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THE BART EXPERIMENT

Morris S. Webb, Jr.
National Weather Service Forecast Office
San Francisco, California

ABSTRACT. The BART (Bay Area Regiopal Temperature)
Experiment attempts to objectively forecast tempera-
tures at seven locales in the San Francisco Bay Area
by statistical means. Also, the experiment demon-
strates the value of AFOS in providing local forecast
aids. The method of least squares and a type of
screening regression were used to create sets of sea-
sonal forecast equations. Forecasts of daily maximum
and minimum temperature at seven stations in northern
and central California that are forecast points for
the MOS (Model Output Statistics) technique plus the
date/time group of the forecast serve as predictors
for the BART equations. The average reduction of
predictand variance by the BART equations was 85 per-
cent for maximum temperature forecasts and 67 pexrcent
for minimum temperature forecasts. The mean standard.
error of estimate of the predictand was 3 degrees
Fahrenheit. Appendices containing FORTRAN IV programs
developed during the experiment and the AF0S procedure
which obtains the temperature forecasts are also
presented. :

I. TINTRODUCTION

A variety of climates exists in the San Francisco Bay Area, due to varied
topography and prevailing onshore winds. These climates range from maritime
to continental in character, all within the space of a few miles. Accord-
ingly, spatial temperature variations can be marked, especially in afternoons
during the dry seasomn. As a result, forecasting temperatures for Bay Area
cities can be difficult.

Objective forecasts of daily maximum and minimum temperature are made for
nine locations in northern and central California via the MOS technique.
{These locations will be referred to as 'MOS stations" henceforth.) The MOS
temperature forecasts are usually modified by the San Francisco WSFO. Tem-
perature forecasts for other locales or ''mon-MOS stations" are made by the
San Francisco WSFO. These latter forecasts have been subjective, the basis
for these predictions being climatology, persistence, and forecaster experi-
ence. Therefore, an objective method of making temperature forecasts at
non-MOS stations seemed worthwhile, especially when viewed in terms of the
recent retirement of experienced personmnel and the advent of forecaster
cross—training.

An experiment was devised to produce an objective method based on statis-
tical climatology. It was called the BART experiment (or "BART" for short)




sinece the experiment's test area was a zone lying within 50 miles of San
Francisco and San Pablo Bays. . ' : (:)

Although BART's prime function was to provide an objective aid to forecast
daily temperature extremes at non-MOS stations, it had a second, yet equally
important, purpose. The experiment was also intended to show the value of
AFOS as a source of computation and information which can greatly assist the
forecaster. It was hoped that BART would create enough interest in field
personnel so that similar aids would be developed.

BART's end result was several sets of polynomial equations which can be
quickly solved by an AFOS minicomputer. The predictor in each BART equation
is the predicted daily maximum (or minimum) temperature at one or more MOS
stations in mnorthern and central California. The MOS and non-MOS stations
used in the BART experiment are listed below:

MOS STATIONS = - - = NON-MOS STATIONS

CODE NAME : CODE NAME

FAT  Fresno Air Términal HLL  Hollister

0AK  Oakland Airport LVK Livermore

RBL  Red Bluff RWC  Redwood City

SAC Sacramento Executive Airport SFB  San Francisco Fed. Bldg.
SFO San Francisco Intl, Airport sJC San Jose

SMX . Santa Maria Airport ‘ STS Santa Rosa

SCK. Stockton Airport o © WNC Walnut Creek.

O

Figures la and 1b show the locations of these stations.

Work on BART commenced in 1977 but did not begin in earnest until late 1978,
BART began to roll once a research minicomputer housed at the National Weather
Service's Western Region Headquarters was commissioned. This AFOS minicomputer
allows Western Region personnel to develop, test, and debug programs without
needlessly tying up their station's AFOS system.

IT. TROCEDURE

Input for BART consisted of a random sample of observation days drawn from

a 20~year population (December 1950 — November 1970). Each observation day
 contained an observed minimum and maximum temperature for each MOS and non-
MOS station. A total of 396 days, out of g possible 7305, were selected for
study. The sample dates were chosen so that each season contained 99 obser-
vation days. The seasons were defined as follows:

. Winter -- December-February
Spring -— March-May
Summer -- June-August : v
Autumn -- September-November.

The sample data were verified then read into appropriate data files. Each
data file contained one season's worth of maximum or minimum temperatures.

O
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File data were grouped into columns and‘rows—wthe.columns headed by station
names; the rows by observation dates. These files, a portion of which is
shown in Figure 2a, were stored in the development computer.

Each file's contents were then subjected to statistical testing to ensure
that the sample data compared favorably to the population from which they
were drawn. The seasonal mean temperature for each station was compared to
its corresponding population mean by way of a two-tailed hypothesis test.
In every case, the null hypothesis was satisfied at the 0.02 significance
level. 1In other words, the sample temperatures were representative of
their population.

The next step in the experiment was to select the degree of polynomial to
be used for the BART equations. The polynomial's degree had to be large
enough to significantly reduce predictand variance; yet, small encugh to use
computer time and disk storage efficiently.

The characteristic polynomial was selected by first rearranging each file's
station temperatures in ascending oxrder (see Figure 2b). Then the resultant
data set of each MOS (predictor) station was compared, in turn, to those of
the non-MOS (predictand) stations in the same file. This was done by means
of scatter diagrams, an example of which is shown in Figure 3. The charac-—
teristic distribution curve which emerged from these diagrams was a cubic,
expressed symbolically by

y = Ap + Arx + A2x2 + A3x3, 1)

where Ap, A1, A2, and A3 are coefficients, x is the predictof, and y the
predictand.

The method of least squares was used to determine the reduction of
variance achieved by using a cubic. In this case, predictor and predictand
data came from the files containing temperatures arranged in ascending order
by station (see Figure 2b). The reduction of variance by each MOS/non-MOS
station pair is , '

Sy-x (2)
2 3
Sy

RV =1 -

where S%.x, the square of the standard error of estimate of y on x, is

2 ' 2 3

Z - Ly — X - X - z
) _ ¥ A0 v Al Xy A2 Xy AB X'y (3)
yox - N - 4

and Si, the predictand variance is

2 2
o2 - ry - (Zy) /N . (4)
v N-1

In equations 3 and 4, N represents the number of x~y data pairs.




In all cases, more than 91 percent of the variance was accounted for by
the cubiec; in most cases, that figure was better than 98 percent. Also,
the computer was able to solve the cubic equations efficiently while keep-
ing the results free of truncation error. Consequently, the least-square
cubic was selected to be the characteristic BART equation.

The next task in the BART experiment was to derive the operational BART
equations. This was done by a FORTRAN IV program which alternately used
the method of least squares and a type of screening regression to arrive
at a solution. The program and the atténdant flowchart can be found in
Appendix A. Input data for the program were from the files arranged by
type of extreme, season, station, and observation date (see Figure 2a).

The ‘predictor for each equation was a term based on the forecast tempera-
ture at ome or more MOS stations. The number of MOS stations incorporated
into the term was the number which reduced the variance at the non-MOS
station in question to the greatest possible extent., The general form of
this term is: ' -

m
g |
Bk + Byx, + +Bx. i3 Kk ’

B

* = + B, + " +B T m 5
2 m

By

k=1

1

where the subscripts 1,2, *+**, m represents MOS stations, x, is the fore-
cast temperature at MOS station k, and By is the reduction of variance at
the non-MOS station in question by MOS statiom k before any screening
regression occurs. The reduction of variance was used for the coefficients
in equation 5, since the temperature at the MOS station nearest to the non-
MOS station in guestion may not correlate as highly as a more distant MOS
station.

