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FOREWORD 

This report describes in detail the Electric Power Demand Analysis in 

support of the follow-on Solar Thermal Conversion Mission Analysis 

performed by The Aerospace Corporation under contract to the National 

Science Foundation/Research Applied to National Needs. The time period 

of the contract extended from November 1, 1973 to August 15, 1974. This 

report is the second of five volumes; the remaining four volumes include a 

Summary Report of the complete study and detailed reports concerning the 

Southwestern United States Area Definition and Siting Analysis, Insolation 

Climatology, and Comparative Technical and Economic Evaluation. 

This study was conducted under NSF Contract C797 by the Energy Programs 

Group of the Energy and Resources Division. Mr. D. F. Spencer and 

subsequently Mr. G. Kaplan were the NSF Program Managers for this 

contract, and Dr. A. B. Greenberg, General Manager of the Energy and 

Resources Division, was the Principal Investigator. Dr. M. B. Watson 

is Associate Group Director of the Energy Programs Group. Mr. P. B. 

Bos, Associate Director, Solar Projects, provided the Program Manage

ment. Mr. G. F. Kuncir, Mr. W. A. Kammer, and Dr. F. D. Maxwell 

authored this Demand Analysis report. 

The authors wish to recognize and acknowledge the efforts of the following 

for their contributions to the demand analysis and the preparation of this 

report: S. M. Barnes, R. E. Flowers, P. L. Merryman, and H. A. 

Rodriguez for development and implementation of the data manipulation 

and analysis programs; R. B. Gladson for modifying his plot program 

specifically for this project; J. D. Tweedie for providing the illustrations; 

P. E. Burleigh, M. G. Bythway, and R. L. Devaney for typing this 

document; and M. M. Metfessel for editorial assistance. 
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ABSTRACT 

The objectives of this demand analysis were to develop and extend a 

computer model, methodology, and data base capable of characterizing 

the hourly electric power demand for selected Southwestern United States 

load centers from 1980 to 2000. 

The approach used in meeting these objectives consists of several steps. 

Background information, technical reports, and raw data were acquired 

from governmental agencies and utilities throughout the Southwestern United 

States. Computer programs were developed to reformat the historical load 

data into a form suitable for analysis. The decomposition/recomposition 

methodology developed under the preceding contract was extended to permit 

segmented inputs, continuous and long-term projections, and to output 

simulated demand data tapes. Raw demand data histories were processed 

and accumulated in standard format, and future demand profiles incorpo

rating the historic cyclic variations with projected trends were generated 

for further analysis. A parallel effort was also undertaken to attempt a 

correlation between the electric power demand and certain weather and 

insolation parameters. 

This report discusses the results of this analysis: the computer programs, 

data base, and forecast methodology. It also outlines the activities under

taken to achieve these results. 
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1. INTRODUCTION 

The objective of any advanced power generation system proposed for 

application in the future is to satisfy future energy demands with equal 

reliability as competing systems. To evaluate solar power plants from 

this viewpoint, a detailed electric power demand analysis was performed 

in support of the Solar Thermal Conversion Mission Analysis performed 

by The Aerospace Corporation under contract to the National Science 

Foundation/Research Applied to National Needs program. 

Demand analysis activities were directed at the development of a computer 

methodology capable of forecasting the detailed hourly electric power 

demand profiles for selected load centers within the Southwestern United 

States during the years 1980-2000. In this effort emphasis was placed 

on the time varying demand profile which must be matched with the time 

varying insolation with secondary concern for the absolute magnitude of the 

projected demand. Both the region and time period were selected to be 

consistent with the scope of the NSF/RANN program. During the preceding 

Solar Thermal Conversion Mission Analysis, a demand forecast model was 

conceptually developed and applied to Southern California area (Reference 

1). This methodology was automated and extended during this follow-on 

contract to permit its systematic use on a broader scale. As will be shown 

in subsequent sections, the model and methodology are applicable to any 

region for which historical demand measurements can be ac_quired and for 

any future time period during which peak demand can be forecasted. The 

demand forecast program must be capable of defining a varying hourly 

demand profile which exhibits both seasonal and load peak trends. 

The sections which follow describe the various activities that were 

undertaken to acquire a demand information data base, to manipulate the 

acquired data into a standard format, and to extrapolate this information 

into future demand forecasts. Efforts which sought to develop a correlation 

model defining the relationships between demand and certain weather and 

1-1 
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insolation parameters are also described. These demand analysis 

activities are summarized in Figure 1-1. 

Data gathering activities are outlined in Section 2. Also included in this 

section is a description of the Southwestern United States power regions 

and a summary of the historical demand and peak load forecast data base 

acquired during this study. The analysis and use of acquired power and 
energy forecasts are discussed in Section 3. Section 4 contains a detailed 

discussion of necessary data manipulation procedures which transformed 

demand data, acquired in various formats, into a standard form for demand 

analysis and distribution to other NSF contractors. Computer programs 

developed to perform this data manipulation are described in both a 

functional and logical sense. Section 5 contains a description of the 

, demand decomposition/ recomposition forecast model and its computer 

implementation. Underlying assumptions, current capabilities, and 

limitations are outlined. Examples of demand forecasts are provided 

with a narrative providing rationale for its logical construction and its 

analysis procedures. Weather correlation analysis activities are described 

in Section 6. Flow charts and listings of computer programs developed 

during the study are included in an appendix. 

It should be emphasized that the products of this study are not only detailed 

forecasts of electric power demand at selected Southwest load centers 

during some future time period, but an extensive historical electric power 

demand data base and an automated computer model capable of processing 

this data base in order to satisfy the needs for electric power demand 

analyses in support of present and future system analyses. 

1-2 
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2. DATA ACQUISITION 

To appraise the potential application of solar-thermal conversion systems 

in the Southwestern United States during the years 1980-2000, it is necessary 

to examine the area's electric power geography (e.g., its supply areas and 

load centers), to study its historical load behavior, and to assess its 

projected growth. These requirements essentially define the data acquisition 

activities undertaken as part of the electric power demand analysis. 

2. 1 SOUTHWESTERN UNITED STATES AREA DEFINITION 

At the onset of this analysis it was necessary to define the Southwest region 

in terms of its geographic location, climatology, and electrical power 

demand. Political boundaries as well as power supply areas and utility 

service regions influenced this definition. The rationale for selecting 

the particular Southwestern United States area presented in Figure 2-1 

is addressed in more detail within the Southwestern United States Area 

Definition and Siting Analysis volume of this report. 

2.2 LOAD CENTER DESIGNATION 

After the study area had been defined, an assessment was made of published 

Federal Power Commission (FPC) forecast data to identify specific load 

centers and to determine the potential power and energy load represented 

by those centers at some future time. From an analysis of expected 

population levels as extrapolated from U.S. Census reports, it was 

determined that approximately 75% of the population within the Southwest 

resides within the seventeen major load centers listed in Table 2-1. 

These load centers are served by three municipal and thirteen investor

owned utilities. A summary of peak power demand and energy consumption 

values achieved by these utilities in 1972 is shown in Table 2-2. 

2-1 
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Table 2-1. Major Load Centers Within FPC Power Supply Areas 

N 
I 
vJ 

Power Supply 
Area 

PSA 46 

PSA 47 

PSA 48 

PSA 41 

PSA 32 

PSA 39 

PSA 36 

PSA 37 

PSA 38 

PSA 33 

Major Load 
Centers 

San Francisco Area 
Sacramento 

Santa Barbara 
Los Angeles Area 
San Diego 

Las Vegas 
Phoenix 
Tucson 

Salt Lake City 

Denver 

Santa Fe 
Albuquerque 
El Paso 

Odessa 

Dallas 
Fort Worth 

San Antonio 

Oklahoma City 

- - - -• 
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Table 2-2. Electric Power and Energy Data (1972) 

STATE UTILITY (FSA) ENERGY SALES SYSTEM PEAK - MW ,:o:, 

N 
I 
~ 

J, 

ARIZONA APS-~ ., 
TG&E··· 

CALIFORNIA LADWP 
SMUD ..., 
SDG&E-~ 
SCE J, 

PG&E 
~-

COLORADO Psc':' 

NEVADA NFC 
SPF 

NEW MEXICO PSNM 

OKLAHOMA OG&E,:, 

TEXAS CPSB 
DP&L 
EPE 
TES 

UTAH UP&L 

TOTAL 

>:<Gas and Electric Utilities 
,~,:,s - Summer peaking; W -Winter peaking 

(48) 
(48) 

(47) 
(46) 
(47) 
(47) 
(46) 

(32) 

(48) 
(48) 

(39) 

(33) 

(38) 
(37) 
(39) 
(37) 

(41) 

109 KWH 

7. 2 1, 660 (S) 
3. 2 662 (S) 

17. 3 3,630 (S) 
3. 9 1, 099 (S) 
7. 2 1, 649 (W) 

52. 3 9, 815 (S) 
53. 0 10,469 (S) 

8.4 1, 615 (W) 

3. 7 828 (S) 
2. 1 434 (W) 

2. 5 491 (S) 

12. 0 2,645 (S) 

5. 8 1,274 (S) 
9. 3 2, 193 (S) 
2. 7 543 (S) 

13. 0 2,820 (S) 

7. 8 1, 525 (S) 

207. 9 43,038 
(non-concident) 
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The sixteen major utilities, listed in Table 2-3, were contacted for 

additional information regarding their service territories and associated 

load data. Three of the utilities contacted were found to be sponsoring 

internal, company-funded solar energy research and development efforts, 

and all utilities contacted showed an interest in solar power activities. 

The material presented in Table 2-4 represents pertinent demographic 

information on each utility as derived from the responses to these inquiries. 

