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Abstract:

Several accidents, some involving fatalities, have occurred on U. S. Highway 30
near the Archer Daniels Midland Company (ASM) Corn Sweeteners plant in Cedar
Rapids, Iowa. A contributing factor to many of these accidents has been the large
amounts of water (vapor and liquid) emitted from multiple sources at ADM’s facility
located along the south side of the highway. Weather and road-closure data acquired
from IDOT have been used to develop a database of meteorological conditions preceding
and accompanying closure of Highway 30 in Cedar Rapids. An expert system and a
FORTRAN program were developed as aids in decision-making with regard to closure of
Highway 30 near the plant. The computer programs were delivered to Freese-Notis
Associates in Des Moines, Mr. James Phinney, Residence Maintenance Engineer in
Cedar Rapids, and Surface Systems, Inc. in St. Louis for testing, evaluation, and final
deployment. Reports from IDOT personnel and IDOT contract meteorologists indicate
the decision tools have been successfully implemented and were judged to be helpful in
forecasting road closures and in reducing costs and personnel time in monitoring the
roadway.



ADM Plant Setting and Emissions

The ADM corn sweeteners plant is on the southern edge of Cedar Rapid and is located along the
south side of US Highway 30, an elevated, divided, 4-lane roadway of width 35 m and elevation
9 m above the plant. The plant consists of several sets of cooling towers, grain-dryer stacks, and
water-treatment ponds. More details on the plant and its operation can be found in Thomson
(1995). The cooling-tower complex closest to the roadway (about 150 m south) is a 7-cell linear
mechanical-draft crossflow-type alcohol cooling tower #4 that had been observed by IDOT
personnel to contribute most to the reduced visibility on the roadway. When this study began in
December 1992, this cooling tower complex was operated frequently, if not continuously, during
the fall, winter, and spring when cool temperatures and high ambient humidities could
potentially combine with tower effluent to produce copious amounts of fog. By December 1993,
however, the 7-cell unit #4 was being used only sporadically during the cold season, reducing
(but not eliminating) the need to close the road at this time of year. ADM personnel advised us
that use of unit #4 would depend on demand and could be put back in full operation. Also, even
though occurrences of fog on the roadway were reduced, IDOT personnel were obligated to
continue a high volume of roadway monitoring during the winter season.

Fog Formation

Fog originates when the ambient temperature and dewpoint temperature become identical (or
nearly so), provided that sufficient condensation nuclei are available. Cooling tower fogs occur
when a moisture plume from a cooling tower is advected to ground level. While natural fogs
generally require small dewpoint depressions (temperature minus dewpoint temperature),
cooling-tower fogs can occur with relatively large dewpoint depressions of more than 15° F.
However, roadway visibility does not become a problem if ambient conditions allow the copious
amounts of cooling tower fog to rise and dissipate. Although some cooling-tower plumes can be
large at these larger dewpoint depressions, observations indicated that a very small dewpoint
depression is required to cause the ground fogging along US Highway 30 near the ADM plant.

Data Collection

IDOT began recording conditions of potential low visibility on Highway 30 in Cedar Rapids
_during the winter of 1989-90. A Surface Systems, Inc. (SSI) weather station at the site provided-
temperature, relative humidity, wind speed, and wind direction data. Visual estimates were
made of the position of the vapor plumes relative to the roadway and its impact on driving
visibility. Roadway closure/re-opening times and current weather conditions also were recorded
with the plume observations.

Hourly surface weather observations from Cedar Rapids, Waterloo, Des Moines, Fort Dodge,
Omaha, Sioux City, Ottumwa, and Mason City were archived at ISU to provide supplementary
data for determining general weather conditions throughout the state. The Cedar Rapids airport
is located south of the ADM plant about 4.8 km (3 mi). Comparison of portions (300 h) of the



iwo primary data sets (Cedar Rapids airport and SSI/IDOT) revealed no significant difference in
the observed temperature, dewpoint, or winds except that the SSI temperature and dewpoint
sensors tended to give values about 1 degree F warmer than the airport. Additional airport data
such as values and trends of cloud ceiling and measured visibility eventually were determined to
be good indicators of potential fog formation. '

IDOT data from October 1989 through March 1994 contain 2153 hours of observations
including 27 road-closure events. Of the 27 closure events only 25 events were used due to
questionable and missing IDOT data surrounding two events. A summary of the closure and
monitoring information is shown in Table 1. Due to missing data, roughly 30% of the
monitoring periods after November 1991 are without surface weather observations. All the
available data that corresponded to periods of monitoring or road closure by IDOT personnel
were used to further define the atmospheric conditions at the ADM site.

Table 1. Closure and monitoring events recorded by IDOT.

1989-1990  1990-1691  1991-1992  1992-1993  1993-1994 Totals
Road Closure 3 Closures 7 Closures 12 Closures 4 Closures 1 Closure 27 Closures
Events 31lh 77h 126h 46h 4h 284 h
Monitoring 25 Times 39 Times 48 Times 26 Times 17 Times 155 Times
Events 216h 616h 740 h 450h 122h 2153 h

More details on the analysis and interpretation of these data are given in the masters thesis of
Paul Thompson (Thomson, 1995)

Revised criteria for fog formation

An initial study of the cooling-tower fogs reducing visibility along U.S. Highway 30 was
prepared by Radian Corporation in August of 1989. However, forecasts of cooling-tower fog
based on criteria from the Radian report are too conservative and can lead to an over-prediction
of fogging and a large number of 'false alarms’. This required excessive monitoring of the
roadway by IDOT personnel. Analysis of data from 1989 through 1994 allowed us to revise the
criteria for weather conditions accompanying and preceding the need for closure. According to
on-site IDOT personnel, the revised criteria, which were forwarded to IDOT's contract
meteorologists for their operational forecasts, contributed to improved forecasts from the
meteorological consultants.



The revised criteria for closure are as follows:

* Airtemperature: > 20°Fand <50°F
* Dewpoint depression: <2°F

* Wind direction: 120° to 270°

* Wind speed: >3 knots

* Qeneral visibility: <2mi

* Cloud ceiling: < 1000 ft

Software Development

Expert System

Expert systems are computer programs developed to solve real-world problems using knowledge
gained from human experts. The system seeks to capture enough of the human specialist’s
knowledge so it too will solve problems expertly. Specifically, an expert system solves
problems traditionally requiring a human expert and does so using a model of human reasoning
to reach the same conclusion as a human expert.

The final version of the expert system developed for the project separates the four
meteorological inputs (temperature, dewpoint, wind speed, and wind direction) to produce a
probability of each variable to cause fog along U.S. Highway 30 (see Appendix C for complete
program listing). These are then multiplied together, along with a correction for dewpoint
depression, to give an overall probability that the cooling tower plume will trigger a road
closure, The system decides (yes/no), based on this overall probability, if the roadway may need
to be closed. The actual rules and probabilities were developed using discriminate analysis
techniques and trial-and-error methods to develop the best combination of accuracy (false alarm
rate vs. missed closure events).

For the evaluation dataset, the system predicted 90% of the road closures while giving a false
alarm rate of 15% during the same period. This evaluation assumes a perfect forecast, since the
actual observed conditions were used to test the system. In daily operations, it is likely the
system would provide more false alarms and a slightly lower success rate at predicting road
closures. Because the actual conditions for a closure are very specific and must be forecast very
precisely, any errors in the forecast could have significant impact on the accuracy of the expert
system to forecast road closures.

The Expert System was delivered to personnel at Freese-Notis and IDOT in Cedar Rapids in
December 1993. However, starting about this same time, ADM discontinued use of the alcohol
#4 cooling tower that was the main source of water vapor along U.S. Highway 30. This cansed
the expert system to over-predict closure events and lowered the confidence of the forecasters
using it. For this reason, we developed a supplemental procedure for fog prediction.



Fortran Model

The development of a FORTRAN model to forecast plume behavior was started during the fall
of 1994, The purpose of the program was to forecast plume behavior at least 24 hours in
advance with little or no human intervention. In addition, the reduction of false alarms and
improved accuracy over the Expert System in predicting closure events was a high priority since
the reduction of roadway monitoring is a priority cost-reduction goal of IDOT.

The logic in the FORTRAN program (see Appendix D for a listing of the source code) is similar
to the expert system in that individual probabilities for each factor are determined and then
combined to achieve an overall probability of fog potential (Py,, = Py, * Py * P,,). However,
the FORTRAN version does not require human input for any of the atmospheric variables.
Instead, the Model Output Statistics data set from a National Weather Service computer model is
used to provide a forecast of surface conditions every 3 hours out to 60 hours after the
initialization data are reported. Four categories were developed to provide guidelines for using
the probability forecast. The categories used are a high, medium, low, and zero probability of
reduced visibility along U.S. Highway 30. The categories are very conservative in nature, so
during a forecast period with a category zero there is basically no chance of fog causing
problems on U.S. Highway 30.

Observations from past road closures were used to determine the threshold for the high
probability category. Using a probability of 80% as the threshold between medium and high
probability, the model predicted a high category for the majority of the observed closures.
When high probabilitiés are forecast, there is a very significant probability of low visibility
along U.S. Highway 30 near the ADM plant that will require the roadway to be closed. The
medium category is included to account for small errors in the forecast surface conditions and
variations in the actual conditions at closure. If a medium category is forecast, users should be
alert to possible reductions in visibility on-the roadway. The low category indicates a small
chance for visibility being reduced below ambient levels along U.S. Highway 30, so monitoring
of the roadway would generally not be required.

During the winter 1994-1995, forecasts were generated every 12 hours (at approximately 1100
and 2300 LST) and sent electronically to IDOT personnel in Cedar Rapids and forecasters at
Freese-Notis in Des Moines. The model produces plume forecasts out to 36 hours and lists the
expected weather conditions as well as the fog category for each 3-hour forecast period (0000,
0300, 0600, and 0900 for forecasts made at 2300 LST, or 1200, 1500, 1800, and 2100 for
forecasts generated at 1100 LST). Beginning 1 Janvary 1995 the forecasts were sent via e-mail
to IDOT in Cedar Rapids every 12 hours, except for sporadic events when the National Weather
Service data were not received at ISU. An example of the forecast sent to IDOT is shown in
Appendix A. In addition to forecast plume behavior, the forecast form contains space for IDOT
personnel to record observations of the plume's behavior. These are then returned to ISU to
assist in verification of the model.



