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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, [DOT 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 s0), 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° E.
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:
terperature, relative humidity, wind speed, and wind direction data. Visual estinates were
made of the position of the vapor plumes relative to the roadway and its impact on driving
visibility. Roadway closurefre-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



two 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  1990-1961  1991-1992  1992-1993  1993-1994 Totals
Road Closure 3 Closures 7 Closures 12 Closures 4 Closures 1 Closure 27 Closures
Events 31h 77h 126h 46h 4h 284 h
Monitoring 25 Times 39 Times 48 Times 26 Times 17 Times 155 Times
Events 216h ©616h 740 h 459 h 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

* QGeneral 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 systermn. 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 caused
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 * 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
iniitialization 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 January 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 1o
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
predigted 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 SST 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).
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APPENDIX E. EXAMPLE PLUME FORECAST

This file created on Tue Feb 21 09:5B:46 C8T 1995
Reading input file ngm.mos.00.22
Model biag file not found.

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

DAY /FEB 22 JFEB 23

HOUR 00 03 06 09 12 15 i8 21 00 03 06
TEMP 35. 36, 36. 39, 48. sl. 45, 39. 36. 31. 29,

DWPT 29. 310 32. 33. 36, 36. 35. 33. 29, 25. 22.
WDIR 180, 216. 241. 276. 287. 285. 291. 309. 308. 315. 317.
WSPD 8. 6. 4. 3. 5. 8. 8. le. 24, 26. 25,

Plume Forecast for US Highway 30 near the ADM plant
PROB % 53. 66, 86, 47. 27. 48, 27. 27. 29. 29. 29,
caT 0 L L 0 0 0 0 0 0 o 0

Observations of plume behavior

ON
ROAD

ABOVE
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

Medium Probability between 70 and 80

Low Probability between 60 and 70

Zero Probability less than &0
These categories provide only a general outlook o©f the cooling tower
plume behavior based on a national computer model which forecasts
weather conditions for the area. This forecast ls 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: gstakle@iastate.edu pthomson@iastate.edu
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Use of Expert Systems for Roadway
Weather Maintenance Decisions

Eucene S, Taxte anp Paur C. THOMSON

We have developed and deployed sutormated sysiems for forecasting

frost and fog on roadways and bridges at specific locations in [owa.

These systems ingest currert obsesvanuns and forseasted values of spe-
1

cifie weather bles and produce R of the indicated ¥
cendition. Furecasts made on the basis of uncentain (weather} input
nfe ion wils invasiably lead v less.th i Hit rates and

greater-than-zero faisc-alarm rates. A procedure. based on sigasl
&etection theary, has been develaped to separately snslyze the acey-
racy and bias of the aysiems, By using this procedure, the sadway

i can funt the sy o achieve the optimuam bai-
ance of hit-ratc-versus-faise-alarm rate for a given spplication. Com.
parison of the estizmaied levels of scouracy of these forceast systems
with other repouts in the metcorclogical litemnare reveals that our sys-
sems have skill fevaly sufficient to have practical vaiue, Key words:
froat, fog, expert system, roadway weather, decision making.

Af eXPEIT System i3 & computer-hased tool that stores & modet of
human expert reasening with an associated knowledge base and
combines Bicte 10 reach the same conclusion as & human expett to
a complex prabient. We fave develaped expert sysiems fof wo
specific tasks relating 1 roadway weather decision making. The
firstis & system: for forecasting frost formetion on bridges and road-
ways int ceatrai lowa, and the second s a sysiem for forecasting fog
on U5 Highway 30 in Cedar Rapids. lowa, due w plumes cmitted
by cooling towers a1 a corm-sweeteners production plont adiaceat
1 the roadway. From thess expericaces we have concluded that
expert systems can be ureful in roadway weathet maintensnce
decisions. These expericnoes also have allowed us {0 contider the
more general issue of decision making with regard 1 the use of
weather information.

