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ABSTRACT

An expert system approach to the analysis and short-term
prediction of clear air turbulence (CAT) is presented. CAT is
defined here as nonconvective turbulence occurring above 18,000
feet. ExperCAT is rule-based, contains a total of 65 rules and
has extensive help and explanation features. The system's
analysis procedure is to guide a human observer in identifying
cloud signatures known to be associated with CAT. ExperCAT
forecasts include an estimate of the turbulence intensity and a
confidence factor. The user can optionally view the selections
entered to arrive at the forecast. Three step-by-step example

runs are provided.
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ExperCAT: An Expert System for Analysis and
Short-Term Prediction of Clear Air Turbulence

1. Introduction

Clear air turbulence (CAT) is nonconvective turbulence that
occurs at altitudes above 18,000 feet. The analysis and predic-
tion of CAT is a difficult problem because it exists in relative-~
ly small areas and tends to change rapidly with time. The abili-
ty to analyze and forecast CAT requires a highly specialized. and
therefore rare, expertise. Because it is a mesoscale phenomenon,
CAT is difficult to diagnose by using relatively coarse (horizon-
tal and temporal) resolution upper-air data measurements. For
this reason, the focus of turbulence detection has shifted to the
use of satellite imagery. Geostationary satellites are able to
provide enough temporal and spatial resolution to detect CAT-
producing conditions, assuming that such conditions can be relat-
ed to cloud signatures seen on the image.

In a limited sense, diagnosis of turbulence based on cloud
patterns is accomplished by the Satellite Image Analysis Meteoro-
logical Expert System (SIAMES) (Peak, 1989). SIAMES was de-
veloped using the expertise contained in the Navy Tactical Appli-
cations Guides (e.g., Fett et al., 1984). Turbulence is only one
of many atmospheric parameters diagnosed during a SIAMES consul-
tation session.

One of the foremost researchers of the relationship between
CAT and cloud signatures is Dr. Gary Ellrod of the Satellite
Applications Laboratory at NOAA/NESDIS. His latest report (Ell-
rod, 1989) contains a decision tree based on subjective tech-
niques developed over the past ten years at the Satellite Appli-

cations Laboratory. The availability of this clear and concise




presentation of his extensive CAT expertise has led NOARL to
propose an expert system for analysis and short-term prediction
of CAT. The Ellrod decision tree was to provide the bulk of the
expertise for the prototype system, and additional information
from sources such as the NTAGs and a U.S. Air Force technical
report were to be used to expand the prototype. For more infor-
mation on expert systems, the reader is referred to the back-
ground presented in Peak and Tag (1989).

In this repcrt, the development of this expert system,
called "ExperCAT," will be detailed. 1In the next section, the
ExperCAT design will be presented. 1In the following section,
some example runs of the system will be presented. Finally, the
ExperCAT development will be summarized and suggestions for
future improvements and program verification will be presented.
2. kxperCAT Design

The requirement for ExperCAT is to analyze and forecast, in
the short-range, atmospheric turbulence not associated with con-
vection. The system is also required to use satellite imagery as
the primary source of information on which to base its analyses.
Because the available expertise that meets these requirements
applies to high-level (>18,000 feet) turbulence, the system
applies only to that region.

Because the frame-based SIAMES expert system (Peak, 1989)
was the genesis for turbulence forecasting at NOARL, it was first
thought that ExperCAT would also be implemented using frames.
SIAMES, however, involves a general analysis of all cloud fea-

tures that are seen on a satellite image. Such a task is condu-




cive to the use of frame structures that embody the various
aspects of the complete image analysis. ExperCAT has the more
specific goal of isolating turbulence-related cloud signatures.
The lines of reasoning and types of features to look for are more
specific, so that rules were selected rather than frames.

The Ellrod decision tree was studied in great detail. The
existing SIAMES turbulence information was examined to ensure
that the decision tree included those situations as well. For
the prototype, the goal-oriented approach ot the Ellrod decision
tree information made for a natural conversion to a backward-
chaining inference system.

Based on these initial design decisions, the information
from the decision tree was converted to rule form. The resulting
prototype rule base contained 59 rules. An initial evaluation of
the system was made by NOARL researchers, resulting in suggested
improvements to the prototype. It is the improved version,
ExperCAT 1.0, that is presented in this report.

For version 1.0, the rule base was expanded slightly to a
total of 65 rules. An extensive explanation feature was also
added. The goal is to help the user to understand the physical
reasoning used to make the analysis/forecast. An added advantage
is that the reasoning behind the decisions used might help the
user to understand why confidence factors are low or high in
given situations.

The main source of expertise for this hypertext-based expla-
nation feature was the Ellrod decision tree manuscript (Ellrod,

1989) and an earlier, more detailed CAT paper (Fllrod, 1985).




