
DI FILE COpy

AIR WAR COLLEGE

RESEARCH REPORT

WEATHER SUPPORT TO THE AIR TASKING ORDER

cv-

I6

LIEUTENANT COLONEL THOMAS E. SIELAND

DTIC
JELEC fl

FEBO 1 1990
1989 U

I&a&

V ED FOR PUBIC
AIR UNIVERSITY RELEASE; DISTRIBUTIN
UNITED STATES AIR FORCE
MAXWELL AIR FORCE BASE, ALABAMA UIMTED



AIR WAR COLLEGE

AIR UNIVERSITY

WEATHER SUPPORT TO THE AIR TASKING ORDER

by

Thomas E. Sieland
Lieutenant Colonel, USAF

A DEFENSE ANALYTICAL STUDY SUBMITTED TO THE FACULTY

IN

FULFILLMENT OF THE CURRICULUM

REQU IREMENT

Advisor:Colonel Bryant P. Culberson

MAXWELL AIR FORCE BASE, ALABAMA

May 1989



TABLE OF CONTENTS

SECTION PAGE

DISCLAIMER ....... ................. iii

EXECUTIVE SUMMARY ..... .............. iv

BIOGRAPHICAL SKETCH ...... ............. v

INTRODUCTION ........ ................. 1
Background ...... ................. . 1
Assumptions ........ ................ 5
Limitations ........ ................ 5

II THE AIR TASKING ORDER PROCESS ... ........ 6
Review of the Air Tasking Order

Process .................... 7
Weather Decision Points in the

Air Tasking Order Process ... ........ 9
Weather Thresholds for Tasking

Precision Guided Munitions .. .... . 10
Methods for Providing Weather

Information ..... ............... . 12

III TACTICAL DECISION AIDS FOR
ELECTRO-OPTICAL WEAPONS ... .......... . 15
Weather Sensitivities of Precision

Guided Munitions and Tactical
Acquisition Systems ... ........... . 15

The Current Tactical Decision Aid
Computer Program. ............... 23

Future Tactical Decision Aid Computer
Programs to Support the Air
Tasking Order .... .............. . 28

IV WEATHER SERVICE CAPABILITIES ........... ... 32
Historical Weather .... ............. . 32
Current Weather Models ... ........... . 34
Theater Weather Support Unit
Capabilities ..... ............... . 39

Future Air Weather Service Capabilities 42
High Resolution Weather Model Output. . 43 for
Future Historical Weather Programs ....... 44

V CONCLUSIONS AND RECOMMENDATIONS ......... . 46 0
Conclusions ....... ................ 46 1
Recommendations .... .............. . 49 t

i Dlstribut lon/

AvallablIty Codeg
Dist Speciali o



APPENDIX: Detailed Summary of Electro-Optical

Sensor Weather Effects ... ........... . 53

GLOSSARY ...... ................. 56

LIST OF REFERENCES .... ............. . 59

ii



DISCLAIMER

This study represents the views of the author and

does not necessarily reflect the official opinion of the Air

War College or the Department of the Air Force. In

accordance with Air Force Regulation 110-8, it is not

copyrighted but is the property of the United States

Government.

Loan copies of this document may be obtained through

the interlibrary loan desk of Air University Library,

Maxwell Air Force Base, Alabama 36112-5564 (Telephone:[205J

293-7223 or Autovon 875-7223).

iii



EXECUTIVE SUMMARY

TITLE: Weather Support to the Air Tasking Order

AUTHOR: Thomas E. Sieland, Lieutenant Colonel, USAF

- Historical information on weather support to the

tasking of precision guided munitions (PGMs) from the

author's experinces in Vietnam and Korea lead to a

discussion of current weather support requirements for the

air tasking order (ATO) at the numbered air force level of

combat operations. The ATO discussion is followed by a

description of computer generated, weather tactical decision

aids (TDAs) used to currently support the employment of PGMs

and tactical acquisition systems (TASs). The author then

analyzes the weather sensitivities of PGMs and TASs to

reveal that the TDA computer programs cannot be used to

support the number of targets requiring weather information

in the air tasking order process. An analysis of Air

Weather Service capabilities and programs shows that quality

weather data is available, however, to support the proposed

Electro-Optical TDA programs to provide weather information

to combat planners. The author recommends the actions

necessary to develop the best weather support programs to

provide the detailed weather data needed for tasking

electro-optical weapon systems in the air tasking order.
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SECTION I

INTRODUCTION

Rnnkarnun

My first involvement with providing weather support to

the tasking of electro-optical(E-O) weapons was in Vietnam.

In the Spring of 1972, I was the Assistant Staff Weather

Officer (ASWO) to the 7th Air Force Commander (7AF/CC) when

the US resumed bombing military targets in North Vietnam.

As the ASWO, I was responsible for providing weather

information to the combat planners for their use in

building an air tasking order (ATO) that included the

employment of laser guided bombs (LGBs) against high value

targets in North Vietnam. However, since I didn't have any

experience providing this type of support, I realized

immediately I had a lot to learn. First and foremost, I

had to learn everything I could about how LGBs worked, so I

could provide meaningful weather information to the

planners. Therefore, I spent numerous hours with the

weaponeers, learning how the laser designator system worked

and how the aircrews would actually employ the weapons.

Once I understood how things worked, I was able to tailor

the weather briefings we gave to the 7 AF/CC and his staff

to zero in on weather elements that affected the employment

of LGBs.

Every afternoon we prepared a detailed weather briefing
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for the 7 AF/CC, intelligence, and combat plans staff so

they could decide whether or not to include LGBs in the ATO

for the next day. This system worked well for two reasons.

First, the strike flights were only dropping between 10 and

20 LGBs on a given mission, and second, the targets were

all in the same general area of North Vietnam.

The next time I was involved with the problem of

providing weather support to combat planners was in 1986

when I was assigned to the Republic of Korea as the SWO to

7 AF. This time, however, the problem was even more complex

because we had a wider variety of E-O weapon systems (also

referred to as precision guided munitions (PGMs)) and new

target acquisition systems (TASs) in the Air Force

inventory. In addition, these PGMs and TASs now spanned the

electromagnetic spectrum from millimeter and microwave, all

the way to the visual end of the spectrum. Table 1 contains

a list of these weapons.(1:3) As we will see later, these

systems have slightly different weather sensitivities which

affects their employment and which further complicates

planning for their use. I also found that my 7 AF Weather

Support Unit (WSU) used basically the same weather equipment

and data we had in our WSU in Vietnam some 15 years

earlier.

Looking to the future, the Air Weather Service (AWS)

will field the new computer driven Automated Weather

Distribution System (AWDS) in the next few years that will

2



TABLE 1. PGMs and TASs in the Air Force Inventory.

