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1. INTRODUCTION

The Techniques Development Laboratory has produced a computer program
which generates public weather forecasts in worded form from digital fore-
casts of weather elements. This computer worded forecast (CWF) program was
designed to be implemented concurrently with the AFOS (Automation of Field
Operations and Services) system. One version of the program operates at NMC
(National Meteorological Center) on NOAA's large computer system and sends
forecasts over the NDC (National Distribution Circuit); another version can be
run on the local AFOS minicomputer.

It is the main intent of this paper to provide detail on the selection and
combination of phrases which compose the forecast. The input to the program,
the options available in its use, its operation in the AFOS environment, and
future plans will also be discussed. It is hoped that if the forecaster is
familiar with these items, the utilization of the program will be simplified
and its effectiveness will be increased.

2. INPUT TO PROGRAM

A. Weather Forecasts

The most important inputs to the CWF program are, of course, the weather
forecasts. For the version of CWF which operates at NMC, these weather
forecasts are produced by the MOS (Model Output Statistics) technique (Glahn and
Lowry, 1972). For the version of CWF which can be run locally on the AFOS mini-
computer these weather forecasts are local forecasts or a combination of MOS
and local forecasts.

Fig. 1 shows the MOS forecasts in matrix form. These forecasts were made
from a 0000 GMT model run. The three forecast periods-—today, tonight, and
tomorrow-—covered by the CWF are indicated, as well as a fourth period--
tomorrow night, which is given for additional guidance only. The appropriate
GMI wvalid times are also shown.

Note that for most elements the first valid time, 1200 GMT (Z), is 12 hours
after the initial data time for the numerical model. The MOS forecasts
partially rely, in some cases, on surface observations 3 hours after 0000 GMT.
The forecast elements are explained briefly below. It should also be noted
that not all elements given are used as input. A CWF generated from this
sample matrix is shown in Fig. 2.



GUIDANCE MATRIX DCA VALID TIME
ELEMENT UNITS 12Z 182 00Z 06Z 12Z 182 00Z 06z 122
(==-TODAY---) (-~-TONIGHT--) (~TOMORROW-) (-TMW NIGHT-)
TEMP M/M DEG F 54 - 39 55 27
TEMP DEG F 39 39 46 52 52 49 48 46 46 45 49 51 49 43 39
POP(12)  PERCENT 22 84 ' 20 0
POP (6) PERCENT 3 28 82 23 19 6
POF (P) PERCENT 2 2 0 0 0 3 8
POZR(P) PERCENT 1 0 0 0 0 0 0
PREC TYP CATEGORY 3 3 3 3 3 3 3
QPF CATEGORY 1 1 1
SNOW AMT CATEGORY 0
R SHR(L) PERCENT 22 4 64
DRZL{L) PERCENT 9 0 35
RAIN(L) PERCENT 69 100 2
TSTM PERCENT 0 1 0
CLOUDS CATEGORY 3 4 4 4 1 1 1
FOG PERCENT
WIND D/S DEG MPH 2205 1906 1404 1707 2908 3015 3311
CIG CATEGORY 6 6 5 3
VIS CATEGORY 6 6 5 4
Figure 1. Sample forecast matrix.
DCA FORECAST FOR WASHINGTON, DC
WEDNESDAY 23 NOV 1978
CLOUDY TODARY WITH A SLIGHT CHANCE OF RAIN IN THE AFTERNOON. CHILLY
HIGH IN THE MID 58S. LIGHT AND VARIABLE WINDS. TONIGHT--RAIN. LOW

IN THE UPPER 38S. LIGHT AND VARIABLE WINDS,
WITH A SLIGHT CHANCE OF SHOWERS IN THE MORNING. BREEZY IN THE
AFTERNOON. HIGH IN THE MID 58S. PROBABILITY OF PRECIPITATION 28
PERCENT TODAY 88 PERCENT TONIGHT AND 28 PERCENT TOMORROU.