Additional expertise came from the NTAG series (e.g., Fett et
al., 1984) and from a U. S. Air Force technical repcrt on CAT
forecasting (Lee et al., 1979). The form of the ExperCAT help
feature differs significantly from that in An Expert system for
Shipboard Obscuration Prediction (AESOP) (Peak and Tag, 1989).

In AESOP, the explanation mode invokes a comprehensive traverse
of a hypertext network associated with the rules that contributed
to the forecast. The reason that this form of explanation works
so well in revealing the AESOP lines of reasoning is that the
AESOP rules embody a cause-and-effect process. 1In ExperCAT,
hcwever, the CAT analysis s a progressive searcn for cloud
signatures known to be associated with CAT. Thus, the sequence
of questions dces not itself reveal a physical process. Rather,
each question, and the possible answers for 1it, progressively
define a CAT likelihood. Therefore, the ExperCAT explanation
feature was tailored to reveal the reasoning behind each individ-
ual question more than the sequence of questions. 1In ExperCAT,
"Wwhy do you ask?" and "Why are these selections important?” are
the pertinent questions ! user needs to ask the system.

The expert system begins with an analysic of the synoptic-
scale, upper-level flow pattern. Each progressive rule narrows
the evaluation of the situation with respect to the likelihood of
CAT. When the system has enough information to make a judgment,
the CAT analysis is presented along with a confidence factor.

The turbulence categories are "Strong," "Moderate,” "Light" and
"No significant CAT." These intensities are from subjective

turbulence reports of large commercial and military aircraft.




The confidence factors are from those included in the decision
tree and are based on Ellrod’s research efforts. In the next
section, the function of ExperCAT 1.0 will be revealed through
some example runs.

3. Example ExperCAT Runs

To demonstrate the way that ExperCAT functions, three step-
by-step example runs are now discussed. These runs, for hypo-
thetical image examples, are presented using actual ExperCAT
screen displays in the Appendix.

ExperCAT begins with an introductory title screen and a text
screen that explains how to select the menu items and help fea-
tures (not shown). As in AESOP and SIAMES, the user moves a
highlighted bar to the desired menu choice using the arrow keys
and presses the carriage return to make the selection. Alter-
nately, the first letter of the desired choice can bLe entered.
The highlighted bar is delineated by color on the computer screen
and does not appear on the figures in the Appendix. To assist
the reader, an arrow is included on these figures to indicate
which item is being selected. 1In an actual run, of course, these
arrows would not appear.

To access hypertext help information about the questions
being asked, the user can press the Fl key. For help about each
potential selection for a given question, the user can move the
highlighted bar to the desired choice and press F2.

The next screen that appears (SCREEN 1) includes the top-
level decisiun whether tc make a forecast or exit the system.

Since we have just started, we enter the former. This action 1s




deroted on SCREEN 1 by an arrow pointing to the selection and an
action in parentheses -- 1in this case, the carriage return, or
(cr) for brevity.

The system’'s response is to display SCREEN 2. Here, Exper-
CAT attempts to define the upper-atmospheric synoptic flow pat-
tern. 1In SCREEN 2, we have the user choosing the help facility
for a further explanation of the question by pressing Fl. A
pop-up window containing the explanatory text appears at the
bottom of the scr~en. Now suppose the user wants to know more
about the three choices. He moves the highlighted bar to the
first choice and presses F2 (SCREEN 3). ExperCAT responds by
displaying another window of text. Notice that the explanation
includes help in defining what is meant by "Straight or slightly
curved flow,” why this type of flow is important in relation to
turbulence, and what possible exceptions to this rule might come
into play. For completeness, we include the help information for
the second choice (SCREEN 4) and the particularly long help
screen text for choice 3 (SCREEN 5).

Assuming the user ultimately entered the first choice in
SCREEN 5, ExperCAT continues the analysis (SCREEN 6). Again, we
show the user asking for more information concerning the question
about cirrus signatures (SCREEN 6) and then for help about the
first choice (SCREEN 7). After looking at the help information
for the second choice, we assume that the user chooses the first
response, namely that transverse bands are present (SCREEM 8).

The next ExperCAT screen asks for a description of the

curvature of the cold-air side of the clrrus SCREEN 9). The




user here asks for an explanation of the first choice, and then
makes that choice. Notice that the help feature here includes
information about where the turbulence is expected to occur
(SCREEN 9). The analysis continues with questions about the
wavelength of the curved cirrus cloud segment (SCREEN 10) and the
shape of the transverse bands (SCREENS 11 and 12).

