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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 (PAGMs) from the
author’s experinces in Vietnam and Korea lead ¢to a
discussion of cqrrent 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 tardets 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 1
INTRODUCTION

Backdround

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, 1 was responsible for providing weather
information to the combat planners for their use 1in
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 tardets 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 1988
when 1 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-85A 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-85D, AGM 85G)

Modular Guided Glide Bomb (GBU-15/IR)

LANTIRN (Low Altitude Navigation and Targeting Infrared
for Night)

E~O Viewing System Forward Looking Infrared

LASER (1.08 microns)

Laser Guided Bombs (GBU-10,12, & 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-O 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




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(2:8-18). Furthermore,
this information is needed as much as 36 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 prodgrams 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.




Assumptions

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.

Limitati

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 1is logical to do
because the RWM basically models, at higher resolution, the

same physical processes as the GSM.




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 shslters. 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 dreatly 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 loock at the ATO process and

see where weather is a player.
Review of the Air Iasking Order Process

1 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, 1 asked him tc 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




ATO DEVELOPMENT (LoCA TIME)

T
r(31’ DEVELOPMEQT

éLLOCATION

.EAPER ®
° DCA P
INT/OCA o
e—RECCE -
° CAS ®
- . BAI
.SPECIAL ATO s Y
A A A A A A
1800 0001 0600 0900 1200 180u
ATO DAY 2

* B-52 . TANKER, AWACS, EC, AIRLIFT, SOF, ABCCC

Figure 1. The ATO Tasking Cycle (all time are local times).
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of the tasking oycle, 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
Europse.

Next, we discussed what percentage of +the sorties
tasked 1in 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.
Hoather Decision Points in the ATQ Process

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




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 1list 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 waeather
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 tardets 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 1looking for detailed weather
information in the format of specific weather thresholds to

help them make their decisions.

Heather Thresholds for Tasking PGMs
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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 targdet 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.
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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.

Lt Col Hawse and 1 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 plannind 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 rande 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 havind 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 targset
at a range of 2 to 3 miles. This way the planners have a
rangde 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
endagement 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 acqQuisition and lock-on ranges. Now that
we have looked at PGM weather thresholds and the ATO
process, it will be necessary to investidgate tactical

decision aids and their importance in the targeting process.
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SECTION I1I
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 tardet scene, find the target, and
designate the tardet with a laser beam. For a more detailed

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

Heather Sensitivities of Electrooptical HWeapons Systems, or
AWS/TN-87/001, HWhat’s Hot and Bhat’s Not. A Practical
Guide to the Tactical Decision Aid..

Heather Sensitivities of PGMs and TASs

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
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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.
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Figure 3. Active, Semiactive, and Passive System Exanples.
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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.(1:1)
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Figure 4. Weather Effects on the Employment of E-O Weapons.

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 fod 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
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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 1884. Because the wind forecast was 180
degrees 1in 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 targdet 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 enerdy, 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.(1:6) 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 cen sce
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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Table 3. Weather Sensitivities of Infrared Systems.
N = Negligible; S = Significant; E Extremely Significant
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Further information 1is 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; c¢loud 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 prodrams.

The Current IDA Computer Program

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 variets 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 prodrams.
This program is still in use today to support the employment
of PGMs. We’ve already seen how weather affects PGMs and
TASs, 80 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 I

P BN

Target Atmospheric Sensor
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 b 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 1light, 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
sidnal. "(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
targdet 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.(8:7-8) 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 1low 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, (6:80) The outputs from both programs are basically
the same in terms of acquisition and lock-on range.

Before we o 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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Table 5 Microcomputer TDA Inputs. (IR)

lnpu_l— Ue Units Metric Units Data Type Remarks
Senc<or 1D 1 ) System Data
hange Option 1 System Data
Detection Method 1 Sy«tem Data
Clutter Level 1 System Data
Sensor Height AGL hit hft /R Systermn Data
HTarget ID 1 Target Data
pOperating Slate I Tar get Data
fAacpect Angle deg deg 1 Target Data

1

Jackground 1D Target Data

lLatitude deg deg R Met/Site Data
Longitude deg deg R Met/Site Data
Date 1 Met/Site Data
Time over Target
(TOT) GMT I Met/Site Data

Elevation MSL hft km 1 Met/Site Data
General Background ID Met/Site Data
Maximum Temperature

