns,"  

which take into account a variety of problem areas, aircrew error accounted

for the largest number of no-guides (29 percent). This usually meant that  

the aircrew released the bomb even though one or more recommended release

arameters had not been met, the crew misidentified the target, or the
 

P

*Note that the focus of these tables is not the same, and that direct com-
 

parisons are notp o ible for each heading. Thus, while Table 2 examines  
EOGB hits, Table 3 provides figures for LGB di

 
rec

_
t
_
h ts.

,
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crew released in marginal weather. While weather accounted for 144 (or
.

/

10 percent) of the LGB no-guides, weather-related factors accounted for

additional misses. Seven no-guides were listed under ACE as due to .
 

"released in marginal weather" and 45 of the 55 no-guides listed under

     
 

TGT were due to smoke or dust over target, a weather-related (atmospheric

attenuation) phenoroenon. Thus, the weather-caused number of no-guides should  

really be 189, or nearly 13 percent of the total.
(S) As noted in several LGB monthly reports, "The majority of the PAVEWAY

 

and PAYE KNIFE laser guided bombs during the month were [released] in
 extremely high threat areas. The tactics requ red in this environment,

coupled with paor weather in some instances, contributed to many of the  
22

unguides reported."
 

(S) The relatively large number of LGB no-guides listed under "Unknown" ,
 

parallel the statistics for EOGB no-guides. The "Unknowns" accounted for

. !one out of every three no-guides. This would seem to be a suspic ously

high total for a system that was hopefully well-understood by the F-4  

crewmembers, even recognizing the differentials in crew experience. Once

again, the subtle impact of atmospheric attenuation may have been the
 

domjnant factor at work and a good share of no-guides listed as unknown  

could have been in reality weather-caused. Gradual deterioration in the

general weather conditions and increased enemy countermeasures were par-  

tially responsible for decreasing effectiveness at the end of the period.

.

 

.
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1. CNAPTER IV

  CONCLUSION
.

 S) The introduction of guided bombs added a new dimension to modern air 

warfare. The mission planners no longer had to live with weapon miss
  distances of hundreds of feet. A target in the middle of a densely pop-

ulated region could be hit with nearly surgical precision. However, the 
employment of these weapons in combat in Southeast Asia revealed some short-

comings in their design, operation, and deployraent. The impact of the'

weather was found to be a significant operational limitation. Guided bombs
  were not all-weather weapon systems. Clouds and haze were the largest

- inhibiting factors preventing the optimum explaitation of guided weaponry
,

,
in the tactical environment. Pilots had to see and identify targets before

hitting them successfully. Atmospheric attenuation brought on by the 
• .presence of ineteorolog cal parameters varied from the obvious inability

  of ]aser or visible light radiation to penetrate a cloud, to the gradual

bending of the laser beam by temperature variations along its path, or 
the subtle loss of target contrast due to haze.
(S) The exact magnitude of the impact of weather on guided bomb opera- 

 tions is not now known and cannot be quantified from the data gathered

  thus far because of the large number of "unknown" no-guides. Past Opera-
tional Test and Evaluation of guided weapons did not include the establish- 
ment of attenuation thresholds (the dividing point between effective and

P

non-effective sensor performance) beyond which system capability was 
' sharply dimin shed. Such weapons were introduced into the air war in

  30
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SEA without this potentially sialuable and operationaily significan c know- ,

. ledge. Several thousand bomb releases demonstrated that guided bomb opera-
tions were much less successft l if there were three-eighths or more clouds ,

 

below 18,000 feet or the visit ility was reduced by haze to less than three

miles. During this time little knowled e was ained a t i - -

 
g g bou 1 ne of sight

attenuation or its variabilit  . While the Air Force's weathermen could  

forecast cloudiness for guided bornb strikes, they could not--with any
degree of accuracy--forecast "seeability" reduction due to haze. In fact,

 

the parameters which define ";;eeability" (i.e., type and size of haze

particles) were not routinely measured, either in SEA or elsewhere. Thus
 

,
the weatherman was unnecessarily limited in his ability to assist the

.
 

tact i cal commander when i t carr e to dec i si ons rel at ive t o guided bomb '

operations.
,
 .