Finally, ExperCAT has narrowed the decision down and makes
an analysis/forecast (SCREEN 13). As pointed out in the ExperCAT
introductory screen (not shown), the CAT intensity here is that
expected for large aircraft. If the user wishes a review of the
selections he has made to arrive at this forecast, he can press
Fl and the expert system’s facts will be listed (SCREEN 14). 1In
its present version, ExperCAT does not allow the user to change
individual responses and then rerun the analysis as does AESQOP
(Peak and Tag, 1989). The reason for this design choice stems
from the differences between the two rule base domains. AESOP
performs an exhaustive analysis of potential visibility obscura-
tions based on a fixed set of input parameters. ExperCAT, howev-
er, only asks for the information pertinent to its current line
of reasoning. Thus, ~hanging one answer usually causes all of
the subsequent questions no longer to apply, and the user would
have to reenter an entire, new sequence of answers anyway. For
this reason, a modification featur~2 was deemed unnecessary; the
user must invoke a completely new run of ExperCAT to determine
the effects of different input data. On the other hand, such a
modification feature is certainly possible, and could be included

if NOARL considers it necessary.




The second example run begins with the end of the previous
one. When the forecast screen (SCREEN 13) is displayed, the user
simply enters the carriage return to arrive again at the top-
level decision screen (SCREEN 15). 1In this example, we choose
the second type of synoptic flow -- sharply curved (SCREEN 16).
0f the two types of sharply-curved flow, the user indicates that
it is a trough (SCREEN 17). In SCREEN 18 the system looks for
signatures that support turbulence when they occur in conjunction
with a trough. Thre help text in SCREEN 18 elaborates on the
physical connection between darkening in the water vapor channel
and turbulence-production.

When the user affirms that water-vapor darkening is present,
ExperCAT makes a forecast. Note that this time the forecast is
accompanied by clarifying text concerning the location of the
turbulence, help in establishing a confidence level, and what to
look for in determining the dissipation of the turbulence (SCREEN
19).

For the third example run, we omit the top-level decision
screen and proceed to the synoptic flow pattern question (SCREEN
20). This time, the last choice (hyperbolic flow) is selected.
There are three possible cloud patterns assoclated with deforma-
tion zones (SCREEN 21). Here the user invokes the help teature
(F2) to get an explanation ot "delta-shaped cirrus,” but then
chooses the "comma cloud” selection. Because the difterent
regions of a comma cloud have different turbulence-producing
conditions, the question in SCREEN 22 narrows down the search for

turbulence signatures. Further narrowing of the search is accom-




plished by the three types of synoptic situations to choose from
in SCREEN 23. A further description of the comma itself occurs
in SCREEN 24. Here, the help feature assists in explaining what
is meant by "sheared comma." In future versions, a pictorial
depiction of this, and other potentially ambiguous questions
would be desirable.

The last information needed before the forecast is the
sharpness of the cloud edge (SCREEN 25). Again, the help feature
reveals the physical reason that this signature is important.

The display of the forecast screen (SCREEN 26) ends this last
example run.
4. Conclusions and Recommendations

In this paper, an expert system approach for analysis and
short-term forecasting of clear air turbulence has been present-
ed. The major source of expertise for the expert system rule
base is the research of Dr. Gary Ellrod of NOAA/NESDIS.

The system described in this paper, named "ExperCAT," is
version 1.0, having progressed through the design, prototype, and
prototype revision stages of development. ExperCAT is rule-
based, uses backward-chaining inference, and has a hypertext-
based explanation/help feature. The system function is demon-
strated through three example runs.

At this point, ExperCAT has not been verified using actual
data because of the unavailability of CAT reports at NOARL. It
is recommended that the system be verified to ensure its usabili-
ty and correctness. One possible method would be to acquire a

set of satellite images and CAT reports for historical cases.




Another possibility would be to use atmospher c profiler informa-
tion in conjunction with real-time imagery. "‘he author under-
stands that such a profiler, soon to be located at Fort Ord,
would be able to detect high-level CAT.

It would be desirable for the system to include diagrams or
figures to assist in describing the various selections the user
needs to choose between. 1In discussions with Buck Sampson of
NOARL, the author has determined that the "PC-Paint"” software in
conjunction with 1 scanner might be used. It is recommended that
this possibility be pursued. If NOARL considers it necessary, a
modification/rerun feature could also be included.

The next logical step in ExperCAT development is to elicit
an expert evaluation from the author of the main source of exper-
tise used in developing the system, to ensure that the transition
to an expert system has not led to the garbling or omission of
key information. It is planned to send the latest version to Dr.

Ellrod in hopes of obtaining his comments.
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APPENDIX
EXAMPLE EXPERCAT RUNS

SCREEN 1:
EXPERCAT Version 1.0 ~- 4/10/90
——Which would you like to do?—mn
Make a clear air turbulence forecast ——————(cr)
Exit from EXPERCAT
SCREEN 2:

EXPERCAT Version 1.0 -- 4/10/90

—MWhich describes the upper synoptic flow pattern? €¢———— (F1)
Straight or slightly curved flow

Sharply curved (ridge or trough)
Hyperbolic (deformation zones)

—EXPERCAT HELP
I am checking the synoptic pattern because, in general, upper flow
patterns with shorter wavelengths and more curvature are more
conducive to extensive turbulence. This question applies to the
region of interest in the next few hours, and the answer can be

determined from animated satellite imagery, upper wind charts, and/or
forecasts.
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SCREEN 3:

EXPERCAT Version 1.0 -~ 4/10/30

—Which describes the upper synoptic flow pattern?
Straight or slightly curved flow <€————(F2)
Sharply curved (ridge or traough)

Hyperbolic (deformatiocn zones)

.