TELEVISION (0.4 to 0.74 microns)

TV Maverick (AGM-65A and 65-B)
Modular Guided Glide Bomb (GBU-15/TV)
PAVE SPIKE TV E-O Viewing Systems (EVS)
Steerable TV

PASSIVE INFRARED (8 to 12 microns)

PAVE TACK FLIR (Forward Looking Infrared)
IR Maverick (AGM-65D, AGM 66G)
Modular Guided Glide Bomb (GBU-15/IR)
LANTIRN (Low Altitude Navigation and Targeting Infrared

for Night)
E-O Viewing System Forward Looking Infrared

LASER (1.06 microns)

Laser Guided Bombs (GBU-1O, 12, & 16)
Low-Level Laser Guided Bomb (GBU -24)
PAVE PENNY
PAVE TACK Target Designator
PAVE SPIKE Target Designator
LANTIRN Target Designator
Ground Level Laser Designator (GLLD)
Laser Target Designator (LTD)
Modular Universal Laser Equipment (MULE)

PASSIVE MILLIMETER (6.1mm to 1.0 cm)

Antiradiation Missile (AGM-78)
Shrike (AGM-45A)
High-Speed Antiradiation Missile (HARM)

bring the WSU of the 1970s into the automated age of the

1990s. Also, in the late 1970s AWS had the Air Force

Geophysics Laboratory develop computer programs to provide

detailed weather support to the crews responsible for

employing E-0 weapon systems. However, AWS has not yet

developed a system to support the combat planners who have

to make the critical decisions on whether or not to task the
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employment of these very expensive, highly weather-sensitive

weapon systems. In developing the ATO, combat planners

require weather information to assist them in deciding

whether or not to task the employment of E-O weapon

systems against high value targets(2:9-18). Furthermore,

this information is needed as much as 38 to 48 hours in

advance of the time the ATO will be executed by the flying

wings. This brings me to the purpose of my Defense

Analytical Study.

I will analyze the problem to determine what is the

best method and format for providing weather information to

make the combat planner's job more effective. I will begin

by examining the sequence of events in the ATO process to

determine what weather information is needed at each step in

the process. Next, I will review what exists in the way of

current computer generated tactical decision aids (TDAs)

used to brief air crews who employ E-O weapons. I will

then use this information to analyze whether we can use

these TDA programs to support the ATO process or whether we

need to develop new programs for that purpose. Following

that, I will analyze current and future AWS capabilities to

provide the required weather information to support the ATO

process. Finally, I will summarize the key results of the

analysis from each section, and develop what I believe is

the best concept for providing weather support to the ATO

and conclude with some recommendations.
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Assumptinna

1. The Tactical Air Forces will incorporate Electro-Optical

Tactical Decision Aids (EOTDAs) and target weather data

bases into their command and control computer systems.

2. Air Weather Service will continue to fund the

development of EOTDAs and target weather data bases.

3. Satellite communication links will be available to send

target weather data bases from Air Force Global Weather

Central to the theater weather support units.

4. Manpower authorizations at weather support units will

neither increase nor decrease.

Since the Relocatable Window Model (RWM) is not yet on

line at the Air Force Global Weather Central, I had to use

the reliability of output data from the Global Spectral

Model (GSM) to infer a comparable reliability of model

output performance from the RWM. This is logical to do

because the RWM basically models, at higher resolution, the

same physical processes as the GSM.
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SECTION II

THE AIR TASKING ORDER PROCESS

The primary mission of aerospace forces is to obtain

air superiority and support the Army campaign by attacking

the enemy's forces and capability to fight.(3:1-3) This

mission includes air operations like close air support,

offensive and defensive counter air, and interdiction. To

accomplish their mission, the Air Force will have to destroy

numerous high priority, high value enemy targets such as

hardened command and control facilities, electronic warfare

nodes, ground control intercept sites, air fields, and

aircraft shelters. Attacking forces will need to use the

pinpoint accuracy of precision guided munitions (PGMs) to

ensure these high value targets are efficiently destroyed.

In fact General Russ, Commander of Tactical Air Command,

addressed this issue in his recent talk at the Air War

College when he basically said these very expensive PGMs

must be used primarily against high value targets that are

comparable in cost to our effort.

The key point here is that we cannot squander these

weapons by trying to attack targets where the weather is so

bad the crews can't acquire the target. In these cases, the

crews may expend these expensive weapons against secondary

targets of much less value. Therefore, combat planners and

crews must have the best information available to ensure

they can both accomplish their missions.



But here lies the crux of the problem--PGMs are very

accurate, but they are also greatly affected by atmospheric

conditions. Therefore, it is imperative that combat

planners task the use of PGMs in the ATO judiciously. I

believe judicious tasking can be accomplished by taking into

consideration the affects weather will have on the ability

of the weapon system to acquire and lock-on the target, as

well as the affect weather will have on the tactics used to

attack the target. Let's take a look at the ATO process and

see where weather is a player.

Ravin Q thn Air Tasking Order Process

I was fortunate to have the advice of Lt Col Gary

Hawse, Chief of Combat Plans for 7 AF, while he was at

Maxwell AFB attending a course in contingency planning.

Since I knew Lt Col Hawse from my days as SWO to 7 AF in the

Republic of Korea, I asked him to work with me on analyzing

the ATO process and determining at which points in the

process his planners would need weather support. The

information that follows was derived from that interview.

We started by looking at the heart of the ATO process,

which is shown in Figure 1(4:15). By looking at Figure 1,

we can see that the time interval from the beginning of the

allocation (tasking) portion of the ATO cycle, which begins

with target development on DAY 1/1800, to the end of the

cycle, on DAY 2/1800, is approximately 24 hours. At the end
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Figure 1. The ATO Tasking Cycle (all time are local times).
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of the tasking cycle, the ATO is sent to the flying wings to

be executed beginning on Day 3 at 0600. Consequently,

weather information is needed as much as 36 to 48 hours

prior to the time a mission may be flown. I should note here

that Lt Col Hawse also checked with members of his class

from other commands and confirmed that this set of timelines

also applied to the ATO process for United States Air Forces

Europe.

Next, we discussed what percentage of the sorties

tasked in the 7 AF ATO would employ PGMs. Based on Lt Col

Hawse's experience in Korea and elsewhere, he concluded that

somewhere between five and ten percent of the appioximately

1500 daily sorties in the 7 AF ATO would call for PGMs,

which works out to be about 75 to 150 sorties. This gave me

some working figures to use in determining how large the

workload will be on the weatherman when it comes to

producing products to support the ATO process. Then we

looked at the various steps in the ATO process to determine

at which points the combat planners need weather information

to assist them in making decisions on whether or not to

employ PGMs.

Weather Dngo itsin J1A &MO Proess

Based on the steps in Figure 1, we determined the first

weather briefing is required at Day 1/1800 during the target

development phase of the ATO (24 hours before the ATO will
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be sent to the flying wings). We also agreed the weather

briefing for the planners and intelligence people should be

a general, broad scale weather forecast for the entire area

of operations. However, since most of the high value

targets will be in the interdiction or offensive counter air

(IN/OCA) portion of the ATO, we also determined that at

target development time, the planners would be able to give

the weather man a list of targets that will be prime

candidates for the employment of PGMs. Therefore, the

weather support unit (WSU) will know how many and which

targets will need more detailed weather information later in

the process. In addition, the weather support unit will

have about 6 hours to develop the detailed weather

information the planners would need by the start of the

INT/OCA step in the ATO cycle. Although we discussed the

possibility of tasking PGMs during the close air support and

battlefield air interdiction (CAS/BAI) portion of the ATO,

we agreed CAS/BAI targets would normally fall into the

realm of immediate air requests. Therefore, planners would

not normally require detailed weather support to make these

tasking decisions. At the beginning of the INT/OCA step,

the planners will be looking for detailed weather

information in the format of specific weather thresholds to

help them make their decisions.