Each use of screening regression was after the generation of wvalues for
Ap, A1, A2, A3, the standard error of estimate (Syex), and the reduction
of variance by the method of least squares for each predictor/predictand
combination. The first use of screening regression selected the MOS sta-
tion whose data set caused the largest reduction of variance of 'the non-MOS
station's data set. Each subsequent use of screening regression involved
the use of data from a MOS station not previously selected. The data set
of this MOS station, in combination with the predictor (or predictors)
already chosen, caused the greatest additiomal reduction of the predictand's
variance. '

Once the maximum possible reduction of variance was achieved, the predictor
term described by equation 5 could be substituted into the least-square cubic,
thus, creating the operational BART equation. Substituting Tm for x, TMk for
%k, and RVk for Bk, the predictor term could be expressed as:

m

%RVkTMk

T =S (5a)

m m

EE RVk

0



The upper limit of the summation, m, represents the number of MOS stations
(and uses of screening regression) needed to cause the greatest possible
reduction of the non-MOS station's variance. ‘TMl’ TM2, #es, TM all had
the same observation date. m

Equation 1 could now be written as the operational BART equation, namely,
y =T, = Ay+ T (A + T (A, +T (((AHNN), (6)

where Ap, Ay, Ag, and Aj are coefficients from m uses of screening regres-
sion, Ty is the predicted temperature at the non-MOS station, and T, is the
predictor term described by equation 5a. Sample output from the least
squares/screening regression process and the resultant BART equation are
shown in Figure 4,

The final step in the BART experiment was to devise a program which could
solve the BART equations and run in the local APOS system. This FORTRAN IV
program was successfully developed in early 1979 and is now operaticnal at
the San Francisco WSFO. This program and its flowchart comprises Appendix
B. :

IIT. ©PROGRAM USE

Program input, execution, and output are handled by an AFOS procedure 1/
appropriately entitled "BART". The "BART" procedure is detailed in Appendix
C.

Input is supplied to the program by means of a preformat (see Figure 5a).
The date/time group of the forecast and the predicted extreme temperatures
for the mnext three 12-hour forecast periods at each MOS station are typed
into the preformat. Program execution begins once the input data have been

- entered and verified.

During execution, the program reads data from selected disk files. Each
file, identified by season and type of temperature extreme, contains seven
data sets: each data set contains variables which define the coefficients
in equations 5a and 6. An example of this file is shown in Figure 6.

The date inserted into the input preformat determines which disk files are
read, TFor example, a spring date will cause the files containing spring
data to be opened then read into the program.

Extreme temperatures derived by the repeated solution of the BART equa-
tions are displayed in an output message. This message is a matrix consist-
ing of three columns-—one per 12-hour forecast period and seven rows-—one
for each non-MOS station. An example of the output message is shown in
Figure 7.

1/ An AFOS procedure is an in-house routine which retrieves and displays
AFOS products and programs in a specific sequence or at specific times.




The output message's contents are governed by the time of the forecast
that was entered into the input preformat. For example, a time between 0730
GMT and 1929 GMT will place predicted maximum temperatures for each non-MOS
station in the columns headed by the first and third forecast periods; pre-
dicted minima will be put in the second period. The converse will be true
if the input time is between 1930 GMT and 0729 GMT.

IV. ACCURACY OF THE BART EQUATIONS

The reduction of predictand variance by the BART equations should measure
the contribution of seasonal climatology in the temperature forecasting
process. The minimum temperature equations reduced predictand variance an
average of 67 percent; seasonal values ranged from 75 percent in the winter
to 58 percent in the summer. The corresponding values for the maximum tem-
perature equations are higher--the average reduction of variance being 85
percent, with seasonal averages ranging from 89 percent in the autumn to 82
percent in the summer and winter. (Refer to Table 1 and Figure 8 for details.)
The lower values of the reduction of variance with respect to season and non-
MOS station stem from the alteration of climatological temperature patterns
by marine intrusions and sharp frontal zones. Sampling errors probably had
a negative effect. However, the effects of the "normal' marine layer should
be accounted for by the BART equations, because of their climatological roots.

The standard error of estimate of the BART equations is about 3.0 degrees
F. for both maximum and minimum temperature equations (see Table 2). The
actual absolute error will, of course, be larger than the standard error of
estimate, since the inability to perfectly forecast temperatures at the MOS
stations will create a second error source.

V. FUTURE PLANS AND CONCLUSION

A comprehensive verification program under way at the San Francisco WSFO
should provide an estimate of the total error resulting from BART; hence,
the worth of BART as a forecast tool. One year's worth of forecasts will
be verified before any future work on BART is undertaken.

If BART proves worthwhile, then logical future steps would be:

1. To increase the number of non-MOS stations in the Bay Area
and use the same predictors. This step would put more reso-
lution in the zone and local forecasts.

2. To expand the test area to all of northern and central Cali-
fornia. This would require data from the MOS stations in
Oregon, Nevada, and southern California.

3. To rederive the existing BART equations using the entire popu-
lation as a data base. This may allow the equations to be
derived on a monthly rather than a seasonal basis, which should
improve predictor/predictand correlation. Magnetic tapes from
the NOAA Office of Hydrology would have to be obtained for this
phase of the experiment.
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If BART does nothing else, at least it shows that AFOS can add a new dimen-
sion to field forecasting by means of in-house execution of computer programs.
BART also shows the value of having a development computer. Forecasters can
now fully use their education and training to develop local routines which
will benefit them and the public they serve. It is hoped that the BART
experiment will encourage others to develop similar techniques.
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Figure la. Location of MOS Stations Used in the BART Experiment.

Figure ib. Locatlon of Non-MUS Stations Used in the BART Experiment.




TYFE JTXJJA (Maximum temperature —— Summer)

O

DHTE HLL LV¥ RUC SFB SJC STS WHC FAT DAY REL TAC SFO SM: SCK
6ty o2 03 04 0SS of O7 02 0% 10 11 1z 13 14
0r 061551 74. 92. 78. €3. 8z2. v4. 79. 95. 73. 93, &7. ?4. V0. €3,
02 061951 68. BZ.. 76. 63. ?73. 6. 72. 88. ve. 97. B83. 70. 7. £0.
02 070851 91.,104. 90. 66. 90, 93.103.100. 75.106.102. 7i. 70.100,
04 072151 73. 90. 8&0. €61. B1, B83. 88. 95. 71.105. 91. 69. 6&. 9J0.
0S5 072651 75. S7. 78. 63. 83. 82. 95.100. 74.100. 965. 68, 70. 94.
05 0g1251 80.100. 88. 67. 87. 90.100. 99, 80. 99. 95. 79. 7&. 96.
07 082251 77. ?7. 79. 62. 75. 67. 70.-81. 67. 89. 78. 70. 7v2. Bz.
SAMPLE 08 082451 73. 88. 75. 60. 76. 80. 91. 90. 7O. 97. 90. 67. 69. &r.
DATA 09 061352 VE. 76. 68. 60. €9. 71. 70. 80. £5.  76. 75. 64. 69. 79.
FILE 10 062152 v5. 80. 76. 39. 73. 82. 7&. 83. 65. &3. 93. 64. 68. EI,
11 062352 73. 71. 71. 6E2. 69. 74. 69. B1, €5, 7E8. 74. 62. €%. 7i.
12 062552 67. 72. ¢7¢. 64, 73. 7&. 72. ?8. 66. B3. 8Z. £5. 65. S
13 070252 94.101. 96. B2. 95. 9&. 99.-98, 91.101. 97, 8B. 70.10&.
14 070552 84, 9¢6. 85. 64. g4, 7. 91.100., ¢5.100. 9&6. 71. 70. T3,
15 071952 B1. 95. ¥9. €5. 84. 86. 95. ¥9. ?5.103. T9&. 7. 71.100,
16 072652 96.102. 78. 63. B4. 84. 94.101, ?75.104. 9B. €9. ¥V6.101.
17 061252 vS. 73. 71. 65. 71, 71. 71. V9. €9. 73. 73. 66. 72. 79.
18 070853 99.103. 95. 71. 94. 97.100.101. 87.101.100. ?75. 82.103.
19 071753 990. 80. 80. €5. 85. 80. 85.100. 74.105. 95. 76. 72. 9.
0 072153 79. 96. 80. €1. 85. -87. 94.105. ?3.105.103. 70, ¥3.105,.
Figure 2a, Portion of a Data File whose Station Temperatures are
Arranged According to Observatlon Date.
TYFE 337xJ33A (Maximum temperature —- Summer)
HLL LYK RHC SFE SJC STS WHC FAT DOAK REL SAC SFO SMX SCK
63. 64. 66. 36. 68. &6. 67. V3. BO. FS. T3, 59, €1. V5.
GE. Y1, eB. 56. 68. 67. 69. 77. EZ. T5. T4. 61. £3. TE.
65. 71. 68. 5B, 69. 8. €9. 78. 63. V6. 75. £2. €3. TE.
&7. 71. BB. 58. 69. £9. 70. 78, €3. 76. 75. €. H64. 7E.
.68..72. 70. 59. €9. 71. 70. ¥9. 63. 78. ?5. 63. R4. 7.
v0. 72. 71. 5%. ?0. ?Y1. 70, 80. 64. 79, 77. 64, 65. 79.
70. 72. 71. 59. 71. 72. 71. B0. 64. 79, 78, 64. 6£5. 79.
ARRAYED 70, 73. 72. 59. ?73. V2. 71. Bl. 64, €0, V8. 64. H6. 7.
DATA fi. 73. 73. 59. 73. ¥3. 72. 81. 64. 81. 78. 64. &7. 7.
FILE vl. V5. 73. 60. 73. ¥F4. F2. &2. 6%. 81. ¥EB. 64, £7. ©O.
71. 75. 73. 60. 73. 74. 72. 83. 65. S81. &0. 64. £7. B0.
v2. 7S. 74. 60. ¥3. 74. 73. 83. 65. 81. 80. 64. 67. ©0.
v3. 7S. 74. 60. ¥3. 74. 73. €3. 65. &1. 81l. K5, 67. HO.
73. V5. 74. 60. T3. 74. 73. €3. €5. 82. 8l. E£5. &67. g£.
¥3. 73. ?5. 60. V3. 74, 74. 83. 65. B3. 81.-€5. 68. &Z.
73. 76&. 75. 61. 74, 75. 74. 83. 66, 83. 8l. 66. 68. 8Z.
73. ¥6. ¥S. 61. 74. ?S. 7S5. 859, €66, 83. 8. 66. 68. BT.
73. 77. ¥5. 6l1. V4. ?5. 76. B6. 66. 83. B82Z. 66. £5. £Z.
3. 77..75. 61. 74, T6. 76. 85. 66. B4. BZ. 67. 65. BC.
7Z. ¥7. ¥o. 61l. 74, 77, 76. B6. 66. B4. B3. E7. 68. BZ.
Figure 2b, Portion of the Data File Shown in Figure 2a, Except
Ascending