Figure 2-2 shows the service territories of the sixteen utility companies 

as constructed from individual utility data. Note that the study area 

boundary depicted in Figure 2-2 cuts through several utility service 

regions, among them being the Pacific Gas & Electric Co., Nevada Power 

Co., Sierra Pacific Power Co., Utah Power & Light Co., Public Service 

Co, of Colorado, Oklahoma Gas & Electric Co., Texas Utility Co., and 

the City Public Service Board of San Antonio. 

2.3 DATA REQUESTS 

The next step toward acquiring the data needed to support the Southwestern 

United States regional power demand analysis was to formally request 

the required historic and peak forecast load information from power 

regulatory commissions, regional power associations, and individual 

utility companies. It was found, from prior investigations, that no single 

agency could supply all of the needed data. 

Each utility was asked for records of hourly system demand data covering 

a period of ten years as well as data on system growth and planned 

generation additions needed to satisfy the anticipated peak loads. These 

data were used for analysis purposes only and the utility companies were 

assured that these data would not be released to anyone without their 

permission. 

The Western Systems Coordinating Council (Denver) and the Electric 

Reliability Council of Texas (San Antonio), listed in Table 2.3, were 
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Table 2-3, Major Electric Utilities and Agencies in the Southwestern United States 

Utilities 

ARIZONA 

Arizona Public Service Co, (APS) 
Tucson Gas & Electric Co. (TG&E) 

CALIFORNIA 

Los Angeles Department of Water & Power (LADWP) 
Sacramento Municipal Utility District (SMUD) 
San Diego Gas & Electric Co, (SDG&E) 
Southern California Edison Co. (SCE) 
Pacific Gas & Electric Co. (PG&E) 

COLORADO 

Public Service Co. of Colorado (PSC) 

NEVADA 

Nevada Power Co, (NPC) 
Sierra Pacific Power Co. (SPP) 

NEW MEXICO 

Public Service Co, of New Mexico (PSNM) 

OKLAHOMA 

Oklahoma Gas & Electric Co, (OG&E) 

TEXAS 

City Public Service Board of San ~ntonio (CPSB) 
Dallas Power & Light Co, (DP&L)''' 
El Paso Electric Co, (EPE) 
Texas Electric Service Co, (TES)':' 

UTAH 

Utah Power & Light Co. (UP&L) 

Agencies 

Public Utilities Commissions 

State Corporation Board 

State Governor's Energy Office 

Electric Reliability Council of Texas (ERGOT) 

Southwest Power Pool (SWPP) 

Western Systems Coordinating Council (WSCC) 

Edison Electric Institute (EE!) 

'~ Both Dallas Power & Light and Texas Electric Service 
are part of the Texas Utilities Co. (TUC), 
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Table 2-4. Utility Demographic Data (1972) 

State Utility Service Territory Customers /Population Growth Rage KWH Sales 

N 
I 
-J 

(Square Miles) 

ARIZONA APS 40,000 
TG&E 1, 155 

CALIFORNIA LADWP 460 
SMUD 656 
SDG&E 4,100 
SCE 45,000 
PG&E 94,000 

COLORADO PSC 31,200 

.NEVADA NPC 9,348 
SPP 39,600 

NEW MEXICO PSNM 26,000 

OKLAHOMA OG&E 30,000 

TEXAS CPSB 1,600 
DP&L 600 
EPE 10, 000 
TES 83,000 

UTAH UP&L 57,000 

TOTAL 
Utility Service Area 473,719 
Southwestern U.S. 1,005,000 

*Adjusted from 1970 census data (3% annual growth) 

(thousands) (Percentage) 

278/1300 17, 0 
130/403 14. 0 

1102/ - - -
245/ - 7. 9 

1600/ - 7. 0 
2600/ - 7. 1 
2800/8500 7. 8 

583/ - 9. 7 

107 / - 9. 1 
101 / - - -

152/1061 8. 8 

473/1300 11. 7 

261 / - 11. 0 
247 / - 3. 0 
133/475 11. 0 
406/ - - -

322/ - 16. 0 

11, 549/30, 550':' 
/40,000 
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asked to provide regional peak power forecasts consistent with the 1980-

2000 period, and the regional offices of the Federal Power Commission 

were asked for copies of specific utility Power System Statements {Form 

12) containing samples of hourly system demand data during the first full 

week of April, August, and December for the period 1962 through 1972. 

Furthermore, the Southern California Edison Company and the Los Angeles 

Department of Water and Power were asked for their latest hourly demand 

data to update the previously provided hourly demand data. 

In addition to the efforts directed at acquiring demand data from utilities, 

several industrial companies were contacted in an attempt to define a 

base "total energy" {electrical-thermal) system for solar thermal applica

tion. Among those contacted were Bethlehem Steel Corporation, Los 

Angeles, California; Denver Technology Center, Denver, Colorado; Dow 

Chemical U.S. A., Freeport, Texas; Texaco Incorporated, Los Angeles, 

California; and the Phoenix Post Office, Phoenix, Arizona. Contacts were 

also made with the engineering staff at Edwards Air Force Base, California, 

in the hope of acquiring community load data containing the industrial, 

commercial, and residential load information. 

2.4 ACQUIRED INFORMATION 

As a result of these inquiries, a large volume of data was received. Some 

of these data, unfortunately, were not received early enough to permit 

full utilization in the reported analyses. In particular, historic data from 

the Arizona Public Service Co. and the Pacific Gas &: Electric Co. arrived 

shortly after the contract time period; and, consequently, these data have 

not yet been incorporated into the demand data base. 

With the single exception of El Paso Electric Co. data, all electric utility 

load data were acquired from the Federal Power Commission (in the form 

of System Load Summaries) or directly from the utility companies. El Paso 

Electric data were purchased from the University Computing Company, 
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Energy Industries Division, Dallas, Texas, after authorization from 

El Paso Electric and the Edison Electric Institute. 

In addition to the load and forecast data received and summarized in 

Table 2-5, Edwards Air Force Base provided strip chart recordings of 

five 1971 substation hourly load histories and a single substation hourly 

load history for February 1973. Bethlehem Steel supplied a typical load 

history describing its operations and Texaco offered to supply data useful 

for further analysis. 

In addition to the above demand data, magnetic tapes containing twelve 

years (1962 - 1973) of weather observations at Tucson, Arizona, and at 

El Paso and San Antonio, Texas, were purchased from the National Climatic 

Center in anticipation of weather correlation analysis activities. The 

content and use of these tapes are discussed in Section 6. 
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Table 2-5. Electric Utility Data Collection Summar/' 

N 

- ro 'Cl 

s~ ro ~ 0 -~..., 1-<0 ~ 
..., 

0 Ill .._, Ill 

fil >- >- ..c: ro ro ro 
,-1 ,-t ..., u I-< U 

UH I-< ro ~ Q) Q) Q) 

~ g ::l..., 0 I-< ~ I-< 
o ro I-< 0 Q) 0 

Utilities/ Agencies fil ::c ::C Cl 0 fil 0 fil 

Arizona Public Service Co. 11 10 20 20 
Tucson Gas & Electric Co. 11 ND NR NR 
Los Angeles Department of Water & Power 1 12 10 27 
Sacramento Municipal Utility District 11 11-2/3 5 10 
San Diego Gas & Electric Co. 1 ND 10 10 
Southern California Edison Co. 2 12-1 /2 10 10 
Pacific Gas & Electric Co. 9 5 10 10 
Public Service Co. of Colorado 11 NR NR NR 

N 
Nevada Power Co. 9 I ND ND ND - Sierra Pacific Power Co. 11 -
Public Service Co. of New Mexico 11 12 27 27 
Oklahoma Gas & Electric Co. 11 NR NR NR 
City Public Service Board of San Antonio 11 17 21 ND 
Dallas Power & Light 9 NR NR NR 
El Paso Electric Co. 11 10 20 20 
Texas Electric Service Co. 8 NR NR NR 
Texas Power & Light Co. 11 

Utah Power & Light Co. 11 NR NR NR 

Electric Reliability Council of Texas -- -- 20 20 
Western Systems Coordinating Council -- -- 26 26 

~' Column number indicates years of data. 
ND - no data received 
NR - no response 
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3. POWER AND ENERGY FORECASTS 

A primary input requirement of the demand forecast model is the fore -

casted annual peak load. The magnitude of the annual peak load establishes 

the relative magnitude of each hourly load. The load profile forecast 

methodology is discussed in detail in Section 5. 

3. 1 LOAD FORECAST METHODS 

Methods for forecasting the peak load at some future time are either de

terministic or probabilistic, Both methods are used in the utility industry. 

Because of the great controversy over the validity of long-range forecast 

data (Reference 2) and in view of current energy and economic uncertainties, 

it was decided not to attempt to develop an independent forecast. In fact, 

it was considered more appropriate to adopt the existing fore cast data as 

being the most authorative, rather than making an independent forecast 

in order to avoid clouding the analysis with a subjective evaluation of the 

future demand. Furthermore such an effort was clearly beyond the scope 

of this study, while the final results of this analysis would not be altered 

significantly. The approach selected in determining the peak load forecast 

was to accumulate and analyze all available authoritative forecasts that 

appeared suitable for use in the demand forecast model. During the early 

stages of data collection and review, it became evident that no single 

authoritative source of forecasts existed for the Southwestern United States. 

Hence it became necessary to contact various organizations and request 

available forecast information. 