Weather fTr Tkind PGM
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Durin,- our interview, I asked Lt Col Hawse if there

were unambiguous maximum or minimum weather conditions or

thresholds the combat planners could identify above which

the planners would know they could task precision guided

munitions, and below which they couldn't. He said it was

not a simple matter, because the tactics used to attack a

target will vary based on the surface-to-air threat around

the target. Thus two identical targets with different

surface-to-air threats would require different minimum

weather conditions to successfully employ PGMs. For

example, if the threat is great, the planners would want a

ceiling and visibility of at least 5,000 feet and 5 miles or

more before they would task a PGM against the target. On

the other hand, for a target with a lower threat the

aircraft could fly closer and the mission could be tasked

with a ceiling and visibility of 3,000 feet and 3 miles or

better. Figure 2 shows what we were talking about.

C).d (lose

-h

/ ".'7 Zon \-
AAWeapon~ flangc ~ JJ," / \ I .4 I LAtc

IL'

, . - S"A-- I~

Figure 2. The Effects of Weather on an Attack Profile.
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As you can see, if the surface-to-air threat increased and

the weather stayed constant, the launch zone or employment

envelope will decrease in size. So much depends on the

target environment. It would be very difficult to develop a

set of unambiguous weather thresholds that will apply across

the board. However, there is an absolute lower limit below

which no PGM can be successfully employed and this varies

for each weapon system.(5:87) As a result, we can only

define an unambiguous lower threshold against which we can

compare the weather forecasts that will tell combat planners

not to task the use of PGMs in that situation.

for Piding W Infrmaion

Lt Col Hawse and I also discussed several methods by

which weather information could be given to the planners.

First of all, we could simply give the planners detailed

target weather information such as cloud layers and amounts,

surface visibility, and sensible weather such as

precipitation, dust, haze, etc. The planners would then

have to make their decisions based on this information. We

both agreed, however, that this method placed too much of an

interpretation burden on the planners. If, on the other

hand, computer programs existed on the host (numbered air

force or equivalent) command and control computers to

interpret weather information for the planners the problem

could be solved. In such a case, the weather forecasters

12



could provide a target weather data base suitable for

computing a planning type Electro-Optical Tactical Decision

Aid (EOTDA) program and let the planners run the programs to

produce the output they need. In fact, as I later found,

Air Weather Service has tasked the Air Force Systems

Command to develop EOTDA programs in the next few years.

Another method we discussed was one in which the

weather support unit would provide the planners a single

acquisition and lock-on range for selected PGMs by target

candidate. Although this method would give the planners

what they need to make decisions when the weather was very

good or very bad, it wouldn't really help them with the

tough decisions when weather was on the margin. This led us

to the idea of developing a method that we believe would

provide better, more useful information to the planners.

After discussing the various options, we agreed that

the best type of product the weather forecaster, or a

computer, could provide would be a printout for each target

candidate that gave the best and worst conditions expected

in the target area, along with some degree of confidence

that those weather conditions would occur. For example, the

best weather conditions we expect to have in the target area

is ceiling of at least 5,000 feet and visibility of 5 miles.

The worst condition we expect is a ceiling of at least 3,000

feet and a visibility of 3 miles or more. Then we tell the

planners we are 70 percent confident of having the best

13



conditions and 30 percent confident of having the worst

conditions. In addition, the product would include the

maximum and minimum acquisition and lock-on ranges based

on the best and worst conditions. For example, to hit

target X with a TV Maverick missile, you could expect to

acquire the target at a minimum range of 2.5 miles and a

maximum range of 4 miles, and be able to lock-on the target

at a range of 2 to 3 miles. This way the planners have a

range of values to work with and could take other factors

into consideration when making the final decision on whether

or not to task the weapon.

The methods described above would be very useful when,

as often is the case, the theater commander wants to strike

a particular target that is critical to his overall plan. In

this case, the planners could be influenced to task a

mission even though the weather is below the normal

engagement zone. However, this method of presenting the

weather information would also give the planners a general

idea of the degree of marginality (i.e. poor to marginal in

the case of acquisition ranges of 1.5 to 2.5 miles and

marginal to fair for ranges of 2.5 to 4 miles). This method

and format will also give the planners the ability to

quickly determine which targets should have no weather

problems, and which are unworkable. The planners could then

spend the bulk of their time making decisions on the rest of

the targets. If needed, the planners could also confer with

14



the weatherman to look for more detail or even request

updated figures on acquisition and lock-on ranges. Now that

we have looked at PGM weather thresholds and the ATO

process, it will be necessary to investigate tactical

decision aids and their importance in the targeting process.
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SECTION III

TACTICAL DECISION AIDS (TDAs) FOR ELECTRO-OPTICAL WEAPONS

The purpose of this section is to give the reader a

basic appreciation for the weather sensitivities of various

precision guided munitions (PGMs) and target acquisition

systems (TASs). Recall that TASs are TV or imaging infrared

TV viewing systems that allows the weapon systems officer in

the aircraft to see the target scene, find the target, and

designate the target with a laser beam. For a more detailed

treatment of the subject, I recommend reading AWS/TN-87/003,

Weather 5jaa iyities Qf Eji ~rQpi~j Vi-pona .5ae or

AWS/TN-87/001, 1A_ S and Wha.- hlat A Fn=1ici.

G iet the 1=t,1iA, D! a~oiai m Aid. .

Before looking at weather sensitivities of PGMs and

TASs, we need to understand the difference between active,

semiactive, and passive systems (see Figure 3). By active,

we are mainly talking about laser designator systems whereby

the aircraft delivering the PGM uses a TAS to acquire the

target and then focuses laser energy on it. The sensor in

the PGM then "sees" the reflected laser energy and guides

the bomb to the target. On the other hand, with a

semiactive system, someone other than the aircraft carrying

16



the PGM designates the target with a laser beam. The

designator could be another aircraft (fixed wing or

helicopter) or a ground level laser designator. The third

category, passive systems, depend on having sufficient

inherent target/background contrast, either in visual terms

of black and white, or in terms of infrared

temperatures.(1:3- 4 ) In any case, weather affects the

target scene a little different for each system.

~ "\%~ ACTIVE

"ACIVI" SYSI[M [XAMPLE

,\-

\ /_
PASSIVE

"PASSIVE" SYSTEM EXAMPLE '

"SMAI~"SYSI[M EXAMPLE

Figure 3. Active, Semiactive, and Passive System Examples.
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As shown in Figure 4, there are three factors we need

to consider when discussing weather effects on PGMs/TASs.

They are the target scene, the atmosphere between the target

and PGM/TAS sensor, and characteristics of the PGM/TAS.(i:1)

V 1. ., . . , ,,1 ;

J1 _ L

Weather effects on the target scene for active or

semiactive systems are relatively minor due to the high

intensity of the laser designator The primary problem will

be smoke or fog in the target area that will diffuse the

laser energy such that the sensor in the PGM will lose sight

of the laser spot. At this point the bomb becomes unguided

18



and will most likely miss the target. Thus, wind speed and

direction are important, because the aircraft must approach

from the proper direction to minimize the effect of drifting

smoke in the target area. To prove this point, I discovered

in my discussions with sources at AWS that the wind forecast

created a problem for the crews who flew the Eldorado Canyon

raid on Libya in 1964. Because the wind forecast was 180

degrees in error, smoke and dust were not blown away from

the target area, but were instead blown into the path of

follow-on aircraft. The same situation would have been just

as critical for passive systems.