Evaluation of the FORTRAN model shows that during the first four forecast periods (out to 15
hours) the mean error is about 1°F for the temperature and about 0.5°F for the dewpoint. Wind
direction and speed are also generally good during the short-term forecast periods. The trend is
similar in the standard deviation of the errors for the early forecast periods, but longer forecast
periods show a steady increase in standard deviation. A file containing the average bias for each
variable at each period was produced to improve the accuracy of the forecast. This file is then
used to remove some of the error occurring in each forecast. Initial results show this procedure
works very well for correcting small errors in wind direction and wind speeds, temperature and
dewpoint. -

Results

The forecasts for the period from 1 January though 28 February 1995 were used to test the
procedure. These forecasts were returned to ISU from IDOT personnel with plume and
monitoring records for the period. The data include 85 separate forecasts sent to IDOT similar
to the one shown in Appendix A. There were no road closures along U.S. Highway 30 during
this period, but the road was monitored a total of 114 hours. Of these 114 hours, only 24 hours
correspond to periods where the model was forecasting a high or medium fog probability,
leaving 90 hours of monitoring when the model indicated there should be no problems with
cooling-tower plumes affecting visibility along the road. During these 90 hours, only 6 hours
corresponded to events missed by the Fortran program, periods where a low or zero category
was forecast which also had an observed plume above the roadway at any elevation.

The model did tend to over predict fog problems during some forecast periods. However, when
the plume forecasts are separated into 2 sections using the first four periods as a forecast of
plume behavior and the remaining seven as an outlook, the model shows promise to significantly
reduce the amount of monitoring required along U.S. Highway 30. This procedure could have
cut the amount of monitoring from 114 hours to 60 hours, nearly a 50% reduction in the hours
during only a single month, This assumes monitoring is required when a high or medium
category is forecast which may not be the case. The decision to monitor the roadway is solely
the responsibility of IDOT personnel in Cedar Rapids and the forecasts of plume behavior are

~ only guidance to help in making those decisions. Different levels of probability could be used in
determining when and if monitoring of the roadway should be started.

The forecasts produced by the FORTRAN program for the period from 1 January at 00 UTC
through 28 February at 00 UTC were verified by IDOT and returned to ISU. During this period
there were 21 hours when a plume was observed over the roadway, while 60 hours were
predicted to have fog potential by the FORTRAN model, and over 100 hours were suggested by
human forecasters to be problematic. ~ Statistical analysis of data for all periods showed the
model does have useful skill in forecasting plume behavior at the ADM facility. It should be
noted that this only covers a very short period and overall results may be different if a larger data
set were available. The threshold of 70% can be adjusted to fit the requirements of IDOT for the
number of false alarms and missed forecasts they can tolerate.



The FORTRAN model has a very low false alarm rate while hit rates during the period approach
70%. Achieving the low false alarm rate was a goal of the project; with continued refinement
during a full operational season, the hit rate should improve. The 70% hit rate is approximately
equal to human forecasters, but the large reduction in false alarms means the model has better
accuracy than the forecasters.

The FORTRAN code was delivered to IDOT contract meteorologists at SSI In October 1995 and
was used on a daily basis for preparing their forecasts of plume behavior at the Cedar Rapids
site.

During the winter 1995-96 a test was conducted to see if the FORTRAN forecast system could
be ported to another city. This test was stimulated by comments by the Highway Research
Board that it might be useful to have a procedure that was portable and could be used at other
sites. In response to a suggestion from Mr. Royce Fichtner of Marshalltown, we redeployed the
system for application to Main Street in Marshalltown due to the IES plant to the south. The
transformation of FORTRAN code for application to Marshalltown required interpolation of
meteorological data, since Marshalltown has no local observation site comparable to that in
Cedar Rapids. However, the Marshalltown site had no road-closure database comparable with
the data from Cedar Rapids, so the system could only provide an advisory based on conditions
leading to road closure in Cedar Rapids. The system issued forecasts for Marshalltown on 107
days during the 1995-96 winter period (November 1995 -April 1996). During this time, the
system forecast high probability of fog on 2 days, medium probability on 8 days, low probability
on 23 days and zero probability on 76 days. There were no reports of road closures during the
winter period. From these results, we conclude that the system can easily be ported to another
location, but that without local observations to correlate meteorological conditions to roadway
closures, the system only can be expected to provide a fog advisory that conditions are
conducive to fog.

Summary and Conclusions

All of the road-closure events on U.S. Highway 30 near the ADM plant are the result of pre-
existing fog being enhanced by moisture sources at the ADM facility. The cooling towers and
grain-dryer stacks do not, by themselves, produce plumes with enough horizontal extent or
optical density to warrant closure of U.S. Highway 30. However, when the ambient air is
moisture laden and visibility in the area is less than 1 mile, the added moisture from the plant
can form ground fogs that reduce visibility to nearly zero.

The previous addition of new 'plume abatement' cooling towers and changes in winter operating
procedures have improved conditions near the plant. The addition of more 'plume abatement'
towers (combined with the removal of the existing crossflow towers) and the increase of the exit
height of the grain-dryer stacks would further reduce the potential for hazardous visibility along
U.S. Highway 30. Similarly, relocation of the existing cooling towers to locations well south
from the roadway would also reduce the probability of those towers causing ground fog along
the highway.



The fog problem is worse during the winter months since cold air can only hold relatively small
amounts of water vapor, forcing the rest of form visible clouds. Most of the closure events
occur during only the two coldest months and then typically during periods that are
unseasonably warm. However, events may occur whenever the required large-scale weather
conditions are met. Therefore, an unseasonably cold event in the fall or spring may require the
roadway to be closed.

To improve short and medium range (6 to 36 hours) forecasts of potential road closure events,
an Expert System and Fortran program were developed. Both show good potential for reducing
the amount of monitoring along the roadway while still maintaining a high degree of safety. The
systems were developed using past closure events to produce rules and the probability of closure
for each atmospheric variable. During initial testing, both systems predicted over 85% of the
closure events and could have reduced roadway monitoring by over 50%.

A research paper summarizing the results and evaluation of the fog forecasting problem has been
published by Takle and Thomson (1996). This paper evaluates the bias and threshold of forecast
values for the fog problem and compares these with a previous study of the occurrence and
forecasting of roadway and bridge frost (see Appendix B for copy of this paper).

References
Takle, E. S., and P. C. Thomson, 1996: Use of expert systems for roadway weather maintenance
decisions. 1996 Semisesquicentennial Transportation Conference Proceedings. Center for

Transportation Research and Education. Ames, IA. 183-187.

Thomson, P. C., 1995: Development of software to forecast periods of cooling-tower fog along
U. S. Highway 30 in Cedar Rapids, Jowa, MS Thesis, Iowa State University. 112 pp.



112
APPENDIX E. EXAMPLE PLUME FORECAST

This file created on Tue Feb 21 09:58:46 CS8T 1988
Reading input file ngm.mos.00.22
Model bias file not found.

Forecast created using NGM MOS data from 21 FEB 95 taken at 1800 C8T

DAY /FEB 22 /FEB 23

HQUR Q0 03 06 09 12 15 i8 21 00 03 06
TEMP 35, 38, 36. 39. 48. 51. 45, 39. 36. 31. 29,
DWPT 29. 31. 32. 33. 36, 36. 35. 33. 29, 25. 22.
WDIR 180, 216. 241. 276. 287. 285, 291. 309. 308, 31s5. 317.
WSPD 8. 6. 4. 3. 5. 8. 8. 16. 24, 26. 25,

Plume Forecast for US Highway 30 near the ADM plant
PROB % 53. 66, 66, 47. 27. 48. 27. 27. 29, 29. 29, |
CAT 0 L L 0 0 0 "0 o 0 0 0
Observations of plume behavior

ON
ROAD

ABOQVE
ROAD

COOLING
UNITS -
USED

The fog categories are based upon the predicted probability for a
cooling tower fog effecting the visibility along Highway 30 near
the Archer Daniels Midland plant.

The criteria for each category is:

High Probability greater than or equal to 80

Medjium Probability between 70 and 80

Low Probability between 60 and 70

Zero Probability less than 60
These categorlies provide only a general cutlook of the cooling tower
plume behavior based on a national computer model which forecasts
weather conditions for the area. Thig forecast is experimental and

users should be alert to possible large errors in these forecasts of
plume behavior and weather conditions.

Version 0.94 26 JANUARY 1995

By: E.S. Takle and P.C. Thomson
email: gstaklie@iastate.edu pthomson@iastate.edu
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Use of Expert Systems for Roadway
Weather Maintenance Decisions

Euceng S TaxLe ano Paul C. THoMsoN

We have dovelopod wnd deployed sutornated yystems for forecasting
frost 2nd fog on rozdways and bridges at specific locations in lowa.
These systems ingest current observanons and lorecaeed values of spe-
cific weather varishies and produce forecsss of die indicated roadway
condition. Forecasts made on the basis of uncertain (weather) input
sl ion wilj invariably lead to less.c i it rates and
greater-than-zero falsc-aiams rates. A procedure. based on siganl
etection theory, has been develaped to separately snalyze the secu-
racy and Biny of the aystems. By using this procedure, the roadway
aifENRNCE mamager can tune the systeny (o achieve the optimum dai-
ance of hit-rate-versus-fajse-alarm rate for a given application, Com-
parisan af the estismated jevels of accuracy of these forcoast systems
with othet reports in the metcorological liveranure reveals that our 5y$-
1ems Bave skill fevels safficiens to have practica] value. Key words:
frozt, fog, expert system, roadway weather, decision making.

AR expert system is a computer-hased 1ol that stoces a model of
huyman expert measening with an associated knowiedge base and
combines these to reach the sam= conclusion as 8 human expet o
a compiex probiem, We kave develaped orpert sysieims for hwo
specific tasks relating to rozdway weather decision smaking, The
firstis & system for forccasting frost formetion on bridges and rozd-
ways in veotral lows, and the tecond i a sysiem foe forecasting fog
on US Highway 30 in Cedar Rapids. Jows, duec o plumes emitted
by cooling towers & a com-sweeteners production plant adjacent
10 the roadway. From thess expert we have tuded that
expert systems can be weful in roadway wenther maintenance
decisions. These eaperiences also hnve ailowed us i contider the
more general issue of decision making with regard to the use of
weather information.