THURSDAY--PARTLY CLOUDY

Figure 2. Example of a three-period forecast prepared by the CWF
program from the digital data shown in Fig. 1.



TEMP M/M--The max temperature is given for today and tomorrow, and the
min for tonight and tomorrow night. Actually, these forecasts each cover a
24-h period (midnight to midnight, local time) ; therefore , the first max is
not for just the daylight hours. (For details, see Klein and Hammons, 1975.)

TEMP--A specific-time temperature forecast is currently available for pro-
jections of 9, 12, ..., 48, and 51 hours. These forecasts help determine
the wording concerning temperature. Since the MOS forecast max is for a 24-h
period and the local forecasts are usually for a 12-h "daytime" period, adjust-
ment of the MOS forecast max is sometimes made to conform with an expected
daytime max.

POP(12)--These are forecasts of the probability of occurrence of >.01 in
of precipitation (liquid equivalent) in each of the 12-h periods. Besides
determining, in large part, what wording to use regarding precipitation, they
are used in the probability statements, rounded to tens of percent. (For
details, see Lowry and Glahn, 1976 and NWS, 1977a.)

POP(6)--Forecasts for each of the two 6-h periods within the first three 12-h
periods are given. They help determine changes in precipitation occurrence and
cloudiness within the 12-h periods.

POF(P)--Forecasts of the probability of frozen precipitation, given that
precipitation occurs, are available for seven specific times--every 6 hours
starting with 1200 GMT. (For details, see Glahn and Bocchieri, 1975 and
3occhieri and Glahn, 1976.)

POZR(P)--Forecasts of the probability of freezing rain, given that precipita-
tion occurs, are available for seven specific times--every-6 hours starting
with 1200 GMT. (For details, see NWS, 1978a.) This element is not used in
composing the CWF.

PREC TYP--Freezing, frozen, and liquid (rain or mixed types) precipitation
are given by category numbers 1 through 3, respectively, for each of the first
three 12-h periods. (See NWS 1978a for details.) This element is not used in
composing the CWF.

QPF--Categorical forecasts of quantitative precipitation are given for each
of the first three 12-h periods. Categories 1 through 5 indicate <,25, .25-.49,
.50-.99, 1.0-1.99, and >2.0 inches respectively. Threshold probabilities were
determined for each category 2 through 5 for transforming probability forecasts
into categorical forecasts in such a way that the threat score is maximized.
(See Bermowitz and Zurndorfer, 1979 for details.)

SNOW AMOUNT--A categorical forecast of heavy snow is given for the first
12-h period. Categories 0 and 4 indicate <4 and > 4 inches, respectively. (See
NWS , 1978b for details.) This element is not used in composing the CWF.

R SHR(L), DRZL(L), and RAIN(L)--These are forecasts of the probability of
rain showers, drizzle, and nonshowery rain, respectively, given that liquid
precipitation occurs. There is one forecast of each variable valid in the
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dddle of the first three 12-h periods. These are mutually exclusive and
exhaustive categories; therefore, except for roundoff, the sum of the three
probabilities equals unity. These forecasts are not disseminated by teletype
or facsimile; the technique was developed specifically for input to the CWF's.
(See Carter, 1974 and 1975a for details.)

TSTM--The unconditional probability of a thunderstorm occurring at the
station sometime during the first three 12-h periods is given. Actually, this
predictand was determined from 3-hourly observations and will, therefore, be
biased toward low values. This is no real problem for use in the CWF's, since
a correspondingly low threshold can be used to determine when thunderstorms
will be mentioned. The threshold is quite arbitrary and must be determined by
experience. Relatively little effort has gone into producing these thunder-
storm forecasts. (See Carter, 1974 and 1975a.)

CLOUDS--Clear, scattered, broken, and overcast sky conditions are given by
category numbers 1 through 4, respectively, for each of seven projections.
Probabilities of each of these categories are objectively determined (Carter
and Glahn, 1976) and the categories are specified from these probabilities as
described by Carter (1976).