In the case of passive systems, the weather effects on

the target scene can be more dramatic. For example, on a

cloudy day, the amount of sunlight available to illuminate

the target (visual) or to heat the target up (IR) will be

limited. Also, precipitation tends to bring the temperature

of the target and background closer together and thus

reduces the thermal contrast which can wash out the target

scene. On the other hand, smoke, fog, and haze have less of

an effect on IR systems, but will have significant

effects on visual target acquisition systems.(1:2-4) All

weather phenomena in the atmosphere between the PGM or TAS

platform and the target need to be considered.

As can be seen in Figure 3, the intervening atmosphere

can have the greatest effect on the performance of PGMs and

TASs. The reason is that no matter what kind of PGM or TAS

19



you use, transmitted or reflected energy has to pass through

the intervening atmosphere where the energy intensity can

be reduced by attenuation. In the case of laser energy, you

experience a doubling of the effect. First, the laser

energy is attenuated before it reaches the target, then the

reflected energy is attenuated as it passes back through the

atmosphere to the sensor in the PGM. In the case of passive

systems (especially IR systems), the effects of weather are

less dramatic.(l:6) Now that we understand how weather

affects precision guided munitions and tactical acquisition

systems, it will be necessary to summarize the effects of

weather on these systems.

Table 2 summarizes some of the effects of weather

elements on PGM/TAS sensors. By examining Table 2, we can

see that as the wavelength of the PGM/TAS sensor decreases

(from microwave on the one end to visible on the other), the

resolving power of the sensor increases. This means the

lower the wavelength of the sensor, the easier it is for the

sensor to "see" the target. On the other hand, we can sne

that the lower the wavelength, the more sensitive the sensor

is to interference by atmospheric conditions.(1:7) We begin

to see that determining weather effects on precision guided

munitions and tactical acquisition systems can be a

complicated business.

Table 3 shows the sensitivities of the IR systems due

to several weather elements.
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Further information is available in Appendix A which

contains a detailed summary of weather effects on E-O

sensors(1:13). By combining the significance of elements

from all sources, we can get an idea of the combined effects

of weather on PGMs and TASs. This information is summarized

in Table 4, and gives us some idea of which atmospheric

elements are the most important to the employment of PGMs.

Table 4. Significance of Combined Effects on PGMs and TASs.

Millimeter/
Microwave IR VIS(TV)

Temperature N E N
Dewpoint Temp N S N
Visibility N E E
Cloud Amounts S E E
Cloud Heights S N E
Temp 3 Hours N E N
Before TOT
Wind Speed N N S
Precipitation E E E
Absolute N E N
Humidity

N = negligible; S = Significant; E = Extremely Significant

In summary, we see that the most significant weather

elements that affect PGMs and TASs in the target area are:

visibility; cloud amounts; and precipitation. These are

followed in importance by: temperature; cloud heights;

temperature 3 hours before TOT; and absolute humidity (only

for imaging infrared (IIR) systems like LANTIRN and IIR

Maverick). The key here is that the Air Weather Service has

the capability to provide quality forecast for all of these
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weather elements, which in turn means we can provide quality

weather information to use in TDA programs.

The Current TDA rProgram

In the 1970s, AWS was involved in a series of tests

where Air Force fighter bombers employed a number of IR

Maverick missiles against a varietr of targets under

controlled conditions. .' sults of these tests

demonstrated that weather had a significant effect on the

employment of the IR Maverick and led to the development of

the computerized IR and TV tactical decision aid programs.

This program is still in use today to support the employment

of PGMs. We've already seen how weather affects PGMs and

TASs, so now lets take a look at what a TDA is, and what

information can be provided by using the TDA program.

Figure 5 depicts the basic models contained in the TV

TV and IR TDAs

Target Atmospheric Sensr
Contrast Transmission Performance

Model Model Model

Figure 5. Structure of the TDA Program.
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and IR TDA programs(6:2). If you refer back to Figure 1,

you can see that each model in Figure 5 addresses a separate

part of the overall problem identified in Figure 1: the

target scene; intervening atmosphere; and the PGM/TAS sensor

characteristics.

The first model, target contrast, gives an estimate of

the difference in visual or IR temperature contrast between

the target and its background. "It is this contrast that

the weapon or acquisition system 'sees' ."(6:2) As you will

also see later, the target contrast model for the IR systems

requires different weather inputs than the TV model. The

next model in the program addresses atmospheric

transmission.

The atmospheric transmission model determines how well

energy (visible light, laser, or IR temperatures) is

transmitted through the atmosphere from the target scene to

the PGM/TAS sensor. "The atmosphere can severely degrade

system performance simply because it washes out the target

signal. "(6:2)

The third model in the program takes into consideration

sensor performance. This model basically provides an

estimate of the range at which the PGM/TAS can see the

target contrast and lock onto the target.(6:3) This part

of the tactical decision aid uses the results of the other

two models which are driven by weather inputs. It is

precisely this output in terms of acquisition and lock-on
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ranges that drives the tactics used to attack a target with

a PGM.(6:7-8) Now, however, we need to examine what

weather elements in the target area are needed to feed data

to the TDA program.

Weather data in the target area needed to run the TDA

program includes: temperature; dewpoint temperature; cloud

amounts; cloud heights; 24 hour high and low temperature;

temperature 3 hours before time over target (TOT); wind

speed; and precipitation(6:16). Only the 24 hour high and

low temperatures are observed data and do not require a

forecast. The rest of the elements are all forecasts of the

weather expected in the target area at TOT. But what other

data are needed to run the TDA program?

Table 5 shows all the inputs required to run the IR TDA

program.(6:28) Those elements identified by an asterisk are

the forecast weather elements, and those with a double

asterisk are the ones that have the greatest impact on the

results of the TDA based on model sensitivities. Likewise,

Table 6 shows the inputs required for the TV TDA

program.(6:60) The outputs from both programs are basically

the same in terms of acquisition and lock-on range.