Originally it had been planned to use the Federal Power Commission (FPC) 

load forecast data. However, the published FPC data is typically delayed 

by several years. (The most recent FPC forecast is contained in the 1970 

National Power Survey Report, which uses 1969 data.) 
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Furthermore, it was found that use of FPC peak load forecasts would be 

inconsistent with the historic utility hourly load data, since the FPC and 

the utilities use different boundary definitions. A better understanding 

of these inconsistencies can be realized by examining the FPC /PSA 

boundary map and accompanying table of load forecasts shown in Figure 

3-1 and Table 3-1. 

Power Supply Area data are not available as continuous hourly demand load 

records and the PSA boundaries are such that it is difficult to define a 

complete set of utility load records within each PSA. Therefore a complete 

hourly load analysis is difficult to make on the basis of PSA data. The only 

known records of continuous yearly system load data are those maintained 

by the utility companies. Unfortunately, FPC forecast data cannot be 

used with system load records because FPC-prepared peak loads do not 

generally coincide with the same boundaries as used by the utilities. It 

was concluded, therefore, that the direct use of FPC data in the load 

forecast analysis should be limited to prevent any inaccuracies that might 

result from attempts to correlate load and specific geographic areas. 

Load forecast data obtained from eleven utilities and two coordinating 

council reliability regions are plotted in Figure 3-2. Data shown in the 

figure by continuous lines were supplied from these sources. The dashed 

portions of the curves are extrapolations of the given forecast to the year 

2000. These extrapolations were made on the basis of a straight-line 

logarithmic projection computed from the last two supplied forecasts. The 

basic data used in developing Figure 3-2 are tabulated in Table 3-2. Under

lined values in the table identify the projections estimated by this technique. 

3.2 GROWTH RATES 

Table 3-2 also contains values of compound growth rates, showing projected 

growth for the eleven utilities ranging from 6.6 to 13 percent. The high 
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Table 3-1. Federal Power Commission Load Forecasts by Power Supply Area (PSA) 

1970 1980 1990 2000 
•} 

>- >-
~E-

>- >-
oo- oo- oo- ")E- oo-

"O I-< :r: "O I-< :r: "O I-< :r: "O I-< :r: 
Cl! Q.) ~ Cl! Q.)~ Cl! Q.)~ Cl! Q.)~ 