the Statlion Temperatures are Arranged in

Order.

-10-
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Figure 3, Sample Scatter Diagram Used to Help Determine the

Characteristic Polynomial for the Operational BART
Equations., In This Case, a Cubic Curve was Drawn
Through Data Points Relating the Daily Maximum Tem=
perdture at Stockton (SCK) to the Daily Maximum Tem-
perature at San Jose (SJC). The Numbers in.the Low=-
er Right-Hand Corner of the Diagram are the Coeffi-
cients Of and the Reduction of Variance By the Least
Cubic Whose Curve is Shown in the Diagram.
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FILE IDENTIFICATIDN J{IMEERS

LEGEND

1. MIMIMUM TEMFERERTURE -— WINTER
2. MAXIMUM TEMPERATURE —- WINTER

Z. MIHIMUM TEMPERRTURE —— SPRIHG

4. MAXIMUM TEMPERATURE —— SPRING

S. MINIMUM TEMPERATWRE —— SUMMER

——6. MAXIMUM TEMPERATURE —-— SUMMER

7. MINIMUM TEMPERATURE —— AUTUMN

. MAXIMUM TEMPERATURE —— AUTUMNH
HDH-MOS STATION HUMEERS ...

1. HLL —— HOLLISTER

2. LYK —— ,LIVERMORE

3. RWC —-- EEDWOAD CITY

4. SFR —— SHAN-FRANCISCO - FEDERAL ELDG.

5. SJC —— SAN JDZE

6. STS —— SANTA EOSA

?. WHC —— WALHUT CREEK
MOS STATION_HNUMEERS ...

1. FRAT —— FEESHO wsO

2. DOAK —-— DARKLAND W3O

Z.,FREL —— RED ELUFF WSO

4. TAC -— SACRAMENTO WSD — EXECUTIVE AIRPDRT
S. SFO —— SAN FRANCISCO WSO - AIRPORT

5. SMX —— SANTA MARIA WED — AIRPORT

7. SCK -- STOCETON WSD - AIRPORT (:)

< .
THE FILE IDNEMTIFICATIDN HUMEBER IS .. &

=

©

THE HOM-MOS STATIDON HUMEER IS ....... €

THE STAMDARD DEVIATION DF HOM-MOS STATION 5 IS 7.2
K MIS SYX MAX - RY A0 Fi Az A
ST RV . - -

1 7 3.5 0.76437 0.76437 1S9.6 2,857 02593 -0.0000473

z Z 2.3 0.89879 n.risn2 s26.0 —17.34% 0.21165 -0.0008103

ct 5 2.2 0.90417 D.E£31%9 ET7.N —24. 337 N.31433 -0.0012891

T4 4 2.2 0.90555 0.73340 LOS.3 —-20.7214 0.24668 —0.000945%2

s & 2.3 0.8%949 0.437941 T21.4 -Z5.45%9 0.31A57 -0.00125¢2

5 1 2.4 0.23728 0.57573 ES0.8 —-Z2.523 0.27006 —0.0010201

7 3 2.6 D.B7166 0.51102 San.d —15.514 . 06.211283 ~0.0007532

The BART equation for the data displayed abo*e is
TXgjg = 60%.3 - T (20.31% + T (0.24668 ~ T (0.0009453)))

N

r 097615-37TXSCK + 0'71502TXOAK + 0.6141991‘)CSF0 + 0'731"1"0T‘XSAC

Tn = 0.76L37 + 0.71502 + 0.64199 + O.734L40

where

Sample Output from the Least Squares/Sereening He-
gression Program along with the BART Equation De-
rived from the Qutput.

~12-
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[P ——

SFomMCcPes2

LoUsSes KSFO 281725

ENTER THE DATE-TIME GROUP IN THE SPACES BELOW. TO INSURE THAT MAX
TEMPERATURES ARE PLACED IN THE FIRST FORECAST PERIOD. USE 1BGHMT FOR
THE TIME GROUP:; FOR MIN TEMPERATURES IN THE FIRST PERIOD, USE 22GMT.

MONTH [--1 DAY [——-1 TIME L--1GMT
ENTER YOUR FORECAST OF MAX/MIN TEMPERATURES IN THE SPACES PROVIDED:

STATION FORECAST PERIOD
1ST 2ND 3RD
RBL -- WSO RED BLUFF [g--1 e--1 [6--1
SARC —= WSO SACRAMENTO [g--3 L[B--3 L[B--]
SCK —— LSO STOCKTOM £re--3 [B—1 [B--1
FAT —— WSO FRESHND [g--1 C@--3 [B--1]
ORK —- WSO ORKLAND [e—-1 C[@——3 [B——1]
SFO -- WSO S5AN FRANCISCO [P—-1 {8—3] [B--1
SHX —— WSO SANTA MARIR {@--3 [8—1 [B6—-1]

POSITION THE CURSPR BETWEEN THE BRACKETS IN THE LOWER RIGHT-HAND
CORNER OF THE SCREEN THEN STRIKE THE "ENTER" KEY.
. L1

(::) FAGE 81

Figure 5a. Preformat (AFOS Product SFOMCPD02) Used to Enter Input Data
inte the Program _hich Solves the BART Equations.

£

SFOFRFSFO

uWoUsee KSFO 382339

ENTER THE DRTE-TIME GROUP IN THE SPACES BELOW. TO INSURE THAT Max
TEMPERATURES ARE PLACED IN THE FIRST FORECAST PERIOD, USE IBGHMT FOR
THE TIME GROUP: FOR MIN TEMPERATURES IW THE FIRST PERIOD, USE 22GMT.