(S) In April of 1972, a sympc sium on target detection from tactical

aircraft was held at Wright-Patterson AFB, Ohio. A ntunber of offices and
 

agencies were represented, including the following: the Air Force Cambridge ,
 Research Laboratory (AFCRL); the Air Force Operations Evaluation Group for

the Assistant Chief of Staff for Studies and Analysis, Hq USAF; the Air
 

Force Armament Laboratory; the Air Force Avionics Laboratory; the Weapon
System Evaluation Group; the Air Staff; and the Air Weather Service AWS .

 
( )

The conferees met to discuss mutual problems related to the design, testing,  

and operational deployment of guided weaponry in the coming years. Much

of the discussion at the symposium centered around the validity of using
.

. !
simulation models versus the a  tual testing of weapons at U.S, ranges,

.
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, which did not ade uatel du licate the atmos heric de radation common toq y P P 9

SEA. What clearly emerged was an urgent requirement for a concerted effort 
' .by the many elements of the OT8 E community to study the entire spectrum

,
of problems which impact upon tactical target detection. First, the commu-

nity needed to know more about the reflective properties of targets and 
backgrounds, the effect of target movement and size sun lint coloration.   9   .
and related areas. The inherent contrast of targets and backgrounds was 

not being measured as part of EO weapon OT&E. Second, the concept of
' visibility had little meaning in assessing the capabjlity of current EO

systems. Visibility involves the ability of the norrnal human eye to see
 

horizontally an object of fixed brightness a ainst the back round sk .. 9 9 Y
Any relationship between this and the ability of a pilot to see a tank

  • on a dirt road at a slant range of 25,U00 feet was purely coincidental.
, In the tactical environment, "seeability," not visibility, was most

important because it included not only slant path spectral (wavelength
 

dependent) attenuation, but the probability of seeing the target through

a variable amount of cloudiness, plus other considerations. The "see"
!       'in seeability refers to the fact that in tactical warfare a target had

  to be seen before it could be attacked with guided bombs. This meant that

the pilot not only had to visually acquire the target, but also had to
 

identify it, He had to deterrnine if the target {tank, gun, bridge, etc.)

was enemy equipment, a decoy, or a derelict. This intelligence can be
    determined from the shape, size, and target markings, but must be trans-
  mitted through an attenuating airspace. While such identification was

  32
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not usually a factor for fixed targets (e.g., bridges and buildings), it

.

'

was vjtal to the successful interdiction of mobile targets. A successful

LGB strike, therefore, depended not only on attenuation at laser frequencies,  
 

but also visible-light target contrast loss, or "seeability." Clearly,

then in dealin with air-to- round uided wea onr "If ou can't see it,

 

  9 9 9 P Y  Y

you can't hit it." Third, the capability of the tactical pilot to detect  

targets and optimize the probability of weapon lock-on at acceptable stand-
23

off altitudes and distances was not adequate. Rectifying this would  

involve improved sighting optics, a zoom (magnification) capability,
increased laser power autput, the minimization of system resolution loss

'

between the seeker and the pilot's display, and many other related improve-
24 '

 

ments.  

(U) From the standpoint of the tactical decision maker, more definitive
,

.
prestrike weather information should greatly improve the chances of mission

success.
 

 

!

.