o_ ~~ o_ ~~ o- ~~ o- ~~ 
PSA ~~ ~- ~~ ~- ~~ ~- ~~ 

~e ~ ~~ ~ ~~ ~ ~~ ~ 
-1->0 Cl!- -1->0 Cl!- -1->0 -1->0 

Q.) 0 .-1 Q.) o- Q.) 0 .-1 Q.) 0 .-1 

~ t-1 ~ f-i ~ f-i ~ f-i 

32 2,271 11. 5 4,226 23.4 7, 190 45.3 12,232 69.5 

33 6, 120 26.5 13, 800 60. 1 26, 600 116. 3 51,272 291. 5 

36 1,775 9.2 3,089 18.2 5, 190 33.8 8,720 49.7 

37 7,970 35. 6 18,000 82.0 36,200 168.0 72,802 414.5 

38 8, 510 43.6 19, 700 102. 7 41, 500 219.9 87,423 497.6 

39 1,041 5.4 2,259 11. 5 4,268 21. 6 8,048 45. 8 

41 2,840 15.7 5,690 31.4 11,460 63.2 23,081 131.0 

46 11,400 63.4 24,300 136.0 52,200 291. O 120,483 685.6 

47 13,300 72.5 26, 700 151. 0 53,600 298.0 107,601 612.7 

48 4,480 23.6 9,560 50.3 20,500 108.0 43,959 250.3 

Total 307. 0 666.6 1365. 1 3047.2 

Non-
Coincident 59,707 127,324 258,708 535,621 

Peak 

~~ Straight line projection based on 1980-1990 annual compound rate of increase 

~~~~ Assumed load factor of 0.65 

- - -• 
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Figure 3-2. Peak Electric Demand Trends 



I 

•• I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I • I 
I 

electric power consumption growth rates of utilities such as Tucson, 

Arizona, and San Antonio, Texas, reflect the rapid increase in population 

and city or community facilities experienced in those areas. It has been 

suggested that these high growth rates cannot continue very long into the 

fugure. However, it is difficult to specify reduced growth rates. One 

rapid growing utility, San Antonio City Public Service Board, is planning 

increases in its generating capacity on the basis of an 11 percent growth rate 

through the year 1996, as reported in the company's 1973 annual report. 

The Pacific Gas and Electric Co. replying to an inquiry concerning its 

7. 7 percent projected growth rate and the recent reduction in electric energy 

consumption, stated, "Our judgment at this early date is that, after a year 

or two of near -level demand, the rate of load growth will once again approach 

the trend of recent years. We believe this to be the case because of the 

large segment of the population which will be entering the mainstream of the 

purchasing public for the first time." Responses of a similar nature were 

received from other members of the utility industry and government. The 

general feeling is that, if economic growth is to continue its present trend, 

the rate of energy consumption growth must be at a comparable level. 

3. 3 PEAK LOADS 

The best approximation of the total load within the study area is the aggregate 

sum of data from several selected utilities and portions of Western Systems 

Coordinating Council regions. The data sources selected are the Western 

System Coordinating Council Regions III and IV, San Antonio City Public 

Service Board, Oklahoma Gas and Electric Co., and the Texas Utilities Co. 

The summation off ore cast peak annual loads for each year ( 1980, 1990, 

and 2000), for each of these utilities and organizations, produced the fore

cast shown on Figure 3-2 by the dashed line near the top of the graph. Values 

for each of the 10-year periods beginning in 1970 are also shown in Table 3-2. 

From this accumulated information the projected study area peak load for 
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Table 3-2. Projected Peak Loads for Southwest Utilities and Agencies 

l,J 
I 
-J 

Utility / Agency 

Arizona Public Service 
(APS) 

Dallas Power and Light 
(DP&L) 

El Paso Electric Co. 
(EPA) 

Oklahoma Gas & Electric 
Co. (OG&E)* 

Pacific Gas and Electric 
Co. (PG&E) 

Public Service Co. of 
Colorado (PSC) 

Public Service Co. of 
New Mexico (PSNM) 

Sacramento Municipal 
Utility District (SMUD) 

San Antonio City Public 
Service Board (CPSB)* 

Texas Utilities Co. 
(TUC)~' 

Tucson Gas & Electric 
(TG&E) 

Western System Coordi-
nating Council (WSCC) 

WSCC (Westwide 
Region III & IV) 

WSCC (Region III & 
IV, 1973)* 

Southwest United States 
Study Area Total 

1962 1965 1972 

760 1,661 

1,306 1,656 2,936 

543 

1,041 1,372 2,645 

5,346 6,686 10,469 

817 1,057 1, 767 

492 

570 1,099 

1,274 

3,382 4,379 8,435 

254 279 662 

1973 1980 1982 1985 1990 2000 Growth 
Rate(%) 

3,361 7, 109 7.8 

8. 5 

984 2,209 8.4 

5, 587 14,300 36, 200 9.8 

19, 991 7.7 

7.6 

1,034 2,572 9. 5 

1,839 6.6 

3,425 9,720 27,500 11. 0 

17, 198 43,800 111, 500 9.8 

13.0 

64,326 102,287 5.2 

80,810 178,312 5.4 

36,400 53,400 59,600 102, 700 158,800 5. 6 

79, 600 170, 500 334, 200 7.4 

-
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the year 2000 is forecasted to be 334,000 megawatts, with an average 

growth rate during the 1980-2000 time period of 7. 4 percent. 

The individual utility system peak loads used in the forecast are expected to 

occur at about the same time during the year. With only a few exceptions 

all of the Southwest utilities realize their annual system peak in the summer. 

The month of this occurrence is usually August and is generally attributed 

to the higher temperatures at that time of summer. The expected error in 

the peak forecast because of inter-system diversity is expected to be small. 

Therefore, the method of using simple algebraic summation of the peak 

load values appears reasonable. 

3.4 ENERGY AND CONSUMPTION FORECASTS 

The development of a description for the total annual electric energy 

consumption in the time frame of interest (1980-2000) was considered 

important for two reasons. The value of annual energy consumption 

permits a simple accuracy check of the load profile generated by the 

demand forecast model. Energy consumption values may also be used 

as a basis for determining siting feasibility, an effort accomplished in 

the Southwestern United States siting analysis and described in a separate 

volume. 

The electric energy consumption forecast shown in Table 3-1 applies to 

all eight southwestern states by PSA. While an energy consumption 

approximation could be made on the basis of this data, the consumption 

attributed to the land areas outside of the study area boundary would result 

in an approximation at least 30 percent too large and could not be used for 

comparative purposes. To correct this situation, it would be necessary 

to compile load energy forecast data from each utility serving the study 

area. Unfortunately, this information was not available; therefore, it 

was necessary to calculate the energy forecasts by other methods utilizing 

existing data sources. 
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Two methods were identified as possible energy forecast calculation 

techniques. The first method uses a load factor derived from a load 

factor trend analysis and available from FPC data. The second technique 

uses the integrated value of the load profile as generated by the demand 

forecast model. The latter method, although more accurate for specific 

utilities, had to be ruled out due to unavailability of complete load histories 

for all utilities in the Southwestern United States study area. Consequently, 

the load factor method was used in making the electric energy consumption 

forecasts summarized in Table 3-3. Several electric energy consumption 

forecasts provided by Southwest utilities are also shown for comparison. 
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Table 3-3. Electric Energy Consumption Within the Southwest United States 

(,-) 

I ..... 
0 

Southwest U. S. Study Area 

Arizona Public Service Co. 

Tucson Gas and Electric Co. 

Southern California Edison Co. 

Annual Consumption_( 10 9 _KWH) 

1980 1990 2000 

467.7 1,024.9 2,023.0 

14.6 31.9 69.6 

28.8 

315.3 

- - -• 
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4. DEMAND DATA MANIPULATION 

The historic electric demand data listed in Table 2-5 were received in a 

variety of formats, a different one corresponding to each major data source. 

With this multiplicity of formats, the decision was made to correct all of 

the data to be compatible with the Edison Electric Institute (EEI) System 

Load Data Card Format, >le established as an internal standard during the 

previous NSF Solar Thermal Conversion Mission Analysis. In this manner 

the logic for all subsequent analysis and model simulation programs which 

used demand data inputs could be minimized. This also permitted the 

standardization of a demand data base which could be made available to 

other NSF contractors with utility consent, in a manner similar to the 

practice now followed with solar insolation data base tapes.>:o:c A definite 

need exists for an industry standard for data exchange. 

The EEI data card format consists of two cards, each containing twelve 

hours of load measurements with various identifiers defining the data, 

utility (in terms of FPC, EEI, PSA, and ownership codes), day of the week, 

time zone, average temperature, and departure from average. The subset 

selected for The Aerospace Corporation data base does not presently contain 

all numeric utility identifiers. It does, however, contain a two-character 

alphabetic utility designation and a day-of-year counter ordinarily left blank 

in the standard EEI data cards. Temperature and temperature deviation 

are also not defined in The Aerospace Corporation data base, with the 

exception of those data cards acquired through EEI. 

* The System Load Data Card Formats defined by EEI for their load 
diversity study (cf. Reference 3) are shown in Figure A-1, Appendix A. 
The Aerospace Corporation additions and modifications to the EEI format 
are also listed in Table A~ 1, Appendix A. 

>:C>:c Details concerning the format and distribution of the solar insolation 
data base can be found in the Southwestern United States Insolation 
Climatology volume of this report and the corresponding volume 
(Reference 4) of the final report describing the previous study. 
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Computer programs were written to read and decode each unique demand 

data format and generate the desired EEI data card images. These data 

were then assembled on data base library tapes through the use of a 

standard Control Data Corporation utility program UPDATE):c (Reference 5). 

The utility demand data base can be further manipulated to remove the 

local daylight savings discontinuities using a specially developed program 

DALTE. Data base information, in standard format, can be tabulated 

using an available library tape list program LISTL, or selected utility 

data can be plotted after translation by either of two conversion programs 

and operated upon by the adaptation of the general Aerospace Corporation 

plotting program VALPLOT (Reference 6). 

It is the intent of this section to discuss the computer programs and 

processes that were developed in order to create the demand data base. 

The current data base content and organization are also outlined. The 

computer programs considered are shown in Table 4-1. Many of the 

programs and processes that are described are straightforward and 

lack sophistication. However, it should be noted that much of the man

power and computer costs expended in the demand analysis effort were 

directed toward the creation of the demand data base. 

4.1 FPC FORM-12 DATA 

The individual operations required to process the 160 two-page FPC-Form 

12 (Schedule 15) Power System Statements*):c acquired for the study involved 

considerable effort. Each Schedule 15 statement contains integrated hourly 

demand observations recorded during the first week in April, August, and 

December of each year. Before the data could be entered into the demand 

data base, the data were keypunched from copies supplied by the FPC offices. 

* The Aerospace Corporation's Information Processing Facility contains 
both a CDC 6400 and a CDC 7600. These systems were used for the 
data manipulation and analysis tasks described in this report. 

** A sample FPC Form-12 (Schedule 15) is provided in Figure A-2, 
Appendix A. 
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Utility Specific 

CPSB 

DWPl, 
DWP2 

EAFB 

EPE 

SCE 

SMUD 

General Purpose 

CNVRT 

DALTE 

FLDTA 

MODFY 

• 
Table 4-1. Data Manipulation Programs Developed* 

Translates CPSB Card hnage Demand Data to EEI Card Format 

Translates LADWP EBCDIC Tape Data to EEI Card Format 

Calibrates Edwards A. F. B. Demand Strip Short Data to EEI Card Format 

Transcribes Identification from EEI Supplied EPE Data to FPC Supplied 
Records 

Translates SCE Data Records (Two Formats) to Standard EEI Card Format 

Translates SMUD Supplied Monthly Data Record Blocks to Standard EEI 
Card Format (Standard Time Identifiers) 

Translates Demand Data Base Card hnages to Floating or Normalized 
Floating Output for Plotting 

Translates Demand Data Base Histories from Local to Standard Time 

Translates Long Demand Data Histories to Floating Decimal Form for 
Plotting 

Translates Keypunched FPC Form 12 (Schedule 15) Data to Standard EEI 
Card Format 

* Program logic and flow diagrams of each data manipulation program are included in 
Appendix A. In addition, listings of general purpose programs are provided. 
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Once the original data were prepared, the data units were translated from 

kilowatts to megawatts. The forms associated with each utility were sent 

to keypunch with instructions for preparation of the data cards. Some of 