FROST FORMATION ON BRIDGES ANT ROADWAYS

Frost fonmation on bridges and rosdways in fows poses 8 potengal
safety problem far motocists, in large’ messure due to its patchy
nsmure. Frost suppression measures, such & sanding and 1alliog
affecied aross. must be impiemented iz & timety manner, An accu.
rate forecast of frost is needed 30 that the Jows Department of Trans-
portation {lowa DOT) can have personnel, equipment, and mate-
rin} 2vailable a2 the focations fweding allention. Under sponsosship
of the lawa DOT, we developed an expert sysiem fo forecast frost
|8 hours in advance (1.2},

The cxpert system uses 2 backward-chaining system and con.
sists of 32 paraeters snd varighles and 33 eules. Roadway and

- bridge frost data from December, lanuary, and Febroary of four

E.5. Takle, 3050 Agronomy Hall, fowa State University. Atnes. lows 30011,
PC. Thomsoa, Bisck and Veaich, 3400 Ward Packway, P.O. Boa 8303,
Kanyes City, Missouri 64154,

frost seasons ( 1985-89) were used to develop the rules for the sys-
tem, The sules are used in combination o forecast separate values
of temperature for the bridge and rosdway, which are compared
with the forecast of the dew-point temprrature to detersioe the
likelihood of fros,

nput to the sysiem consists of the three dsta items nd seven
forecast variables listed in Table 1. The system was run at about
£1:00 am, LST to forecast soaditions at approxisasely 3:00 a.m.
the following ing. [n the operationnl sexting, the input vasi-
sbles were supplied by the forecast meworologists whio also ran
the expert system.

‘The verification matrix of Table 7 summarizes the pecformance
of the system a3 ineasured against sctual oitcomes, The conditions
{ot Frost 10 occur are that (1) the surface temperatere must de
below freezing, (2) the surface lemperatire must be below the dew-
point temperzture, and (3} the dew-point temperatore rust be near
{even shove) freezing or efse weil above the surfece wwmperature
for & significant period of time. Ve first set the decision criterion to
be that [rose would form {F the esumated yurface temparanue was
lets than of equal 1¢ the dew.paint temperature, However, this eris

. levion can be changed i examine the influence an the hit rate tad

falss-sfanm rate. f we increase the temperatare threshold by 1°C
we are saying that frost will form semewhete in the rmgioa even if
the surface e at some refe 1 ion is 3*C higher
then she dew-point temperature, The plot in Figtre | shows how
hanging the threshold changes the hit and False-alarm rite.

The sysiem was designed, wsted, and deployed operaticnally.
fss practice. the lorecasters Typically woukd runt the system seversl
times with difTerent natians of the p s in Table [ o0
examine the sensitivity of the present u.m:paan 10 smnil changes in
the forecast varishles, The system i (outrd to have sccuracy com-
parable with human forecasters, Details of the comparison of fore-
casg gecuracy of the system are given it (1),

ROADWAY FOG PRODUCED 8Y AN ADJACENT PLANT

Heavy fog with accompunying low visibilicy form in the vicinity of
US Highway 30 in Cedar Rapids, lows, due to copious smounts of
water vapot celezicd from linear d-draft cooling lowers
at 3 cota-swestener plant adfacent (o the roadwry. Arsbisnt atmo-
spheric conditions of wind speed, wind direction, temperature, dews
point wmperature, snd surface moisre are key conditions that
determine whether the resalling waler-vipor plume will ivad to low
visibitity for motarises on Highway 30, Safery precautions by [owa
DOT in the event of fog include rerouting traffic 1o & ¢ity street
during the ¢pisode.

Accurtie Torecasts of ooset and lesminstion of low visibility
condiliony art noeded to assist Jowa DOT persannel in theit moni-
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46 1996 SEMISESQUICENTENMIAL TRANSPORTATION CONFERENCE PROCEEDINGS

Faciors entering this decision include the rctual costs of manpower,
quip and jals tat aiso the p iat for an accident and
poasible litiparion resulling from rot taking sction. Actzal covt of
the first (low for individual events but large 35 aggregate} smat be
weighed against the potential cost of the secord (possibiy very lange
# it occurs). The nuaintenance supervisor cannot ask the forecaster
1o give & “yes” of "no” on frost, becsuse this would ferce the
meeorelogist ¢ mike 3 policy decision based on some Ievel of
risk, which i the maintenance superviser's responsibility. Rather,
the farecaster should issue a pereentzge chasce, and the supeevisor
must establish 3 threshold, or decision criterion. beyond which frost-
suppression aciion is taken,
The method of signai detection theery (SUTY4.5.6,7) allows us
t0 evyluate the probabilities of a “hit” “miss.” "faise alarm,” or