3 hours prior to TOT#* P c 1 Met/Site Data
Minimum Temperature

3 hours prior to TOT P c 1 Met/Site Data
Temperature 3 hours

prior to TOT #x P C | Met/Site Data
Low eloud amount = 8ths 8ths 1 Met/Site Daty
Low cloud height .y hit hit 1 Met/3ite Data
Middle cloud amount 8the 8ths 1 Met/Site Data
Middle cloud height = hit ntt 1 Met/Site bata
High cloud amount « 8ths 8ths 1 Met/Site Data
High cloud height hit hit 1 Met/Site Data

High cloud density =

(1=thin,2=thick) 1 Met/Site Data
Visitality .- mi km /R Met/Site Data
Aerosol Inder = 1 Met/Site Data
Precipitation Category ** 1 Met/Site Data
Rain Rate == infhr mm/hr I/R Met/Site Data
Temperature = P c 1 Met/Site Data
Dewpolint = F C 1 Met/Site Data
Wind Speed ..x kts ktsg 1 Met/Site Data
Inversion Height hft htt 1 Met/Site Data
tpper Layer Aflr

Temperature = C c 1 Met/Site Data
Upper Layer

Dewpoint =« C c 1 Met/Site Data

Data Type' 1 indicates integer input; R indicates real input.

|

oz mm o e Py,

MEFSELG ad. .. STIRIES .

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.
nput Us Units Metric Units Data Type Remarks
Sensor ID I System Data
iIRange Option 1 System Data
Sensor Height AGL hft htt 1/R System Data
Target ID 1 Target Data
Percentage 1 Target Data
Target Length m m /R Target Data
Target Width m m 1/R Target Data
Target Height m m /R Target Data
Ba:t kground IDs
Background Slope deg deg 1 Target Data
Slope Direction deg deg 1 Target Data
Aircraft Heading deg deg 1 Target Data
Target Heading deg deg I Target Data
l.atitude deg deg R Met/Site Data
Longitude deg deg R Met/Site Data
Date 1 Met/Site Data
Time over Target
(TOT) GMT 1 Met/Site Data
Flevation MSL hft km 1 Met/Site Data
General Background 1D 1 Met/Site Data
Overcast Cloud Type *x 1 Met/Site Data
Overcast Cloud Height xx hft hft 1 Met/3ite Data
Visibihty .y mi km I/R Met/Site Data
Aerosol Indes * 1 Met/Site Data
Temperature = F c I Met/Site Data
Dewpoint = F c 1 Met/Site Data
Inversion Height hft 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. "(6:48)
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 rande. Any future TDA programs will need to include

the capability to provide these maximum and minimum ranges.

Future IDA Computer Programs to Suppart the ATQ

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. Durind a
personal discussion I had with General(Ret) Donnelly at the
Air War Collede 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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g€o 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 1letter
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 empioyment 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 1loss 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 KElectro-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 wuser.(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

Historical Weatl

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. (10:11I-5) In addition, historical weather data can
play an important role in determining the applicability of
employing E-O 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 rande 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 uss the
results of this study to provide preliminary guidance to
combat planners about when are the best and worst times for
tryind 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 Models

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.(13:1-1) 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 dridded 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 meteorolodical parameters are for each grid point 1in
the analysis array. HIRAS accomplishes this task by using
the superior optimum interpolation (OI) technique developed
by the National Meteorological Center (NMC). To keep things
simple, suffice it to say that O]l 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 OI 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, OI 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 gduess"” 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 f{s
because the output from the GSM drives every other forecast

field produced by AFGWC. Therefore, the strengths and

36

e




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)

Theater Weather Support 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.
Neverthelesss, 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 usind 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
Heather 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.(10:1I1I-10) 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 WSUs of today also have microcomputers available to

40




assist them in providing weather support. But, the only
computer program available to assist the weatherman in
supporting the air taskindg order process is the
microcomputer version of the Tactical Decision Aid program
used to support flight crews emnploying 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
tardget, 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 tardets (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 1is 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

Euture Air Weather Service Capabilities

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)

High Resolution Weather Model Qutput

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. 1In
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 1is 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
tc 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. (10:11I-10)

Future Historical Weather Prodrams

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 1is 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
Conclusions

In Section 1I, 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 provides 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 denerate 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 1laser 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 1is 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 1V 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
loock 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
workingd with the output of the GSM in terms of forecast
weather maps, ] 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.'