FROST FORMATION ON BRIDGES AND ROADWAYS

Frost fonnazion on bridges and roadways in lows poses » patential
sefety problem for motodsts, in large’ measure due to its patchy
range. Frost suppression measures, such a¢ sanding and s2lting
affecied aress. must be impiemented in & thnely mannes, An asou-
rate farecast of frost is needed s0 that the lows Department of Trass-
portation {lowa DOTY can have personnel, equipment, and mate-
rind avaiiable at the focations needing ion. Under sponsorship
of the fawa DOT, we developed an expert systerm fo forecas? {rost
|8 hours in advance (1,2}

“The expert system uses 2 backward.chaining syster and con-
sists of 32 paramneters snd varighles and 33 cules. Roadwey and

- pridge frost data from Decembet, Jenuary, and Febroary of four

E.5. Tikle, 3050 A gronomy Hall, lowa Stete Univenity. Ames, lowr 30011,
PC. Thomson, Black snd Veatch, 3400 Ward Purkway, PO, Bax 8403,
Kames City, Missour 84184,

frost seasons ( 1985-89) were uted to develop the rules for the sys-
tem, The sules are used in combination 10 forecast separate values
of temperature for the bridge and roadway, which are compared
with the forecast of the dew-point tempersture o determine the
Iikelihood of frost,

nput 1o the system consists of the three gata items and seven
forecast variables listed in Table 1. The systesn was qun at about
$1:080 aan, LST to forecast coaditions at apjroximasely $:00 a.m.
the foilowing moming. In the operational sexting, the input vasi-
sbles were supplied by the forecast mewnrologists whio also ran
the expert system,

‘The verification matrix of Table 2 sunmarizes the pecformance
of the systerm a3 measuced agaisst actual outeomes. The conditiens
for frost {a otcur are that {1} the surfece temperature must be
pelow freezing, (2) the surface lempetature must be below the dew-
point temperature, and (3} the dew-point emperature ust be near
{even shove) fteezing of eise well above the wurface temperature
for s significant period of time. We Frs: set the deciston criterion to
be that frost would form {F the estimated surface tomperanue was
[ess than or equal 10 the dow.point temperatere, However, this eri-

. terion can be changed 1 itie the infl: en the hit rate tnd

false-sfanm rate. {f we incrzase the {emperature threakold by °C
we are saying that frost will form somewhere in the regiva even &
the sur{ace lemp at same rzl location is I*C higher
than the dew-point temperature, The plot in Figire 1 shows how
changing the threshoid changes the hit and False-alarm rate.

The system was designed, tested, and deployed operaticnadly.
1n practice, the fotecasters Typicalfy would run the aysiem several
dmes with diffe binatians of the p in Table 1 to
examing ihe sensizivity of the present s‘yuuuon 1o smndl changes in
the forecust varishles, The system was found to have accuracy cun-
parable with human forecasiers, Details of the compariron of fece-
<ast gecuracy of the system zee given in (J).

ROADWAY FOG PRODUCED BY AN ADJACENT PLANT

Heavy fog with accompanying low visibility form in the vicinity of
US Highway 30 in Cedar Rapids, lows, due to copious amounts of
weater vapor rofeased from Hnear mechanical-draft eooling lowers
2t a corg-swittener plant adfacent 10 the roadwery. Ambient atmo- -
spheric conditions of wind speed, wind direction, termperature, dew.
point wiperatare, and varface moisturt a8 key conditions that
Jatermine whether the resulling water-vapoe piume wili leed tolow
visiditity for matorists on Highway 30, Sefery precautions by [ows
DOT in the event of fog include rerouting traffic {0 & ¢lty sreet
during the episode.

Accurste [orecasts of ontet and terminetion of low visibility
conditions are noeded to assist lowa DOT personnel in theit moni-
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TFARLE 1 Information to Be Entered into the Frost Expert Sysiem

a} Data
Minimum lemperatum yesterday
Maximum temperature yesterday
Mind this moming

P

] Forecasts

Claud cover from sunsel tonight 20 midnight tonight
Cloud cover from midnight toasght to sunrise tomamow

Maxiroum temperaturs today

M P il s
Dew-point temperitire 2t & AM temarrgw

Precipitation from 9 PM tonight te 6 A

M tomartow (yes/nu}

Aversge wind spesd and wind direction from midnight to & AM lomorrow

TARLE 2 Genersd Yecificatian Melriz and Deflalitaps

Forecast No
Yes

TFolal number of events = N = &
flit rpte o« H o= di(h + &)

Qbyeyved,

=
& o

b +e+d

Falyo abarrs sxta = F o cffn + @) |

Mits rale = M w bl + d)

Carrect ponoeturrence w & = 3/{a + ¢}

Sample selative frequescy = 5 =

(b + JYN

{Iecision criterion = %, = P} - F)

Index of accuracy w 4 = x, - P*

(i-H)

Critgrion placeniect w B = exp {- 0.5 [d{d’ ~ b0
P = inverse of gormal prodability Sistribution fusction

toring efforts and in scheduling closure events. lowa DOT has sup-
ported 1 research project 1o evalusie the conditions under which
tow visibility occurs and to develop ntomated sysiems to forecast
these events {3).

AR expoct syHem was developed using the same sheil as was
ysed in thefrost problem previously described. This system detets
mifies the probability of fog individually For forecast velues of ter-
persture, dew-point emperature, wind apeed, and wind direction,
Each value is then multiplied by a probability factor ind combined
with the otivers 4o determine the aggregate probability thet the cocl.
ing-tower plumes will trigger a raad closure, The nufes and prob-

ane of the cooling 10wers moarest the roadway, leading to &n
averprediction by the capert systein. The syster remains in uss by
tocal fowa BOT peesonnel, kowever, 1o provide 8 worsl-case sce-
nario.

Citing the need to reduce the number of hours for menitoring
the roadway for fog occurvences, the lowa DOT requested #n
imvestigation of procedicres 1o forecast fog ocourrences regandlesy
of whether they would lead 1o road ¢tosure, Impravements in data
availebility and communication during this peried affowed devel-
apmest of & more sdvagced method for creating and delivering fog
forecasty, The pew symem scguires forecast valucs of the key

logical varisbles p Iy fisted directly from the Nested

abifities weze developed by use ol di anaiysis technig

and triat-and-eror methods 10 schieve the best combination of
accuracy (false-alarm rate veersus missed closure events). The sys-
tem was developed by use of logical dais and fows DOT
road-monitoring data fram Cetaber 1989 through March 1994,
which contaired 2.153 hours of obssrvaticns iscludiog 27 road clo-

Gid Model (NGM} Madel Quigut Statistics (MOS8} of the Nationa]
Meteorotopical Center every 12 howrt. These data were ierpo-
Tated to the Cedar Rapids site and uzed as input ta % Forran algo-
sitht having the same togic as the £ 2pert system. The cutput of the
system genzrated 2 combined forecast fog probzbifity category of
high, medium, low. or zero twice daily 4t 11:00 am. and 15:0¢

sures. The occamrence of fog on the roadway is highty deg
on the plant operating procedure. in 1994, the plant reduced use of

pm. for 13 throe-hour hour intervals beginming, respectively. al
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FIGUREt  Eit and false-Rlaren cutes for bridges and rordways for various values of the froat expert system thresbold

p Squarey rep
represent fulse atnrms, (Adapted fromr{2)),

noon and asidright. For eval purp the first four ftervals
were condidered as the forecast and the remaining seven ineervaly
ax an outlook. The results of the calculation were immediately sont
clectrenically 1o fows DOT personnel in Ceder Raplds and to the
lows DOT forecasters without requiring human intervention,

A prriod from § January through 28 February 1995 wasused to
verify the sutomaied procedure, During this period 85 separate fare.
casts weft istued, By its previ iterion for roadway surveil
lance. the Jowa DOT mouitored the rozdway |14 hours during thiy
petiod. OF these 114 houry, gnly 24 hours cormesporded to periods
where the model was fssuing high or medium probability of fog,
leaving 90 hours of monitoring when the model forceant 2o fog
prabiem. OF these 9 hours, § hours coresponded to events missed
by the Fottran program (e.g., periods where a low or zero cuegory
was forccast bt for which a plume was observed sbove the read-
way &t eny elevation). The model tended to aver-predict fog during
the early Torecast periods (from three w 12 hows). [n spite of this
canservative s, the model wouyld have reduced the readway monl.
loring time from 114 hours to 60 hours, a reduction of 47 percent.

t bridges, und clyxies fepresent roadways; sofid symbals represent hita, and opea symbals

The verification matrtx of Table 2 was vred to avaluate the mode?
performance. The original decision critecion was that a closure
wauld geeur if the probability of foy was grester than 76 percent
{forecast category madium xnd high), By changing this threshold
we can examint the influence o1 hit ez and false-slarms rate, which
are plotted in Figure 2 23 3 function of closure probability, The
genersi wrend i for hoth hit and false-ginrm rates 1o increass as
probabifity thresheld decreases,

USE OF UNCERTAIN INFORMATION IN
MAINTENANCE DECISIONS

The delivery of a tailored weatber forecast and the development of -
4 resslting policy decision based on this forecast taise the iviue of
division of responsibility. For example, & meteorofogast is eccus.
wmed to irsuing & foroonst that there is o 30 perecnt chance that
frost will form ¢a # brdge. The maintenzace 1wpervisor must
decide if this is sufflcient justificetion o depioy a sandiag truck,
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Faciors entering this decision include the retual costs of thanpower,

quip ang {ats but aiso the p ist For an accident and
poasible litipation resulling from not wking action. Actual cost of
the first (fow for individual events but large in aggregate) must be
weighed against the potential costof the second (possibly very lange

“eorrect nonoceureace” and their relationship, separately, 1o fore-
cast aecuracy (e responsihitity of the {orecusier) and decision eri-
terion {ihe responsibility of the maintenance superviser). Inereat-
ing the hit rate atso increases the faise-atarm rate. By use of signnl
detection theery, the maintenance supervisor can balance hit rate

if it occurs). The nsaintenance supervisor cannot ask the f
to give 2 “yos” or “no” on ftost, becsuse this would force the
meworologist to make 3 pulicy decision based on some leve] of
risk, which is (he maimenance supervisar's tesponsibility. Rater,
the farecaster should issue a percentage chance, and the supervisor
must establith 3 thresheld, or decision . beyond wisich frost-
suppression action is aken,

The method of signai detection theory (SDTY44,5.6,7) ailows us

to evaluate the probabilities of 2 “hit” “miss.” “faise alarm.” or

against false.al rate, independently of F

From SDT, an index of accurscy, d is the number of smnéard
deviations separating the means of the (assumed aormal) disuibu-
tions of decision varizhles preceding occurtence and preceding
noraceumence. Thus, i & = 0, there is no skill because the prob-
ahidity of hit and false alarm are equal, A second index. B, is the
likelihood ratio that the gives dats suggest cocurrence gver
gonotcurrence. The criterion pl is considered unbiased if
B = 0, bissed towsrd maintainirg a low faise-alarm rate {at the

(4
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== Borecast False Alarin Rate
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2% 8% 84% 90%

Prabability Threshold

FIGURE 2 fHtund {alse-zlarm rates for read closures for varloss values of threshold probabllity for the fog focecsst

maddel,

Tekle and Thomeon

expense of & lower hitrxe} if B> 1, and biased towand maintaining
% high kit rte (at the expense of a higher falseglarm eate} ifB < 1.
A third parameter, A, s the area under the curve of the SDT relas
live operating characteristics curve (/3 and can be intepreted as
he percentage of time that the sygtem can distisigaish between con.