“eorrect nonoccurrence” and their retationship, separately, to Fore-
cast 2ccuracy (e responsthitity of the (otecisier) and decision cri-
terion {ihe responsibitity of the supereisor). lacreass
ing the bit rate alyo increases the faise-atarm rate. By use of signal
detection theory. the maintenance supervisor can balance hit rate
against {aise.alarm rate. independently of forecast accuracy.
From SDT, an index of accuracy, d', is the number of standard
devintions separating the means of the (assumed aormal} disuibu-
tons of decision varizbles preceding occurtence and preceding
nenoccurrence. Thus, if & = 0, there is no skill because the prob-
ability of hit aad false afarm are equal, A second index, B, i3 the
litkelihood #atio that the given dals suggest cocurrence gver
nonoccurrence, The criterion pl is considered unbiased if’
B = 9, bissed toward maintaising a low fajse-alarm rawe (a5 the

=
o0
|

A
-‘;: 1

{1t and ﬁa!sc Alarm Rates
b
I

<
o
|
e
|

Forecast Hit Rate
== emwe o Forecast Faise Alarm Rate
ooeeeseec o Qutlook Hit Rate
=== Qutlock False Alarm Raig

54% 60% 66%

2% 8% 34% 906%

Probability Threshold

FIGURE 2 ft und false-alarm rates for road closures for various valoes of threshold probabdlity for the fog forecsst

tradel

Tirkle and Thomaon

expense of o lower hitrate}if B > 1, and biased woward maintainieg
% high: hit rate at the expense of o higher false-glarm eate}if B < 1.
A third parameter, A, is the area undet the curve of the SDT rela-
live operating charscteristics curve (£} and can be interpreted as
he percentage af time that the system caz distinguisk between con-
-diions leading to occurreace {rom coaditions itadiag to
roaceurrence of fog of frost, Swets (7) considers 2 system with A
vaives below 70 t¢ have insufficient sccuracy for much practical
vaive and sysiesns with velues between 70 and 90 to be useful for
IOME PUrpOICS.

Tabie 3 gives the cstimated values of ', B. exd A for the expent
systems {or bridge snd roadway frost and for the Fortran prograzn
wsed For fop forecasting. All systerns show skilk at discriminating
oeguimences from ponoscurences (d° > 0), &nd, for the decision
criterin used, all systems are bissed toward maintaining a low false-
alarm eate at the expesss of a fower hit rate, The values of A sug-
pest that all sysiems exhibic skill in predicting their mspestive road-
way conditions, For the frost projeet, we obained data sand computed
anyglogous statistics fog buman forseasts s3 shown in Table 3, These
results show thit the bumas forecsters were foss binsed towird
msintnining 2 fow {aise-giarm rate. and that the skbil was compa-
zable or slightly lower than the expert system. We emphusize shat
_this comparison is not atrictly valid because the expert system is
evaluated at its p ind best b we bave d “perfect
forecasta™ for the input variables (Table 1) to the syswm. For the
fog problem, the human forecasters hed o hit raie of 70 percent,

TABLEJ Measures of Accuracy and Biss for Exgert Systems and
Humun Forecasters for Forecests of Frost wnd for the Fortree Model
{or Foreensts of Fog

. L3 8 - : Arex

Frost, Expert Systeen (0°C triterion) -

Bridgn 17 132 1]

Roadwry 1.4 190 82
Frost, Human Forecase ¢

Bridge 12 0.93 7

Roxdwny 1.4 1.60 32
Foy, Expert Syttem (0% prodability criterion} .

Forecast L5 .94 83

Qutlosk s 14 84

1ar

comparable w the Forman program, but they had spproximately
twice the false-alarm rate.

RECOMMENDATIONS FOR USE OF EXPERT SYSTEMS

{nur experience in deveioping these sysiems and our observationy
of other expert systeras that have been developed o provide mome
getiersl ruetegrofogical forecases fas tsught us thatsueh expert sys-
tems are more likely 1o be ful if they ane designed 2o fore-
<t a specific event (&g, frost on & dridge) eather thes mort gen-
eral conditions {e.g., occurvence of severe weather). This is because
the numster of rules needed o discriminate occustence from
nonoceurrence is fairly Bmitzd tabout 30 for our systerms). Venfi-
<ation of simpier systerns is a much more menageabis ek,
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UFDATED-8Y @@ (SREFMARK RULEGZE
USED-8Y :: ISREFMARK RULELZ6)
USED-BY~THE-WAY :: (MRULEQCL)
COMTAINED-IN :: {RULE03T RULEO3% RULEQ4C RULEG38)
FOGYES
R
TREANSLATION :: (There will be a cooling tower tog on Hwy 30 nezar the
ADM plant with the forecast conditlions. )}
TYPE :: YES/NO
UPDATED-BY :: ({RULED43 RULEO42)
USED-BY~THE-WAY :: (MRULEJO1)