the information required in the adaptation to the EEI System Load Data Card 

Format, namely, the day-of-week and day-of-year, could not be conveniently 

keypunched without requiring manual annotation of this information on each 

data sheet prior to keypunching. For this reason and keypunch operational 

considerations, it was decided to write a data translation program to 

modify the keypunched data cards to conform with the intended standard. 

The straightforward logic of this program, MODFY, is illustrated in 

Figure A-4, Appendix 4. 

4.2 LOS ANGELES DEPARTMENT OF WATER 
AND POWER DATA 

One of the earliest data reduction efforts undertaken was to reformat data 

obtained from the Los Angeles Department of Water and Power (LADWP). 

The LADWP demand data history was supplied on a nine-track, 1600-bit 

per inch EBCDIC>:c magnetic tape, with each record containing one month 

of data. Records were identified by two data words which indicated the 

month and year; data words that ordinarily would be assigned to high 

numbered days of the month were set to zero if those days were not present 

in the month. 

Two programs, logically shown in Figure A-6, Appendix A, were written 

to process the LADWP data. The first program reads the tape supplied by 

the utility, converts the information from EBCDIC to binary integers, and 

generates an intermediate seven-track BCD** tape with records containing 

twelve hours of data identified by month, day, and year. The second 

~c EBCDIC - Extended Binary Coded Decimal Interchange Code. A system 
using eight binary bits to represent decimal digits, alphabetic, and 
special characters. 

*~:c BCD - Binary Coded Decimal. A system using six binary bits to 
represent decimal digits, alphabetic, and special characters. 
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program reads this tape and creates data in the standard EEI card format, 

appending necessary identification with day-of-week and day-of-year 

counters. 

At the time the LADWP reduction took place, it seemed necessary to 

visually inspect the data before assigning values to day counters. Later 

programs eliminated this second step by using an algorithm to compute 

those quantities, although detection of missing data (eight values in the 

LADWP file) still requires manual inspection. 

4.3 SOUTHERN CALIFORNIA EDISON COMPANY DATA 

The first bulk utility data processed by the solar thermal conversion 

demand analysis program were supplied by the Southern California Edison 

Company (SCE). Although SCE data were manipulated during the previous 

NSF study contract, no effort was made to convert the data to standard 

EEI format. The SCE data, which had originally been supplied in two card 

formats, was recorded on magnetic tape during the previous study for ease 

of handling. This tape with card additions for 1973-74 became the data 

source treated by the reformatting program, SCE. 

The difficulties encountered in processing SCE data were attributed to the 

three data formats (two on tape and one on cards) and the fact that several 

unexpected duplicate daily records were encountered in December 1972. 

Although the SCE program logic, illustrated in Figure A-9, Appendix A, 

does not indicate the program instruction sequence required to circumvent 

the latter problem, it is shown in the accompanying detailed flow diagram. 

Other problems associated with the processing of SCE data were encountered 

as a result of one hourly measurement being 300,000 MW too large and a 

mispositioned day appearing fifteen days ahead of its intended position. 

Unfortunately, these conditions were discovered only when projected 

forecasts using the erroneous data did not look reasonable. This problem 
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dramatically illustrates the need for input data validity checking in the 

demand analysis program. 

4.4 SAN ANTONIO CITY PUBLIC SERVICE BOARD DATA 

The program required for reformatting City Public Service Board (CPSB) 

data represented the most direct conversion of bulk utility data undertaken 

during the project. Initially CPSB had supplied a listing of their seven-year 

historical load data. When asked for this information on magnetic tape, 

they responded with a nine-track EBCDIC copy of this data history. 

The magnetic type version of the CPSB load history contained sets of daily 

load card images, the first of which held ten hourly observations, and the 

second card held fourteen. 

In order to convert data into standard format, a program was written to 

read the pairs of daily load cards and punch (or write) new card images, 

each containing twelve hours of data with PSA, utility, time zone, day

of-week and day-of-year identification. This program is illustrated in 

Figure A-5, Appendix A. Only two missing observations and two cards 

with improperly identified dates were found among the 12,422 cards 

received from CPSB. 

4.5 SACRAMENTO MUNICIPAL UTILITY DISTRICT DATA 

Sacramento Municipal Utility District (SMUD) card image data was unique 

in that it came blocked in groups of monthly observations, with all data 

recorded irrespective of the prevailing time system. Although the infor

mation was not organized into standard time observations, sufficient 

information was provided to permit reformatting the data into that condition. 

As discussed in a succeeding subsection describing the time base translation 

program DALTE, all of the utilities which transmitted data, with the 

exception of SMUD, recorded their data according to a local time base. 

This means that one observation was usually repeated in the spring when 
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changing to daylight savings time and another observation was lost in 

the fall when returning to standard time. 

In the SMUD data file all observation days contained twenty-four hours, 

except the last weeks in April and September. These contained twenty

three and twenty-five hours, respectively. The SMUD-supplied data were 

translated into a standard time reference by the reformatting program 

called SMUD, which is illustrated in Figure A-10, Appendix A. This 

program shifted the daylight savings hourly demand observations back 

one hour and assigned standard or daylight savings time reference 

identifiers to each card depending upon its date and the appropriate time 

base change dates. The reformatting program provided standard utility, 

PSA, day-of-week, and day-of-year identifiers, and punched (or wrote} 

the SMUD load data in EE! card image format, twelve observations per 

card. Since original SMUD data cards did not include the day of the 

month, this was also supplied. 

4.6 EL PASO ELECTRIC COMPANY DATA 

As indicated above, the only data purchased specifically for this study 

were the El Paso Electric Co. load data. Eight years of information were 

procured from the University Computing Co. (UCC}, Energy Industries 

Division, Dallas, Texas, on a seven-track, 800-bit per inch, BCD magnetic 

tape with 132-character records, the first 80 of which represented the EE! 

card image. Each year of the data was provided in a separate file on tape. 

University Computing 1s EPE data file did not contain the years 1967, 1968, 

and 1972. However, FPC Form-12 data was acquired for the first weeks 

in April, August, and December during the missing periods. Once the UCC 

data were translated into a single file tape under UPDATE edit control, the 

data from the missing years were merged with this file and the composite 

was processed by the program EPE, illustrated in Figure A-8, Appendix 

A, to copy the numerical EE! utility and time zone identification from the 
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UCC cards to the FPC cards and incorporate the day-of-year and alpha

betical utility identifiers on the UCC cards. During this process another 

difference between The Aerospace Corporation and standard EE! formats 

was discovered. EE! indicates a holiday by setting the day-of-week 

identifier to 8. The Aerospace Corporation data base does not now contain 

this feature. 

In addition to the normal reformatting problems, several data peculiarities 

in the UCC data had to be circumvented: (1) All utility data handled by UCC 

for the Edison Electric Institute 1s Load Diversity Study are translated to 

Eastern standard time. The data we received had been translated back to 

the original time zone, leaving two missing hourly loads at the end of each 

year. These data (sixteen hourly loads) were replaced by interpolation or 

substitution from neighboring-day information observed at the same time. 

(2) Two data card images were missing and three card images were off

shifted with some missing hourly observations. These data were replaced 

after telephone calls to UCC offices in Dallas. (3) Thirty missing (zero) 

hourly observations, including one set of PM observations and eighteen 

others (mostly at 8 AM), were replaced by interpolation. 

4.7 EDWARDS AIR FORCE BASE DATA 

Several sets of strip charts, including one partially shown in Figure A-3, 

Appendix A/:c were acquired from Edwards Air Force Base, California. 

These data consisted of fifteen-minute interval, daily integrated load 

histories from five substations during the year 1971 and one substation 

during February 1973. Each month of data was provided an individual chart. 

Processing of the Edwards data involved two tasks; hourly data points were 

digitized on a Benson-Lehner OSCAR, Model S-2, Optical Reader, and 

the resulting output cards, containing data in digitizer counts, were 

>~ Note that time runs backwards on the EAFB strip chart, beginning at 
the lower right and ending at the upper left. 

4-8 



I 

•• I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 
I 

•• 
I 

converted to standard EE! card format, using the program EAFB as 
illustrated in Figure A-7, Appendix A. 

OSCAR digitization consisted of manually measuring every fourth load 
data point and punching those values into an 80-column card. The EAFB 

computer program calibrates each recording by multiplying it by the ratio 

of a meter factor (meter units/megawatt) and the OSCAR calibration (counts/ 
meter unit). Each input card contained a data and substation indentification 

which were translated to the output. Day-of-week and day-of-year were 

supplied by algorithm. 

4.8 TIME BASE TRANSLATION 

With the single exception of SMUD data, all of the utility data placed in 

standard EE! card form were recorded in local time. As a result, at 

least two discontinuities occur in each data year: when the time base 

changed from standard to daylight savings in April, and when it returned 

to standard time in October. An exception to this rule occurred in 1973 

with the adoption of a continuous daylight savings time. Utilities varied 

in the manner of recording data during the April shift and with respect 

to the time selected to make the time base change. Often measurements 

were repeated or one of the observations was arbitrarily set to zero. 

All utilities lost the load measurement preceding the return to standard 

time. 

Due to this state of inconsistency and an operational need to merge electric 
power demand (local time) with weather and insolation parameters (standard 
time), a program was written to modify or time-translate the utility demand 

data base (in standard format) to a consistent standard time .base, with 

identifiers indicating the originally recorded time (standard time or daylight 

savings time). This program, DALTE, illustrated in Figure A-11, 

Appendix A, shifts the data base according to input time interval (date

hour) specifications. Optionally, either an input-supplied load or an 
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interpolated value can be inserted in the void created during the daylight 

savings/ standard time transition period. 

4.9 DATA NORMALIZATION/ EXPANSION 

Although the demand data base generated by the programs described above 

is in a form acceptable to specially developed routines used by the solar 

thermal conversion mission analysis study, the EEI format data cards are 

not immediately compatible for use by standard, general-purpose utility 

programs such as those designed for pen or film plotting. In order to 

circumvent this difficulty, two additional programs were written: FLDTA 

and CNVRT. These are illustrated in Figures A-12 and A-13, Appendix A. 

FLDTA, the simpler of the two, reads demand data cards in standard EEI 

format and creates a magnetic tape with records containing as many as 

twenty-four three-word frames (sets) in each record. The first word is a 

floating-decimal hour counter, which begins at one in the first hour of the 

first year and recycles to one at each subsequent year. The second word 

of each set is the data recorded in the first six characters of a ten-character 

display code* word as MMDDYY/:c,:c and the third word is the floating

decimal load measurement in megawatts. Although the program will 

continue to process data without regard to utility description changes, in 

practice only one utility data base is processed at a given time, producing 

a single file of information. 

The program CNVR T serves two purposes: like program FLDTA, it has 

the ability to output demand data in a direct (unmodified) form, and it can 

normalize its output demand according to the maximum demand in one 