-dRtions leading to occarrence from condlifons ieading to

nonoceurrence of fog or frost. Swets {7) considers a system with A
vatues below 70 to have insufficient sceuracy for nsuch practical
vaive and sysiems with values between 70 2nd 90 to be usefu| for
ame purposes.

Tabie 3 gives the estimated values of ', B, and A For the expert
systems {or hridge snd roadway frost and for the Forwan program
used for fog forecasting. All systemy show skill at discriminaung
oequimences feom ponoscursences (6 > 03, &nd, [or the decisien
eriterin used, sl systems are bissed toward maintzining alow false.
alarm rate 2t the expenss of a lower kit rare. The vajues of A sug-
gest that all systerss exhibit skill in predicting their respective roed-
way conditions, Fos the frost project, we obiained data and computed
anicgouy statistics fot buman forecatts s shown ia Tabie 3. These
resalis show that the humas lorecasters were foss binsed oward
maintuining a low fase-alarm rate. and that the sklil was compa-
rable or stightly fower than the expert sysiem. We emphasize that

_this compariton s a0t srctly valid beeswse the expert system is

3 d at fts p ial best b we bave ¢ “perfect
forecasta™ for the input variables (Table 1) 1o the system, For the
fog problem, the human forecasters hed » hit rawe of 70 percent,

TABLE3 Meavares of Accuracy and Bias for Expert Systems and
Humen Fortensters lor Foreonsts of Frost wnd for the Fortran Model
for Foreensts of Fog

[ B3 * B Area

Frost, Bapert Systean (0°C zriterion) -

Bridge 1.7 .32 85

Roadwry 14 190, 82
Frost, Human Forecasse ¢

Bridge 1.2 0.93 73

Roxdwny 1.4 1.60 82
Fog, Expert Sysrem F0% probability criterian} .

Forecast L5 .94 .5}

Qutlosk 1.8 14 84

rar

comparable to the Forran program, but they had approximsiely
twice the false-alasm cate.

RECOMMENDATIONS FOR USE OF EXPERT SYSTEMS

{rur experience in devetoping these systers and our observadany
of other expert sysieras that have been developed o provide mome
genersl nietrarological forecasts has taughs va that such expert sys-
tems are more (tkely 1o be ful if they are designed to fore-
<att aspecific event (e.g., frodt on & wdge) rathe this more ged-
eral conditions (e.g.. occurvence of sevees weather). This is because
the number of rules needed to discriminate occustence from
nonoceursence it frirly Bmited €about 30 for our 4ysterms). Verifi-
«ation of simpler aysterns is & much more mensgeatfe fask,
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APPENDIX C. EXPERT SYSTEM SOURCE CODE

The following is the source listing for the expert system delivered to IDOT and Freese-Notis
personnel during December 1993

DOMAEIN 11 COQLTWRI
ROGT FRAME :: CQOLTWR

Global XB data

FRAME STRUCTURE

CCOLTHR
Pagzamcter groups :: (CODLTWR-PARMS) g
Rule groups :: (WINDVEL-RULES PEWPOENT-RULES WIMDDIR-RULES TEMP-RULES

COQLTWR-RULES META-RYLES )
Number of rules :: 46

Number of meta-zules :: 1
Variables :: {DOMAIN)
TEXTAGS :: ({}
Functions r: ()
mms WL
VARIABLES
e
DOMAEN

VALUE :: COOLTWR3

Frame :: COOLTHWR

COOLTWR3
{a system to predice the formatisn of ceeling tower fog on
Hey 3¢ in Cedar Rapida, IA based on statistical datas. .}
GOALS :: {FOGYES CORRECTED)
PROMPTEVER :: [This i% a PROTOTYPE Expery System to determine the
forpation &4 fog covering Hwy 38 in Cedar Rapids near the
Archer Daniels Midland ({ADM)) ¢orn sweeteners plant. The
System was developed by E. §. Takle and P. €. Thomson. The
developers are not respensible for accidents, damage,” or
injucy rfesulting from the use of this System. This System
wan developed for forecasting fog around the ADHM plant in
Cedar Rapids, Iowa and may not be accurate at other
locations, :line 2 *** This System i3z copyrighted and
shall not be copied or used in any form without written
permission fxrom E. 5. Takle *** :line 2 (if you need help
at any prompc, press (RTTR (YELLOW BLINK) FI (ATTR (WHITE}
key] :line 2 Prototype Version 3,.0c, 14 Oct 1992 }
DISPLAYRESULTS :: [TEMP DEWPOINT WINDDIR WINDVEL CORRECTED FOGYES}
PARMGROUP :! COOLTWR-PARMS

IDENTIFIER
TRANSLATION
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RULEGRCUPS :: {COOLTWR-RULES TEMP-RULES WINDDIR-RULES DEWPOINT-RULES
WINDVEL-RULES
COOLTWR-~PARMS  :: {CORR CURRECTED DEWPCINT FOGPROZ FOGYES PR _DEWPOLNT

PB TEMP PB_WIND P8_WINDDIR 88 WINDVEL TEMP TEST
WINDDIR WINDVEL ]

COOLTWR-RULES :: [RULEQ26 RULEO3T RULEQ38 RULEO39 RULESA) AULED42
RULEQ4Y RULEO44 RULED4S RULEO4S
TEMP-RULES :: (RULEO1S RULEOLlY RULE(O20 RULECG21 RULE022 RULED22 RULESZ4
RULEQZS }
WINDOIR-RULES :: (RULECCY RULEDLO RULEOLY RULEOLZ RULEQL3 RULEOL4

RULEOLS RULEOLS RULEQLT RULEO3S } )
DEWPOINT-RULES :: (RULE0O1 RULE0OZ RULECS3 RULECOZ RULEGOS RULEQQS
RULEDO7T RULEQDS |
WINDVEL-RULES :: (RULEO2% RULES30 RULEO3Ll RULEO3Z RULEO33 RULEO34
RULED3S )

COQLTHR- PARMS

CORR

wman .
TRANSLATION :: ({correction factori
TYPE :: SINGLEVALUED
EXPECT :: NUMBER

UPDATED-BY :: {RULEOQ3T RULEO39 RULEG40 RULED3S)
USED-BY 1: (RULEQ4S RULEO4S§)
CONTAINED~IN :: {RULE04S}
RANGE - ;: {0 4.}
CORRECTED
eEma T
TRANSLATION :: (corrected prcbabliLty of fog}

TYPE :: SINGLEVALUED

EXPECT :: POSITIVE-NUMBER
UPDATED-BY :: {RULEQ4S RULEC4E)
USED-BY :: (RULEG43 RULEQ4Z;
RANGE :: (0 2.1

DEWPOINT
[,
TRANSLATION :: {the forecast dewpoint at Hwy 30)
PROMPT :: (Enter the forecast deupoxnc at Hwy 32 in Cadar Rapida)
TYPE :: SINGLEVALUED .
EXPECT :: NUMBER
USED~BY :: {(RULEDCL RULEQQ2 RULEOO3 RULEOO4 RULEQQS RULEQQOS RULEOO?

RULEQGE 1
BELP :: (Enter the dewpoint forecast in degrees {-20 to J10F} .}
CONTRINED-IN :: (SREFMARK RULEOQQ]
RANGE :: (~2C¢ 70)
FOGPROE
TRANSLATION ;: {Probability of fog on Hwy 30 (0, to 1.})

TYPE :: SINGLEVALUED
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UPDATED-8Y :: {SREFMARK RULEG26
USED-BY :: {SREFMARK RULEQZ26}
USED-BY-THE-WAY :: {MRULEQO1}
COMTAINEDR~IN :: [RULECG3I? RULES3S RULED40 RULEGIS}
FOGYES
amzzme
TREBNSLATION :: (There whil be a cooling rower fog on Hwy 30 near the
ADM plant with the forecast conditions. }
TYPE :: YES/NC
UPDATED-BY :: (RULED43 RULZO42)
USED-BY~THE-WAY :: (MRULEOOQL}

8 _DEWPOINT

e mmmas

TRANSLATION :: {the probability for fog dew te a given dewpelnt
TYPE :: SINGLEVALUED
EXPECT :: NUMBER
UPDATED-BY :: {RULEGO1 RULEGO2 RULEGOI RULEOO4 RULEGOCS RULEOOS RULEOP?
RULECOS )
CONTAINED-IN :: {SREFMARK RULEGZ6}
RANGE :: (0 1.1
PB_ TEME

mevnEo=
TRANSLATION :: (the probability of fog due to the temp.}
TYPE :: SINGLEVALUED
EXPECT :: HUMBER

UPDATED-BY :: {RULEC1S RULEO19 RULEO2! RULE0O2Z RULEOZ3 RULEO24 RULEOZS
RULEQ20 }
CONTAINED-IM :: (SREEMARK RULEOZS}
RANGE :: (0 1.}
PB_WIND
Temmanm
PB_WINDDIR .
amEmems=n
TRANSLATION :: (probability of fog due Yo the wind direction)
TYPE :: SINGLEVALUED
EXPECT :; NUMBER
UPDATED-BY :: (RULECLO RULESLLl RULECGLZ RULEQ13 RULEQL4 RULECLS AULEOQLE
RULEGL7 RULEG36 RULEQOY )
CONTAINED-IN :: (SREFMARK RULESZE)
RANGE :: (0 1.}

PE_WINDVEL

PR N
TRAMSLATION :: (prob of fog due to wind velocity
TYPE ;: SINGLEVALUED
EXPECT :: NUMBER
UPDATED-BY :: (RULEC2% RULEN30 AULEO31l RULE(G32 RULES3I RULEO34 RULEG3S)
RAMGE :: (¢ 1.}
CONTAINED-IN :: [SREFMARK RULEG26]

TEMP

wome
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TRAMSLATION :: {the forecast air temperature at Hwy 30)

PROMPT :: (Enter the forecast air temparatuze at Kwy 30 in Cedar Rapids
TYPE :: SINGLEVALUED
EXPECT :: NUMBER

USED-BY :: (RULECLS RULEQL9 RULEO2: RULEQ2Z RULES23 AULEOZ4 RULECZS
RULES20 }
HELP :: (Enter the forecast airfemp in degrees {-30 to T0F} .}
CONTAINEDR-IN :: (SRETMARK RULEO44)
RANGE ::r {34 703}
TEST
==
TRANSLATION :: {Dewpoint depression values)
TYPE :: SENGLEVALUED
EXPECT :: INTEGER
UPDATED-BY :: (SREFMARK AULEO44}
USED-BY :: {RULEQ3I7 RULEO39 RULE040 RULEOIS SREFMARK RULEQ44)
RANGE :: {90 30}
WINDDIR
-

TRANSLATION :: {the forecast wind direction at Huy 30}

PROMPT :: (Eater the for#cast wind direction at Hwy 38)

TYPE :: SINGLEVALUED

EXPECT :!: NUMBER

USED-BY :: {RULEQ10 RULEC1l RULEQ1Z RULEO13 RULEGL4 RULEOLS AULEOLS
RULEO1? RULE036 RULEDCY

HELP :: {Enter the sxpected Wind direction in degrees (120 to 28O} .)