RBecommendations
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1. Air Weather Service and the Tactical Air Forces (TAF)
must continue to pursue prodrams 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 prodram 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 prodram 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 CZ2 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 1line, however, is that the Air Weather
Service and its people in the WSU can definitely provide
qual ity 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 chandes in the ATO that inevitably will be
driven by changdes in the weather. However, if we do the Jjob
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

53




» [Y -
ey oo
TSVl VEL
ch a7 73305 309,34 S30R,UTS salem PaIPIL~, |35 4O, FIi1.TETILT WLl csabuls uGLS
#34; TAIL{1CRQE.T Vi lPewiusD eu.L.J3s.s ieflEl esfILl.. i -3319C pactEa. I pue (SiaELEL
38027 EL.SEB.SED DuP L8130 2 1143337 T PuLdly S@Tua.d,,.n XSED 42, 15PJIuDY udsaL.:
m(.mmu.u:. *ul.L8. k. 9aFmlLT. L “ 3UTLP.81.8% PunC.ErzET $3171e. AG, §IL3. ‘ad.Ev.wr punt.inlel ” pasElafer ,
: 9_.QRuap1Su0Y 339,94 uC. es3fap _ VO L3RI 2584 DuE [0S L. 9.7L3.0m mO. $8STEY £, ersr uwo.jelafer ! oM DutIliotem
— +
‘ | ) *K1Buipscade
' CF311QPC.T U0 1Be e u3S, ~ M 10..9PGCad UG IFLILLLS
393UF3 53%83.0u. 'MELS . u | -s, n 335U%L 109,,F DLP Jaiit s
L0 3ieis er.seun Lo Euoruezes tIiE o turs fsItioT tEutli.e (®TS.» FSEILIAL LT ASERIT.L LRD w
) a3 lac.cl purc.iater safuey Wi, | ~wW33 ‘5SA.LIm “SLOUIS e.iL LI I, .wmr.. L0.328197 ‘8oudy 'DLE !
i 1433372 udrid. JPDRJ S22Fras | SUBSAD "SAEm I.2.8,,.0 .. SI.1%. 38E0%usl SuBdIui BSEISODL. WET :
_ 1J0LIR.PE. SABMS.ILw SI.CSTY | -,8,0F.8.7 @.3cs § vel 1@oLe. . | PURCJEXORG $35PRLOL] Setufowe -u.m_
[ - T \$\
i i R 2 _
! P
| “
cs | )
. - I l3lE . !
; woh.f LT, ul.37L0STE LCler-laiEe ! "
saseAsnul & 1.8 8 sumltLalusy L2 e -
TLo.LEEeCILT srroeaELe fL.eel _
£3,a.7 pudl UPD u3.S5.8Au. Bu7LE.LFIuD, ts38i.Fl reiEa.
4185 JT, F11 .GQPCCLT WOIlEL...J3
*$3J73PL30wR Mo iP =5.p 8SESLDUL WwED 'AYua.l.gL2s
5.8, L0.235230 LBDE. Sat DAL | 4C5u3S JeiP5LE SE..nta. se.ny |
£:2.5.08 tu.Rs AQ uo.3ELeiie ! -PL3dudl mC 4C) 153137QC pelElL.”
3APMILT L S2SERLDu: Ailuf.s Audp ! WO, SuC SS:W3 yi [RuuE4: SE3I7rdc 395,40 orﬁ G4r L ETud,
*S10SCL3E LI 3duasaLe
! Ul 3SLEs LDIIDBIBS DU ‘@DUBL3,wSUPLL ‘uOITSWSLEJT 3SEJ2J0T SIDMPEL Aa1puw”
fiT8,,9 JuBDt, . ufis O ! 100 32JCSCP DUR Sulu@3303S [0SO.3P SITUPYLD ‘IDLAU 1A2iS {0OSOLTE SISEILDL] 3r138;3. ub..
cafut. wC.3

©323;4@ JuR.,.uEiS ON

=3333D pul IDuPIILWSUELY p!
‘O3B LIDRL !