Before we go any further, lets review what we have

learned. The weatherman currently has a microcomputer

program that requires a great deal of input data, but will

provide estimates of acquisition and lock-on ranges for PGMs
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Tabte _5 Microcomputer TDA Inputs. ( .R)

Infut i , Units Metric Units Data Type Remarks

ISen,'(r ID I ,y,,tem Data
Plarle Option I :Sy.Aem Data

Dpte tion Method I Sy'.tem Data

Clutter Level I System rData
Sensor Height AGL hft hft /R Sy,,tem Data

Target IF) I Target Data
iiOpuatirg ,tate I Target Data

A, er t Angle deg deg I Taret Data
Djac r.ground I) 1 Target Data

Latitude deg deg R Met/Site Data
tontitude deg deg R Met/Site Data

Date I Met/Site Data
Time over Target
TOT) GMT I Met/Site Data

Elevation MSL hft km I Met/Site Data
General Background ID I Met/Site Data
Maximum Temperature
3 hours prior to TOT'' '  C I Met/Site Data
Minimum Temperature
3 hours prior to TOT F C I Met/Site Data
Temperature 3 hours
pricr to TOT *,- F C I Met/Site Data
Low cloud amount .. : Rths Oths I Met/Site Dat %
Low Lloud height ,, hit IIt I Met/Site Data
Middle cloud amount . 8ths Oths I Met/Site Data
Middle (loud height :. hit hit I Met/Site Data
High cloud amount a 8ths 8ths I Met/Site Data
High cloud height hit hft I Met/Site Data
High cloud dernsity
(t'thln,2=thicX) I Met/Site Data
Visibility mi km I/R Met/Site Data
Aerosol Index :. I Met/Site Data
Precipitation Category I* ! Met/Site Data
Rain Rate In/hr mm/hr I/R Met/Site Data
Temperature , F C I Met/Site Data
Dewpoint i F C I Met/Site Data
Wind Speed .* kts kts I Met/Site Data

Inversion Height.% hit hit I Met/Site Data
Upper Layer Air
Terrperature C C I Met/Site Data
Upper Layer

Dewpoint' C C I Met/Site Data

Data Type I indicates integer Input; R indicates real Input.

hft = hundreds of feet; deg = degree of angle; mi = miles
F = degrees Farenheit; C = degrees Celsius; kts knots
8ths = number of eighths of sky covered by type of cloud;
km = kilometer; in/hr = inches per hour; mm/hr = millimeters
per hour
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{Table Microcomputer TV TDA Inputs.

Input Us Units Metric Units Data Type Remarks

ISensor ID I System Data
I Range Option I System Data
I.,ensor Height AGL hit hft I/R System Data

Target ID I Target Data
Pert-entage I Target Data

ITarget Length m m 1/R Target Data
Target Width m m I/R Target Data
Target Height m m I/R Target Data
Sbakground IDs
Background Slope deg deg I Target Data
Slope Direction deg deg I Target Data
Aircraft Heading deg deg I Target Data
iTarget Heading deg deg I Target Data

Latitude deg deg R Met/Site Data
Longitude deg deg R Met/Site Data
Date I Met/Site Data
Time over Target
(TOT) GMT I Met/Site Data
Elevation MSL hit km I Met/Site Data
General Background ID I Met/Site Data
Overcast Cloud Type ,* I Met/Site Data
Overcast Cloud Height ** hit hit I Met/Site Data
Vimibility .* mi km I/R Met/Site Data
Aeruool Inde.< * I Met/Site Data
Temperature * F C I Met/Site Data
)Dewpoint * F C I Met/Site Data
Inversion Height * hit hit I Met/Site Data

and TASs. However, the maximum acquisition and lock-on

ranges produced by the TDA program are quite conservative.

Therefore, ... "Observed ranges will normally exceed the
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forecast ranges for identical weather conditions."(6:46)

Therefore, we have another reason for giving planners the

maximum and minimum acquisition and lock-on ranges to use--

especially when we are working with forecasts in the 24-36

hour range. Any future TDA programs will need to include

the capability to provide these maximum and minimum ranges.

Future TDA Cmputer Prngr~ms to SppLr tdhAIQ

In late 1986, General Donnelly, then CINCUSAFE,

proposed that command and control (C2) computer systems of

the Tactical Air Forces (TAF) be used for processing

electro-optical TDAs (EOTDAs). By Tactical Air Forces , we

refer to all commands worldwide that employ tactical

aircraft, like USAFE, the Pacific Air Forces, etc. During a

personal discussion I had with General(Ret) Donnelly at the

Air War College on 18 January 1989, I asked him why he

supported the idea of running EOTDAs on the TAF C2 computer

systems. He said that during a meeting in the planning

stage for the Libya raid, a navigator weapon system officer

asked what the thermal crossover time would be. Since

General Donnelly didn't know what the WSO was talking about,

he asked for an explanation. The weapon systems officer

explained that as the temperature decreases in the desert at

night, there is a time (thermal crossover) when the target

and background temperatures are so close that you cannot

"see" by using an IR TAS. This meant that the raid had to
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go either well before the thermal crossover time or well

after it. Following the raid, General Donnelly got together

with his staff weather officer and delved into the problem

of weather support associated with tasking PGMs in the ATO.

After learning more about the problem, he wrote the letter

to TAC proposing that EOTDAs be developed and that the TAF

integrate the program into their C2 computer systems.

Air Weather Service and TAC have known for some time

that more accurate weather data will "improve target

destruction per sortie, decrease aircraft/aircrew attrition,

and decrease cancellation/abortion/diversion of missions."

(2:9-19) In addition, AWS has a validated program that is

funded by the Air Force for a system called the Battlefield

Weather Observation and Forecast System (BWOFS). BWOFS

is composed of two distinct subsystems. The first subsystem

is a battlefield weather data acquisition system called Pre-

Strike Surveillance and Reconnaissance System (PRESSURS),

which states a requirement for various types of sensors to

be employed in the area of operation to collect target

weather data necessary for the judicious employment of PGMs

and TASs. The other subsystem is composed of the computer

programs that will use the PRESSURS data and produce the

Electro-Optical Tactical Decision Aids (EOTDAs) used to

support the tasking of PGMs and TASs in the ATO process. In

fact MAC, SAC, and TAC have all jointly supported the need

for EOTDAs and agreed that EOTDAs are vital to "the
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successful allocation and employment of TAF resources,

resulting in lower exposure/attrition and higher kill

rates."(7:1) Unfortunately, due to recent budget cuts AWS

lost funding for the PRESSURS subsystem, but retained

funding for the EOTDA subsystem. Although loss of the

PRESSURS portion of BWOFS will result in a degraded system,

the development of the EOTDA program is still vital to the

ATO process. Thus on 30 September 1988, AWS developed a

Program Management Plan (PMP) for Automated Electro-Optical

Tactical Decision Aid Development.

The PMP calls for the Air Force Geophysics Laboratory

(AFGL) to develop EOTDAs to run on the USAFE C2 computer

systems. This is a test for further development of EOTDAs

to run on all TAF C2 systems. In addition to the AFGL

effort, AWS has tasked the Air Force Global Weather Central

(AFGWC) to develop an EOTDA weather data base from the

output of AFGWC's Advanced Weather Analysis and Prediction

System (AWAPS). This data base will be in the same format

as data bases used in the Automated Weather Distribution

System (AWDS), which will be fielded throughout AWS in the

early 1990s.(8:2) The EOTDA weather data base will be

produced as output from the AFGWC Relocatable Window Model

(RWM) which is a high-resolution, three dimensional model

that provides data in a window 1500 x 1500 nm with a grid

spacing of 25 x 25 nm. Given the size of the window, the

number of data elements at each grid point, and the grid
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spacing, the data base will contain approximately 1

megabyte of data.(7:4) This is significant because a data

base of this size could easily be transmitted via standard

communications links from AFGWC to the user.(8:16) Since

the RWM is a relocatable model, AFGWC can position it to

produce data for any region of interest in the world. For

all this to work, there must be a capability for AWS to

provide quality weather data.
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SECTION IV

WEATHER SERVICE CAPABILITIES

The Environmental Technical Applications Center (ETAC)

is the Air Weather Service agency responsible for providing

solutions to problems that require the use of historical

weather data. The result of ETAC analyses can give planners

an idea of what kind of weather to expect in an area of

operation anywhere from a couple of weeks to months in the

future. Therefore, ETAC programs play a key role in

supporting contingency planning where weather is a

factor.(lO:II-5) In addition, historical weather data can

play an important role in determining the applicability of

employing E-0 weapon systems during contingency operations,

like the Eldorado Canyon raid or Urgent Fury, the capture of

Grenada. ETAC scientists have come a long way in providing

this capability.