EXPERCAT HELP

This flow pattern includes broad, smooth upper lows, ridges or

troughs and confluent jets. 1In general, turbulence is less likely to

be associated with straight flow than with sharply-curved flow.
exception to this rule is when there are local areas of strong
vertical shears generated by jet streaks.

The

SCREEN 4:
EXPERCAT Version 1.0 -- 4/10/390

——Which describes the upper synoptic flow pattern?
Straight or slightly curved flow

Sharply curved ‘ridge ar trough) €————80(F2)
Hyperbolic (deformation zones)

EXPERCAT HELP

In general, turbulence is more likely with curving jet stream
segments, mainly in conjunction with sharp trcughs and ridges.
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SCREEN S:
EXPERCAT Version 1.0 -- 4/10/90

—~——Which describes the upper synoptic flow pattern?
Straight or slightly curved flow - (cr)
Sharply curved (ridge or trough)

Hyperbolic (deformation zones)-€¢——— (F2)

EXPERCAT HELP

A deformation zone is a region of hyperbolic flow where air parcels
undergo stretching along one axis and contraction in the orthogonal
direction. They are the most common large-scale turbulence signature.

In both visual and IR imagery, deformation zones are often marked by
the location of significant cloud boundaries. 1If the water vapor
channel is available, deformation zones can usually be identified by
moisture boundaries on that image. Turbulence occurs within 2-3
degrees latitude (330 km) of the deformation boundary, both in clear
air and in cirvus clouds. When the winds intersect the isotherms at a
large enocugh angle, deformation zones are frontogenetic in nature. It
is these upper-level fronts that produce the high-level turbulence.

SCREEN 6:

—EXPERCAT Version 1.0 -- 4/10/90

Do you see either of these cirrus sianatures? q———— (F1)
Transverse bands (IR & VIS) or billows (VIS)

Ragged poleward cirrus edge near jet with dense cirrus patches
Neither cirrus signature

EXPERCAT HELP

These cirrus signatures are important because they indicate
atmospheric wind shear. In relatively straight flow, turbulence is
caused by strong vertical shears. The presence of both speed and
directional shear often results in wave cloud features. Strong speed
shear can cause the poleward cirrus edge to become ragged or scalloped
in appearance.
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SCREEN 7:

EXPERCAT Version 1.0 -- 4/10/30

—Do you see either of these cirrus signatures?
Transverse bands (IR & VIS) or billows (VIS) g——--—--"-(F2)
Ragged poleward cirrus edge near jet with dense cirrus patches
Neither cirrus signature

EXPERCAT HELP
Speed and directional shear conditions often result in wave cloud
features oriented transverse to the upper flow. Transverse bands are

more irregular than billows, and are more likely to be observed in
lower resclution IR images such as those from GOES. The presence of
cirrus billows may indicate strong shear (Kelvin-Heimtoitz)
instability. The longer the wavelength of the billows, the better the
chance of significant turbulence.

SCREEN 8:

EXPERCAT Version 1,0 -- 4/10/30

—————Do you see either of these cirrus signatures?
Transverse bands (IR & VIS) or billows (VIS) - (cr)

Ragged peoleward cirvrus edge near jet with dense cirrus patches d————(F2)
Neither cirrus signature

EXPERCAT HELP

The ragged edge occurs with speed shear caused by ageostrophic
accelerations near a jet streak. When turbulence occurs, wind speeds
in the jet are usually 80 kt or greater.
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SCREEN 93

EXPERCAT Version 1.0 -~ 4/10/30

—Describe the cold-air side of the cirvus

Anticyclonic curvature <€————F2,cr)
Straight or cyclonic curvature

EXPERCAT HELP

Sharp, anticyclonically-curved bulges along the jet stream cirrus
relate t~n jet streaks. The maximum winds are located near the crest
of the cirrus bulge. When turbulence occurs, wind speeds in the jet
are usually 80 kt or greater. The turbulence usually occurs from the
crest of the bulge downwind for several hundred kilometers. This is
the exit region of the jet where che air parcels decelerate rapidly.