RANGE 1: {120 280} -

HWINDVEL
TRANSLATION :: (the farecast wind velocity at Hwy 30}
PROMPT :: {Enter the forecast wind speed {knots] Hwy 30}
TYPE :: SINGLEVALUED
EXPECT :: INTEGER _
USED-BY :: GRULE025 RULED30 RULEG31 RULEO3IZ RULEO3I3 RULED3I4 RULEQ3S)
BELP :: {Enter the expected wind speed In knots (0 to 40kts) .}
RANGE :: {0 49}

o s

COOLTWR-RULES

‘RULESZSE
SUBJECT !¢ COOLTWR-RULES

it Probabilkty ©f fog on Hwy 30 G. zo 1. iz not known,
Then iU is definite {100%) that Probability of fog on Hwy 39 0. to 1. is {1
minus [{{[} minus [the probability of fog due to the temp. divided by 1.3f
times {1 minus {the prodability for fog dew to a glven dewpoint divided by
E.8 ]}] times {1 minua {probability of fog due to the wind direction divided
by 2. F1} times {1 minus (prob of feg due to wind velocity divided by
17111



¢

4

93
RULES44
[
RULES3? SUBJECY :: CCOLTHR-RULES
=manxcs DOBEFORE i: {373
SUBJECT :: COOLTWR-RULES It Bewpoint depression values is not known,
BOBEFORE :: (42 4] Then it 1s definice (100%} that Dewpoint depression val i .
It Dewpoint depression values is less than 0.5, Akt CLemperature at Hwy 30 minus the to:ecasg dewpoint aze:u;s3é7h& forecast

Then it is definite (199%) that corresction facter is {1.53 tCimes Probabjilirzy
of fog on Hwy 30 6. to 1.].

RULEQ4S
[T
RULEQ3S SUBJECT :: COOLTWR-~RULES
R DOBEFQRE :1 (42)
SUBJECT :: COOLTWR~RULES 1 correction facter is greater than 0.95999999
DOBEFGORE 11 {42 43} Then it is definite [100%) that correctad rohab;iit
i %4 Dewpoint depression values is 1, P y of fog is 0.99999359,
Then it i3 definite (100%) that correction faztar i3 [1.325 timef Probability
of fog on Hwy 38 0. to 3.]. RULES46
e n

. SUBJECT :: COOLTWR-RULES
it correction factor is less than 0.99993999,

RULECG3YS
ROy Then it is definive [100%: that corrected probabili .
L
SUBJECT :: COOLTWR-RULES factor times 1.]. probability of fog is {[corzection
DOBEFORE :: (42 433

1f Dewpoint depression values is 2,
Then it is dafinite {100%} that correction factor is [1.i1 times Prebability

of fog on Hwy 30 0. to 1.},

oMM E T T A

TEMP-RULES

EmEmRE TR G oS e

RULEQ49 RULEQ1Z
[EP—— =mmwmna
SUBJECT :1: COOLTWR-RULES SUBJECT ::» TEMP-RULES
DOBEFORE :: {42 41 Iir the forecast air temperature at Hwy 30 is less ¢
it Dewpeint deprassion values is greater than 2, . Then it is definite (100%) that the progability of !o:aguis;o the ¢
Then it is definite {100%} that correction factor is {¢.76 times Probability 0.3. emp. is
of fog on #Hwy 30 9. to 1.].
- RULEQLS
RULED42 [P
nemzmmm SUBJECT :: TEMP-RULES
SUBJECT :: COOLTWR-RULES ir 1} the forecast air temperature at Hwy 30 is gre
. at
1f  cocrected probabliity of fog ia greater than 0.8211111111111, 16, ¥ greater than or equal to
Then it Ls definite (1080%} that There will be a cocling tower fog on Hwy 30 and

2} the forecast air temperature at Hw
t ¥ 30 is less than 21
gh:g it is definite {100%} that the probabnjility of fog dye to ;he temp. is

near the ADM plant with the forecast conditions..

RULED43
mnmemm
SUBJECT :: COOLTWR~RULES
If corrected probability of fog is less than or equal to 0.823112111111111,
Then it is definite {100%) that There will not be a cocling tower fog on Hwy SUBJECT ;: TEMP-RULES

30 near the ADM plant with the forecast conditions.. if 1}l the forecast air temperzturs at Hwy 30 is greater than or squal to
21,

RULEGZQ

mummE o

and
21 the to;e;ast air temperature at Hwy 30 is less than 26,
Eh;n it is definite {100%} that the probability of fog due to the temp. is



91

95

AULES21
e
SUBJECT :: TEMP-RULES
1f 1) the forecast air temperature 2L Hwy 30 i3 greater thanh or
26,
and .
2} the forecast air temperature at Hwy 30 is less than 31,
Then it is definite (100%) that the prebability of fog due to the
0.466,

RULEGZ2
TR £
SUBJECT :: TEMP-RULES
If 1} the forecast air temperature at Hwy 30 is greater than or
31, ¥
and
2] the forecast 3ir temperature at Hwy 38 is less than 36,
Then it is definjte {1004; that the probability of fog due te the
9.897.

RULEDZ]
nemanos
SUBJECT :3 TEMP-RULES
194 1} the forecast air Temperature at Huwy 30 i3 greater than or
ie,
and

2) the forecast air tempacature At Hwy 30 is less than 41,
Then it L3 definite (109%) thac the probabilicy of fog due to the
0.483,

RULEDZ4
mmmmn.
SUBJECT :: TEMP~RULES
if 1} the forecast air %semperatuze at Hwy 30 ia greater than or
a1,
and
2} the forecast air temperature at Hwy 30 is less than 46,
Then it 1s definite {100%} that the probability of fog dus to the
6.5.

RULEG2S

mTazmaRm

SUBJECT :; TEMP-RULES

equal

temp.

equal

temp.

equal

remp.

equal

temp.

I the farecast air temperature at Hwy 30 s greater than or equal to

Thea it is definite (108%) cthat the probabillity of fog due te the
Q. 44,

temp.

is

to

is

to

is

46,
is
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S ———
WINDDIR-RULES
RULEODS
P —
suBJECT WINDDIR-RULES

DOBEFQRE :: {28§)
it the :o:ec§st wind direction at Hwy 30 i3 less than 131,
?hez ltqis definite {100%} that probability of fog due to the wind direction
iz l.e~4, '

RULEQ10
SUBJECT :: WINDDIR~RULES -
DOBEFORE :: {26)
i;l 1} the forecast wind dlirectien at Hwy 3G i3 greater than or equal to
and
2) the forecast wind direction at Hwy 39 is less than 150,

?hEE it is definite (100%) that probability of fog due ro the wind direction
3 L

RULEQ11
amamma

SUBJECT :: WINDDIR~RULES

DOBEFORE 1: [286)

{:0 1} the forecast wind direction ag Hwy 30 is greater than or equal to
’
and .
2} the forecast wind direction at Hwy 20 is less than 170,

Thag it is definice (100%) that probability of feg due To the wind direction
13 SR,

RULEDLZ -
[T
SUBJECT :31 WINDDIR-RULES
DOBEFORE 1: {26}
igo 1) the forecast wind direcfion at Hwy 30 is greater Lhan or equal to
’
and
2} the forecast wind direction at Hwy 30 is less than 190,
zhe; z; iz definite (100%) that probability of fog due to the wind direction
s 0.42,

RULEQL3

SUBJECT :: WINDDIR-RULES
DOBEFORE :: {26}

i;ﬂ 11 the forecast wind dicgaection ac HWy 30 is greater than or equal to
‘
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and
2} the forecast wind direction at Hwy 30 is less than 210,
Then it is definite [100%) that probability of fog due te the wind direction
is 0.44.

RULEO14
carnmar
SUBJECT :: WINDDIR-RULES
DOBEFORE :: (26]
1z 1) the forecast wind direction at Hwy 3¢ is greater than or equal to
210,
and
2) the forecast wind direction at Hwy 39 is lexs than 230,
Then it is definice {100%) chat probability of fog dus to the rind direction
is 0.3.

RULEQLS
SUBJECT :: WINDRIR-AULES
OOBEFCRE 13 {2€)
It t) the forecasc wind direction at Hwy 30 is greater Lhan or equal te
230,
and
2} the forecast wind dicection ac kwy 30 is less than 230,
Then it 13 definite {1003} that probability of fog dues to the wind direction
is 0.15.

RULEU16E
S
SUBJECT :: WINDDIR«RULES
DOBEFORE 11 (2§6)
)44 1} the forecast wind dlrection at Hwy 30 is greater than or esqual te
250,
and -
21 the forscast wind direction at Hwy 30 is less than 265,
Then it 15 definite (100%) chat prebability of fog due to the wind directiocn
is 0.1.

RULEOQL1T
PIT—.
SUBJECT :: WINDDIR-RULES
DOBEEFORE :: [26)
1e the forecast wind directicn at Hwy 30 i3 greatex than or egual te 275,
Then it 15 dafinice {100%} that probability of fog due to the wind direstion
1s 0.02. .

RULEDR3S

canuaan
SUBJECT :: WINDDIR-RULES
DOBEFORE 7: (26)
I 1} the forecast wind direction ac Hwy 30 is greater than or equal to
265,

98

and
21 the forecast wind direction at Hwy 30 is less than 275,

Then it is definite (100%} that probability of fog due to the wind direction

is 6.03.

5 2 0 S S ST

DEWPOQINT-RULES

RULEQO]
[p——
SUBJECY :: DEWPOINT-RULES
DOBEFORE :: (26}
it the forecast dewpoint at Hwy 30 is less than 5,
Ther 1t 1s definite {100%] that the probabllity for fog dew te a
dewpoinc 1s $.1.