 

F
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, rEPILOuUE

 
 • (S) The Scientific Advisory Board addressed the subject of this paper at

25
the request of Air Weather Service in early 1972. The guided weaponry 

of the 1970s could not be properly supported with the meteorology of the
, 1950s. New concepts and techniques were needed to measure atmospheric

attenuation in a variety of wavelengths over denied territory. This
 

could possibly be achieved by re note sensing via meteorological satellites,

sensors seeded behind enemy lines, or remotely piloted vehicles (RPUs), 
•among others. The concept of using the RPV equipped with remote sensors

, to relay spectral data back to the decision maker was generating a great!
  deal of interest at the writing of ti is report. The RPV as a multi-

'
, spectral FAC might solve many problems facing the weatherman and his

tactical customer in the future.1
(U) Possible changes in aer al warfare brought on by an increased use

, of EO guided weapons in the next decade demand closer working relation-

ships among the people who design, test, support, and deploy these weapons. 
Weapon system design must be optimized to reduce weather impact, OT&E must

include both simulated and actual bad-weather testing to establish realistic,

operating thresholds, equipment and techn ques must be developed to g ve

  the weatherman the data he needs to support the decision maker, and the

pilot must thoroughly understand his weapon system so that he can critically
 

evaluate its performance.

(S) Improvements in the employment of guided weaponry in a tactical environ-'
' ment ca bn best e made after gaining a more definitive understanding of why

 
34
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the bombs sometimes fail to guide. The large number of no-guides attributed

. .

 

to unknown causes suggests that improvements in both crew debriefing pro-

cedures and crew training roight provide part of the answer. While crews  
:

did complete an 8th TFW Form 38 during debriefing and this form did include

a space for detailing "Weather and Weather Effects," really definitive
 

information on the possible impact of weather effects was seldom included.
 The weather effects portion of the debriefing should be improved and expanded

to include a series of questions to give a cjearer picture of the state i

of the atmosphere even if weather was not a factor. 7he items (some of whic
•

h

appeared on the Form 38) in Appendix II would be useful to obtain more infor-
 

mation on weather effects.
(It should be noted that the Form 38 is no longer r

in use at the 8th TFW.) •
(U) In addition to changes in the debriefing form, additional crew train-

 
 .

ing dealing with possible weapon system limitations should be undertaken.
Such training should include an extensive review of weather effects and

 

atmospheric optics. The concept of "seeability" and the spectral nature

.
 

of radiative transfer should be stressed during these training sess ons.
Each pilot and backseater should have a firm grasp of why the guided wea-

i

pons succeed or fail
!

.
(U  For several years the photo reconnaissance community employed theo-

 

retically-based computer models of atmospheric attenuation to optimize the

desi n an

 

g d performance of their photo system, Such models were developed

by AFCRL, AWS, the National Aeronautics and Space Administration, and
 

others. The most widely used   f those, the AWS Haze Model, was ernployed

. !35
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: b '  y the Air Force Avionics Laboratory to produce printouts of target con-
  trast losses, backgrounds, slant paths, aircraft altitudes, sun angles,' 26

haze (turbidity) levels, and related parameters. Although somewhat
'

limited by their basic input data, such models were helpful in gaining

valuable insights into the impact of a highly variable atmosphere on EO 
s stem erformance. An e uivalent amy P q ount of research by AWS, AFCRL, and

others into the development of mathematical models of the probability of 
27

seeing the ground through various amounts of cloudiness proved fruitful.
  A great deal of ineasured and observed data was used to verify the validity

of these mathematical models, but more work needs to be done.
! (U) Most of the techni ues, ex ertise and e ui ment de el. q p , q p v ope d f or

the photo reconnaissance community is applicable to the solution of prob-1
• lems currently confronting the tactical weapon system OT&E community.

'

 

 

'

!

 

-

 
'
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' aPPENDIX I*
,
_

METEOROLOGICAL ASPECTS OF SIGHT

  (U) Seeing an object or acquiring a target requires the combination of

an illumination source, reflection of the illumination energy from the
#

object or target (or emission of energy from the object itself), and

both receiving and distinguishing the reflected energy by a sensor system

! like an eye or a lens. The eye or any other receptor system can only see

' those energy transmissions that are large enough to excite its sensors,
i.e,, at or above the sensor's threshold of perception. However, the