sax"z

Wh Zi~§ SQUOSGP £ weaM

I3

£oipiwry 837 ;0838 fom

*y3Bua aaem

UM A[3SJBALL ST JRA 328,,3 ;0
3a.faC "9 ima3ul0 JuedLyuE sul
‘LiRymCus 33m pue
91059pow Yiim 3jeu3pow 03 ufi S
CllRyuiRd AAEIY ylim uO.LPNLRLLR
349435 03 31043DOW ! (J230M L0
371 33838 (P21SAUC pue ‘A3Lsulp
J9QWNU ‘3Z1% 3 D134FC VOIIES.CLD
=349 ;0 wOL3IdLN, St 33.530 u0il

18,0, P2

~0LPPJ IAPMOLI LWL $QUCSQP pul SJo13008

SRS
) paeaL=4 |35 40, A3.:iGQEQC.E
VOB WIIISLP 195403 se5ed.t

Budds 3350P3 UL (JBIIND [Pumd.

S3JudJB,  41P BJNIPJIITWAT SADNTAY

UD1ym ALSUBD JIQURL puE BILS 21013400 JO WOLIILT, SL ubii
*abued UOLID3IIP PUQ *3IUECT(SuEL] Y]

-R}plJ Y. $QJUOSQE ‘ul.

el

ul
3)

‘uoes

I01DE. 21 PUP 3 (QISLA (,$%201q,) S43138Is £|Bucuis
‘syjbuaisaem UOLIPLIPRPY 8] BALLE 34 SITUS F|D13.PC vOLIPIICLII0 Afse) 07 ANG

chpyeeub Kuea
INpas 4C ddJsbag
fu0l

SIWSLEST JSEJIUCT §3IPray

NELFL

*d|2244p; co.u.

PN

¥14/yi we gl - 8

]

AL ONY 343

54




Gq

“.8e38ua asem Lall00s L5, sdtuc

CAbLF. wl L ilELel [k

. iy T
LEIEL L. L2 RTTIAL Gt

T Gafue erEm LETRL 4O L0 L
CE TN L OF TV T )

-
SaefiSen $8YTED Ll iP.DRL 0P .
A0.Zim S3.TSQF oL@ SL93308 L avam !

e L, setlil it
LT R ¥ 1IN D BT

d.0038 4§ 2 auet tHL s
L2 IRY YU L TF I N

[ JL . e
LI i BN
PR RS NLI B R T T Er oy

JC 33.%92 ‘syibua,asem 3 g8 23
x:oat.e A T.. 8. 6.t 5308

Bo, ve Su,7.023p tbo, .2, § [ ] IR MUK ST T 917 BEY 10 FRNIe
] d0.%97 er.v. w - L oswl JOCC $uF $@1L. 2.9 .0
I PLRPS TN L I TAtLvL LT Teldl To¥ WIS
S, it esdw 39570 B PRI ST PRV INE MLS-L PRV S T¥1 ses ot
3345528 Duf $4 < TLCLIPIDR, 3,388 SLd1Ess S SucLig fEI, 2%I.eT 1t m
( TR I 3 Y M SRR Y
JC U0:LITIAs T.d S.ELL CpRIC, L PEIEL PRI SO £ ¥ TN SN ¥ Pr 1
S20243% IS8T LBD "8 S..ér L $40.8 EPUIRY L R Y ST LT LARE S ST -t |
01213 LG £Isq.9u08 Su a5 8 37D ) a3ces "bows $i.2.7;:0C 4o,
350,000 CaPL L0, #l8.0DOK O
cA3u 1q1ste DatitIas uwyl PR FUR BRIV T DR LT AN B M §
4230048 yrre 1o eLalat als safies 910.3.02 40 WO.Iu", 84 139,,d
' T IRAE P R O N P - I L 4C ec%ac cafur. uoiitelan
COSE 339,,3 CAELE. LO.IMNLIT SeIfle. S22, JOLSSimSLFLY 3SRSILLT
} BE 21N LR-PC T SO £ .00 P $I:0p9s T@JubL | iRC 5SRO LW8TE Taides 'iils

TUT3,,d JuPsi, b5 ON

PP ¥! $GIZS3E Ful $.333038 L aeam

~ul CUDLIR.PRS 314 StA 5.3

taTEL gost.er

*123,,2 ON

TI9%LNS Sop s rs

JP3u Swr.aradc ‘auans jabue
S0 $3Im103; S.0me SIdveliieR

LIP3 SO _SIPS.aAI., SIDLELLE

(L9 1)