A group of scientists at ETAC used 10 year's worth of

weather data to study the variation in atmospheric

transmittance (which can be related to "seeability") of IR

weapons. This was for a slant range of 2.5 miles, at a

sensor height of around 400 feet, and for the locations

shown in Figure 6.(11:1) The results of the study indicated

the... "relative frequency of occurrence for bad to good

transmittance values revealed a strong bimodal distribution
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(a distribution with two maximum values of transmittance) in

the data for mid-latitude cold seasons. Transmissivities (a

measure of the ability to see through the atmosphere) were

either grouped around their higher values (as a function of

dewpoints) or were skewed toward very poor values (as a

function of the frequency of occurrence of fog or

precipitation)."(11:168) What this all means is that the

weatherman in a given theater of operation can use the

results of this study to provide preliminary guidance to

combat planners about when are the best and worst times for

trying to employ IR weapons. Subsequently, another group at

ETAC studied the variation in transmittance in the Persian

Gulf region and discovered similar results. The results

could also be applied to planning for a contingency in that

region. Based on the success of these studies, ETAC has

initiated a program to produce E-O related historical

weather studies for Southwest Asia and Northeast Africa,

Central America and the Caribbean, Europe and the

Mediterranean Sea, and Northeast Asia and the Northwest

Pacific.(11:30) These studies should provide more complete

data to augment the output from current and future weather

models.

Current Weather Moadls

In 1985, Air Force Global Weather Central (AFGWC) took

a major step forward in terms of advances in military
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weather forecasting when they implemented their Advanced

Weather Analysis and Prediction System (AWAPS). This system

runs on a Cray MXP super computer, the fastest, most capable

scientific computer in the Air Force. AWAPS is composed of

three interdependent models: the High Resolution Analysis

System (HIRAS); the Global Spectral Model (GSM); and the

Relocatable Window Model (RWM) that I discussed

earlier.(13:l-l) It would be appropriate to address each of

these models in turn and discuss how the analyses and

forecasts they produce impact the capability of Air Weather

Service to provide ATO weather support. The first model we

need to consider is HIRAS.

HIRAS produces the analyses that in turn provide the

input data for the GSM and RWM forecast models. Thus, HIRAS

is important because the output of the forecast models (GSM

and RWM) is only as good as the input data from HIRAS. The

key to improvement in the analyses provided by HIRAS is the

method used to assimilate the weather observations taken

everywhere in the world. Lets start by looking at the grid

spacing of HIRAS and the way data are interpolated to fit

that grid.

All weather models require that input weather data be

provided in a specific gridded array. The problem with this

requirement is that weather observations taken around the

world which HIRAS will analyze don't come arranged in a

gridded array. Therefore, HIRAS must first determine what
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the meteorological parameters are for each grid point in

the analysis array. HIRAS accomplishes this task by using

the superior optimum interpolation (O) technique developed

by the National Meteorological Center (NMC). To keep things

simple, suffice it to say that 01 produces weather data -t

each grid point by using a scheme that gives the most weight

to the observations that are the closest to that grid point.

The 01 scheme also considers the accuracy of the instruments

used to take the observation and the expected accuracy of

the first guess of weather data at the grid point.(13:4-1)

To top it off, 01 is a 3-dimensional system that looks at

weather data above and below the grid point, as well as the

data in the horizontal plane containing the grid point. In

addition, the "first guess" and analysis fields are

constantly evolving, which means that in areas where there

are many weather observations, the analyses produced by

HIRAS are very reliable.(13:4-7) The bottom line here is

that the GSM receives very good, reliable analyses in the

areas we are primarily concerned with, Korea and Europe.

The Global Spectral Model was also developed by NMC and

provided to Air Force Global Weather Central. This means

AFGWC received a proven, reliable forecast model to use as

the heart of Advanced Weather Analysis and Prediction

System.(13:5-1) The reason GSM is the heart of AWAPS is

because the output from the GSM drives every other forecast

field produced by AFGWC. Therefore, the strengths and
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weaknesses of the GSM affect the weather data fields that

weather support units receive and use to provide weather

advice to their customers. Consequently, an understanding

of the major elements of the

GSM is needed.

Lets begin by looking at the horizontal and vertical

resolution of the GSM grid, because the grid spacing of a

model determines the maximum size of the weather features

the model can predict. The horizontal grid of the GSM is on

the order of 200 nautical miles (nm) in the north-south

direction, and about 250 nm is the east-west direction. The

model resolution in the vertical varies logarithmically as

you increase in altitude. However, in the lower portion of

the atmosphere where we need most of the data to support

aircraft operations, data layers are the most concentrated

(five layers in the lower 30,000 feet).(13:5-2) The map in

Figures 7 shows the grid resolution in Korea. Next, lets

look at the GSM production cycle.

The GSM runs on a 6 hour production cycle, which means

that every 6 hours, the GSM produces a new, updated set of

forecasts for the next 4 days. The problem is that by the

time the production cycle ends and the forecasts are

produced, the initial weather data that fed the model are

also 6 hours old. We will see how this impacts the support

to the air tasking order later, but for now lets examine

the strengths and weaknesses of the GSM.
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The strengths of the GSM are:

(1) The GSM is a global model and thus there are

no artificial conditions that introduce errors like in the

older weather models.

(2) The GSM contains the latest computer schemes

that reproduce weather elements provided by atmospheric

processes like condensation (clouds and fog), precipitation,

and changes in temperature.

(3) The wind forecasts produced by the GSM are

significantly better (20 percent improvement in the accuracy

of the jet stream winds, and a commensurate improvement at

all levels outside of the jet stream).(13:5-13) Thus the

GSM winds are much more accurate and reliable than winds

from the older models.

The weaknesses of the Global Spectral Model are:

(1) The GSM does not include three physical

processes (radiation, soil moisture, and sensible heat from

land surfaces) and therefore has a warm bias in temperature

forecasts produced.(13:5-13)

(2) The moisture forecasts in the model tend to be

very conservative and under forecast moisture. We'll see

later how we can overcome these weaknesses in the model and

provide improved weather data to the combat planners during

the ATO process.(13:5-13)

ert Unit Capabilities
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In this section of the paper I will only address the

capabilities of the 7 AF Weather Support Unit (WSU), which

was under my command in the Republic of Korea.

Nevertheless, the capabilities of other theater WSUs

worldwide are very similar.