,:c Display code is the internal code used for Hollerith data within The 
Aerospace Corporation's CDC 6400/CDC 7600. In this application the 
data is written in a core image format. 

,:0 :c The date, in this form, is used for an additional time scale annotation 
by the VALPLOT program. Examples of plots created by FLOTA, 
CNVRT, and VALPLOT are provided in Section 5 • 
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or more data segments (a data segment being a set of continuous demand 

observations for a given utility and a specific year). CNVRT also outputs 

records containing a multiple of three-word frames: a floating-decimal 

hour measured from the beginning of the first year of a given set of utility 

data (the first hour of the first year being hour one), a display code date 

in the form MMDDYY, and a floating-decimal load measurement in mega

watts or a nondimensional normalized load. Records generated by DNVR T 

contain as many as 170 three-word frames. The output from CNVRT also 

differs from that provided by FLDTA in the fact that CNVR T puts each 

output data segment in a tape file of its own and summarizes its output in 

a printed resume listing, which lists the utility system, segment time 

spans (hour and date) and data extremes (minimum and maximum) with 

dates of occurrence. 

4. 10 DATA BASE STRUCTURE AND CONTENT 

The demand data base created by the programs outlined in this section is 

presently maintained on three sets of master tapes (A, B, and D) in 

UPDATE library format.* Each tape is identified by a unique data base 

letter, generation number, and copy number. For example, the tape 

DMD/ A2. 3 /U contains data base A, second generation, third copy. The 

terminal letter U signifies that it is in UPDATE format. 

For simplicity and to minimize potential tape processing time, utility data 

are assigned to data base A or B, depending upon the first character in 

the utility abbreviation. Utilities A through Mare assigned to data base 

A and utilities M through Z to data base B. The third data base (D) contains 

only utility load data that have been converted to a standard time base (that 

is, had daylight savings time effects removed). 

~:c An UPDATE library tape is an odd parity tape containing compressed 
and identified card images which are stored and organized according to 
assigned deck names. Word compression (removal of blank characters) 
and record blocking provide a reduction in overall tape length. 
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The content of the existing demand data base tapes is summarized in 

Table 4-2. The utility data on each tape are organized into decks (sets 

of cards) identified by utility abbreviations. Header comment cards are 

included in each deck listing the full utility name, and all data cards are 

uniquely numbered so that they may be retrieved individually or in groups 

for subsequent modification or analysis. 

4. 11 PROGRAM LIBRARY 

All of the computer programs described in this section and illustrated in 

Appendix A are stored on a program library tape in UPDATE format. The 

programs are grouped in decks, each identified by a name equivalent to 

the program name. In addition to the program in FOR TRAN source card 

format, each deck contains the control cards necessary for its compilation 

and execution. Sample case input with control cards required for their 

execution are also included for those programs which read card image 

inputs. Program library tapes are identified by generation and copy 

numbers such as PRG/4. 2/U, where U indicates that the tape is in UPDATE 

format. 

4.12 FUTURE WORK 

The data received from Arizona Public Service and Pacific Gas & Electric 

and data yet to be received in response to requests should be processed 

into standard form so that they, too, can be used in various analyses. 

The identification used on the individual data cards should be standardized 

to that defined by the Edison Electric Institute. This means that a "one

shot" program would have to be written to read the existing data base cards 

and replace the present alphabetic time zone designations (P - Pacific, 

M-Mountain, and C - Central) by EEI defined numeric codes (1-8) signifying 

both time zone and time base (standard or daylight). It would also eliminate 

the need for the added alphabetic character presently defining the time base 

(S - Standard, D - Daylight). At the same time the proposed format 
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Table 4-2. Demand Data Base Content 

Data Base / Utility-Agency 

DATA BASE DMD/ A {Local time) 

Arizona Public Service Co. 
City Public Service Board 
Dallas Power & Light Co. 
Edwards Air Force Base 

El Paso Electric Co. 

Los Angeles Department of Water & Power 

DATA BASE DMD/B (Local time) 

Nevada Power Co. 

Oklahoma Gas & Electric Co. 
Pacific Gas & Electric Co. 
Public Service Co. of Colorado 
Public Service Co. of New Mexico 

Southern California Edison Co. 
Sacramento Municipal Utility District 
Sierra Pacific Power Co. 
Texas Electric Service Co. 
Tucson Gas & Electric Co. 
Texas Power & Light Co. 
Utah Powr & Light Co. 

DATA BASE DMD/D (Standard time) 

Los Angeles Department of Water & Power 
Sacramento Municipal Utility District 

Deck 
Name* 

APS 
CPSB 
DPL 
EAFB 

EPE 

LADWP 

NPC 

OGE 
PGE 
PSCO 
PSNM 

SCE 
SMUD 
SPPC 
TES 
TGE 
TPL 
UPL 

LADWP 
SMUD 

Card 
Abbreviation':":' Time Spans~,","•' 

AR 
CP 
DA 
ED 

EP 

LA 

NP 

OK 
PG 
co 
NM 

SC 
SM 
SP 
TE 
TU 
TP 
UP 

LA 
SM 

1962-1972 
1967-1973 
1964-1972 
1971 
Feb. 1973 
1962-1966 
1967-1968 
1969-1971 
1972 
1962-1973 

1962-1965 
1968-1972 
1962-1972 
1962-1972 
1962-1972 
1962-1968 
1969-1973 
1962-1973 
1962-1972 
1962-1972 
1965-1972 
1962-1972 
1962-1972 
1962-1972 

1962-1973 
Jul. 1964-
Feb. 1974 

- - -

(Form 12) 
(Continuous) 

• 

(Form 12) 
(Continuous) 2 Subst. 
(Continuous) 1 Subst. 
(Continuous) 
(Form 12) 
(Continuous) 
(Form 12) 
(Continuous) 

(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 
(Continuous) 
(Continuous) 
(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 
(Form 12) 

(Continuous) 
(Continuous) 

* UPDATE deck identifiers cannot contain special characters such as ampersands (&). Therefore, the above 
abbreviations were selected. 

** Utility abbreviations are constrained to two characters on the Aerospace Corporation adaptation of the EEI card format. 

*** The notation Form 12 is used to indicate hourly observations during the first full weeks of April, August, and December. 
Continuous implies a sequence of hourly observations without chronological breaks. 
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conversion program would introduce EEI system identification, FPC 

designation, power pool, and ownership codes. These new identifiers 

would be used by all subsequent reformatting programs. It is unfortunate 

that all EEI format conventions were not known until well after the major 

reformatting effort had been completed. 

One additional identifier should be added to the data base format: a column 

indicating whether the recorded loads are in megawatts (MW), the standard 

form, or kilowatts (KW). EEI specifies that hourly load data should be 

rounded to the nearest megawatt and, in this respect, the proposed change 

would depart from that standard. The change seems warranted, however, 

since it would permit the use of developed analysis tools to be extended 

to load centers smaller than the normal megawatt range - say, to small 

businesses or individual residences. 

The final recommendation is the development of a modular reformatting 

program whose input processing logic can easily be retuned to read various 

utility load data formats and generate standard EEI data cards for incor

poration within the demand data base. This requirement would not be 

necessary if the utility industry maintained a standard for data exchange. 
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5. DEMAND DATA ANALYSIS 

Demand data analysis activities were concentrated in two areas: (1) a 

study and comparative analysis of electric power demand data histories, 

and (2) the automation and enhancement of the demand decomposition/ 

recomposition forecast model conceptually defined and developed in the 

previous NSF-sponsored Solar Thermal Conversion Mission Analysis. 

Each of these activities is described in this section. Also included are 

recommended areas for future work which are natural extensions of 

current efforts. 

5. 1 COMPARATIVE ANALYSES OF DEMAND DATA 

As southwestern utility demand data histories were accumulated in data 

bases described in the previous section, it became possible to examine 

individual utility load profiles, to compare profiles of various utilities, 

and to compare the year-to-year utility profile variation. These compari

sons were made in the qualitative sense with the aid of the CNVR T and 

FLDTA programs which are also described in the previous section. 

An examination of the normalized utility load profiles provided in Figure 

5-1~:< illustrates the similarities in the behavior of Southwest utility loads. 

Although detailed variations which result from individual load center 

characteristics and time dependent factors are evident, the similarities 

in gross behavior can readily be seen in Figure 5-2, where the normalized 

profiles from four Southwest utilities - City Public Service Board of San 

Antonio (CPSB), Dallas Power & Light (DP&L), El Paso Electric (EPE), 

and Southern California Edison (SCE) - are compared. 

~c The peak loads indicated on Figures 5-1, 5-2, and 5-3 are the maximums 
occurring in the time periods plotted. These may be less than the 
absolute yearly utility maximum • 
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Figure 5-3 demonstrates how the load profiles of two Southern California 

utilities (LA.DWP and SCE) have remained fairly consistent during 

successive years ( 1972-73) despite an increase in peak load. 

Spring and winter substation load profiles for Edwards Air Force Base 

(EAFB), shown in Figures 5-4 and 5-5, are also quite similar with their 

dual cusp, mid-week peaking behavior during the years 1971 and 1973_>:< 

With respect to the February 1973 load history (Figure 5-5), some of the 

variation can be attributed to reduced weekend power requirements and 

to the influence of Washington's Birthday (2 / 19 / 74), a national holiday. 

A detailed examination of EAFB load characteristics would have to be 

made to explain the cyclic base load phenomenon seen in Figure 5-5. 

The results of another attempt to examine the collective behavior of utility 

load data are exhibited in Figure 5-6. Shown are three-dimensional surface 

representations of various SCE load profiles during the period of October 

1971 through April 1972 - a period of three weeks in which Daylight Savings 

time was in force. Three views of Monday, Tuesday, and average Monday

through-Friday hourly load profiles are presented. The final line shows 

the surface generated by a family of least-squares cubic polynomials fit 

to Tuesday hourly demand observations as a function of a weekly counter, 

beginning with the first week in October 1971. Prior to the fit, observation 

data within the first four weeks of October and the last week in April were 

removed because these data were outside the Daylight Savings time period. 

Furthermore, "anomalous" data associated with weeks that included 

Thanksgiving, Christmas, and New Year's Day were also discarded. This 

resulted in the smooth surfac·e, representing a simple but fairly represen

tative approximation to the general trend without the influence of holidays. 

The Tuesday profile was selected since it closely resembled the average 

):< The upper trace in Figure 5-4 and Figure 5-5 are histories from the 
same substation satisfying a mixed residential-commercial load. The 
lower trace in Figure 5-4 represents an industrial load profile. 
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Figure 5-5. EAFB SubstaHon Load Profile (February 1973) 
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weekday profile. Mondays were considered departures from the weekday 

norm. 

Although much discussion concerning the similarities and local influences 

responsible for the load profiles exhibited in the above figures would be 

given, this type of investigation was not considered germane to the main 

analysis effort. Insofar as this work is concerned, two obvious and 

simplistic facts emerge from this mass of data: (1) Southwest utility load 

profiles are similar in terms of gross envelope characteristics, albeit 

they are quite complex in underlying structure; (2) profiles of utility loads 

are fairly consistent from year to year, differing only in microscopic 

daily features which probably result from time-dependent factors such as 

the weather, the appearance of a holiday, an outage, or an extraordinary 

load. 

In essence, a fairly good approximation to a future utility load profile can 

be formed from a composite of historical load profiles. Although this 

assumption has not been demonstrated, it is indicated by a qualitative 

review of historical Southwest electric power utility data. 

5.2 DEMAND FORECAST MODEL 

In the previous Solar Thermal Conversion Mission Analysis, a demand 

decomposition/recomposition forecasting model was conceived and 