PB_DEWPOINT

Framaxamnas

TRANSLATION :: {[the probability for fog dew to a glven dewpeink?
TYPE :: SINGLEVALUED
EXPECT :: NUMBER
UPDATED-BY :: (RULECOl RULECGOZ RULEQR3 RULEOO4 RULECGCS RULEQOS rﬁrmahq
RULECGQS )
CONTRINED-IN :: {SREFMARK RULEGZE}
RANGE :: (G 1.1
PB_TEMP

Swmmam=

TRANSLATION :: {the probability of fog due to the temp.)
TYPE :: SINGLEVALUED
EXPECT :: NUMBER

UPDATED-BY :: [RULEC18 RULEOL9 RULEO21 RULEQ22 RULE023 RULE024 RULEOZS
RULEQ20 }
CONTAIMED-IN :: (SREEMARK RULEOZ6}
BANGE :: {0 1.}
FB_WIND
samez=c
P8_WINDDIR .
amEmEEmm——
TRANSLATEON :: (probability of fog due teo the wind directiom)

TYPE :: SINGLEVALUED

EXPECT :; NUMBER

UPDATED-BY :: (RULEOLQ RULEOLL RULECL2 RULEOLZ RULEO14 RULECLS AULEQGLE
RULEG1? RULEO36 RULEQOS )

CONTAINED-IN |SREFMARK RULECZ6)

RANGE :: (0 1.}

PB_WINDVEL

ammmsssTes
TRANSLATION :: (prob of fog due te wind velocity)
TYPE :: SINGLEVALUED
ENPECT :: NUMEBER
UPDATED-BY :: (RULEC2% RULES3O AULEQ3l RULEN3Z RULES33 RULEL34 RULESG3S)
RANGE :: (@ 1.}
CONTAINED-IN :: [SREFMARK RULECZE)

TEMP

momm

92
TRAMSLATION :: {the forecast air temperature at Hwy 30}

PROMPT :: (Enter the forecast air temperature at Hwy 30 in Cedar Rapids
TYPE :: SINGLEVALUED

EXPECT :: NUMBER -
USED-BY :: (RULEQLS RULEG1%® RULEQ2} RULEQR22Z RULEO23 RULEQ24 RULE02S
RULEQ20 }
HELP :: (Enter the forecast alztemp in degrees {-30 to TO0F} .}
CONTAINED-EIN :: {SREFMARK RULEG44)
RANGE ::r (-30 74}
TEST
J——
TRANSLATION :: {Dewpoint depression values)
TYPE :: SINGLEVALUED
EXPECT :: INTEGER
UPDATED-BY :: (SREFMARK RULEO44}
USED-BY :: {RULEQ3T RULEO39 RULEQ40 RULEOIS SREFMARK RULED44)

RAMNGE :: {0 30} .

WINDOIR
wmnasn
TRANSLATION :: {the forecast wind direction at Hwy 30}
PROMPT :: (Enter the forscast wind direction at Hwy 30;
TYPE :: SINGLEVALUED
EXPECT :: NUMBER
USED-BY :: {RULEQLOQ RULECO1} RULEQL2 RULEOL13 RULEGL4 RULEOLS AULEQLS
AULEOL7? RULEQ3IS RULEOOY )
HELP :: {Enter the sxpectied wind dirsction in degrees (120 to 2BS) )
RANGE :: {120 280} R

WINDVEL

TRANSLATION :: {(the farecast wind velocity at Hwy 30}

PROMPT :: (Enter the forecast wind speed (knots] Hwy 30}

TYPE :: SINGLEVALUED

EXPECT :: INTEGER

USED~BY :: HRULE023 RULEG3C RULEG3L RULECI2 RULEO33 RULEOI4 RULEDIS)

HEL® ::; {Enter the expected wind speed la knots {0 to £0kts} .}
wwzmm“umoaov

COOLTWR~RULES

"RULEDZS

SUAJECT :: CCOLTWR-RULES
It pProbablility of fog on Hwy 30 §. to 1. iz not known,
Then it is definite (100%) that Probability of fog an Hwy 30 0. to 1. is {1
minus {{{[1 minuas {the probabillity of fog due to the temp. divided by 1.5})
times {1 minus [the probability for fog dew to a given dewpoint divided by
1.8 ]}} times {1 minua {probability of fog due to the wind direction divided
by 2. j1t timea {1 minus (prob of fog due to wind velocity divided hy
.71,
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935

AULENZ1
=
SURJECT :: TEMP-RULES
1t 1] the forscast air temperaturs af Hwy 30 is greater thah or
26,
and
21 the forecast air temperatute ac Hwy 30 is less tham 31,
Then it 1s definite {100%) that the probability of fog due bo the
0.66.