MONTH 87 DAY 3B TIME 22 GMT

ENTER YOUR FORECAST DOF MAX-MIN TEMPERATURES IN THE SPRCES PROVIDED:

STATION FORECAST PERIOD
: 157 2nD 3RD
REL -- WSG RED BLUFF ar2 118 arz2
SAC —-- WSO SACRAMENTOD a4 184 863
SCK —— WSO STOCKTON Be7? 186 858
FAT -- WSO FRESNOD ar2 187 Brz
0AK -- WSO OAKLAND 858 are es7
SFQ —- WSD SAN FRANCISCO B53 arz2 A53
SMX —-- WSO SANTA MARIA 854 873 B53

POSITION THE CURSOR BETWEEN THE BRACKETS IN THE LOWER RIGHT-HAND
CORMER OF THE SCREEN THEN STRIKE THE "ENTER" KEY.

PAGE B1

Figure 5b. Example of an Input File (AFOS Product SFOFRFSFO). This
File was Created by Entering Data inte the Preformat Shown

in Figure 5a.
n Fig 5 13-
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«ns LEGEND ...

STN. MOS STN.  NON-MDS

NO.  STATION NO.  STRTION

1. WSO RED BLUFF 1. SAN FRANCISCO FOB
2. LSO SACRAMENTD 2. REDLOOD CITY
3. WSO STOCKTON 3. SAN JOSE
4. USD FRESND 4. HOLLISTER
S. LSO DAKLAND 5. WALNUT CREEK-CONCORD .
6. LSO SAN FRANCISCD 6. LIVERMORE
7. LSO SANTA MARIA 7. SANTA ROSA

TYPE SUMTERMAX ‘ NON-MOS STN. KO.

5669088 . (See Legend)
§.73962 B.73352 £.99000 ©.90209 0,.PPEBS B.0BEPE 0.RAGRRA L—i. (SFB)
123.5 -3.86]1 0.83653 -9.p891811
638R8P0 - .
B.63195 B.54545 D.0PY0E D.GRBARP B.9800Y B.PPOAA P,.DOBED p—2, (RWC)
A -295.,4 12.634 -8.15977 8.8886444 ]
3562808
B—p B.76437 8.71502 B.64199 B.73440 B.00069 B.90PED B.89868 p—3, (SIC)
oW 6B0.32 -20.314 0.24668 -9,P809453
7530808
f.632915 9.53785 B.58494 0.PPP06 5.900P8 8.0HDBRA 8.80880 L, (HLL)
487.0 -17.258 B.22471 -9.9885024
2538908
P.85466 B.56274 £.83122 9.P080F 6.02009 £.06000P0 O.80888 ’—5. (WNC)
493.9 ~16,932 8.21241 -0.8888226
3527168
B.65831 B.55066 002853 B.44365 B.75626 8.44268 8.88088 p—6. (LVK)
265.2 =-8.538 8,13368 -8.9805413
25068889
B.6EP1S V.58349 §.0PRAS B.0PEER B.PBERY D.PAAEA B.BAEBEG Pp—7. (STS)
35.4 9.151° B8.8B575 -9.000BR5S

@,

R

v

- v v
Txgyp = 608.3 ~ T (20.314 + T (0.24668 — T (0.0009453)))

4 £ 1

0.76437Tx5Ty + 0.71502Tx % + 0.6L199TxsFo + 0.73L40TxgYn

T =
m 0.76437 + 0.71502 + 0.641 O. 0]
- R7 + 074002 + 0-CKYI ¥ 02k

Figure 6, A Sample Disk File (Labeled, "SUMMERMAX") whose Contents
are used to Solve the General BART Equation for Each Non-
MOS Station. For Example, Data in Rows A, B and C are used
to Sclve the Eguation Displayed Below the File, Row A Con-
tains MOS Station Numbers (See Legend) whose Temperatures
are to be Read into the Equation; Row B Contains Values of ;
RV Row C Contains the Coefficients Ay, A4, Az and Az, \::)
~1h—




o

SFOO0SOSRF
LOUSAD KSFO YYGGGG
OUTPUT FROM BAY AREA TEMPERATURE FORECAST ROUTINE
STATION FORECAST PERICD
1ST ZND 3RD
SAN FRANCISCO BAY AREA...

SAN FRANCISCO FOB 54. 66. 54.
REDLOOD CITY 38. BB. se.
SANTA CLARA VALLEY...
SAN JOSE E8. o8. Ss.
HOLLISTER 55. o1, 55.
EAST BAY INTERMEDIATE VALLEYS...
WALNUT CREEK-CONCDRD 59. 188. 59,
LIVERMORE o57. 182. 56.
SANTA ROSA PLAIN... A !
SANTA ROSA S53. 93. 52.

PAGE 91

Figure 7. Sample Output Message from the Program which Solves the
BART Equations. Data From the Input File Shown in Fig-
ure 5b and the "SUMMERMAX" (See Figure 6) and "SUMMERMIN"
Disk Files Produced the Results Displayed Above.
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REDUCTION DF VRRIAKCE [PERCENT] RCHIEVED BY THE BART EQUATIONS

HINIMUM TEMPERARTURE ...
SEASOH PREDICTAND STATION " ROW
HLL LWK RLC SFB sJC 5TS LN FMEAHS
WINTER 73.7 £2.8 B4.5 73.6 73.1 6.5 76.8 75.3
SPRING 49.8 72.7 6B8.5 57.4 67.4 71.4 78.5 64.2
SUTER 33.7 73.6 57.2 55.9 79.1 43.3 58.5 58.2
AUTUMN 59.3 Bes.2 3.7 52.1 BB.2 68.1 7.6 78.6

TOLUMN MEANS S4.1  72.4 635.5 59.8 76.6 66.3 ?7B.9 67.1 = ANHUAL
_ _ : HERN

~PAXIMM TEMPERATURE ...
SEASDN . PREPICTAND STATION ROW
HLL LWVK RLE SFB sJC 578 LNC FERHNS
UINTER 79.4 .73.8 B4.7 83.4 84.5 Ba.e 73.3 Bl1.7
SPRING 78.8 87.1 835.9 9B.6 B84.3 BB.8 91.7 B86.1
SUMER 76.1 89.5 73.4 76.5 9B.6 76.B 83.6 82.1
AUTUMH B4.6 88.7 B5.2 B7.2 92.5 . B&.V 84.3 88.5

COLUMN MERNS 79.6 84.6 B3.8 B85.5 88.p B1.3 ge.9 B4.6 = ANNUAL
* MERAN

Table 1

HISTOGRAMS SHOWING THE REDUCTION OF VARIANCE BY INDIVIDUAL BART
EQUATIONS VERSUS CLASS FREDUENCY. (ALL BART EQUATIDNS IHKCLUDED
- IN THE SAMPLE).

CLASS
FREQUENCY

,‘I“IIHII"UH TEMPERATURE EQUATIONS MAXIMUM TEMPERATURE EQUATIDNS

(28 CASES) ¢208 CASES)
776 ,
76.8
£2.8] - 76.5 38.6
68.5]. 5.7 98.6
59,3 7I.7 - B9.9
58.5 73.6 78.8|08.68|B4.7|B7.2|89.6
. [52.1|s57.4{70.5 |73.6|80.2 76.0({88.6|B4.6|87.1|B9.5
las.sls7.2|68.1|72.7 76.5|79.3|e4.5|86.7}89.4152.5]
|33.?| : 45.3'55.5457.4 71.4 76.1|79.4|Ba.3|85.2 89.7.91.?

| | |

-49.5 48.P 55.5 €3.8 ¥8.5 7B.8 83.5 76.0 79.0 82.8 BS5.8 B8.B 91.8 94,8 97.8B
REDUCTION OF VARIANCE [PERCENTI REDUCTION OF VARIRNCE CPERCEHTI

(VALUES OF RIGHT-HAND CLASS BOUNDARIES ARE SHOWH UKRDER FREQUENCY POLYGOMNS)

Figure 8
—-16—
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9

STANDARD ERROR OF ESTIMATE L[DEG. F1 OF EACH BART EQUATION

SHMINIMUM TEMPERATURE ...