developed to define a "reasonable" hourly electric power demand forecast 

at some future time period (Reference 1). This model, schematically 

shown in Figure 5-7, was demonstrated by generating a forecast of Southern 

California Edison demand for the year 1990. 

Underlying the demand forecasting model design was the assumption that an 

electric power demand time series was a composite of several factors, such 

as a growth trend, weather conditions, weekly or. seasonal influences, and 

hourly cyclic variations. Further, it was assumed that the historical growth 
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trend was exponential in character, that the seasonal and hourly variations 

repeated from year to year, and that the weather contribution was random 

in the short run and followed some long-term cyclic pattern difficult to 

quantize from the available data without a high degree of uncertainty. 

Deferring any discuss ion of weather-demand correlation to Section 6, it 

can be stated that the repeatability characteristics seen in demand data 

from Southern California electric power utilities, which permitted the 

application of the demand decomposition/ recomposition forecasting model, 

have also been seen in utility data acquired throughout the Southwestern 

United States. Therefore, the model appears equally appropriate for other 

Southwest electric power utility forecast applications. 

In order to put future discussion into proper prospective, a review of the 

demand forecasting methodology (Figure 5-7) is offered herewith. Electric 

power demand is assumed to be the product of factors describing a trend, 

weather influences, seasonal and hourly variations, and residuals. The 

decomposition methodology attempts to separate these elemental factors 

from a time series of historic demand data by the successive application 

of filters, each designed to extract specific demand components. 

Given a sufficiently extensive history of demand data amenable to computer 

analysis, the first decomposition step is to remove the influence of the 

historical growth trend by treating the data with a least-squares filter 

which assumes a linear exponential form. This is accomplished by fitting 

an exponential to the data and subsequently dividing each observation by 

the exponential function evaluated at the proper time point. Next, the 

weather contribution is extracted by applying a least-squares filter of a 

form discussed in Section 6. Finally, cyclical components are extracted 

by the application of a moving average filter to isolate the slower responding 

seasonal (or weekly) variations, while a corresponding point averaging 

technique is used to represent year-to-year hourly variation. The cyclic 

factors are removed by division, leaving the residual. 
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The recomposition methodology generates an hourly demand forecast 

projection at some future time. Given cyclic phenomena representing 
hourly and seasonal variations, a statistical description of the expected 

weather, and a projected demand trend, the methodology will combine 

these factors in a form prescribed by the model and generate a time series 

proportional to its components, which defines the varying hourly electric 

power demand over the time period of interest. This time series may 

then be used as input to system simulation studies. 

A feature inherent in the recomposition model is its versatility. Any 

demand component can be modified or replaced by substitution, if there 

is a reasonable basis for selecting something other than projections 

developed from historical data. Similarly, any trend forecast can be 

used to develop the future peak demand. This permits application of the 

forecast model to studies which assume more than one electric power 

consumption scenario for parametric evaluation. 

5.3 rnITIAL STATUS OF DEMAND FORECASTING PROGRAM 

In the previous Solar Thermal Conversion Mission Analysis, the electric 

power demand decomposition/ recomposition capability was conceived and 

demonstrated using a data base consisting of 1965-1972 Southern California 

Edison data. A 1990 SCE forecast was made and plotted in standard FPC 

data format showing the hourly demand during the first full weeks in April, 

August, and December. 

Three IBM 370 computer programs were written to produce this forecast: 

the first fit the raw demand observations with a least-squares exponential, 

the second decomposed the demand time series into its cyclic components, 

and the third generated the 1990 forecast. Each was tied closely to the SCE 

data format and file organization, since these were the only data available 

at that time. 
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The demand forecast approach was conceptually developed in a short 

period of time. It successfully demonstrated the demand decomposition/ 

recomposition methodology and produced results which were used in the 

previous Solar Thermal Conversion Mission Analysis. It did not, however, 

incorporate a sophisticated automated capability for electric power demand 

forecasting which could be applied to any utility demand data base. 

5.4 DEMAND PROGRAM DEVELOPMENT 

A two-part program development effort was undertaken to improve the 

demand forecasting methodology. Primary attention was given to the 

development of a single computer program capable of accepting demand 

data from any utility (in standard EEI card format) and producing a demand 

forecast without detailed knowledge of specific data behavior and the manual 

interaction that was formerly required. Once an automated program was 

developed and produced results comparable to those generated by the three 

existing IBM 370 programs, a subsequent effort to enhance the program's 

capabilities was undertaken to increase its accuracy, efficiency, and 

effectiveness. This development effort was necessary to provide a demand 

forecasting capability sufficiently viable to complement and support the 

enlarged scope of the analysis activities. 

The CDC 7600 computer program DEMND, shown in Figure 5-8, was 

developed to fulfill the demand forecast requirements of the current study 

and any future studies to which the demand decomposition/recomposition 

methodology would apply. Specifically, the DEMND program contains the 

following features and improvements: 

• The ability to process both continuous and segmented (FPC 
Form-12) demand inputs in standard EEI format. 

• Input data monitoring, a consistency check which provides 
a printed record of continuous input demand data time 
spans and defines the demand extremes (minima and 
maxima) within each year of data input. 
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Figure 5-8. DEMND Program Logic 
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Internal calendar algorithms which aid in the monitoring 
of input data continuity, the accumulation of weekly and 
hourly indices, and the generation and identification of 
forecast outputs. 

A modified index filtering technique which eliminates 
former weekend break points and the resulting "dead 
band" in the weekly index profile. The weekly index 
average formerly used to represent the seasonal 
variation was also eliminated. 

A technique for weighting the weekly and hourly index 
accumulations. 

A statistical measure of decomposition effectiveness • 

An optional output tape containing all decomposition 
products for plotting and analysis. 

An output demand forecast tape (in standard EE! card 
image format) with demand data optionally in continuous 
or segmented (FPC Form-12) blocks. 

• Output data monitoring, a consistency check listing the 
time spans included on the demand forecast tape and the 
demand extremes (minima and maxima) within optionally 
selected data segments - weekly or yearly. 

• Printed annual load duration and load energy distributions, 
load factor, and total energy measures for each forecast 
year. 

A detailed description of program DEMND is provided in the subsections 

which follow. A complete flow diagram and program listing of DEMND 

is included in Appendix B. 

s. 4. 1 Input Processing 

DEMND program input consists of a single parameter card defining the 

utility system, desired output mode (full, partial, or debug), type of printed 

forecast output (card image, weekly, or segment summary), forecast time 

span, and yearly increment. Subsequent cards define the predicted utility 

peak power trend. 
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Demand data, constituting the largest volume of program input, may be 

provided on cards (in standard format) or as card images on tape or disk. 

Cards are rarely used because demand forecasting based on historical 

information requires a massive data base in order to establish statistical 

credibility. 

The DEMND decomposition processing logic is keyed to the manipulation of 

historical demand data in blocks of 168 points which compose one complete 

week of data observations, beginning at 1:00 a. m. Sunday and ending at 

12:00 p. m. Saturday. Fragments of weeks are discarded. (The rationale 

for this constraint will become more apparent in the discussion which 

follows.) 

The DEMND input logic was developed to screen the input data stream by 

examining dates, day-of-week, day-of-year, and AM/PM identifiers to 

insure that the data appears in correct chronological order and contains 

no gaps to fragment weekly data blocks. Internal calendar algorithms 

aid in this determination. Both continuous and segmented (FPC Form-12) 

data are acceptable, although only segmented forecasts can be generated 

from completely segmented source data. 

In the course of performing this screening process, a demand input 

summary is prepared. This summary lists the continuous demand data 

time spans and the yearly demand extremes by value and date. An example 

of this summary is shown in Figure 5-9, where the demand input to the 

1990 El Paso Electrical (EPE) forecast consists of both continuous data 

(1962-1966, 1969-1971) and segmented data (1967, 1968, and 1972). 

The object of the input data summary is to provide the us er with an input

generated data base description which will qualify the resulting forecast 

and a consistency check with which users may identify obviously erroneous 

input data points that could influence the character of demand forecasts. 

The need for this consistency check became apparent after forecast spikes 
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Figure 5-9. DEMND Output Listing, EPE 1990 Forecast (Sheet 2 of 2) 
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and valleys had repeatedly been traced to bad input. (In one case the SCE 

data base was found to contain a point 300,000 MW too large, while zero 

values were found in several input data bases.) 

5.4.2 Demand Decomposition 

Consistent with the demand decomposition methodology outlined above 

(Section 5. 2), the DEMND decomposition technique, portrayed in Figures 

5-7 and 5-8, progressively reduces a historical demand time series into 

its several components, leaving a residual which is attributed to unresolved 

irregularities. Electric power demand at any given time is assumed to 

be the product of factors due to growth trend, weather conditions, weekly 

or seasonal influences, hourly variations, and an unresolved residual 

which should approach unity as the model is refined. 

As the first step in the DEMND decomposition, a least-squares exponential 

of the form A exp (Bt), representing a growth trend, is fit through the 

accumulated demand observations and is subsequently removed by a point

by-point division, leaving a remainder composed of unresolved seasonal 

and hourly variations. (The structure of the weather component is yet 

to be defined from correlation analyses described in Section 6.) As in 

the previous study, the seasonal variation is found by applying a moving 

24-hour average filter through the remainder, and the hourly components 

are found by averaging the resultants after a point-by-point division by 

24-hour filter outputs. Weekly and hourly indices, used to typify the 

historic seasonal and hourly demand variations, are then developed by 

averaging weekly and hourly point values on a like-hour basis from year 

to year. 

Figure 5-10 shows SCE demand decomposition products generated by using 

techniques developed in the previous study. Note that only data associated 

with the first full weeks in April, August, and December have been shown 

in order to simplify the illustrations. The upper set of curves show the 
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demand profile @ crossed by the exponential least-squares fit @ . The 

second trace © represents the remainder after dividing the demand by 

the exponential. Trace @ shows the envelope of the moving 24-hour filter 

output. Note that it does not continue to the end of the week because the 

first filter output was at its midpoint twelve hours into the week. Similarly, 

the last filter output came twelve hours before the end of the week. Trace 

@ represents the average of the weekly filter outputs extended throughout 

the full week, the assumption here being that each weekly index could best 

be represented by a single member. Trace ® contains the remainder 

after each weekly average has been removed by division. Trace @ shows 