ALt
Tusu

Ul ISEILCUL | PBS SaASTES

CAYLIGRGC. Y JDLIeL.IelL38 LD
E21Z FPTLERE IV LIS T L1 MANTEGIPT PR L00]
[LUSTERRET 11T FIIERY SOE T VLYY L2014

500, UCIITE3dD SuB UE.SS . LSLFLY

150,5000 SAONDIL 1 a0 C IS
$,050430 ;¢ uISIIC v, ITUV.. X
LIFT L0 SLudIURYLd L0 0% $aSid

SuF (3P.LSO Lo
E PR R S

s

ML P LEP] S.4 SR
CSADERGS ‘U0 iduiuT 4 SIS

339,49 el 1ub.is ON

csyaf.ey

paiedy~, 38 4O, A31l,qR3CJd ve:y

~RULBLIISID 35401 SasPALOUL 'uads

ka3 |eaniRU b (93170 (PaLdl)
SINAJIS ;D IPUELITwY SISO

CSPROLD LIS, JO SISRC SN0 GIPILIAT

SUP 1SRJTU0D 3 LduL SAS
‘3InQa3ir  S4e1 S, AODRYS I

“auads 336481 ;O J9IIT (D |PASLA
DUt ‘SAOLRYS ‘uOLIRULAN ||} $INDIy

SC3R4C0 SJ.nDIJ *uCLIF. DRy 2! PuR

(QiISiA 4O (U0LIIUsIID 932;%w0) A((P:1.3559; Bui1aaIRIS BROLI Itudul OF ang

Bo,; Jc
$57C,2 A3 pdanasi: g

JAQEPY U0 JUIPUICID J4I1INLD s$IInpoud

*sIuaw@a ssauybnos jo azys pue

punosS Aup ybroJs puw *AiLiiqeqosd
uoleuLwLLIS 1) 33BJeY SaSPaJIUY
PUR SULNIIJ J4IIIP(D $IINPAY
SunoJdb AuD Jj00ws ‘240;3.9y)
cKiaeiroads Lasew)xoudde
UDIIPYDTs IAPMCLILW $3D1,3Y

*A311139GCJ0 woIPuLwIa05p J9buRs
SPINPIJS 1UIIINDD {PWINT SFOURYLS

A3uidia

196a03 yyp abues uc; %P

PUR DUPIILWSURIY ¥ ;0 SUOLY

“INpIs JUAISURLT TDUI 'pul JLIP
Y UL ASTD SO DOOL 3NN | SISPILcY;

*abury u0133333p

saseascul pur {s13bury wJPp JO;)
I$PJ3000 punoubrdeq-03-38b6umy
SISURYU SNYY Pur DdVRuiEN|
ubiy sey ud3j0 punosd Kap ivg

flwuoa

9bae3 u) (Ir0qe 23%) S0,

1050530 3INQIIIXD "I0JAJIY

‘u®d ‘F31a1300 Jeqmod Sulanp 4@
T UL ISP ;0 POONL NG| SISPISOU]

pa3eiata.
£iasoels; puno.t f.:

!

Lt

¥l74/9i] = 21 - 8

AL ONY 343

LR LN




ABCCC
AFGL
AFGWC
AGL
ATO
AWACS
AWAPS
AWDS
AWS
BAI
BWOFS

CAS
c2
DCA
EC
E-O
EOTDA
EVS
FLIR
GLLD
GMT
GSM
HARM
HIRAS

GLOSSARY
Anti-aircraft Artillery
Airborne Command and Control Center
Air Force Geophysics Laboratory
Air Force Global Weather Central
Above Ground Level
Air Tasking Order
Airborne Warning and Control System
Advanced Weather Analysis and Prediction System
Automated Weather Distribution System
Air Weather Service
Battlefield Air Interdiction

Battlefield Weather Observation and Forecast
System

Close Air Support

Command and Control

Defensive Counter Air

Electronic combat
Electro-Optical

Electro-Optical Tactical Decision Aid
E-O Viewing System

Forward Looking Infrared

Ground Level Laser Designator
Greenwich Mean Time

Global Spectral Model

High-Speed Antiradiation Missile
High Resolution Analysis System
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1D Identification

IIR Imaging Infrared

INT Interdiction

IR Infrared

KAPER Korean Report

LANTIRN Low Altitude Navigaetion 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

(0} 1 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
TAS
TDA
TOT
Wsu

Tactical Air Forces
Tactical Acquisition System
Tactical Decision Aid
Time-Over-Target

Weather Support Unit
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