RULE022
PRRRIE ¥
SUBJECT :: TEMP-RULES
If 1} the forecast aizr temperature at Hwy 30 is greater thar or
31, ¥
ang
2] the forecast air temperature at Hwy 30 is less than 36,
Then it is definite (1001} that the probability of fog due te the
4.697.

RULEQ23
nwmmn
SUBJECT :3 TEMP-RULES
14 1} the forecast air Temperature at Huy 30 iy greater than or
36,
and

2) the forecast air Cemparature at Hwy 30 is less than 41,
Then it is definite (100%) thac the probability of fog due to the
0.485.

RULE0OZ4

mmmmnn.

SUBJECT :: TEMP-RULES
It 1] the forecast air tamperature at Hwy 30 ia greater than or
i1,

and

2} the forecast air temperature at Hwy 30 1s less than 46,
Then it is definite {1060%} that the probability ef fog due to the
0.5,

RULEGQ23

Fa=munw

SUBJECT i TEMP-RULES

¥4 the farecast air Cempsrature at Hwy 30 Ls greater than or equal to 46,

Then it is definite {1G0%) chat the probabillty of fog due te the
0.44.

equal to

temp. 1s

equal to

temp. is

equal to

temp. i3

equal to

temp. is

Temp. is

96
sazssomz=somssxssss
WINDDIR-RULES
RULEC0OS

Pam————
SUBJECT :: WINDDIR~RULES
DOBEFORE 1 (286)
If the forecast wind direction at Hwy 30 1s less than 131,
Then it is definite {l00%) that prebability of fog due to the wind direction
is l.e~4, '

RULEQLO
SUBJECT :: WINDDIR-RULES -
DOREFORE :: {26)

it 1} the forecast wind direction at Hwy 30 is greater than or equal to
131,

and
2) the forecast wind direction at Hwy 30 is less than 159,

Then Lt is definite (100%) that probabiliby of fog due to the wind directicn
is 0.1,

RULEG11
Bunexs
SUBJECT :: WINDDIR~RULES
DOBEFQRE :: {28)
It 1) the forecast wind direction at Hwy 30 1s greater than or equal to
159,
and ° -
2} the forecast wind direction at Hwy 30 is less than 179,

Then it is definicte (100%) that probability of fog due to the wind direction
s G.4.

RLLEQLZ
wowEen
SUBJECT :: WINDDIR~RULES
DOBEFORE :: {26} -
if 1) the forecast wind direction at Hwy 30 i3 greater than or equal to
170,
and
2} the forecast wind directioa at Hwy 30 is less than 190,
Then it is definite (100%} that probability of fog due to the wind direction
is 9.42.

RULEQL3
SUBJECT :: WINDDIR-RULES
DOBEFORE !: {26}
b ¢4 1) the forecast wind ¢digection at Hwy 30 is greater than or equal to
190,
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9%

the farecast dewpoint at Hwy 30 is less than 35,

2
{100%} that the probability for fog dew to a given

Then 1t is defipite
dewpeint ia 0.57.

RULEDGE
O
LUBJECT :: DEWPCINT-RULES

oowmﬂowm..—wmw

Iz 11 the forscast dewpoint at Hwy 30 is greater than or equsal to 35, and
2) the forecast dewpolint at Hwy 30 ix less than 40,

Then it is detinite {(100%) that the prokakbility tor tog dew Lo & given

dewpoint is 0.235.

RULEDQT
T T
SUBJECT :: PEWPCGINT-RULES
DOBEFORE :: {26} .
18 1) the forecnst dewpolnt at Hwy 30 ls greater than or egual to 40, and
21 the forecast dewpolnt at Hwy 30 is less thar 30,
Then it is <defipite (300%) that the probability for.fog nmﬂ te a given

dawpaoint i3 4.27.