SCREEN 10:

EXPERCAT Version 1.0 -- 4/10/90

ow long is the wavelength of the curved segment?
<=300 nm (e.g., 8-9 degrees of latitude! -1
>500 nm (e.q., 8-9 degrees of latitude) q¢———(F2,cr)

EXPERCAT HELP

Less curvature is less indicative of turbulence.
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SCREEN 11:
EXPERCAT Version 1.0 -- 4/10/30

— Which best describes the cloud bands? g———————(F1)
Wide, thick and carrot-shaped
Not wide, thick and carrot-shaped

EXPERCAT HELP

The shape of the cloud bands is important because it indicates the
degree of turbulence. Wide, thick bands are thcose easily
distinguished in low resclution IR images.

SCREEN 12:

EXPERCAT Version 1.0 ~-- 4/10/90

r——which best describes the cloud bands?—
Wide, thick and carrot-shaped -€—————(F2,cr)
Nt wide, thick and carrat-shaped l

EXPERCAT HELP

In general, the wider, thicker transverse bands are more likely to
contain severe turbulence, possibly due to the added presence of
thermal instability. In these situations, the bands often have a
carrot-shaped appearance similar to that of Cb anvils.
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SCREEN 13:
EXPERCAT Version 1.0 -- 4/10/90

EXPERCAT FORECAST

Clear Aiv Turbulence: Moderate or Greater

Confidence: 70%

SCREEN 143
EXPERCAT Version 1.0 -- 4/10/90

EXPERCAT FORECAST —————— (F1)

Clear Air Turbulence: Moderate or Greater

Confidence: 70X

EXPERCAT FACTS

Synoptic flow pattern is: Straight or slightly curved flow

Cirrus signature is: Transverse bands (IR & VIS) or billows (VIS)
Cold-air side of cirrugs ig: Anticyclonic curvature

Curved segment wavelength is: >3500 nm (e.g., 8-9 degrees of latitude)
Cloud bands character is: Wide, thick and carrot-shaped
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SCREEN 15:

EXPERCAT Version 1.0 -- 4/10/30

~——MWhich would you like to da? e
Make a clear air turbulence forecast €€———(cr)
Exit from EXPERCAT

SCREEN 16:

EXPERCAT Version 1.0 -- 4/710/30

—Which describes the upper synoptic flow pattern?
Straight wr sliqgqhtly curved flow

Sharply curved (ridge cr trough) d—————(cr)
Hyperbolic (deformation zones)

20




SCREEN 17:

EXPERCAT Version 1.0 -- 4/10/90

— Which type of sharply curved flow?

Ridge (on south side of jet)

Trough (preferably with strong upstream Jet) ¢——(F2,cr)
]

EXPERCAT HELP

It is alsc preferable that the trough have a north-south or
northeast -southwest tilt.

SCREEN 18:

EXPERCAT Version 1.0 ~-- 4/10/90

Which of these are present?

Sharp, well-defined cirrus edge near treough axis ]
Darkening zone in water vapor image along or upstream from trough <€—(F2,cr)
Both a sharp cirrus edge and darkening zone
Neither a sharp cirrus edge nor a darkening zone

EXPERCAT HELP
These zones are elongated bands or, in some cases, large oval gray
ragions that become darker in successive images. The darkening 1s
usually accompanied by cold advection and convergence in the mid- and
upper levels of the troposphere, resu . ting in compensating sinking
through a deep layer. Cross-sections ttrough such features reveal
sloping baroclinic zones (tropopause .eaves or folds), indicating that
stratospheric air is descending into the upper troposphere.




SCREEN ('3:

EXPERCAT Version 1.0 -- 4/10/30

EXPERCAT FORECAST

Clear Air Turbulence: Moderate or Greater
Confidence: 80X

The CAT is normally in the region of the most rapid water vapor

darkening. If the darkening has persisted for at least 3 hours,
there 1s higher confidence that turbulence is present. When the
darkening ceases, turbulence diminishes.

SCREEN 20:
EXPERCAT Version 1.0 -- 4/10/90

hich describes the upper synoptic flow pattern?
Straight or slightly curved ficw
Sharply curved (ridge or trough)
Hyperbolic (deformation zones) «————(cv)




SCREEN 21:

EXPERECAT Version 1.0 -- 4/10/90

——Which cloud feature is present?

Comma cloud -¢——————(cr)

Delta-shaped cirrus(IR/VIS, W-NW flow) g¢—————ou(F2)
Little or no cloudiness I

—EXPERCAT HELP

These features occur in west or northwest flow and usually are not
associated with developing surface lows. They also have a different
appearance in the imagery since the cirvus often forms in elongated
bands transverse to the flow, probably due to the presence of gravity
waves. Such cirrus can appear as a triangular-shaped area known as a
delta region. The appearance of these features varies considerably,
depending on the availability of moistuvre. Turbulence occurs within 2
to 3 degrees latitude (180 nm) of the leading edge of the clouds.