RULEGOZ
SUBJECT :: DEWPOINT-RULES
DOBEFORE :: {26}
It 1} the forecast dewpoint at Hwy 30 is gteater than or egual
24 the forecast dewpoint at Hwy 30 is less cthan 20,
Then 1t 1s definite {l00%} that the probability for fog dew to a
dewpoint Ls &.2.

RULEJD3
SUBJECT :: DEWPOINT-RULES
DOBEFORE :: (28}
it 1} the forecast dewpoint at Hwy 10 is greater than or equal
2} the forecast dawpoknt at Hwy 30 is less than 23,
Then it is definite {100%} that che probability for fog dew %o 2
dewpoint is 0.5, -

RULE0O4
SUBJECT :: DEWPOINT-RULES
DOBEFORE :: 126
If 1} the forecast dewpoint at Hwy 30 i3 greater than or equal
2} the forecast dewpoint at Hwy 30 is less than 30,
Then it is definite {100%} that the probability for fog dew to a
dewpaint s 0.9,

RULECGOS
szdzaam
SUBJECT :: DEWPOINT-RULES
DOBEFORE :: (26}
g 1) the forecast dewpolnt at Hwy 30 is greater than or equal

given
to 5, and
given
to 20, and
given

te 25, and

given

to 30, and
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2} the forecast dewpoint at Hwy 3¢ is less than 33,
Then 1t is defipite {100%} that the ptobabllity for fog dew To a given

dewpeint s 0.57.

RLLEQCE
P T
SUBJECT :: DEWPQINT-RULES

DOBEFORE :: §28)
It i} the forecast dewpolng at Huy 20 is greacer than or equal to 35, and

2) the forecast dewpoint at Hwy 30 is less than 46,
Then it i3 detipite {100%) that the probablility tor fog gew Lo & given

dewpoint is 0.235.

RULEQQT
e

SUSJECT :: DEWPOINT-RULES

DOBEFORE :: (26} .
1) the forecast dewpolnt at Hwy 30 13 greater thsan or equal to 40, and

2) the forecasc dewpalrnt at Huy 39 is less than 3G,
Then it is definite {100%) that the probability for fog dew to a given
. ) :

devpolat is 8.27.

1t

BULEQQE
T -

SUBJECT :: DEWPOIRT-RULES

DOBEFORE 131 126)
if the forecast dewpolnt ar Hwy 30 is greater than or equal te 50,

Then it is definlte (100%) that the probabllity for fog dew to a given
dewpolnt 1s 0.1,

WINDVEL-RULES

RULED29
T = o
SUBJECT :; WINDVEL-RULES
POBEFQRE :: {26}
1f che forecast wind veloecity at Hwy 30 is less than 5,
Then it is dafinite {10G%) that prob of fog due ts wind velocity is 0.01.

RULEG30
-
SUBJECT :: WINDVEL-~RULES
DOBEFORE :: {2&}
1 $4 1} the forecasg wind velocity at HWy 30 is greater than or egual to 5,
and

21 the forecast wind velocity at Hwy 30 i3 lessx than 7,
Then it iz definite {(100%) that prob of fog due to wind velocicy is 0.15.

100

RULEQ3]
[
SUBJECT :: WINDVEL-RULES
DOBEFORE :: {28}

it 11 che forecast wind Uelocit}‘ at Hw
'y
30 is Greater than or equal Lo 7,

Then gé f:edtgyegasn wind velocity at Hwy 30 i3 less thap 9
efinize (100%) that prop of fog due to wind vel;city is ¢.2

RULED3Z

LI,
SUBJECT 41 WINDVEL«RULES
DOBEFORE :: (26)

I 1} thne fore i
s Gast wind velocity ag HWy 30 is greater than or equal to 3

} the forecast wind Veloacity a A =3 An ‘
z locit L X Ele 1 Th 13
i'd is E
Ther it ya definite {100%) thace pProb of fog due to wind velocn:y is 0.45

RULED33

Ll PRy
3UBFECT 1 WINDVEL-RULES
DOBEFORE 11 (26) v

1€ 1} the orecast wind velocit at Hwy 30 greater than or e ual to 13
H b 4 Y at Y is @ it q! L
’

and
2} the forecast wind v,
Then Tec elocity agp Hwy 30 is le
it is definice [100%; that prob of fog due tosziiga:eigéity ix 9.4

RULEQ34
SUBJECT :: HINDYEL-RULE:
DOBEFORE :: (26} *

184 1} the forecast wy -
he ind velocity ag Hwy 30 is greater whan °N agual to 1%

then fé :ngigfe?:st Wwind velocity ap Hwy 30 is less than 1%
nlke (100%) that prob of fog due to wind velo;ity is 0.3

RULED215
e
SUBJECT :: WINDVEL-R
. DOBEFPORE :: (26 e
i the farecast wind vel
b the ; slocity at Hwy 30 ig t
M it ls definite (10G%) that prob of fog dgge?cejisgaSEi:cfgxaistz ;9‘

101

E=sssrTezoonnoes
META-RULES

L L T

MRULEGOL
[PReTS T ——
SURJECT Pi, META~-RULES
It 1}l Prebability of fog on Hwy 30 0. tg 1. s known, and

2) put any OBJRULES which mests the condition: Probabliiry of fog on Hwy

30 0. to 3, 15 mentioned in the rule into SETL, and

31 put any OBJRULES whlch meets the condition: Thers will be a <aoling
tower fog on Hwy 30 near Lhe AbM plant with the forecast conditions.

is menticned in the rule into $ETZ,
Then DOBEFORE is assigned the valuasg: SETL.
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APPENDIX D. FORTRAN SOURCE CODE

The following is the Fortran source code for the [atest (January 1995) version of the model used
to forecast cooling-tower piume behavior in Cedar Rapids. This version includes the ability to
correct observed model bias when available.

REAL DIV, ATEMP[19},ADWPY(19),ADIR(1%),AVEL(19}, PETEMS,
+PBDWET, PEDIR, POVEL, PBFOG (15}, DEPP, W{3),CI41,D(4) , INI (4,19},
+X15,19},¥(5,19), AX{19},AY{19),DIRS {5, 19}, BIAS{5,13)

INTEGER E,J,TST(5],TEMP(S, 19}, DWPT (3,19}, DIR{5, 19}, VEL{S5, 18],
+MM, DD, YY, HH, DD1, DDZ, MM2, MM3

CHRAACTER INPUTEILE“SQ,STATION*4,STA{4}*4,DAY"6], '
+HOUR*63, TMP{5] *§, CREAT" 30, CAT(19) =1, DATE* 8, TIME"4, K*1,
+MONTH* 3, MONTH2+3, MONTH3*3, CURRENT*30, VERSION*30, COMENT* 50

LR e s P R T ess

<

nonoaoanaoOoDNnDoOR0OONON0ODN

VERSION='0. 94 26 JRHURRY 1585°

V=.90 original Beta version, 16 December 94
~used simple averages of NGM variables

V=,.31 19 Decembar %%
~added a cressman schete on NGM variables
~added BRL as 4th data site

¥&.92 20 December 94
-break wind into componentcs
-corrected 122 oupout problems
~corrected end of monch preblams in output
-fixed preklem when no data found

¥w».33 30 December 34
~added area for DOT pecple to verlfy forecasts
-changed output forfmat slightly - (PEFOG*100)
-fixed data read problem of larye negative temp's
{this w2z also added to .92}
~fixad date output problem {addsd to 0.92}

V=, 94 26 Januagy 95
~added model bias correct output

L R R s

¢ rend text file for curreant ngm file and time

P e e R L R TP

OFEN {UNITw99, FILE='.pname.file', STATUS='OLD')
READ (99,10} {NPUTFILE

OPEN (UNIT=98, FILE®’ .time.fiie', STATUS='OLD']
RERD (98,10) CURRENT

103

gree*v¥erre ysed Lo select 2 specific Rgm file rrusrseeres
] INPUTEILE='tigm.mog,00.02°

P e L A T R S A AR AR R E

print*. *This f£ile created on ', CURRENT
print”, ‘Reading inpuc file ', INPUTFILE

10 FORMAT (RG]
CLOSE {UNIT=99)

OPEN [UNIT=100, FILE=INPUTFILE, STATUS=’OLD'}

STR{1}='«ALO !
STA(2)="4D8M !
STA(3}="MLI '
STA{4)='.BRL !
DIV=0.9

13 FORMAT (R4,A58}
12 FORMAT [A63)
13 FORMAT {A7)

e L A e R

<
c read the temp, ete. frem ngm file
<

L L R R A R b

PO 20 I=i, 4

TST(§) =0
14 READ {100, 1l,END=1$) STATION, CREAT
IF {STA{I}.NE.STATION} GOTO 14

& 1% PRINT®,STR{X},® data found °
READ {190,12,EnD=19,ERR=18) DAY
READ {100,12,END=19, ERR»18} HOUR
READ (100,13,END=19, ERR=18} THMP{1}

16 FORMAT {A6,19(13})

READ (180,16, END=19} TMP{1},TEME{I, 1) TEMP(I, 2}, TEMP{L, 3},
+TEMP (I, 4}, TEMP(Z, 5], TEMP(E, §) , TEMP (I, 71, TEMP(I, B}, TEMP (L, %},
+TEMP(I, 10}, TEMP{Y, 11}, PEMPLI, 12), TEMP(T, 13}, TEMP(I, 14],
+TEMP (I, 15) ,TEMP{1, 16}, TEMP(X, 17}, TEMP{Z, 18], TEMP(T,19)

IF {TMPF{1]}.NE.'TEMP '} GOTO 18

READ (100,16,END=1%) TMP({1),DWeriI,1},bWweT{I,2},DWPTII, 3],
+DWPT(I,4},DHPT{I,5),DWPT(I,53,DNPT(I,7I,DWPT£I,81,DHPTEI.Q],
+DWPT (¥, 10}, DWPT (L, 11}, DWPT(I, 12}, DWPT(I, 13}, DWET{I, 14),
+DWPT{I, 15}, DWPT (I, 16],DWPT(L, 17, DWPT{I,18), DWPTI{E,19)

IF ITMP{}}.NE, 'DEWDT '} GOTQ i8

READ (104,13,END=1%1 TMP(1}
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104
K{J, [i =RERL(VEL(J, 1)) * .