RULEOQE
T 0 e
SUBJECT DEWPOINT-RULES
DOBEFORE 13 i26) B
Ir the forecast dewpoint at HWwy 30 1s greater than or equal te 50,
Then it is definite (1004} thac the probabllity far fog dew to a given

dewpolnt is 0.3.

prospmppmem et PLE LT L L IR

WINDVEL-RULES

RULEOQ2%
—
SUBJECT :: WINDVEL-RULES
DASEFQRE 3 {26}
If the forecast wind velecity at Hwy 30 is less than 5,
Then it Ls dafinite {100%) that prob of tog cue to wind velocity is 4.01.

RULEQ3O
a——————
SUBJECT :: WINDVEL~RULES
DOBEFQRE :: {26}
Hwy 30 is greatesr than ot equal to 5.

184 1] the forecast wind velocity at
and

2] the forecast wind velocity at Hwy 30 js Less than T,
Then it is definite {100%) that prob of fog due to wind velocity is 0.15.

100

RULEQ21
mmmzaen
SUBJECT :: WINDVEL-RULES
DOBEFORE :: {28}
Ie 11 the foreca i
" St wind velacity at Hwy 30 is greater than or equal to 7
’

Then wm M”mammmoanﬂ wind velocity at Huy 30 is less than 9
efinice (100%) that prob of fog due to wind <awmnwn< is 0.2

RULEO32
FaTamne
SUBRJECT {: WINDVEL-RULES
re DOBEFORE :: (26}
11 the fore i i
s recast wind velocity at Hwy 30 is grsater than or equal o 9

Then MM Mmonmmmmmuun wind velocity at Hwy 3G i3 less than 13
ta [l00%) thact prob of fog due to wind <uwomnaw is 0,45

RULEQ33
ey
SUBJECT :: WINDVEL-RULES
- DOBEFORE 1 {26}
1} the forecast wind v
The elocity at Hwy 30 is greaCer than or equal to 13,

] e forecast wind veloc . Huw & less an ’
2y & locit i 30 i 1 th 15
¥ a Y i
Then it is dafinite [100%] that prob of fog due to wind CGhOnHﬂus iz 0.4,

RULEQ34
mame
SUBJFECT :: WINOVEL-RULE
: 5
Le POBETORE :: (26}
1} the forecast wind ve.
hoiget nd velocity at Hwy 30 is greater than or #gual Te 15,
fhen MM M”naMwmammuﬂ wind velocity at Hwy 30 is less than 13
nite (100%) that prob of fog due to wind <GMQMwn< is 0.3

RULED33

e
SUBJECT :: WINDVEL-RULI
DOBEFORE :: [26) gL

I ¢ forecast wind QCIty te han 21 1%,
; : 4 2 :

k4 the £ ; Ve it € Hwy 30 is greater ¢ of equ to 1§

Then it is definite (100%) shat prob of fog due %o wind <ﬂ._.0nu.ﬂ.% is 0.2

IG1

META-RULES

SN AN TR SO g

MRULEQGL
[FRr—
SUBJECT META~RULES
1t 1) Probability of fog on Rwy 30 ¢. to I. Ls known, and
2) put any OBJRULES which meets the condition: Probability of fog on Hwy
30 G. to 1. is mentioned in the rule into SETL, and
3} put any OBJRULEY which meets the conditiom: Thate will he 2 caoling
tower fog on Hwy 30 aear the ADM plant with the forecast conditions.
ix mentioned in the rule into SETZ,
Then DOSEFCRE is assigned the values: SETL.
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READ {100, 16, ENG=1%1 THMPI{1},BIR{I,1),DIR(L, 2}, DIRIL, 3,
+DIR{L, 4}, DIR{I,5},PIR(E, 6),DIR(L, T}, DIR{I, 31, 0IRII, S},

+DIR(E, 167, DIRET, 11}, BIR(L, 223, DIRIL, 133, DIR{T, 14}
+DIR(X,1%5),DIR(I, 16}, DIR{E, 37}, DER(L, 16}, DIR{I, 19}
IF (THMP(}].NE.'WDIR *) GOTO 18

READ (100,16, END=19) TMP{1),VEL(,1},VEL{L, 2} ,VEL(I, 3},
+VEL{I, 4}, VELLL, 5}, VEL{I, 6§}, VEL{I, 7}, VEL{I, 6}, vEL(L, 9},