Currently, the weather support provided by the 7 AF WSU

is primarily done manually by using handmade products. In

fact the weather information available in the 7 AF WSU

today, as I mentioned previously, is much the same as I

worked with in Vietnam over 17 years ago. The only real

difference is a more responsive, computerized Automated

Weather Network that provides the basic weather data to each

theater from Air Force Global Weather Central. However, the

Air Weather Service has collected data to determine the

ability of weathermen to forecast ceilings, visibilities,

and precipitation. The results of the AWS analysis

indicated that the weatherman in the WSU has the capability

to provide very good, reliable forecasts for the most

important weather elements that affect precision guided

munitions and tactical acquisition systems.(lO:II--lO) In

addition, I had my forecasters in the 7 AF WSU making

forecasts for these weather elements that covered the time

period of 24 to 96 hours. We found that we could do a

credible job of forecasting the weather in the first 72

hours of the forecast period.

The WS1s of today also have microcomputers available to
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assist them in providing weather support. But, the only

computer program available to assist the weatherman in

supporting the air tasking order process is the

microcomputer version of the Tactical Decision Aid program

used to support flight crews employing individual PGMs.

Although weathermen in the WSU could use the TDA program to

support the ATO, the resulting workload would be very

manpower intensive and time consuming. Here's why.

Based on work done by weather experts at Eglin AFB, it

takes 3-5 minutes to run an individual TDA for a PGM with a

single set of input data.(6:3) For the weatherman to give

the combat planners the information they need, the maximum

and minimum acquisition and lock-on ranges for each

target, it would take at least 5-6 minutes to run the TDA

program per target candidate. The shorter additional time

is based on the fact that you only have to change a small

portion of the original data for the second run. If the ATO

contained the estimated MINIMUM number of targets (75) for

Korea, the weatherman could need as much as 375-450 minutes

or 6.25-7.5 hours to do the job. If we compare this time

requirement with the ATO timelines in Figure 1 of Section

II, we can see where the problem lies. The most time

available to the weatherman is 6 hours from the target

development step to the interdiction/OCA step. And

remember, this is for the smallest estimated number of

target cases. For the worst case of 150 targets (or more),
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the time required to do the job could double. In either

case, using the existing TDA computer program as a manual

solution is unacceptable unless the vast majority of target

weather is either very good or very bad. This would

decrease the number of targets that need TDAs and a manual

method might work. However, when this is not the case a

manual method cannot meet the timelines of the ATO process.

Therefore the most acceptable solution with the least risk,

is to develop the target and weather data bases together

with a program to produce the necessary output for the

weatherman and the planners. Then it is a matter of the

weatherman and the planners working together to produce the

final PGM portion of the ATO. For this plan to work, we

will have to rely on future weather service capabilities

Etr Air ether Servie C pbi-itia=

The first capability I will discuss is the Automated

Weather Distribution System (AWDS) that will be available to

AWS units in the early 1990s. AWDS will basically modernize

the weather station by eliminating all of the paper products

in today's weather station. Instead, AFGWC will produce

weather data bases that will contain all of the weather

information available from the computer analysis and

forecast models. The data bases will then be sent to the

we cher station where the resident AWDS hardware and

software will be able to provide the weatherman a complete
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array of analysis and forecast products. These products can

also be tailored to support the weatherman's customers.

However, the basic grid spacing of the data base data will

be 200x200 nm, which is too coarse to support the EOTDA

program. On the other hand, the AWDS can be used as a

backup to other communication systems in the event that the

higher resolution output from the Relocatable Window Model

can't be sent to the WSU.(8:2)

The final Advanced Weather Analysis and Prediction

System model we need to discuss is the Relocatable Window

Model (RWM). The RWM is important because it is the highest

resolution model available anywhere. It can also produce

weather data on a grid spacing that is more desirable for

use in producing Electro-Optical Tactical Decision Aids. In

addition, the RWM basically models the same physical

processes and produces the same basic forecasts as the

Global Spectral Model. The difference is that the RWM

provides output data on a grid spacing of 25 x 25 nm. If

you look at the map in Figure 7, it shows the difference

between the GSM and RWM grids. The spacing of the RWM

weather data is much better for feeding the EOTDA programs.

Also, the RWM has the same strengths and weaknesses as the

GSM, since it is basically a derivative of the GSM.

Finally, the cloud forecasts in RWM are currently produced
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by the five layer cloud model, which uses the wind forecast

to basically move cloud patterns into the future. The

resulting cloud forecasts are produced on the same 25 x 25

nm grid as the RWM.(13:6-1,6--2) The key point to consider

here is that wind forecasts from the GSM are much improved,

and therefore, so too are the cloud forecasts from the five

layer model.(O:III-10)

Eu-tuar Hiastsrjjm1 ieaathr rQorama

In my discussions with scientists at ETAC, the only

future programs they are pursuing to support the planning

process are the regional transmittance studies similar to

the ones discussed earlier. These studies will be useful to

the weatherman in providing long range planning information

to the combat planners in a given region, especially for IR

systems like LANTIRN.

In summary, scientists of the Air Weather Service have

produced valuable historical weather studies that shed a new

light on the long term planning for the employment of PGMs

and TASs. In addition, the new weather models running on

the super computer at the Air Force Global Weather Central

eliminate many of the errors that plagued earlier weather

models. Furthermore, the output from these new, higher

resolution models is better suited to support future AWS

programs like the Automated Weather Distribution System and

Battlefield Weather Observation and Forecast System. In
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the final analysis, AWS has a greater capability to provide

weather information to combat planners today and in the

future. Obviously the entire system has and will improve,

but what ideas could be implemented now to ensure proper

weather information is there to support the ATO process?
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SECTION V

CONCLUSIONS AND RECOMMENDATIONS

In Section II, we analyzed the ATO cycle and discussed

the types of weather products the weatherman could give the

planners. Lt Col Hawse and I concluded that the best method

of supporting the planners was to give them a range of

weather conditions to include: (1) the best and worst

ceiling condition expected in the target area (e.g. best

ceiling will be 6,000 feet and the worst 3,000 feet); (2)

the best and worst surface visibility in the target area

(e.g. best visibility will be 4 miles and the worst 2

miles); and (3) based on those and other atmospheric

conditions (discussed in Section III), the maximum and

minimum acquisition and lock-on ranges for the types of PGMs

that may be employed. This way the planners could look at

the ranges of conditions and quickly be able to identify

targets that definitely could and could not be attacked by

using PGMs. Then after carefully culling out the "for sure"

target situations, the planners could concentrate on the

remainder of the targets. In addition, the planners should

meet with the weather people to discuss the marginal target

candidates just prior to finishing the INT/OCA portion of

the ATO. At this meeting, the weatherman can give their

estimation of the degree of confidence they have in the
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best/worst conditions to help the planners with their

decisions.

We saw in Section III that PGMs and TASs are

significantly affected by weather conditions, and that the

most significant target weather elements were: visibility;

cloud amounts; and precipitation. Other important weather

elements were: temperature; cloud heights; temperature 3

hours before time-over-target; and absolute humidity. In

addition, we concluded that AWS forecasters have the

capability to provide reliable forecasts of these weather

elements. We also determined in this section that weather

forecasters in the weather support unit (WSU) do not have

enough time to use the current tactical decision aid program

to generate detailed weather information for combat planners.

In addition, we learned that the Tactical Air Forces have

stated a requirement to receive EOTDAs and integrate them

into their ATO operations.