SCREEN 22;

EXPERCAT vVersion 1.0 -- 4/10/90

—Where is the forecast location with respect to the comma cloud?
Near the poleward edge of the comma head-q———————«Fz,cr)

In the dry slaot

Near the comma tail

EXPERCAT HELP

The most significant turbulence with a comma cloud deformation zone
cccurs 1in conjunction with a developing cyclone. Each of these three
locations has a different set of considerations in analyzing
turbulence.
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SCREEN 23:

E XPERCAT Version L. -- 4/10/30

- Describe the synoptic situaticPememe—o
Deepening or steady-state upper-level low center €¢——(cr)
Upper-level low opening into trouah or filling

Upper-level vorticity maximum with no closed low

SCREEN Z4:

EXPERCAT Version 1.0 -- 4/10/30

—————MWhich type of comma system is present? <————(F1)
Full comma <¢——————(cr)

Sheared comma (the jet crosses over the cloud head)

EXPERCAT HELP

During the comma develcopment, the jet will sometimes continue to
push through the comma cloud and cross over the ridge line. When this
happens, the jet location will be marked by a sharp boundary between
higher cirrus on the anticyclonic side and the lower-layer clouds

forming the comma head.
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SCREEN 2S5:

EXPERCAT Version 1.0 -- 4/10/90

Are any of these conditions present?
The cloud border is well-defined on IR or is becoming sharper with time-d*F“,:r)
There are transverse bands or billows on VIS near the cloud edge

There is rapid (>=2285kt) movement of the cloud edge toward the clear air
Two or more of these conditions

None of these conditions

EXPERCAT HELP
A sharp cloud edge indicates strong convergence and a sharp thermal
boundary, both indicators of turbulence.

SCREEN 26:

EXPERCAT Version 1.0 -- 4,/10/39

—EXPERCAT FORECAST

Clear Air Turbulence: Moderate or Greater

Confidence: 70X

25




SPAWARSYSCOM
ATTN: PMW-141

VASHINGTON, DC 20363-5100

NOARL
ATTN: CODE 300
JCSSC, MS 39529-5004

NOARL LIAISON OFFICER
ATTN: FARQUHAR BROOKE
2211 JEFFERSON DAVIS HWY
ARLINGTON, VA 22202-50.2

OFFICE OF NAVAL RESEARCH
ATTN: CODE 12

800 N. QUINCY ST.
ARLINGTON, VA 22217-5000

COMMANDER IN CHIEF
U.S. ATLANTIC FLEET

ATTN: NSAP SCIENCE ADVISOR

NORFOLK, VA 23511-6001

COMSECONDFLT

ATTN: NSAP SCIENCE ADVISOR

FPO NEW YORK 09501-6000

COMTHIRDFLT

ATTN: NSAP SCIENCE ADVISOR
PEARL HARBOR, HI 96860-7500

COMSTXTHFLT/COMFAIRMED

ATTN: NSAP SCIENCE ADVISOR

FPO NEW YORK 09501-6002

DISTRIBUTION LIST

NOARL
ATTN: CODE 125L (10)
JCSSC, MS 39529-5004

COMNAVOCEANCOM
ATTN OPERATIONS OFFICER
Jcssc, M8 39529-5000

OFFICE OF NAVAL TECHNOLOGY
ATTN: DR. P. SELWYN, CODE 20
800 N. QUINCY ST.

ARLINGTON, VA 22217-5000

COMNAVAIRSYSCOM
ATTN: OPERATIONS
WASHINGTON, DC 20361-0001

COMMANDER IN CHIEF

U.S. NAVAL FORCES, EUROPE
ATTN: HMETEOROLOGICAL OFFICER
FPO NEW YORK 09510

COMTHIRDFLT
ATTN: FLT METEOROLOGIST
FPO SAN FRANCISCO 96601-6001

COMSEVENTHFLT

ATTN: NSAP SCIENCE ADVISOR
BOX 167

FPO SEATTLE 98762

COMMANDER, MID EAST FORCE
ATTN: MET OFFICER
FPO NEW YORK 09501-6008

26

NOARL
ATTN: CODE 125P
JCSSC, MS 39529-5004

NAVAL OCEANOGRAPHIC OFFICE
ATTN: OPERATIONS OFFICER
JCSSC, M8 39522-5001

OFFICE OF NAVAL TECHNOLOGY
DR. M. BRISCOE, CODE 228
800 N. QUINCY ST.
ARLINGTON, VA 22217-5000

PENNSYLVANIA STATE UNIV.
ATTN: APPLIED RSCH LABORATORY
P.0., BOX 30

STATE COLLEGE, PA 16801

COMMANDER SECOND FLEET
ATTN: METEOROLOGICAL OFFICER
FPO NEW YORK 09501-6000

COMSEVENTHFLT
ATTN: FLT METEOROLOGIST
FPO SAN FRANCISCO 96601-6003

COMSIXTHFLT
ATTN: FLT METEOROLOGIST
FPO NEW YORK 09501-6002

COMNAVAIRFORLANT
ATTN: METEORO. OFFICER
NORFOLK, VA 23511-5188




COMMANDER NAVAL AIR FORCE
U.S. ATLANTIC FLEET

ATTN: NSAP SCIENCE ADVISOR
NORFOLK, VA 23511-5188

COMMANDING OFFICER

USS FORRESTAL (CV-59)