+VEL{1,10},VEL{I, 11}, VEL{I, 12}, VEL(X,13), VEL(I, 14},
+VEL{I, 15}, VEL{I, 16}, VEL{1,17),VEL(I, 18}, VEL(X, 19}
IF {TMP{}}.NE,'WSPD '} GOTO 1B -

i7 FORMAT {1X,AZ,2X,AZ,2¥, A2}
DATE~CREAT {26: 33}
TIME«CREAT{36:39}

QPEN [UNIT=102, FILE='TEMP.TEMP', STARUS='SCRATCH'}

WRITE (102,17} DATE{1:2],DATE(4:5},DATE{T:8)
WRITE (102,*} TIME
TT(E)=1
DIV=DIV+1.0
GOTO 19
18 PRINT*, 'ERRCOR READING *,STA{I}
19 TMP(L}=TMP(3}
REWIND {UNIT=100Q}
IF {I.GE.4.AND.TST(L},EQ.9.AND.DIV.LT.3} THEN
PRINT™, ' !
PRINT*, ' Not enough data to make & forecast. *
GOTQ 52
END IF
20 CONTINUE

LA L E R A LAl bt

c end of reading ngm data file

P e AR RS L AR bbbt

P e e e e e e R L R AL R R L LR AR

ceanaen
[+ required to fix wekrd error with VEL{O,1}7¥327
n-laln.otsaa:nltllllllntnu-ﬁttntq.tnnao-aaaannnnlob
Do 96 I=1,19
TEMP {0, Ii=0
DWRT (0, 1) =0
XK{0,L]=0.0
T{G,11m0.0
DO 92 Je1,4
DIRS(J, I}=REAL (DER(J,I})"10.0
§2 CONTINUE
40 CONTINUE

P ARl Lt AL L LSS SRR

] Eind simple averages of che daca for first guess

P R T R R AR LS AL AL A At b i

po 21 J=1,4
T{¢,J1=0.0
X{¢,J1=0.0
IF. {TST{J).GT.% THEN
oo 22 I=i, 19

163

M.w.u_._ I} =REARL(VEL(J, H:-mnzH:UHmmTﬁmunu.naumwwu\wmo.o:
{ .:tmmkr_cmn.?u.n:oﬁmm:.Umwmﬁ.w.:.w.::uwnwxwwa &
.ﬁmzm_o.an.HMZmﬁo_:tﬂmgmnn~: o
pweT (g, LI =DWET (8, 11 +DWPRT (J, I}
K10, Ty=X{0, 1) +X (3, I)
Y0, 1 =v1(0,1I1+Y(J,1
22 CONTINUE ’
END IF
21 CONTINUE

PO 23 Iai, 19
ATEMP{I)=TEMP (G, I} /DiV
ADWPT () =DWeT{0, 11 /DIV
AX{I)=X(0, 1) /DLV
AY(E}=Y (0,1} /DIV

23 CONTINUE

L i A bl L LR TR
- . - -
- » e

Crassman method of correction

SRR R L IR R R
R

0o 91 I=1,4
W{ri=0.0
91 CONTINUE

IF {TST{(1].EQ.1}) W{ii=0. 5223
IF (TST{2).EQ.1) Wi{Z}=0.,1059
IF {TST(2).8Q.1) W{3)=0_4706
IF (TSTI2}.20.1} Wi{4)=0.3}59

DO 24 1=1,19
DELY=TEMP{L, 1) -ATEMP (1}
D{2)=DWPT{1, X)-ADWET (1}
DU3pex{l, T)-Ax(1}

D{d) =Y (1,I)~AY{I)

nﬂwunnzn:-U:w‘vﬁmm_-_u::ﬂ:_.oaw

P {4} *D{]
O_N“snt;vowﬁm_fe:uunoﬁmu...r.ﬁu_.O.~_+£:_-UMN“W“WWM
Ci3)=[w(1) -Unuu,..r;m_..oo.._wuwﬂﬂu_..owﬁuytx.—f.snwu H BRIV
naa_u::t»UTS.:.ZN_..u::.:.:u».Dnﬁwﬂ“f'ﬁ::\_um,w

ATEMP (T} =ATEMP{I}+C[]}
ADHET {I)=ADWPT () +C {2}
AX(I}=AX(I}+CE3)
RY{I}=AY{I)+C(4)