`
receptor will not always see all of the sufficiently large energy trans-

.
mission because of other interfering radiant energy. For example, a green

  • ob'ect in the rass or a white ob'ect on snow is hard to locate b e eJ 9 J Y Y

  because the background is reflecting radiation at the same wavelength as

the object, and there is little or no contrast between object and background.
' A distant aircraft is   ard to see against the sun because the sun's radia-

tion is so much stronger than that reflected from the plane, and a far-off 
mountain is harder to see throu h haze be aq c use the haze particles are so

  brightly illuminated by the sun. The particles reflect energy back into

the eye, while also blocking energy reflected from the mountain.
r (U) The atmosphere is the medium through which a target is illuminated

by some type of energy. It is also the medium through which the energy

 
. *Prepared by Major Edward B. Hanrahan, Ph.D. Climatology, University of

Illinois, while serving as a member of the Project CHECO staff.
  •
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reflected from a target must pass to arrive at the receptor. The condi-

 

tion of the atmosphere, that is, meteorology, affects this transmittance  
 

or passage of energy in several ways. Visual sighting, radar tracking,
i  and laser llumination and detection all fundarnentally operate  n the same

manner. Meteorological effects on a laser beam, however,may be more easily r

visualized by most people, so it is presented as the main example. A
!

s

illustrated on page 39, a laser beam is
,

Attenuated (its transmittance through the atmosphere is decreased,
reduced in ower or in the amount of ener st iki

'
p gy r ng a square

inch of the target) by: ,

.
 

- Reflection off particles in a turbid atmosphere, e.g., air '

containing dust, soot, haze, or smog.
 

a
- Absorption (soaking up) by particles and gases in the atmos-

phere such as ozone water va r water dro s and dust.

 

  Po   P  

- Scattering from molecule to molecule in the air.  

Diffused, spread aver a wider cross-sectional area and consequently

weakened because the "unfocused" beam puts less energy on a
 

square inch of the target. For our purposes here, diffusion

may be considered a t e of attenuation. It is caused b  yp y,

- Reflection (as under attenuation above),
.  

- Scatter ng (as under attenuation above).

- Refraction, bending as variations in the density of the atmos-
r

.
phere cause changes in the speed of energy transmission. The

Q
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  ^ If for 100 energy units entering
  - _ •a segment of a beam ,

60 exit thei

._
- segment still within the beam

- cone, 40 units were attenuated' by reflection, absorption, acattering, and refraction, After the  attenuated initial 6eam reaches tFie target, only a fraction of that
- energy is reflected 8ack toward the sensor iri the receptor system.The fraction of the energy reflected back toward the sensor is also  attenvated in much the same way the initial beam was attenuated.

•

 . - ' " '
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t   -1 uNC assiF  D

THIS PAGE DECLASSIFIED IAW E  12958



THIS PAGE DECLASSIFIED IAW E0 12958

   uN c ASS F EO 1
     ̂

radiant energy tri vels more slowly in denser air than in less

dense air. Consec uently, when a laser beam leaves an updraft ,
 `

of warmer, moister air (less dense) to enter a downdraft of

cooler, drier air (roore dense), its path is bent. A common
,

example of the bending and resulting target "offset" is the
!decept ve position of a f sh v ewed from above the surface

of the water. A   pear has to be aimed "below" the fish to t

hit it. In the al;mosphere, refraction in any direction i
s

possible even at t eam angles of 90° (nadir) to the ground because
 

density differences are as possible in vertical currents as in
!horizontal layers„ These differences are often associated with .

abrupt changes in the vertical or horizontal wind velocities  
!a(wind shears). RE fraction increases the path length of a laser

beam; consequentl r, the beam suffers increased refl ection,
 

scattering, and at sorption, i.e., diffusion and attenuation.
.  (U) Br ght sunlight contains high amounts of radiat on sim lar to that of

the laser beam. With certain background surfaces providing bright returns,
/

the laser's task is analogous to the attempt to illuminate objects in th
 

e

noon sun using a flashlight. When the air is full of haze, and the reflec-
 

tions brighten the atmosphere or path of the signals, the laser's task is

much 1i ke t hat of t he f l ashl i cht s d o '1 _

 

   u e t i lumtnate ob ects in an auto

mobile's bright headlights (highbeams) during a snow storm. The bright- /

ness in the atmosphere, the pa.th between the target and receptor, reduces
•

M
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^

, the contrast-making ability of one's illumination beam (flashlight, laser,! •
sun, etc.) and hence reduces the seeability of the target. This path