It was also brought out that AWS has a plan to develop

the EOTDAs to run on the TAF command and control systems and

will have the capability in the mid-1990s to provide the

high-resolution weather data base needed to run the EOTDAs

in the theater Tactical Air Control Center (TACC). However,

the EOTDA will basically only provide the same output that

we get from today's TDA program in terms of "maximum target

acquisition and lock on ranges for PGMs; target acquisition

range and polarity for imaging systems; and maximum
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designator and/or receiver range for laser systems."(8:4)

In addition, the plan calls for the combat planners to

receive an output stating whether the conditions are good,

marginal, or unsatisfactory for the employment of PGMs for

each target candidate. The problem here is that the good,

marginal, or unsatisfactory output will be based on

predetermined thresholds of the information quoted

earlier.(9:5) It is here that the AWS plan comes in

conflict with the analysis Lt Col Hawse and I did. If you

cannot state unambiguous thresholds for good and marginal,

because the thresholds change based on the threat in the

target area, how can you determine whether the resulting

output of the EOTDA defines good or marginal conditions?

It was shown in Section IV that AFGWC has the most

sophisticated models in existence which produce reliable

weather data fields needed to support the running of the

TACC's EOTDAs. However, the output of the models have

weaknesses that could significantly affect the results of

the EOTDAs. Therefore, it is imperative that the weather

officers in the weather support unit have the capability to

look at the model output and modify the data base by using

their own more current weather observations. In addition,

the WSU will have current weather satellite information to

use in refining the timing and movement of weather features

and cloud forecasts in the weather data base. The

capability to modify weather data bases of the type we are
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talking about exists today at the Air Force Global Weather

Central (AFGWC). Therefore, the techniques used at AFGWC to

modify data bases can be transferred to theater WSUs.

Finally, by having to stay on top of the weather to modify

data bases, weather people in the WSU will be able to

provide better advice to the combat planners when the

weather or tasking situations are questionable. Finally,

whether it be man or machine or both, what is the best way

to provide weather information for Air Force planners?

Based on my experience over the last 2 years in Korea

working with the output of the GSM in terms of forecast

weather maps, I am convinced the GSM produces forecasts that

are vastly superior to the older models. I base this

assessment on my 20 years in the weather business and my PhD

studies in meteorology. In addition, my experience over the

last 20 years providing weather support to a wide variety of

customers has convinced me that we must keep a human link in

the process and not rely upon computers to make all of the

decisions. Only a weatherman can compensate for the

weaknesses in weather models and bring regional expertise to

bear on weather problems encountered in either the model

output or in real time support. The weatherman also

provides expert backup when the "computer is down."

Recommendations
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1. Air Weather Service and the Tactical Air Forces (TAF)

must continue to pursue programs that will result in EOTDAs

becoming operational on the TAF command and control computer

systems in each theater. After all, we can't afford to

squander these valuable resources by not adequately planning

for their employment during the ATO process.

2. Air Weather Service should ensure the Air Force

Geophysics Laboratory develops an EOTDA program that will

provide maximum and minimum acquisition and lock-on ranges

based on weather elements included in the weather data

base. Such a program will ensure that both the weatherman

and the combat planners have the best information at their

disposal to use in making critical decisions on the tasking

of PGMs and TASs.

3. Air Weather Service should ensure that the target

weather data base sent to a theater is structured such that

the weathermen in the WSU can modify the data base to

include maximum and minimum ceilings and visibilities.

These maximum and minimum conditions are needed to produce

the range of acquisition and lock-on ranges by the EOTDA.

4. AWS should develop a training program for weather people

in theater WSUs. The expertise necessary to develop the

training program exists at the Air Force Global Weather

Central, where weather sections specialize in analyzing and

modifying high-resolution cloud forecasts produced by

weather models.
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5. Air Weather Service should develop an interim EOTDA

program that can run on microcomputers currently in the WSU.

This EOTDA program should include a rudimentary gridded

target weather data base that consists of the most

important weather elements which can be loaded manually

or from data supplied by the future Automated Weather

Distribution System. This EOTDA program could be used to

fill the gap between what we have in the WSU today (nothing)

and the complete system that is programmed to be operational

on the TAF computers in the mid-1990s. Also, given an

interim EOTDA program to use, people in the WSU will develop

the necessary skills to operate the more elaborate follow-on

program. Additionally, the interim EOTDA program would

serve as a back-up to the future program in the event that

either the TAF C2 system is down, or that the weather data

base cannot be sent from the US to the theater.

6. Air weather service should have the Environmental

Technical Applications Center develop historical weather

studies that address the weather sensitivities of PGMs and

TASs other than just the infrared systems.

The bottom line, however, is that the Air Weather

Service and its people in the WSU can definitely provide

quality weather data to assist the combat planners in making

those tough decisions on whether or not to task the

employment of PGMs and estimate the effectiveness of TASs in
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combat. And finally, by producing a more logical ATO, we

will decrease the impact on combat organizations that have

to react to changes in the ATO that inevitably will be

driven by changes in the weather. However, if we do the job

smartly in the ATO from the beginning, I believe weather

support can be a combat multiplier, because a smarter ATO

means more bombs on target with minimum interference from

weather.
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APPENDIX A

DETAILED SUMMARY OF E-O SENSOR WEATHER EFFECTS
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GLOSSARY

AA Anti-aircraft Artillery

ABCCC Airborne Command and Control Center

AFGL Air Force Geophysics Laboratory

AFGWC Air Force Global Weather Central

AGL Above Ground Level

ATO Air Tasking Order

AWACS Airborne Warning and Control System

AWAPS Advanced Weather Analysis and Prediction System

AWDS Automated Weather Distribution System

AWS Air Weather Service

BAI Battlefield Air Interdiction

BWOFS Battlefield Weather Observation and Forecast
System

CAS Close Air Support

C2 Command and Control

DCA Defensive Counter Air

EC Electronic combat

E-O Electro-Optical

EOTDA Electro-Optical Tactical Decision Aid

EVS E-O Viewing System

FLIR Forward Looking Infrared

GLLD Ground Level Laser Designator

GMT Greenwich Mean Time

GSM Global Spectral Model

HARM High-Speed Antiradiation Missile

HIRAS High Resolution Analysis System
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ID Identification

IIR Imaging Infrared

INT Interdiction

IR Infrared

KAPER Korean Report

LANTIRN Low Altitude Navigation and Targeting Infrared for
Night

LGB Laser Guided Bomb

LTD Laser Target Designator

MAC Military Airlift Command

MSL Mean Sea Level

MULE Modular Universal Laser Equipment

NMC National Meteorological Center

OCA Offensive Counter Air

01 Optimum Interpolation

PGM Precision Guided Munition

PMP Program Management Plan

PRESSURS Pre-Strike Surveillance and Reconnaissance System

RECCE Reconnaissance

RWM Relocatable Window Model

SAC Strategic Air Command

SAM Surface-to-Air Missile

SOF Special Operations Forces

SWO Staff Weather Officer

TAC Tactical Air Command

TACC Tactical Air Control Center
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TAF Tactical Air Forces

TAS Tactical Acquisition System

TDA Tactical Decision Aid

TOT Time-Over-Target

WSU Weather Support Unit
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