SEARSON PREDICTAND STATIOH ROW

HLL LW RLE SFB SJC STS LNC MERAHS

WINTER - 3.9 4.2 2.5 2.1 3.8 3.8 3.5 3.3

SPRING 4.1 3.8 3.1 2.8 2.8 3.8 3.3 3.8

SUMTER 3.4 2.4 2.8 1.5 1.7 2.5 3.8 2.5

AUTUrN 4.3 3.8 2.7 2.3 2.3 3.5 3.3 3.1
COLUMN MEANS 3.8 3.2 2.8 2.8 2.5 3.2 3.3 3.8 = ANNUAL
: MEAN

! MRXIMUN TEMPERATURE ...-

SEASDOH PREDICTAND STRTION ROU

HLL VK RLC SFB SJC STS LNC FMERNS

WINTER 3.2 3.3 2.2 1.B 2.5 3.2 2.8 2.7

SPRIHNG 3.5 3.3 2.6 2.8 3.1 3.5 2.4 3.9

SUMER 4.4 3.4 3.8 2.7 2.2 3.8 3.3 3.4

AUTUMN 3.8 4.1 3.4 2.8 2.4 4.2 2.8 2.3
.COLUMN FERNS 3.9 3.5 3.8 2.3 2.6 3.7 2.9 3.1 = ANNUAL
rERN

Table 2
-17-




APPENDIX A

FLOWCHART AND -
- LISTING OF
THE FORTRAN IV PROGRAM

USED TO DERIVE THE BART EQUATIONS

-18-
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E@M Flswcharting Warksheet

Piinted InUS A,
GX208021-T U/M 050
Reprintad 5/75

! Procrammar: YORRIS S, WEBB, JR. Progrom No.: 9 Dute:03/11/79 Page: L
| Chort [D: == Chort Neme:_MABARTOD9.FR FLOWCHART Program Name: MWBARTO09. FR
ALy e AZ e A = =y P R ke CAd S (A5 — 4 -
: : ' : i
i | |
- - ll'
1 I
| |
L .

1 INITIALIZE

{IDIMENSION| & i : _
STATEMENT || | Ty e Iv2] ;
e — =
|
—=Ci— o == |
] : |
DOUBLE | orrTALIZE [ ] COMPUTE
PRECISION ALIZEL ! RVTy i
STATEMENT Ldm oo =
L — S
[
T U , - [ T —_
! !
H ]
RN=99 e CO
; [ 1
= = i P
r- = - | —E&- |- — -
|
i/ PRINT SOMPUTE »! | Sevs Usen
= - A P oy 3
i | LEGEND Ty, sm I CUBTC
V= = —
- -y L
I INTPTALIZE
D3 2 ; i -
k=1,8 Ty g JJ=J1
—~G - |- oo
]
OPEN & READ
APPRCPRIATE —==-—{3
DATA FILE !
| .
[ [T
READ
L T,y R
TH; | 3

B
[ i
- —— ———

CONPUTE L

F g

Figure Al,

Flowchart of the Frogram that Derived the BRART Equations

(Page 1 of 2).
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Flowchart of the Program that Derived the BART

Equations (Page 2 of 2).

Figure Al (Cont'd.).



TYFE DPOF:zFDIMWERRT 09, FR
C SCREENING REGRESSION USING LEAST SQUARE CUEBIC —-— FINAL RUN,
C MORRIS S. WEEB, JR.3} WSFO» SAN FRANCISCOs CA} 03-/1i1-79.
r : h
DIMENSION TC99+ 72 TM(99: 7d s CRY (7 »RY (72 » RYT (99, 72 s NAME (7D
DIMENSION SUMRY (7D s TRYT (9D s TT (9, 7D s TTM (S
DOUBLE FPRECISION Y (992X (993 ,SYSY2rSXY s SXEY SK3Ys
1SXsSXZySKUBSKE 1 SKS SXG Y R46KT5» K36 K45, X35X44 X26X3D, X235X34
2X24K33» X234y X134y X124» X123»A0CP> » A1 (7Y H»AZ (VIS A3 (T sEYXIEYI RN
BIEYySEYX (YD 2 TAD TRL» TAE» TAIs TSYX

FH=9.9D1
WRITEC10, 92
9 FORMATC(1HOs " ... LEGEND ,.."~/r" FILE IDENTIFICATION NUMBERS ..."/
1" 1. MINIMUM TEMPERATURE —— WINTER"~
2" 2. MARXIMUM TEMPERATURE —-— WINTER™~
3" 3. MINIMUM TEMPERRTURE —— SPRING™~
4" 4. MAXIMUM TEMPERATURE —-- SPRING™~
5" S. MINIMUM TEMPERATURE —-—- SUMMER™~
5" 6. MAXIMUM TEMPERATURE —— SUMMER"™~
7" 7. MINIMUM TEMPERATURE —— AUTUMN®".~
8" 2. MAXIMUM TEMPERRTURE -—— AUTUMN".)
WRITEC105 102
10 FORMAT ¢* NON-MOS STATION NUMBERS ..." "~
1" 1. HLL —- HOLLISTER"~
g" 2. LYK -- LIVERMORE"~
2" 3. EWC —— REDWDDD CITY"~
4" 4. SFB -— 3AN FRANCISCO - FEDERAL BLDG. "~
5" 5. SJC —- &AW JDSET/
5" 6. 3T3 — SANTA ROSR™~
¥t 7. WHC —— WALNUT CREEK"~~
- MOZ STATION NUMBERS ..."~
1" 1. FAT —--— FERESHNO WsSD™~
& 2. OAK —- OAKLAND us0~~
3" 3. REL —- RED BLUFF usO"~
4" 4, BAC —— SACRAMENTO WSO - EXECUTIVE AIRPORT™~
5" 5. SFD —— SAN FRANCISCO WSO - AIRPORT "~
5" 6. EMX —— SANTA MARIA WSO - AIRPORT ™~
Y 7. ZCK —— STOCKTON WSO — AIRPORT™ -/~

Figure A2, FORTRAN IV Program that Derived the BART Equations (Page 1
of 5)0
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C START DF THE "K" DO LDOP.

(]

11

12

13

14

17

1
29
21

[

mm
ra

[EL L]
=~} an

40

DO 2 K=1:8

OFEN A FILE CONTAINING TEMPERATURE DATA.

60 TO 11,12,13+14915216»1751805K

CALL OPEN
GD TO 29
CALL DOFEN
60 7O 290
CALL OPEN
G0 1O 20
CcALL OPEN
G0 TO 20
CALL OPEN
50 TO 20
CALL OFEN
=0 T4d 20
CALL OPEHN
GO TO 20
CALL DPEN

(20

@20,"

20

<20,

(20,

(20"

20

20,

"DPOF:SFO: 1 TNDJF"s 1, IERY»6665)
DPUF=SFU=1TXDJF";1;IER:6665)
"DPOF:SFO:2THNMARM" s 1» IER» 66652
"DPOF:SFO:2TXMAM™s 1+ IER) 66635)
"DPOF:SFO:3TNJJAY» 1+ JER» 6665
DPOF:SFD:3TXJJA" 1+ IER» 6663
“"DPOF:SFO:4THSON"s 1 IER» 6665

"DPOF:SFO*4TKSON"s 15 IER» 66650

RERD (20521 (T CIsJ2»J=1972 s CTMCIJMD 5 IM=15700 5 I=14950
FORMAT (s 7 {9y 14F4. (3>
CALL FCLOS (20>

Do 2 J=1s7
SY=0.100
SY2=0.D0

0D 22 1=1,99
¥YCIx»=DBLE(T (I, 2>

SY=S¥+¥ (I>

START OF THE "J" DO LOOP.

SY2=SYZ+Y (1> +e2

COMT INUE

EY=(SY2-SYee2 RN~ (RN-1.D0>
SEY=D3SRRT (EY>
C START OF THE "JI”
DO 4 JI=1,7

C STRRT OF THE "Jm™ DO LOOP.

Ji=JIl
o 3 JM=J1

Y

no LOooP.

IF¢JL.6T. 1260 TO 27

SUMRY {JM> =

0.0

oo 25 I=1,99
TT (I JM2=TMCI» JMD

BYT (I JM> =
CONT INUE

0.0

IFCJL.EQR.1>60 TO 30

SUMRY (JMY =SUMRY (J1-1D +CRY (JMD
Do 49 I=1,99
RYT (I MY =RYT ¢TIy J1-12 +CRY CIMY ¢ TT (15 JHMD
X{IY=DELE (RYT <I» JM2 #»SUMRY (M >

CONTINUE

Figure A2 (Cont'd,).