' brightness effect induced by haze or otherwise is also as troublesome

after sundown, as can be quickly verified by trying to use a flashlight

  on a dark ni ht 1n a snow storm or in fo .9 g
(U) The turbidity of the atmosphere, the amount of dust, soot, salt, and

 
, other haze-causing particles in it, as well as the presence of water forms
'

such as snow, rain, and fog, determine visibility. Atmospheric visibility

refers to a human observer's estimate of the maximum distance at which he 
can distinguish objects, his threshold of si ht in the iven atmos heric, g 9 P

conditions. In contrast, meteorological range refers to a machine measure-
  • ment of atmospheric transmittance of a beam of light, i.e., how much the
' light beam is reduced between illuminator and target or between target and

receptor because of dust, haze, rain, etc. For our purposes, visibility 
and meteorological range may be considered the same. Both are indications

of attenuation and diffusion, and, consequently, the magnitude of the energy
!

reaching a receptor. This is zn important factor in "seeability" or whether
  or not a sensor can see a target.

(U) Equally important in determining "seeability" is distinguishing the 
target from its background or environment. Some sensors, electro-o ticalP
in particular, are designed to notice or see something different. The

  . sensor sees the contrast caused by the different magnitudes.of radiative
r energy returned from different surfaces. For example, the eye notices the

, 41
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contrast between the black car and the white snow, but cannot so easily

see the camouflaged truck in the Southeast Asian vegetation. The very  
,

subtle or comparatively low magnitude contrasts are below the sensor's ,
threshold of sensitivity, Although not exactly the same problem, a laser

receptor may not see a truck in contrast to the high level of background ,

infrared radiation when the sun is in line behind the truck. The laser

energy return from the truck is "unseeable" in that radiant environment.
 

Any one or a combination of the rneteorological eff.ects
discussed above

can make tar ets seeable

'

g un .

!

:
,

!

 

!

 

.  

.
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! ' APPENDIX II

PROPOSED ITEMS TO INCLUDE ON AF FORM 38'

1. Target.'
2. Aircraft altitude (AGL) and time of release (local).

i 3. Aircraft dive angle (degrees from horizvntal),
4. Angle between aircraft heading and sun (assume aircraft heading is12 o'cl ock) .1

 5. Smoke or dust over target.
' 6, Height of clouds above and below aircraft.

. 7. Was target in cloud shadow?
,

. 8, Was target moving?

9. Was target detected because of sun glint?

! 10. Estimate of target threat environment.
  11. Time over target (detection to destruction}.

12. Estimate of slant path seeability conditions. 
13. Sharpness of target shadow.
14. Other high-contrast edges near the target. 
15. Was the optimum attack heading and dive angle covered during the

prestrike briefing? 
16, Was target restrike hoto ra ade uate?P P 9 P  Y q

 

,

  '
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1 SECRET
/
, GLOSSARY

i '
AqA Antiaircraft Artillery
AB Air Base'
AFB Air Force Base  
AFCRL Air Force Cambridge Research Laboratory
AGL Above Ground Level _' Apparent contrast The contrast at some altitude distant from the target
AWS Air Weather Service

Brightness The amount of radiation in a particular spectral interval'
reflected from the surface of a target or its background

Contrast The difference between the brightness of a target andt
its background divided by the brightness of the back-
ground.C = (Bt - Bb)/ Bb

  DCS De ut Chief of Staff
` D00 De

p
ar
t
ment of Defense

'
, ECM electronic countermeasure

EO electro-optical
EOGB Electro-Optical Guided Bomb1

FAC Forward Air Controller

' Ho Chi P1inh Trail The NVA logistic supply route through the Nape, Mu
Gia,

and Ban Karai Passes from NVN into Laos, thence down
the eastern Laotian panhandle where roads and trails
turned eastward into RUN.