FOG--no forecasts are currently being made for this element.

WIND D/S--Wind direction to tens of degrees and speed aré given in the
usual convention for each of seven projections. A separate regression equation
is evaluated for speed and for the U and V components. Direction is determined
from the components and the regression estimate of speed is inflated. (See
Carter, 1975b for details.)

CIG--A specific time forecast for six categories of ceiling height is given
for the 12—, 18-, 24- and 30-h projections. Categories 1 thru 6 correspond to
a ceiling <200, 200-400, 500-900, 1000-2900, 3000-7500, and >7500 ft, respec-
tively. (See NWS, 1978c for details.) This element is not used in composing
the CWF.

VIS--A specific time forecast for six categories of visibility is given
for 12-, 18-, 24—~ and 30-h projections. Categories 1 thru 6 correspond to a

visibility <1/2, 1/2-7/8, 1-2 1/2, 3-4, 5-6, and >6 mi, respectively. (See
NWS, 1978c for details.) This element is not used in composing the CWF.

B. Climatological Maximum and Minimum Temperature

Climatological max and min temperatures are provided for each station.
They are used in determining temperature phraseology.

C. Current Observations

Surface observations of temperature and weather are input to assist in the
determination of precipitation type.



D, Station Directory

The station directory lists station names and identifying numbers for which
forecasts are to be made.

E. "Text Phrases

Nearly all words and phrases used in the CWF program are read from data sets
rather than being "built in" to the program; this increases flexibility.

F. Text Composition Information

Information is provided concerning the order of phrases, their punctuation,
and how they are to be connected to other phrases. A brief explanation is given
in Glahn (1978).

G. Control Information

Control information for each of the weather elements included in the CWF--
wind, temperature, cloud, and precipitation--is provided. It specifies,
among other things, the maximum complexity of wording to be used for each
element and forecast period. This information is explained more fully in
later sections.

3, CHARACTERISTICS OF FORECASTS

The main goal in developing the CWF program was that the resulting fore-
casts would be saleable and operationally useful. Therefore, no major departures
from the forecast format currently in use by local forecasters were made. Gen-
erally, the NWS operational manuals were followed , - although these have been
under revision during recent years and, for that reason, could not provide
absolute guidance.

To achieve the above goal, the program was designed to allow considerable
flexibility in choice of phrases. For instance, one station or NWS Region
might desire quite detailed forecasts while another might want considerably
abbreviated forecasts. Also, different preferences may prevail as to what
constitutes "windy," "very cold," etc.

Even with the desire to allow flexibility by a "user" in specifying control
parameters, certain guidelines had to be adopted. Three of these are:

e four basic weather elements would be included--wind,
temperature, cloud, and precipitation;

e the forecasts would be segmented by period--today, tonight,
and tomorrow--except for very simple forecasts in which
periods could be easily combined; and

Lror instance, NWS (1972) , NWS (1977b) , and NWS (1978d).



e the most important elements would be put near the beginning
of the segment.

It was soon found that each basic weather element had to be treated
differently from all the rest. For instance, a change (or lack thereof) in
temperature from the previous day is many times mentioned, but seldom is a
change in wind from the previous day mentioned. Also, wind statements are
based almost solely upon the wind vector itself (given at the beginning, middle ,
and end of each period) while the precipitation statement is based on POP(12),
POP(6), POF, R SHR(L), DRZL(L), RAIN(L), TSTM, QPF, TEMP M/M, and CLOUDS (some
given once per period, some twice, and some three times).

The following sections describe in some detail how the phrases are selected.
Even this description may leave questions that only a detailed flow diagram of
the computer program could answer.

4. PHRASE SELECTION

The following sections describe the selection of the four major phrases——
wind, temperature, cloud, and precipitation. Appendix I, containing the control
constants, and Appendix II, listing all the text phrases, will be helpful refer-
ences, ‘

A. Wind Phrases

In general, wind phrases are complete sentences into which a speed(s)
and/or direction(s) may be inserted. Fig. 3 describes the selection of wind
phrases. The phrases are for the first (or today) period. Appropriate changes
are made to adapt them to the second or third period. The selection of a wind
phrase is dependent upon wind speed and direction, max/min temperature, wind
complexity constants, and eleven wind control constants (see Appendix I).