REARD {100, 16, END=131 TMP{1},DIR{I,1),DIR(L, 2}, DIRIL, N, Yu,::ugmuug;ﬁ;:,::.gégéf:gi:ztjni;‘g-igissz;nso.o;»
+DIR{I, 45, DIR{L, 5, DIR(L, 6), DER(L, 7}, DIR(I, 8}, DIRIL, $), TEMPLO, I}=TEMP{Q, I} +TEMP (T, I} ! -1415823/180.0))
+DIR(I, 10), DIREI, 11), DE¥R(X, 12}, DIRII, 33), DER(I, 141, DWET (0, T} =DWPT (0, T} +DWRT(J, I}
+DIR{X,35),0IR(I, 16}, DIR{T, 37}, DIR(E, 28}, DIR(I, 19} X0, T)=X(0, I1+XT, 1)

If ITMP(1].NE."WDIR *} GOTO 18 Y10, 1 =¥ 10, I} +Y (3,1}

: 22 CONTINUE

READ (100,16, END=19) TMP(1],VEL(X,1},VEL(L, 2}, VELIL, 3}, END IF
+VEL{Z, 4), VELLT, 51, VEL(I, 6}, VEL{I, 7}, VEL(I, 8}, VEL(T, 8}, 21 CONTINUE
+VEL{1, 10}, VEL{I, 11}, VEL{I, 12}, VEL(Y, 13), VEL (X, 14},
+VEL(I, 18}, VEL{I, 16}, VEL{L,17),VEL (T, 18), VEL(X, 19} bBo 23 1=i,19

IE {TMP{1).NE,'HWSPD ') GOTO 1B - ATEMP{I) =TEMP (G, I} /Div

ADWET (X} =DWET {0, £) /DTV
17 FORMAT {1X.,AZ,2X,AZ,2¥, A2} AX{IV=X (0, I)/DIV

DATE=CREAT [26: 33} RY(I}=Y(0,I}/DIV

TIME=CREAT [36: 39} 23 CONTINUE

OPEN {UNIT»102, FILE='TEMP.TEMP', STAPUSw'SCRATCH')

HWRITE (102,17| DATE{1:2},DATE(4:5},DATE{7:8) B T ey ettt e et nrran s

WRITE (102, *} TIME ¢ Sressman method of correction

1'31‘(§]=1 . ct'-.QQ!-q.tt'l-.ﬂtt'tltQ*Qton-wot-t'wtig..'.g..‘ﬁ

DIV=DIV+1.0 00 91 I=t,4

GOTO 19 Wilj=0.0

18 PRINT*, 'ERROR READING ', STA(I} . 91 CoNTINUE
19 TMB(L}=TMP(5)

REWIND (UNIT*1003 IF {TST(1).EQ.1) W{11=0,5923

1€ (I.GE.4.AND.TST{l),EQ.0.AND.DIV.LT,3} THEN IF (TST{2}.£Q.1) W(2)=0.1050

PRINT+,* ! IF (TST(2).EQ.1} M{3)=g.q706

PRINT*, ' Not enough data te make & forecast. * . IF (TSTI2}.20.1} Wi{4)=0,3i59

GOTe 52

END IF DO 24 I=1,19
206 CONTINYE ) DILy=TENP{1, 1) -ATEMP (1;

DA2}=DWET (1, X)-ADWPT (1}
CETTNTeEs Kkt AR kv T A kAt e s e e At h bk TN . 0‘3)‘74(3:1)‘}\)((1]
¢ end of reading ngm data file D{4) =Y (1, I)~AY{I]
co-vtv-lttﬂttanI-'l'--'!'t'll'lr-'---"""t----'-'-
Ci{l)=(W(1)*D{1}+ - .
e T A e r e et e AR Te e e rb st anatanr clz;ﬂ.m,”.D‘r;:*:fzz:.g:;;:z{;:'8521;:3::::g(u}in{v
< required to fix weird erzor with VEL{8,1)7777 ci3)“(W(1:‘D(S;+wg2f-n(3|+W(3)‘D(3}+w[43'9[§;,IDIV
P e Y S LT L R C e P T L L TP C(4l“iwi1§'D{QJ+W(2;-9€Q)+W£3}.D(ql+w(q N {3)1/pIV
DO 96 I=1,19 P4y /oy
TEMP {0, I} %0 ATEMP (T} =ATEMP(I}+C¢1)
BWPT (0, 1) =0 : ADHET {I)=ADWET {1} +C (2}
K{G, Ij=0.0 RX(I}=AX¢I)+Ci3}
Y{0,1}~0.0 AY (I} =AY (I})+C{4)

DG 92 Jami, 4 24 CONTINGE

DIRS{J, I} «REALIDIRIJI, I}1°10.0
92 CONTINUE DO 25 1=1,19
90 CONTINUE AVEL I} =SQRT (AX |T1 4~ 2+AY (1] *=2}

IF {AVELIT) -GT.0.9000001) TREN
B L L T LT T PP P ADIRIZI't18°‘°/3‘141592}'ACQSIAY(IIIAVEL(IL
¢ find simple averages of che dacta for first guess éESéM[IJ.LT.G.ﬂ) ADIR(I}=360.0-ADIR (1}
e T L LTI T
ADIR{1)=999.9
Do 21 9=1,4 END 1¥
Y{¢,J120.0 25 CONTINUE
X1{8,J1=0.0

If {TST{J) .GT.01 THEN
Do 22 =3, 39
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R e A L R R AR

[

apply the average bias to che forecast

P R e e R L N

PO 69 I=i, 1%
Do 68 J=1,4
BIAS (J,1j=0.C
68 CONTINUE
69 CONTINUE

CPEN {UNIT=96, LRR=72, FILE="BIAS"”, STATUS%'OLD"}

RERD {96, *,END=TI, ERR=T1) BIARS(L,1},BIAS(},2),BIAS(L,3},
+BIAS{1, 41,BIAS(1, 5},BIAS{1, 6}, BERS(1, 1), BIRS (1, 8),BIAS(L, 9},
+BIAS(L, 101, BIAS (1,113, BIAS {1, 12}, BIAS (1,133, BIRS{1,149),
+BIAS{E, 15}, BIAS(1,16),BIAS(2,317),BIAS{L, 18}, BIRAS{1,19}

READ (96, =, END=71,EAR=T1) BIAS(2,1},BIAS(2Z, 2;,81!’5!2,3? .
+BIAS(2,4)},BIAS (2, 5}, BIAS {2, 6},BIAS8(2,7),BIASY(

+BIAS(2,10) , BYAS (2,11} ,BIAS(2,12),BIA5{2,13},BIAS{2,14),
+BIAS(2,15),BIA8(2,16},BIRS{2,17),8TAS{2,18},8I08(2,19)

READ {96, END=71,ERR=71} BIAS(3, 1),BIAS(3,2],BIAS(3, 3},

+BIAS¢3,4},BiA5(3,5),BIA5(3,6},BIAS(3,7),BIAS{]3,9),BIRS(3, 9},

+BIAS (3,10}, BIAS (3,13}, BEAS{3, 12}, BIAS (3, 13}, BINS(3, 14},
+BIAS(3,15),B¥AS(3,16},BIA8{3,17},BIAS(3,18),BIAS(3,19)

RERD (96, =, END=71, ERR=T}) BIAS(4,1),BIAs(4,2),BIAS5 (4,3},

+BIAS (4, 4),BIAS (4,5} BIAS{A, 6},BLAS{4,T),BIAS (4, 8}, BIAS (4, 5},

+BIAS {4, 10}, BIAS{4,11),BIAS (4,127, BIAS (4,13}, BIAS (4, 14),
+BIAS{4,15),BIAS(4,16),BIAS(4, 17}, BIAS(4, 18]}, BIAS(4,19)

po 70 I=1,19
ATEMP (1) =ATEMP(I) -8IAS{], I)
ADWPT (I} =ADWET (1} -BIAS(2,I)
EF (ADWPT{I).GT.ATEMF(I}] ADWPT{I)=~ATEMP{I}
AOLRAII}#RDIR4IL-BIAS(I, T
IF (ADIR(1}.GT.360.0) ADIR(E)=ADIR{1}-360.0
iF [ADIR{X}.LT.0.0) ADIR(I}=ADIR(I}+360.0
AVEL{I}=AVEL(I}~BIAS (4, I}
IE {AVEL(XI1.LT.0.0} AVEL(I)=0.0

T3 CONTINUE
COMENT="Reading modei bias data™

GoTe 73
bias data not used.”

71 COMENT="Error resading model blas file,

GoTo 73
12 COMENT=“Model bias file not found."

73 PRINT*, COMENT

B R R L e e T

c find the individual probablilities
-] i same as adm-2,.f, new as of 1§ DEC 94)

P e R L e LT Y

DO 30 I=1,19

FREQG(I) =0
1¥ (ATEMP(I).LT.56) PBTEMP=0.8%

.8),.BlAS 12,3},

107

If (ATENP{I).GE.16.AND.ATEME(1}.LT.21| FETEHP=0. 85

TE (ATEMP(I}.GE.21.AND.ATEMP(I}.LT.26) PETEMP=0. 92

L€ (ATEME(1).GE.2Z6.ANG.ATEMP{Y) .LT. 31} PRTEMPO. 95

IE (ATEMP (1] .GS.31.AND.ATEMP(I) .LT.36) BBTEMEw). 37

LE (ATEMP(I).GE.36.AND.ATEMP(T).LT.41) PATEME=0. 9]

IE {ATEMP(I}.GE.41.AND.ATEMP(I}.L7.46) PETEMP=0 9]5
LE (ATEMP(I].GE.46.AND.RTEMP 1) .LT.50) PBTEMP-G. 00

IF (ATEMP{I}.GE.50} PETEMP=0.376 ’

If (ADIR(I).17.120) PBDIR=0.50
R{T} .GE.lza-AND.AD!R(I}.L?.l-s =

| IF (ADIR(I).GE.150.AND.ADIR(I) LT, 170] 533§§=3‘33
IF [ADZRII}.GE.}?D.AND.MIR(I].LT.ieS) FSDIR=0:91
IE (ADIR(I}.GE.185.AND.ADIR(I}.LT 210} SBGIR-D. 93
IF (ADIR(I).GE.Z10.AND.ADIR(I) .LT.230) FEDIR0. 30
IF ”‘\DIR(X].GE.23G-RND.RD§R(1}.L’E’.ZSO} ?BD§3=Q:90
I3 (ADIRII).GE.250.AND.ADIR(T).Lr.265] PBOIR=D. o84
If (AD{REI}-GE.?GS.MD.MIR(E]-LT-235) PBDIR=0.915
IF (ADIR(I}.GE.285) PBOIR=D,50 '

DEPP=ATENP (1} -ADWPT (1)