ATTN: MET. OFFICER, OA DIV,
FPO MIAMI 34080-2730

COMMANDING OFFICER

USS NIMITZ (CVN-68)

ATTN: MET. OFFICER, OA DIV.
FPO SEATTLE 98780-2820

COMMANDING OFFICER
USS A. LINCOLN (CVN-72)
ATTN: MET. OFFICER
FPO NEW YORK 09580-2872

COMMANDING OFFICER

USS KITTY HAWK (CV-63)
ATTN: MET. OFFICER, OA DIV.
FPO NEW YORK 09535-2770

COMMANDING OFFICER

USS CARL VINSON (CVN-70)
TTN: MET. OFFICER, OA DIV.
FPO SAN FRANCISCO 96629-2840

NAVAL POSTGRADUATE SCHOOL
ATTN: 0142
MONTEREY, CA 93943-5002

SPAWARSYSCOM

ATTN: CODE 312

NAT. CTR. M}

WASHINGTON, DC 20363-5100

COMMANDING OFFICER

USS AMFRICA (CV-66)

ATTN: MET. OFFICER, OA DIV,
FPO NEW YORK 09531-2790

COMMANDING OFFICER

USS INDEPENDENCE (CV-62)
ATTN: MET. OFFICER, OA DIV.
FPO SEATTLE 96618-2760

COMMANDING OFFICER

USS SARATOGA {(CV-60)

ATTN: MET. OFFICER, OA DIV
FPO MIAMI 34078-2740

COMMANDING OFFICER

USS CONSTELLATION (CV-64)
ATTN: MET. OFFICER, OA DIV
FPO NEW YORK 09558-2780

COMMANDING OFFICER

USS MIDWAY (CV-41)

ATTHN: MET. OFFICER, OA DIV.
FPO SAN FRANCISCO 96631-2710

NAVOCEANCOMDET
ATTN: METEOROLOGIST

AFGWC
OFFUTT AFB, NE 68113

NAVAIRSYSCOM
ATTN: AIR-723D
VASHINGTON, DC 20361-0001

SPAWARSYSCOM

ATTN: CODE PMW-141

NAT. CTR. 11

WASHINGTON, DC 20363-5100

27

COMMANDING OFFICER

USS D. EISENHNWFR (CVN-69)
ATTN: MET. OFFICER, OA DIV.
FPO NEW YORK 09532-2830

COMMANDING OFFICER

USS J. F. KENNEDY (CV-67}
ATTN: MET. OFFICER, OA DIV.
FPO NEW YORK 09538-2800

COMMANDING OFFICER

USS T. ROOSEVELT (CVN-71)
ATTN: MET. OFFICER, OA DIV,
FPO NEW YORK 09559-2871

COMMANDING OFFICER

'USS ENTERPRISE (CVN-65)

ATTN: MET. OFFICER, OA DIV.
FPO NEW YORK 09543-2810

COMMANDING OFFICER

USS RANGER (CV-61)

ATTN: MET. OFFICER, OA DIV,
FPO SAN FRANCISCO 96633-2750

NAVAL POSTGRADUATE SCHOOL
ATTN: CODE MR
MONTEREY, CA 93943-5000

NAVAIRSYSCOM
ATTN: CODE 526W
WASHINGTON, DC 20361-0001

NAVOCEANSYSCEN
ATTN: J. RICHTER, CODE 54
SAN DIEGO, CA 92152-5000




PACMISTESTCEN
ATTN: GEOPHYSICS OFFICER
PT. MUGU, CA 91042

3 WW/DN
ATTN: MET. OFFICER
OFFUTT AFB, NE 68113

COMMANDER/DIRECTOR
ASL, WHITE SANDS
ATTN: SLCAS-AE

WSMR, NM 88002-5501

FEDERAL COORD. FOR METEORO.
SERVS. & SUP. RSCH. (OFCM)
11426 ROCKVILLE PIKE

ATTN: FORECAST SERVICES
ROCKVILLE, MD 20852

NWS FORECAST OFFICE
ATTN: FORECAST SERVICES
660 PRICE AVE.

REDWOOD CITY, CA 94063

DIRECTOR, NWS

ATTN: FORECAST SERVICES
GRAMAX BLDG.

8060 13TH ST.