For each period, there are three forecasted wind speeds. There is some over-—
lap between periods. For example, the "end of period" wind speed for the today
period (24-h projection) is the "beginning of period" wind speed for the tonight
period. The wind values that are used in the selection of wind phrases are
designated S1, S2, and S3 for the beginning, middle and end of period wind
speed. S1, S2, and S3 are, for the most part, the actual forecasted values
from the guidance matrix for that particular period. In some cases, however,
it is desirable to filter (smooth) some or all of these wind speeds. Fig. &4
outlines these cases.

As with wind speeds, there are three forecasted wind directions for each
period with the same overlap as described in wind speeds. The wind directions
that are used in the selection of wind phrases are designated as D1, D2, and
D3 for the beginning, middle and end of period wind direction. These are
unrounded values, and in most cases it is the differences between wind direc-
tions from one part of a period to another that influences the selection of
the wind phrase.
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Figure 4. Wind Speed Smoothing.
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Smoothing is performed in order to keep small changes in forecast wind

" speeds during a forecast period from unduly influencing phrase selection.
S1, S2, and S3 are, respectively, the wind speeds at the beginning, middle,
and end of the forecast period. A "1" means the condition specified at the

top of the column is satisfied; a "0" means it is not satisfied.
currently has a value of 5 mph.

LW2



Some of the s
text statement

impler wind text statements require no insertions. For example,
24 (see Appendix II) is "Breezy." However, some statements

require insertion of a direction and/or a speed(s) or possibly even a range
of speeds. All speeds are rounded to the nearest 5 mph. If an average of
speeds is to be inserted, the speeds are averaged first and then rounded.

When winds are

"strong" the word "gusty" is sometimes inserted and a range of

speed indicated such that the lower yalue is the filtered value and the upper

value nearly 1

1/2 times that value.2 Wind directions are converted to the

nearest eight points of the compass.

Text statements 9 thru 14 have the option of including a range of speeds.
Wind control constant LW10 together with a random number determinesif a range
of speeds is to be used. LW10 set equal to 100 (0) indicates always (never)

to use a range.

" (a) If a range is not desired, a range will be used only occasionally
and then when the smoothed speeds indicate it. ’

(b) 1If a
more

(1)

(2)

(3)

(4)

(5)

(6)

range is desired, the wind control constant LW11l specifies
information.

LWll

I

0 Use range given by unsmoothed speeds. May
occasionally be a single value.

I
=

LW1ll Use range of 5 or more if unsmoothed speeds specify
such. The range is found by adding 5 to the max

value of the speeds.

The same as 2 above except the range is determined
by subtracting 5 from the min of the speeds.

Il
las]

LWll

i}
w

LW1ll The same as 2 and 3 above except the range is
determined by adjusting both ends of the speed

values.

I
~

LW1l The same as 4 above except use a range of 5 about
60% of the time and a range of 10 about 40Z of the

time.

]
w

LWll The same as 4 above except use a range of 10.

B. Temperature

Temperature information is inserted in two parts--a descriptor, such as
"unusually cool" or "little change in temperature," and a statement such as
"high in the low 90's." The latter, a categorization of the digital temperature
forecasts, is always included for each of the three periods, but the descriptor
is sometimes omitted.

2The actual upper value G, before rounding, is computed from the filtered
value S and the equation suggested by Tattleman (1975) G = S(1. + 0.6

exp (-.0118)).