FORTRAN IV Program that Dervied the BART Eguations
{Page 2 of 5)}.
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C COMPUTE TERMS USED IN DETERMINING THE LEAST SQUARE CUBIC.
30 3XY=0.D0
"ZX%2Y=0.D0
SR3Y=0.D0
SX=0.D0
SX2=0.D0
SX3=0.D0
5X4=0.DD
EX5=0.D0
SRE=0.D0
JJ=J1
0 100 I=1,99
IF¢JJ.6T.1>60 TO 101
RC1»=DBLECTT Ly JMID
101 SRY=SRY+X(I> +¥Y (DD
SHEY=SX2Y+R (1D ee2e¥ (1D
SRBY=SXIY+AK (DD +45eY (1D
SH=SK+X (1D
SH2=SKE+X (I) +o2
SHI=SX3+X (1) 43
SHA=SX4+X (1) ++4
CENS=SKS+R () el
SHE=SAGHX (1) «96
100 CONTINUE
C COMPUTE THE REPETITIVYE TERMS.
HABKGS=SK4+SKE6-SK5++2
XBERAS=SKI+SKE~-SRK44+SX5
HE5K44=SK3+SRT-SK4ee2
MEEAZS=SX2+SRKH6—SK3*SKS
H2EM34=SK2eTK5-SK3e5x4
KEAM3I=SK2+SR4-SK3Fe+2 .
H2D4=SXCeXAERET-SKI#XIEXA5+5K4eX35K44
K134=SXeX4EKD5-SKIeX2HK35+SXAeX25X34
H1Z4=SKeXIEX45-SX2eX26X3T+SK4+X24 K33
K1 2R=SKeXIDKI4—-SX2eX2IK34+SK3eK24X33
C COMPUTE THE ALPHA COEFFICIENTS.
ADCIM) = (SYSX234-SXTYeX134+SK2Y¢X124-5SK3Y+R123
17 CRN#X234-SXeX134+SK2+X124-8SK3+X123)
AL CIMY = C(SY—FA0 CJIM *RNY ¢X35X44— (SKY—RA0 (M) +5X) +X235KX34+
1 (EX2Y~ANCIM> ¢SK2> ¢ X24X332 7X123
A2 (M) = CCSY—AD (JM) *RH—A1 (JMD +SX> «SK4— (SXY-RAD (JM) +5SK-
1AL (IM> «SK2) +SX¥3) ~K24KX33
A2 (JMY = ¢SY-AD (IM) #RNB—A1 (JH> +SX~RAZ (IM)> #5X2) ~/5X3
COMPUTE THE STANDARD ERROR OF ESTIMATE AND THE REDUCTION OF

YARIANCE.
EYH= (SY2—~HD (JM) ¢SY-AL (IM) ¢SKY—R2 (JM> «SX2Y—-A3 (JMI #SKX3Y> ~ (RN-4.D02
FEY CIM) =1-SHGL CEYX-EYD
SEYR (JMY =DSART CEYX)
IFCJ1.6T. 1060 T 3
CRY {JM) =RY CJMD
NAME (JM) =JM
2 CONTINUE

]

[

Figure A2 (Cont'd.}. FORTRAN IV Program that Derived the BART Equations
(Page 3 of 5).
~23-




o060

START OF THE LODOP WHICH ARRANGES THE FREDICTOR STATIONS IN
DESCENDING ORDER ¢IN TERMS OF THE REDUCTION OF VARIANCE EBETWEEN
THE PREDICTORS AND THE FPREDICTAND>.
Do 6 JM=J1s6
JP1=JM+1
D0 6 JP=JP1,7
IFRY(JMY .GE.RY (UPX>GO TO 6
TAO=A0 (JM>
TA1=A1 (JM>
TH2=A2 (JM>
TA3=A3 (JMD
TCRV=CRY (JM>
TRY=RVY (JM>
TSUMRY=SUMRY (JM>
TSYX=SEYX (JM>
MAM=NAME (JM>
Do S0 I=1,99
TRYT (1> =RYT (1, .JM
TTMCI» =TT (Is JM2
50 CONTINUE
A0 CIMY =ROCJIPD
Al JIrM> =A1 (JP>
A2 (JM> =A2 (JP>
A3 (JMx =A3 (JP>
CRY (JM) =CRY (JP>
EY (JM) =RY (JP)
SUMREY (JMd =SUMRY CJP2
SEVR (JM) =SEYR (UP)
HAME (JM> =NAME (JP2
Do 51 I=1,99
REYT C(Is MY =RVYT (1 JPD
TTCIs JMY =TT (I JPD
51 CONTINUE
ADCJIPY=TAD
Al (JP>=TA1
A2 (JP>=TR2
A3 (JP>=TA3
CRY (JP> =TCRV
RY (JP> =TRY
SUMRY (JP> =TSUMRY
SEYX (JPY=TSYX
NAME (JP> =NAM
DO 6 I=1,99
EYT (I, JPY=TRVYT (1>
TTCIs JP2>=TTMC(ID
& CONTINUE
IF cJ.6T. 1360 T 4
SUMRY (1> =CRVY (1>
DO 41 I=1,99
RYT (I 12=CRY (1>¢TT(Is 1>
41 CONTINUE
4 CONTINUE

Figure A2 (Cont'd,). FORTRAN IV Program that Derived the BART Equations
(Page 4 of 5).
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OUTPUT DRTA TO THE TELETYPE.
WRITEC10s7MK>»Js JySEY» ((JIsNRAME CJI?> » SEYX (JID s RV (JID> y CRY (JID >
1AR0CJIIY AL CIID AR CIID » A3 CIII I » JI=1 7D
70 FORMAT (~5X: “THE FILE IDENTIFICATION HUMBER IS ... "sI2~s
15Xy "THE NON-MOS STATION NUMBER IS ....... “sl2~
25X: "THE STANDARD DEYIATION OF NON-MOS STATION “sIls” IS“sF5.1-~
335X, "LOOP MOS SYX R.YAR. C.RYAR."»S5Xs "AN"»H6Xy "A1 " 7Xs "AZ"» 9K, "RI"~
45X " MO. STN"~(I8»14yFS.1»2F8.5yF8.1»FB8.3,F10.5:,F12.73>
2 CONTINUE
STOP
END

Figure A2 (Cont'd.). FORTRAN IV Program that Derived the BART Equations
. (Page 5 of 5).
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APPENDIX B

FLOWCHART AND
LISTING OF
THE FORTRAN IV FROGRAM
USED TO SOLVE

THE OPERATIONAL BART EQUATIONS
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LChcn ID;_==__ Chart Name: _BART FLOWCHART

Program No.: 10
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- Program Name:
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FILE
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Flowchart of the Frogram that Solves the Operational BART
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Programmer: __MORRIS S, WEBB, JR. : Program No.:. 10 Date: 06/30/79 _ Page:_2
Chart ID: == _ Chart Name:__ BART FLOWCHART Program Name: PART
A= —— A2 =4 =
} - ’ 1 i
L i I !
$ 4 4 $
1 i : .
) | | !
L g [ M
Bl —+——7 mB2—= ] - ——
i I ]
? { 3 M=1
R, (o margrwges
=l e —— 1
i 7
, !
o e ~23 - 2 e
: RVT=RVT+ WRITE | ‘
| ke - 1 R(I,J,K) b . NON-MOS € K=K+l [
*TTHOS (N, )| | STN TENPS ,
e e p——] - T =" o=
rF.! v — e —iam —— = Ll S R mEd - fo -y r—*E5'— +"-—_i
f | - B . =
- - =KN —_—— - 8) . -
‘ N A FILE : :
o - —— r_. = — — e —
' -
!
= - — - | -t — 7 I AU, FLo— = =
1 ' . ! i !
' - | : |
i Do 7 1 —_RVT :
' I=1,7 . SUEY [ sTop ) : f
1 . ' .
L . - | P s e ! L ot — = | I WU | i____..._._._:
1 i
I !
—Gt - - I e Gz f— - I - ur- ] - GG— 4 - — ~B9 1 =
' ! I <A (T, K ' ! ; I
! STIMRV= M| 74T IEK; ) i ! ! !
H ’ 1 RVT 1] +T*(A2(I,K 3 H f :
' ] 1| +T*(A3{1,K))}) | | , |
———— = - ] —— _ ] T ] - - | ST U e =
[ i
1 I
Rt S ] [ - r-HE = - s g ~H3 - e m e
’ I ! 1 ! 1
: ! ! | , . | :
+ 4 } ! + 4 + 4 T
X ! : i : j I
e e —e e 1 - [ | |
1
!
-~ = = = 1 =) f—J4F1~--~--] Fds— - -
1 | 1 i | |
| 3 | | |
- ! - i + + +
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I
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Bl e ol 1 | r—K4—+—'——= r'K5—+——"|
1 . 1 1 H
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e |-« I _; b pmd L——y——J