SILVER SPRING, MD 20910

DR. MARVIN DICKERSON
L-262, LLNL

P.0 BOX 808
LIVERMORE, CA 94550

BUREAU OF METEOROLOGY
ATTN: FLIGHT FORECASTER
BOX 1289K, GPO
MELBOURNE, VIC, 3001
AUSTRALIA

9HQ SAC/DOWA
ATTN: MET. OFFICER
OFFUTT AFB, NE 68113

AFGL/LY
ATTN: MET. OFFICER
HANSCOM AFB, MA 01731

DIRECTOR, NMC
ATTN: FORECAST SERVICES
NWS, NOAA

WWB W32, RM 204
WASHINGTON, DC 20233

NATIONAL WEATHER SERVICE
ATTN: FORECAST SERVICES
5200 AUTH ROAD

CAMP SPRINGS, MD 20023

CHIEF, NESS

ATTN: MESOSCALE APPL. BRANCH
1225 W. DAYTON

MADISON, WI 53562

NCAR

ATTN: ACQUISITIONS
P.0. BOX 3000
BOULDER, CO 80307

UNIVERSITY OF WASHINGTON
ATTN: ATMOS. SCIENCES DEPT
SEATTLE, WA 98195

METEOROL.OGY OFFICE
ATTN: FLIGHT FORECASTER
BRACKNELL, BERKSHIRE
RG 12 1S%, ENGLAND

28

AFGWC/DAPL
ATTN: TECH. LIBRARY
OFFUTT AFB, NE 68113

SWW/DN
ATTN: MET. OFFICER
LANGLEY AFB, VA 23665

DIRECTOR

NATIONAL EARTH SAT. SERV/SEL
ATTN: FB-4, S321B

SUTTLAND, MD 20233

NATIONAL SEVERE STORMS LAB
ATTN: FORECAST SERVICES
1313 HALLEY CIRCLE

NORMAN, OK 73069

DIRECTOR, TECH. DEVELOP. LAB.
ATTN: FORECAST SERVICES
GRAMAX BLDG.

8060 13TH ST.

SILVER SPRING, MD 20910

NATIONAL SCIENCE FOUNDATION
ATTN: ATHOS. SCIENCES DIV.
1800 G STREET, NV
WASHINGTON, DC 20550

PENN STATE UNIVERSITY
ATTN: METEOROLOGY DEPT.
503 DEIKE BLDG.
UNIVERSITY PARK, PA 16802




Form Approved
REPORT DOCUMENTATION PAGE OMB No, 0704-0183
Public reporting burden tor this is to lumn. 1 hour per tha tirna for 10 ing cats sounces.
gathenng and ma.nla-nmq the dau noodod and g and g the ot Send this bumn nltmut of any olncv aspect of
trus suggestions for Ahis burden, Io Services, for and Reponts, 1215
Oavis quhwty Sunu 1204, Arlington, VA 22202-4302, and 10 the Office of Management and Budget, Paperwork mucuon Project (D’N-Olm Washington, OC 20503
1. Agency Use Only (Leave blank). 2. Report Date. 3. RgF"ﬂ 'ly{n and Dates Covered.
March 1991 ina
4. Title and Subtitie. 5. Funding Numbers.
ExperCAT: An Expert System for Analysis and Short-Term Program erment Na 624 35N
Prediction of Clear Air Turbulence
Project Na RM35G80
6. Authort(s).
Task No. 3
J.E. Peak
Accession No. DN656766
7. Performing Organization Name(s) and Address(es). 8. Performing Organization
Computer Sciences Corporation, Monterey, CA 93943-5006 Report Number.
Naval Oceanographic and Atmospheric Research Laboratory NOARL Technical Note 101

Atmospheric Directorate, Attn Dr, P. Tag
Monterey, CA 93943-5006

9. Sponsoring/Monitoring Agency Name(s) and Address(es). 10. Sponsoring/Monitoring Agency
Report Number.

Naval Ocean Systems Center
Code 54 NOARL Technical Note 101
San Diego, CA 92152-5000

11. Supplementary Notes.

12a. Distribution/Availability S t 12b. Distribution Code.

Approved for public release; distribution is unlimited.

13. Abstract (Maximum 200 words).

An expert system approach to the analysis and short-term prediction of clear
air turbulence (CAT) is presented. CAT is defined here as nonconvective turbulence
occurring above 18,000 feet. ExperCAT is rule-based, contains a total of 65 rules
and has extensive help and explanation features. The system's analysis procedure
is to guide a human observer in identifying cloud signatures known to be associated
with CAT. ExperCAT forecasts include an estimate of the turbulence intensity and a
confidence factor. The user can optionally view the selections entered to arrive
at the forecast. Three step-by-step example runs are provided.

14. Subject Terms. 15. Number of Pages.
Turbulence Artificial intelligence 34
Clear air turbulence CAT 16. Price Code.
Satellite imagery Expert systems
17. Security Classification 18. Security Classificstion 19. Security Classification 20. Limitation of Abstract.
of Report. of This Page. of Abstract.
UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED Same as report

Starcars Form 158 (Fev. 2-83
Sretcnved Dy ANS: 316 13-
198-102

NSN 7540-01-280-5500 29