Control information for temperature descriptor selection includes a complexity
for each period of 1, 2, or 3 and 17 constants LT1, LT2, LT4 through LT17, and
LT19. These control constants are explained in Appendix I. Fig. 5 shows all
of the max temperature descriptor phrases and how they would be selected as a
function of forecast temperature, departure from normal, and change from the
day before. The categories are actually determined by the LT constants as
shown--the numerical values indicate what these control values are at the present
time. This is really a three-dimensional matrix with the- third dimension repre-
sented by the six phrases in each box corresponding to the key in the lower
right corner. The number preceding each phrase is a phrase number, and the
three columns of numbers correspond to complexities 1, 2, and 3, respectively.
The presence (absence) of a phrase number in a column indicates that the phrase
would be used (would not be used) for that complexity. For instance , for a
forecast temperature of 70°F, a departure from normal of -8°F, and a change from
yesterday of 2°F, "eo0l" would be used for complexity 1, but no descriptor
would be used for complexities 2 and 3. Some combinations have no descriptor
defined. '

The two-dimensional matrix in Fig. 6 performs the same function for min
temperature as the three-dimensional matrix does in Fig. 5 for max temperature.
Note that the min temperature phrases and their selection are very simple com-
pared to max temperature.

The digital temperature forecasts are generally presented in four categories——
for instance, low 60's (61-63°F), mid 60's (64-66°F), upper 60's (67-69°F) ,
and near 70 (70°F). Departures from this categorization are made for forecasts
below 20°F and above 100°F.

Not infrequently, the 3-hourly temperature forecasts indicate the max will
not occur in the afternoon. For instance, a warming trend may be indicated by
a higher forecast temperature at a projection of 27 or 30 hours than at any
other time. Or,a cold frontal passage may be indicated by a higher forecast
temperature at 0900 or 1200 GMT than at any later time. Nine different tempera-
ture "traces" have been identified. The definitions of these traces and wording
that is chosen based on these traces are given in Fig. 7.

C. Cloud Phrases

The selection of cloud phrases is dependent upon the forecast cloud amount
at the beginning, middle, and end of the period; the cloud phrase complexity
constants; and the period itself. For the cloud amounts, there is some overlap
between periods. For example, the "end of period" cloud amount for today
(24-h projection) is the "beginning of period" cloud amount for tonight. Cloud
amounts are forecast in categories. Categories one through four correspond to
clear, scattered, broken, and overcast, respectively. The cloud phrase com-
plexity constants range in value from one through three, where one specifies
the most complex wording and three the simplest. Appendix III describes the
selection of the cloud phrases and the consistency checks that are made from
period to period.
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Figure 5.

temperature, departure from normal,
temperatures are in °F.

Maximum temperature descriptors indica
and change from the day before.
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Figure 6. Minimum temperature descriptors indicated as a function of
forecast temperature and departure from normal.
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D. Precipitation Phrases

Phrase selection for precipitation is more complicated than for the other
three elements. It depends on 10 of the 18 variables appearing in the forecast
matrix in Fig. 1.

Precipitation phrases can have three parts. One is a qualifier; if it is
"chance of" for instance, it will be first; if it is "likely," it will be
second. Another part, which can also be first or second, is the precip
descriptor, such as "snow'" or "showers." The third part, if there is one, is
always a time definition such as "in the morning." Besides these basic two-
or-three-part phrases, there are also lengthy phrases describing intraperiod
changes which are complete within themselves except that the qualifier must
be inserted. An example with the qualifier "likely" inserted, is "snow likely
in the afternoon turning to rain before evening."

Control information for precip phrase selection includes a complexity fot
each period of 1, 2, or 3 and 23 control constants, LP1 through LP23. These
constants are explained in Appendix I. The selection of precip phrase parts
is discussed in the following sections. A number in parentheses following
the precip phrase is the phrase number. These numbers correspond to the phrase
numbers in Appendix II. The number in parentheses following a constant is the
present value of that constant. It should be noted that no precip phrase will
be used if 1) the 12-h POP is less than 10 percent or 2) if the 12-h POP is
less than LP1(20) and the TSTM is less than LP5(10).

Fig. 8 shows the flow for the selection and combination of precip phrase
parts. The