24 CONTINUE

DO 25 I=3,19
ﬁ<wﬁﬂmuum0bﬂnrx.f-t~+rﬂ:_.a3
EF {AVEL{Y).GT.0.000001) THEN
.anﬁanwi:mc.o\.u.Hawmmuwohnomﬂ»«:
| /AVEL(1})

IF [AX{I).LT.0.0) PRIR(I}=360,0-ADTA (L}
ZL3E
ADIR{I}=999.9
END IF

25 CONTINUE
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IF (MM,EQ.1.OR.MM.EQ.3,0R.MM.EQ.5.QR.MM,EQ.T.OR,
+MM.EQ. B.OR.MM.EG. 10, 0R. MM.EQ. 321 DDm31

1E (MM.EQ.4.OR.MM.EQ.6.0R.MM.EQ.9.0R,MM.£Q.11) Do=30

1F (MM.EQ.2)} DD=28
END IF

TF {MM.LT.1} THEN R
MH=Me 12
YY=Y¥Y-1

END IF

DO1=DD+1

MM =M

IF {MM2.EQ.2.AND.DD1.GT.28) THEN
MMZ=3

DD1=1

END IF ’
TE (MM2.EQ.4.0R.MM2.EQ.6.0R.MM2Z.EQ.9.ORIMMZ.EQ. 11,

+AND.DD1.GT.30) THEK
MM2=MMZ+L
DDl=1
END IF
IF (MM2.EQ.1.AND.DDI.GT.31) THEN
MM2=pM+1l
DDi=]
END IF
If tMM2.EQ.3.AND.DD1.GT.31} THEN
MM2aMMr )
ODlwl
END IF
IF (MMZ.EQ.10,AND.DDY . GT.3E} THEM
M2+ E
DDi=l
ENG IF
1f (MM2.EQ.12.AND.DD1.GT.31) THEN
MM2 =M+
DD1=1 R
END IF

IF (TIME.EQ.'0000° .AND.DD1.EQ.1) MMer2i+l
IF {MM2.GT.12) MMZ=]

DO2=D01+1

MM 3=

If {MM3.EQ.2.AND.DD2.GT.28) THEN
33

DD2=]1

END IF

I (MMI.EQ.4.0R.MMI.EQ.6.0R.MM3.EQ.9.0R.MM3.EQ. 13
+AND.DD2.GT. 30} THEN

MMI=MM3+L

DD2=1

END IF

IF {MM3.EQ.L.AND.DDZ2.GT.31) THEN

109

MM3I=MMy ]

DD2=1

END IF

IF¥ (MM3.EQ.3.AND.DD2.GT.3
VLN .31} THEN
oD2=1

END IF

e (MM3.EQ.10.AND,DD2.GT
oo -3} THEN
D=1

END IF

IF (MM3.EQ.12.AND.DD2.G

e 1T.31) THEN
DD2=1

END IF

IF {MM3.GT.12) MMaIs]

C* T **should be in a loop )

IF (MM3.EQ.9) MONTHI='SEp
TP (MM3.EQ.10) MONTHI=‘ocT'
IF {MM3.EQ.11) MONTHI='Nov"
1f (MM3.EQ.12; MONTH3='DEC!
IF (MM3.EQ.1) MONTHI='Jpa+
IE (MM3.8Q.2) MONTHIw'geg'
IF {MM2.EQ.3) MONTH3='MhR'
IE (MM3.EQ.4} MONTHA=‘ApR®
If [(MM2.EQ.9} MONTH2='SEp*
IF (MMZ.EQ.10) MONTHZ='oCp!
IF (MM2.8Q.11) MONTHZ='Nov*
IF {(MM2.EQ.12) MONTH2w'DEC:
IF (MM2.EQ.1} MONTHZ='Jnn'
IF (MM2.EQ.2] MONTHZ='Feg*
IF {MM2.EQ.3) MONTHZ='MAR!
IF (MM2.EQ.4) MONTHZ='npa*
IF {MM.EQ.9] MONTH="SBP*

IF {}4.EQ. 10} MONTH=’0CT*
IF {MM.EQ.11) MONTH='NOV"
IF {MM.EQ.12} MONTH='DpEC*
IF (MM.2Q.1} MONTH='JrN:

IF (MM.EQ.2} MONTH='FER'

If (MM.EQ.3] MONTH='MPR®

IF [MM.EQ.4) MONTH='RZR’

kA e
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38 w0w4>w {*Forecast created using NGM MOS data ¢
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