;E iDEPP.LE.0.5) PROWPT=,99
{DEPP.LE.1.0.AND.DEPP.GT. 0.5} =

¢35 tDEFP‘LE.Z.G.AND.QS?P.GT.1.0; §§3§§$=Z§§s

IF (DEPP.LE.3.0.AND.DEPP.GT.2.0} PBOWPT. 85

If {DEPP.GT,3.0.AND.DEPP.LE.5.0} PBOWPT=0.80

IFf (DEPP.GT.5.0) PHOWPTwO, 60 '

creerrvecfind qvecall Prabability and cat. of fog prob,*v=eves

PBFOG{I} = {PBOIR" PETEMP * PROWET)
I8 {(RVEL(I).LE.4.0) PBFOG(I) ~PBFOG({1}*.95

;g :PB?OG(IJ.GE.U.SO} CAT{I}="H!
PBFOG(I}.GE.0.70.AND PBFOG(I}.LT.0.88} C
B . - -0. AT (L) =111
Ir [PBFOGII].GE.G‘EO.AND.?BFGG{IQ.LT.O.’!O} CAT{I}="1
1F {PRFOG(I).LT.G.60) CAT(I}='Q"
PBFOG{I) =PBFOG{I} *10F.0
30 cenTiNUE ’

AL L ET L TN T -
c AL RS N T

] change to CST from UTC

TARw
& - bbb S K A h L L L

REWINDG (102}
READ (102, 36: MM, DD, YY
READ {182,37} HH
36 PORMAT 1X,12,2K, i12,2%,12}
37 FORMAT {1X,12)

HH=HH-&

IF {HH.LT.1) THEY
HH=HH+24 .
DD=DD~1

EMD IE

IFf (DD.LT.L) THEN
MMeMM- L



(44

109

108
MM3=MMEL
I (40, £Q. 1. ORI EQ. 3 .OR . 1M.£Q. 5 OR 10, EQ. 7O oo 1
+m.aq.e.oa.rm‘eq.10.0&.}«.&:0.:2: DD=31 10 ir ot
e lm.sq.a.on.m.zo.s.oa.m.zq.s.on.m.so.113 o= . e Fa- 3. AN
16 (MM.EQ.2) DD=28 vozer e
END IF =0 1
END IF
ety ‘ . IF (MM3.EQ.10.
s | Ir hea. Q AND.DD2.GT. 311 THEN
e £D2=1
R l-I:ND iF
F (MM3.EQ.12.
sl et Q. 12.AND.DD2,GT.31) THEN
oo1-00 » DD2=1
IF (mz.aq.z.mmuox.m.zel THEN e
MM2#3
s IF (MM3.GT.12) MM3=l
END IF b4
N Z.£Q.4.OR.MM2.£Q.6.OR. 142 £Q. 9. OR 1042 EQ. 13-
1T e .q.¢ on e c*****should be in a loop )
mz-m2+1
e IF (MM3.EQ.9) MONTH3='SEP®
ey ) 1F (MM3.EQ.10) MONTH3='OCT'
IF (MM2.EQ.1.AND.DD1.GT.31} THEN IE 0013 5g.12) NONTHI- DEC-
i e, IF (MM3.EQ.12} MONTH3='DEC’
iz ‘ IF (MM3.EQ.1) MONTH3='JAN'
ey IF (MM3.EQ.2) MONTH3='FER*
1f (MM2.EQ.3.AND.DD1.GT.31} THEN e o e
i e IF {MM3.EQ.4} MONTH3='APR’
s IF (MM2.EQ.9} MONTH2='SEP’
ooih . IF (MM2.EQ.10} MONTH2='0CT!
IF (MMZ.£Q.10.AND DDL.GT.31} THEN 10 et 59,12 MoNTIZm'DEC
e e IF (MM2.EQ.12} MONTH2='DEC
o - If (MM2.£Q.1} MONTH2='JAN'
i B IF (MM2.£Q.2} MONTH2»'FEB*
1F (MM2.EQ.12.AND.DD1.GT.31} THEN 10 82.29.4) HONTHIo AR
e oz IF (MM2.EQ.4) MONTH2='APR‘
s ) IF {MM.£Q.9) MONTH='SBP'
=y IF (MM.EQ.10) MONTH='OCT'
IF {MM.EQ.11) MONTH='NOV*
LF (TIME.EQ.'0000’ .AND.DDL.EQ.1) PYRY TS IF (MM.£Q.12) MONTH='DEC'
IF (MM2.GT.12) 2=l IF (MEQ.2) MoNTHa'FER"
| IF (MM.EQ.2} MONTH='FER‘
e IF (MM.EQ.3} MONTH='MAR'
soz-o0 IF {MM.EQ.4} MONTH='RBR’
IY {WB.EQ.z'MD'DDZ.G‘r.ZS) THEN ) cQt".Q.Q"OQQt""."‘..tt'ﬂ'ﬂb't't"!t'ﬁ"'
m3“3 c ouput sections e
o CreteetneetvansRoesotseetaTsso At TSRV OS
END IF ‘ N
’ 38 gé::«;"‘ :
IF mm.so.Q.ca.ma.eo.s.oa.mz.zo.s.oa.ma.ae.11- T T o :
+AND.DD2 . GT.30} THEN 3;22;’ ',12,' taken ucg?‘e?luf;ggcgg:?)mos data from LI
Aip. 002G MAT ('Forecast cre asi
oo +A3, ' *,1I2,' taken a: ?fig,?gzngs;’?}‘ 1S daca from f.1Z.T T
END IF A

IF {MMB.I’IQ.}..MD.DDZ‘GT.313 THEN



¥4

31
32
33
34
1%
43
42
50
51

1o

IF (TIME.EQ.'1200°) THEN
PRINT 238, DD, MONTH, YY, HH

ELSE IF {TIME.EQ.'000Q") THEN
PRINT 3%, DD, MONTH, YY, HH '

END IF

print®,*
pcinkt*, t

IF (TYIME.EQ.'0000°} THEM
PRINT 41, MONTH, DD1, MONTHE, DD2
ELSE If {TIME.EQ.'I200') THEN
PRINT 42, MONTH, DD, MONTHZ, DDL
END IF

FORMAT (A5, 11(FS.0,1X)) ;
FORMAT {'WDIR *,11(F5.0,1K1)

FORMAT ({AS, 3%, 1L (AL, 5x]}

FORMAT (A6, 1x,1X{F3.0,3KX)1

FORMAT ('HOUR ', 1X,11(R2,4X}}

FORMAT {'DAY /', R3,2%,1Z,40%, 7/ ,R3,2%,12)

FQRMAT ('DAY /0 A3, 2%, I2,07%, 7/ A3, 2%, 12)
FORMAT (A5, 2%, 11{A3,3x)}
FORMAT (A7)

If {TIME.EQ,'0900'} THEN
BRINT 35,'00%,'03,706",'99", *12,"15", 18", *21, 109",

+1037, 108"

ELSE Ef (TIME.EQ.'1200'; THEN
PRINT 35, F12°, '15', '16%,°23*,°00', ‘03", '06", =09, " 12",

+'35','18'

END IF

PRINT=, ' *
PRINT 3%, 'TEME ', ATEME{1), ATEMP (2), ATEMP(3), ATEMP (4], ATEMP(5),

+ATEMP {81, RTEMP {7}, ATEMP (B8] ,ATEMP{S) ,ARTEMP{10;, ATEMP (11} 352

PRINT 3L, 'OWPT ',ADWPT{1) ADWET (2}, ADWRT (3}, RDNET (4], ADWET (5],

+ADNPT(6},ADU?T(T):ADWPT!G).ADWPT!S}.ASHPT(IO],ADWFT(EXI

PRINT 32, ARIR{L},ADIR{Z},ADIR(3}, ADIR{4} ARIR(5], ADIR(6],

+RDIR{TY, ADER(H), ADIR (), ADIR(10} , ADIR{11}

PRINT 31, 'WSPD ',AVEL[1) AVEL{2},AVEL{3},AVEL{4)  AVEL (5},

FAVEL {6}, AVEL{T},AVEL (3]} ,AVEL(9) , AVEL {10}, AVEL{1L}

PRINT®,* *
PRING*, * *
PRINTY, !
PRINT=, ' *
PRINT 34, 'PROB %', PRFOG{1l, PEFOG(2], PBFOG(3], PBEGG[4), PBFOG{S),

Plume Focecast for US Highway 30 near the APM planc’

+PBFOG{S}, PBFOG{ 7}, PEFOG {8}, PATOG(9), PRECG (1), PAFOGI11}

BRINT 33, *CRT . *,CAT(1),CAT{2),CAT(3},CAT(4}),CAT(3},CAT(E]},

+CAT(7), CAT{8),CAT (9}, CAT{10]  CATI(11}

PRINT*, " '

PRINT*, ' °*

PRENTT, *

BRINT*, "

PRINT *,' ON*'

PRINT 50, RORD! 1, o - o i f o Ve .
. o I

L]
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Obsecvations of plume behavior'
* .

1i1
PRINT®,*
PRINY *, "ABOVE"
BRINT S0, 'RORD',*__ %, %% v.x e v a5 aw
*‘l I'l l‘I ® —— — —
PRINT®, ' ! -

PRINT 51, 'COOLING'
PRINT *, 'UNITS'
PRINT so' ‘USED"' 1] t L L] 1 v ] L} * L t
+t o [ R T ' T——
e e e et
PRINT,* *
print*, ‘The fog categories are based upon the predicted
+probabiiity for a!
priat*, 'cooling tower fog effecting the wisibility along
+Highway 30 near?
printe, *the Archer Daniels Midland plant.'
1

print®,

print*, The ¢riteria for each category is: !

print*, * ¢

ptint», High Probability greater than or equal to 88"
printe,* ¢

'
'
.
'
'
print*,* Medium Probability between 70 and §0'
cinze, "t

p i

'

'

prince, Low Probapility between 68 and 70°
princr, ' ! o
prince, Zero Probability less than 60 °
pringv, t ¢

print~, "These categories provide only a gsnera}l cutlook of
+Che coolling tower *

Print”, 'plume behavior based on a national computer model
+which forecascs *

print”, ‘Wweather conditions for the area. This forecast is
+experimental and '

. printe, ‘users should be alert to possible large ercrofs in

tthese forecasts of '

print*, 'plume behavior and weather condjtions. !
PRINT*, ' ¢

PRINT*, '

PRINT*,?
PRINT®,* !
BRINT",* By: E.S, Takle and P.C. Thomaon '
PRINT™, femail; gstaklefiascate.edu pthomsonfiiascate. edy’
PRINT=, ' !

CLOSE (109

CLOSE (99}

CLOSE (58}

END .

Verslien ', YERSION