Figure Bl (cont'd.). Flowchart of the Program that Solves the Opera-
tional BART Equations (Page 2 of 2).
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C ERRT EXPERIMENT -- CPERATIDNAL PROGRAM

c

MORRIS 5. WEEB» JR.3F USFDO»

SAN FRANCISCDOs CAs 06-20-79

DIMENSION AQOC?Prs RO1 (YY) s AON2C7Ys AOIC(PYs AO(7HE) s
DIMENSION R2(7+8)s A3(7sB)s HAMC(F» 7282y HAMELTs 7D
DIMENSION RVY(7>72s ITMDS(Fs3Yy TH( 23

CRLL OPEN (29, "BRRTINPUT", 1, IER, 1259)

RERD (20:1) MOy IDBAYs ITIME,

CITMRS (T2 5 d=1530 5 1=

A1 (7,E>
R{7+7s82

1572

1 FERMAT 47777108 12903 I29 1045 125 4K/ srrrs (27 K» 3 AKX 1200

CRLL FCLOS {20

DRTE=20.46+FLCAT (MDY +FLOAT {1DAY?> -30.¢&
IF(PATE.LT.61..0R.DATE.GE.337.2KMN=1
IF(DATE.EE.&61..AND.DATE.LT.152.KN=3
IF{ERTE.GE. 153..PND.DATE.LT.245. 3) KN=5
IF<{IATE.GE.245.5.AND. DRTE. L.T.337 .Y KN=7

KE=KN+1

0 2 K=KMNs KR
IF(K.EQ.1>CALL OPEHN
IFCK.ER.2)CALL DPEM
IFK.EQ.2yCALL OFEN
IF{K.EQR.4)CRALL DPEN
IF<K.EL.S>CALL OFEN
IF{K.EG.eYCRLL DFEN
IF{K.EQ.7>CALL DPEN
IF<K.ER.8»CALL CPEN

EERD (213 ((CHAMECTI s B » J=15 7Y s (RT3 2 J=15 77 s ROQCID s RO CI2

21y "WINTERMINT» 14 IER 6932
(21 "WINTERMPY"» 1, IER 653}
{21s "SPRIMEMIN"» 15 IER»6323)
(21s "SPRINEMAN "2 1y TER £22)
{21y "SUMMERMIN"» 1» IER»523)
{21y "SUMMERMAR" s 1 IER 6932
(21 "AUTUMHMINT» 1, IERs £232
{21 "AUTUMNMAX"» 1, IER 623)

1 RAOECIY sROSCII Y I=1+77
3 FORMAT (P11-F7.5+6FC.5/F6.1,»F8.3:F9.5:F11.7)

- CRLL FCLOS (212
0 2 I=1,7
ROCI,K>=RODC]I
A1 CI s K> =R0O1 (12
AZCISKY =RD2 T2
A3CI K> =p02<(1D
Do 2 J=1.7

MHAM T+ Js K =NAME (s Jo
RCI»JsKX=RY (I+.0

Z CBNTINUE

Figure B2. FORTRAN IV Program that Sclves the Operational BART Equations

(Page 1 of 2).
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p=l

1
=}
2
-
4
=

-

m =)

> FORMAT ¢(1H0s "SFOOSOSRF

M=1
IF¢ITIME.GE.20.0R. ITIME.LT. 0860 TO S
K=K¥
G0 TO &
K=KN
DO 7 I=1+7
SUMRY=0.0
RYT=0.D
D0 8 J=1.7
H=NAM Iy Js K2
IFN.EQ. 20 TO @
- SUMRM=SUMRNV+R (Iy J2 K2
RYT=RVT+R I+ 1K) «FLOAT CITMOS (N 10 2
CONTINUE
T=RYT/SUNMRY _
TH(I,M):H0<15K>+T0(H1(I:K)+T0(HE{IsK>+T0(E2{IsK)})>
CONTINUE
MsM+1
IF{M-2>10s4511 :
IF¢ITIME.GE.20.OR.ITIME.LT. D8>G0O 7O 12
K=K-1
=0 TD 6
KeK+1
=0 TO &
TALL DOPEN (22 "BPARTOUTPUT "1 2 IER»645)
MRITE (22513 ((THA(I»J75J=1333sI=17)
EWOUS00 KSFOD ¥YYGEGEE"~~
"  OUTPUT FROM BRY AREA TEMPERATURE FORECAST ROUTINE®. -~

S5Xs “STATIDON"» 21Xy "FORECAST PERIOD"/28Ks "1ST" 4Ry "END"» 4% "ZRD"
"  SAN FRANCISCO BAY AREA..."~SX."SAN FRANCISCD FOB"»7X»3F7. 0~

=iy "REDWOND CITY"s 12 2F7. 0"  SPANTA CLRRA YALLEY..."~

SHe "SAN JOSE”» 16Xy ZF7. 05Xy "HOLLISTER"» 15K 3F7. 07

"  EAST EBERY INTERMERIATE WVRLLEYS... "~

Sa "WALNUT CREEK-CONCORD" 24Xy 2F7. 05, "LIVERMORE™» 15X, ZF 7. 0~
SANTAR ROSA PLAIM..."-Sx: "SANTA ROSAR"» 14X, 2F7. 0

CRLL FCLOS <g2? -

=TOP

END

Figure B2 (€ont'd,). FORTRAN IV Program that Sclves the Oparational.

BART Equations (Page 2 of 2)..
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APPENDIX C

THE "BART" AFOS PROCEDURE
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SFOPCDBY2
wouses KSFO 1ses4l
DISPLAY MODE ACC/OV COMMAND
(1-4) (DM} (RAAAD) CANY COMMAND: LAST LINE MUST BE END OR “NAME®)

1 1 D R DSP:BARTINFO. B8
82 WEHR T

3 1 D R FTP(RBL.SAC.SCK.FAT)

84 PAUSE B1

85 1 D A FTP(DAK, SFO, SMX)

86 WCHR 1

g7 1 D R DSP:BARTINFO.B1

a8 PRUSE B1 ;
89 1 D A DSP:BARTINFO.82 . ,
18 PRUSE 82 :
112 D R DSP:BARTINFO.B1 .
12 1 D R LCHR § :
13 SAVE:FRFSFO DPR:BARTINPUT :
14 PAUSE B85

15 1 D R PSP :BARTINPUT

16 * LCHR R

17 2 D R - FRFSFO

18 PAUSE B2

.

DISPLAY MODE ACCAOV COMMAND
(1-4) (oM (RAAADD CANY COMMAND; LAST LINE MUST BE END OR “*NAME™)

19 1 D R DSP:BRARTINFO.B3
2B PAUSE B1

21 RUN:BART

22 PAUSE 28

23 ' STORE : DPB: BARTOUTPUT SFODSDSRF

24 PALSE B5

25 1 D R 0S0SRF

26 PAUSE B1

27 D R DSP:BARTINFG. 04

28 END

29

38

31

32

33

34 ‘
35

36

37

38

PAGE B2 ~

Figure C1. List of Steps and Console Commands in the "BART" Procedure,
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uoUSBd KSFD 242142

HELLD{ WELCOME TO THE "BART" PROCEDURE —— A PROCEDURE WHICH
COMPUTES DAILY MAXIMUM AND HMINIMUM TEMPERATURES FOR SELECTED
STATIONS IN THE SAN FRANCSIEOD BAY AREA FOR WHICH MOS TEMPERATURE
FORECASTS ARE NOT CURRENTLY MADE.