  Inherent Contrast The contra-t at zero distance to the target
' km Ki 1ometer

LGB Laser Guided Bomb
 

Micron Unit of wavelength equal to 10-6 meter

OT&E Operational Test & Evaluation'
 

r
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. .
 

PAVE KNIFE (S) A laser illuminator pod and associated cockp t display  
for the F-4 aircraft which enables one F-4 to illuminate
a target

,
for its own LGBs, or for LGBs delivered by another  

 

str   ke a  rcraf t .PAYE NAIL (S) An 0 1=10A aircraft modified with an electro-optical
viewing dev ice, a laser target range/designator, and ,
a LORAN navigation system,PAVE WAY Guided baau  s developed for delivery from tactical air-
craf t . . '

RP-1 Route Packa.ge 1 - Southernmost North Yietnam
RP-4 Route Packa.ge 4 -  ust below Hanoi and Haiphong
RPV Remotely Piloted yehicle t
RTAFB Royal Thai A r Force Base
RTB Return t o Etase
RYN Republ ic oi' Vi et nam   '

SAht Surface- to-•Ai r Mi ssi le
SEA Sout heast E s i a
7AF Seventh Air•Force

'

.
TACLO Tactical A  r Command Liaison Office
TFW Tact ical F ighter Wi ng
TOT Time Over 1'arget `
Transmittance The ratio af the amount of spectral radiation emerging

from an air•space to the amount that entered. '
T = I/IO

TV Television

, 

1

USAF United Sta  es Air Force
,

 

 

,

.
47 ,

_

1

:SECRET   1
THIS PAGE DECLASSIFIED IAW E0 12958



THIS PAGE DECLASSIFIED IAW EQ12958

         -
,

 
- h LCL.  S  i   1LD

_..,.

, 
_  

_ ;, . 1

.
  

 

:
 

;
 

,,
 

 
   
  -; - • r•, `_•

',IF Cl   ftY
-- -- - .--- - - --- - - -  

-- '_  
,.  

.   .  
,     i  •y i     ! •  

.

1 ! 4
_

J   '
 

;
  _

, r , t . I l /
_

, 1  
'

l
: ,r . ` C

  . . _ . . . • .

`

_

''
}

. ,

+
1  '.

4

,. .
'

. 
 

r
!

'

.:
1: ;

._  , , '
.
' : `

.
.".

  '     T 
 

  .;J    f ti7 l

 

, .   . s     ,i         :
.

 
 ,-,. .. • : a.. ,, ,i • r. .•   • . .   , , ,  .

! .
,
    ',_

i
.
'i :   • _ :,    "t i   ,.. .

• ' 1
.
  ' -

r ` - '•
  '' '` - '     ._. .t: . q   __-- r 

,   
, 
.:   
     
=!
.' ̀ .  
:!     

•  ,  - 1 1 AUG1981 r;  '-- :1._̀ ,s;  i    t,
i

 
,

'ILP
 

  
 

; 
;   ,a-  ;-, -   .- - - _,  :i ,   t  . z;

   ..
. tf ,   ' Jw

. v. . =' .'
i

_s ._   -

!
4
,

, r
/ i . .

   (THIS COYER IS UNCLASSIFIED)  
 

a:,  
_._._, ..- _. _ _ -- -_ •--   •- -- - .._, -._..,..   ._._ .,_, _. z.. ._ ,._ -  .   _ ...,.  - _. fi. _ _, - . _  r.:   

, .  «

  __
  , a,

  
 . . . . . . . ..  .. . W a a Sl  . . 'r ' _

THIS PAGE DECLASSIFIED IAW EQ12958