IF YOU ARE RUNNING THIS PROCEDURE FROM AN "AGG" OR "AGGE" CONSOLE,

MAKE SURE THAT THE ZOOM BUTTON ON THE GDM CONSOLE APJACENT TG YOUR

ADM CONSOLE 1S PUNCHED TD THE "1:1" POSITION. ALS0. CLERR THE DIS-
PLAY FROM THE SCREEN NEXT TO THE ONE IN FRONT OF YOU (RALPHANUMERIC

DATA WILL BE DISPLAYED SHORTLY ON THE ADJARCENT SCEEN) .

NOW, PLEASE WRITE DOWN THE MOS TEMPERATURE FORECASTS FOR THE FIRST
THREE FORECAST PERIODS AT THE FOLLOWING STATIONS:

1, RBL 2. sAC 3. SCK 4. FRT 'S. OAK 6. SFO 7. SMX
(MOS TEMPERATURES SHOULD BE PROVIDED BY THE NEXT PROCEDURE STEP).

TRY TO IMPROVE ON MOS BY MAKING YOUR OWN TEMPERATURE FORECAST FOR
THE FORECAST PERIODS AND STATIONS LISTED ABOVE. THIS INFORMATION
WILL BE USED LATER ON IN THE PROCEDURE.

PAGE 91

Figure C2. Contents of the "BARTINFC.00" Disk File =~ Obtained by
Procedure Step 1.
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MO S fCSTS FINAL PGP
DATE/GMT 31/12 21/28 #1/12 02/82 62/12

RBL

POP 12

MNMX

SAC

SCK

FAT

DAK

Figure C3.

POP 12
MN/MX

POP 12
MN/MX

FPOP 12
MNAX

POR 12
MN/MX

POP 12
WNAX

POP 12
WNAX

@
12

4]
63

a
€5

1o}
66

@
58
2
55

1]
5k

92
19l
0
193
B
199

%
191

a
73

4]
78

9
73

n
68

2
59
3
65
m
66
2
56
2
55

@
52

FOMAX/MIN

22
183
e
99
o
180
122
G

%

2
T2

%
76

69

£0

66

56

54

1278 &'T

Display of MOS Temperatures for the Seven MOS Stations Used in
the BART Experiment == Obtained by Procedure Steps 3 and 5.

i
-

WOUSBR KSFO 241842
1. AFTER READING THE . INSTRUCTIONS ON THIS PAGE, TYPE, M:002,

THEN STRIKE THE EENTER1 KEY. (THE HEADER BLOEK SHOULD APPEAR ON

THE SCREEN).

2. COMPLETE THE HEAPER BLOCK AS FOLLOWS:
PRODUCT CATEGORY
PROPUCT DESIGNATOR {S5F01]
ADDRESSEE

MOVE THE CURSOR TO THE BOTTOM OF THE HERDER BIL.OCK THEN STRIKE
(THE BRY AREA TEMPERATURE FORECAST PREFORMAT SHOULD
APPEAR OGN THE SCREEN). -

LENTERI.

3. COMPLETE THE PREFORMAT THEN STRIKE [ENTER13. (THE MESSAGE,

*PRODUCT SFOFRFSFC STORED".

4. AFTER STEP 3 IS5 COMPLETED, TYPE THE LETTER 5 AT THE BOTTOM
OF THE SCREEN THEN STRIKE [ENTERI TD CONTINUE THE PROCEDURE.

wousas KsFo

(THE ABOVE INSTRUCTIONS ARE ALSO DISPLRYED ON THE SCREEN NEXT TO

THIS ORE).

Figure C4.,

241856

Contents of the "BARTINFO.O1" and “BARTINFO.02V DlSk
Files w= Obtained by Procedure Steps 7 and 9.

LFRF3

Ceonl

SHOULD APPERR ON THE SCREEN).
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woused KSFD 382339

ENTER THE DARTE-TIME GROUP IN THE SPACES BELOW. TO INSURE THAT MAX
TEMPERATURES ARE PLACED IN THE FIRST FORECAST PERIOD, USE 18GMT FOR
THE TIME GROUP: FOR MIN TEMPERATURES IN THE FIRST PERIOD, USE 22GMT.

MONTH @7 DRY 38 THE 22 GMT
ENTER YOUR FOREEAST OF MAX-MIN TEMPERATURES IN THE SPACES PROVIDED:

STATION FORECAST PERIOD

. 18T 2ND 3RD
RBL —- W50 RED BLUFF ara2 118 arz2
SAC —- WSO SACRAMENTO Bed inq 863
SCK —- WSO STOCKTON 267 196 ace
FAT —- WSO FRESND arz2 187 - @ar2
0AK -~ WSO ORKLAND 858 ers asy
SFO —— WSO SAN FRANCISCO 853 ara 853
SMX ~- WSO SANTA MARIA 854 ars 853

POSITION THE CURSOR BETWEEN THE BRACKETS IN THE LOLER RIGHT-HAND
CORNER OF THE SCREEN THEN STRIKE THE "ENTER" KEY.

LY

Figure C6. Contents of the "BARTINFO.03" Disk File -- Obtained by
Procedure Step 19.

35—

PAGE &1
Figure C5. Contents of the “BARTINPUT" Disk File -~ Obtained by Pro-
cedure Steps 13 and 15.
| q
j !
wWousSed KSFO 811884
THE BART PROGRAM IS NOW BEING EXECUTED. IT TAKES ﬂBUUf TWENTY SEC-
ONPS TO RUN. WHILE YOU ARE WAITING, REFER TU THE TABLE BELOW:
THE TABLE LISTS THE PERCENTAGE OF VARIANCE ACCOUNTED FOR BY THE
MAXIMUM AND MINIMUM TEMPERATURE EQUATIONS BEING SOLVED BY THE
BART PROGRAM:
REDUCTION OF VARIANCE [21 BY THE
MAX AND MIN TEMPEATURE EQUATIONS
STATION WINTER SPRING SUMMER RUTUMN
MAX HIN MAX  MIN MAax  HIN MX MIN
SAN FRANCISCO FOB 89 74 91 57 76 5§ 87 52
REDIIOOD CITY B5 85 58 61 75 5S¢ 8BS 76
SAN JOSE 85 V7S B4 67 81 738 892 81
HOLLISTER 79 v4 78 958 76 34 85 59
WALNUT CREEK-CONCORD Be 77 92 78 S 58 94 7B
L IVERMORE ¥3 &3 87 73 B3 73 89 &8
"SANTAR ROSA 81 77 g1 71 77 43 87 68
PAGE 81




SFOOS0SRF
LouUSed KSFO YYGGGG
OUTPUT FRDOM BRY AREA TEMPERATURE FORECAST ROUTINE
STATION FORECAST PERIDD
15T 2ND 3RD
SAN FRANCISCO BAY AREA...

SAN FRANCISCO FOB 54, 66. 54.

REDWOOD CITY ! 58. BB. 58.
SANTR CLARA VALLEY...

SAN JOSE 68. 98. = 59.

HOLLISTER 55. 91. 55,
EAST BAY INTERMEDIATE VALLEYS... .

WALNUT CREEK-CONCORD S58. 188. §9.

L IVERMORE 57. 182. 56.
SANTA ROSA. PLAIN...

SANTA ROSA 53. 93. s2.
0USBEB KSFD 281844 .

THIS MARKS THE END OF THE "BART™ PROCEDURE. TEMPERATURES DERIVED
BY THE BART PROGRAM ARE STORED UNDER THE HERDER SFOOSOSRF.

FINIS
PAGE a1

Figure C7. Contents of the Output Message (AFOS Product SFOOSOSRF) ww
: Obtained by Procedure Steps 21, 23, and 25. The Contents
of the "BARTINFO.O4" Disk File == Obtained by Procedure
Step 27 =~ are Displayed Below the Output Message.
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