the average weekly average index, that is, the average of all weekly 

averages after processing the entire demand data base and combining the 

results of like weeks. Trace @ shows the average hourly index - the 

result of averaging the hourly remainders ® for all like weeks. The last 

trace identified, (D, displays the residual after removing the hourly index 

contribution @ from the remainder ®. 

Several process deficiencies have been eliminated by the modified filter 

logic presently contained within DEMND. Results of the new decomposition 

process are presented in Figure 5-11. The deficiencies addressed in the 

new system are: ( 1) the arbitrary start and stop of 24-hour filter spans on 

weekly boundaries, resulting in a 12-hour "dead band" on either side of the 

filtered output, and (2) the selection of a single numerical average to 

represent the entire week, thereby degrading weekday amplitudes and 

reinforcing weekend profiles. 

The upper two curves in Figure 5-11 present the demand profile @ and 

the least-squares exponential trend @. Trace © shows the remainder 

after the exponential trend has been removed from the demand by division. 

Trace @ represents the extended weekly index envelope - the output from 

a moving 24-hour filter which is employed continuously from week to week 

and does not reinitialize at weekly boundaries. DEMND also contains logic 
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to initialize filter spans to be used on disjointed weekly demand segments, 

such as those provided in the FPC Form 12 Power System Statements. 

This logic uses Saturday demand data to initialize a prior Sunday and, if 

no contiguous Sunday follows, the prior Sunday data to terminate a following 

Saturday. This capability was used to initialize the first weekly filter span 

in the SCE decomposition shown in Figure 5-11 and to terminate the last 

weekly filter span. 

The weekly index average used formerly is not computed. It is considered 

an unnecessary and detrimental step. In Figure 5-11, trace ® shows 

the remainder after dividing the data plotted in © by the extended weekly 

index @. Note how all daily envelopes, weekdays and weekends alike, 

exhibit comparable structure and amplitude. Trace ® represents the 

average weekly index, the average of like-week index values. @ shows 

the average hourly index and @ the residual after decomposition. All 

decomposition products are optionally available on magnetic tape for 

plotting and subsequent evaluation. 

It should be noted that the new procedure yields a more exact decomposition 

as defined by the standard error of estimate statistic, which measures 

the aggregate deviation of the residual from constant unity. This statistic 

(S) is a standard program output. 

Before discussing the DEMND recomposition process, it is appropriate to 

elaborate on the brief description of weekly and hourly index accumulation 

provided above. In the previous work little attention was given to a 

mechanization of "like-hour accumulation from year to year. 11 In point 

of fact, index averaging was performed on the basis of a 52-week year 

beginning with the first full week in January (not necessarily on January 1). 

No attempt was made to match weeks with months. This had very little 

effect when the historic data base was limited but resulted in an increasing 

mismatch between weeks from year to year as additional demand data was 
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incorporated into the decomposition. It was also difficult to appropriately 

handle disjointed or functional weeks at the beginning and end of each month. 

To circumvent this problem, an internal calendar was developed consisting 

of 60 "weeks" per year, with each month containing five "weeks. 11 Index 

accumulation is accomplished by assigning data from the first full week 

in each month (a week which contains the first Sunday of the month) to week 

one, and so forth (some months could contain only three full weeks while 

others could contain as many as five). Data from any week which overlaps 

two months are combined to form the last full week of the prior month. 

In this manner variations in monthly length are accommodated. 

5.4.3 Demand Recomposition 

As shown in Figures 5-7 and 5-8, the DEMND forecast composition process 

combines predicted trends with composite indices to form hourly demand 

predictions. Yearly peak load predictions generated by this process are 

constrained to be identical to those defined by the input data. 

To establish this required forecast consistency, it was necessary to survey 

the accumulated index data base and fix the occurrence of peak maxima to 

coincide with index maxima, as defined by the calendar associated with 

the corresponding forecast year. This is accomplished in several steps. 

First, weekly and hourly indices for each hour of the internal 60-week 

year are combined (multiplied) and stored. Daily composite index maxima 

are determined during this process and recorded with the hour of their 

occurrence. Using internal calendar algorithms, this array of daily index 

maxima is then screened on a day-by-day basis to determine the maximum 

index and its hour of occurrence during each year to be considered for 

the demand forecast generation. This includes every year defined in the 

peak power trend suggested by input and every year required in the output 

demand forecast. Duplicate requests for the same year are eliminated to 

minimize the search. 
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The demand forecast is undertaken with the aid of this accumulated 

information. It is assumed that a piecewise exponential trend exists 

between peak loads defined by the input. As a precursor to the computation 

of hourly demand forecasts for years bracketed by input defined peak loads, 

coefficients for appropriate trend equations are developed such_ that the 

defined peak loads, degraded by yearly index maxima, will occur at times 

coincident with those maxima. This becomes the trend upon which all 

hourly demand forecasts are developed. The remaining forecast compo

sition logic simply contains algorithms to define the desired day of year, 

month, day of week, and hour. Hourly forecasts are obtained by multiplying 

the hourly composite index by the load growth trend, evaluated at the proper 

hour. This forecast data identified by date is optionally written onto tape 

in standard EE! format in continuous or segmented (FPC Form 12) blocks. 

Before demonstrating results of the DEMND utility demand forecasts and 

explaining some of the program features which permit a better understanding 

of forecast outputs, it is beneficial to introduce a problem detected in the 

DEMND output and to describe the technique selected for its correction. 

On inspection of SCE 1990 demand forecasts, it was found that the DEMND 

program generated a load profile that peaked in December, whereas the 

utility was experiencing summer load peaking. A review of SCE historical 

data, illustrated in Figure 5-12, indicates that the summer peaking trend 

has been gradually building up over the span of several years and has 

produced a summer peak only during the last four years. The major 

portion of the SCE data base has load peaks during the winter. Therefore, 

a winter peak forecast was generated by DEMND by virtue of the index 

averaging which considered all years to be equally valid. 

In order to correct this situation, a system of geometric weekly and hourly 

index weighting was adopted to emphasize utility load characteristics 

experienced in recent years. This technique, discussed in Reference 7, 

changed the SCE load forecasts but did not appreciably change load forecasts 
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generated for utilities having consistent summer or winter peaking 

histories. A comparison of SCE 1990 forecast projections is shown in 

Figure 5-13. Note how daily profiles generated by either weighted or 

unweighted index accumulations are similar. The weekly peak profiles 

are quite different, however. As expected, the weighted peak profile 

shows more variation during the course of the year. This closely follows 

actual load behavior as exhibited by peak profile curves in Figure 5-12. 

Index averaging has been adopted as a standard DEMND practice. 

A standard output from DEMND, accompanying the EEI card image utility 

forecast, is a magnetic tape file containing information for plotting. Figure 

5-14 presents a complete 1990 SCE predicted load profile which was produced 

from this tape. Note that the forecast profile peaks on July 30, 1990. 

Several other DEMND capabilities are exhibited in Figure 5-9 (the sample 

DEMND output listing) and in Figures 5-15 and 5-16 which follow. Output 

forecast monitoring, illustrated in Figure 5-9, provides the user with a 

means for verifying that the required peak load, defined by program input, 

was in fact realized in the DEMND forecast. Listed are demand forecast 

extremes (maxima and minima) during optionally selected time periods 

(weekly or yearly segments). 

Figure 5-9 also contains examples of forecast quality measures and distri

butions provided by all DEMND outputs. Included are: total energy, load 

factor, annual load duration distribution, and annual load energy distribution. 

The total energy is the result of an hour-by-hour annual demand forecast 

integration. The load factor is a ratio of the average load to peak load, 

where the average load is defined as the total energy divided by the time 

duration in hours. The annual load duration distribution defines the fraction 

of total time for which the utility load equals or exceeds the value indicated. 

The annual load energy distribution defines the fraction of total energy that 

exists at or below the given loads. Both distributions indicate only the 
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upper bounds of each load interval. DEMND logic will define the load 
increment such that no more than fifty intervals are in each distribution 
and that the increment is divisible by 2, 5, or 10. 

Shown in Figure 5-15 are the results of 1990 utility load forecasts for San 
Antonio City Public Service Board (CPSB), El Paso Electric Co. (EPE), 
Los Angeles Department of Water and Power (LADWP), and Southern 
California Edison Co. (SCE). Each of the four illustrations in this figure 
incorporates maximum and minimum loads, load factors, and total energy 
measures, accompanied by plots of the load duration and load energy 
distributions and a sample (FPC Form-12) load profile. (The EPE forecast 
corresponds to the sample output in Figure 5-9.) Figure 5-16 presents 
the same information summarizing three forecasts ( 1980, 1990, and 2000) 
for the Public Service Co. of New Mexico (PSNM). 

5. 5 FUTURE WORK 

Several needed demand forecast model enhancements were identified during 
the course of this analysis. Primary among these is the necessary incor
poration of a demand-weather dependency model (probably a periodic time
lagged relationship), which will permit the complete decomposition of 
historic demand data according to the demand forecast methodology. From 
this model a statistical description of demand-weather variation can be 
developed such that future demand forecasts can be modulated with random 
fluctuations consistent with actual observation. A substantial step toward 
this goal has been achieved, but much is yet to be done. Section 6 will 
address itself to analysis accomplishments of the current study in the area 
of weather correlation. 

Another area requiring further attention deals with the demand decomposi
tion practice of exponential trend removal. The underlying assumption 
which justified this operation stemmed from the observation that historical 
electric power demand has grown at an exponential rate. While future 

5-37 



I 

•• I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 
I • I 
I 

growth behavior is a topic of controversy, it is generally agreed that the 

past has normally displayed exponential growth characteristics. The 

decrease in electric power demand resulting from the energy conservation 

movement in late 1973 may not signal the beginning of a lasting change in 

energy consumption, as indicated by members of the electric power 

industry, but it does point out a deficiency in the demand decomposition 

system. Presently electric power demand growth is represented in the 

model by a continuous exponential with a linear time dependence. While 

this model seems adequate for short-time demand growth trends, it lacks 

the complexity or parametric freedom necessary to follow trend variations 

experienced by a demand history over the span of many years, unless the 

demand closely follows an exponential growth scenario. This was not the 

case, however, when the SCE demand dipped during the latter months of 

1973, as shown in Figure 5-12. When 1973 data were included in the 

decomposition of the SCE demand history, it was found that a least-squares 

fit through the entire demand history (1962-1973) degenerated in 1973, as 

shown in Figure 5-17. The degeneration or misfit was sufficiently severe 

that large magnitude residuals after trend removal caused a distortion of 

the forecast trend beyond the projected future peak. It was for this reason 

that 1973 SCE data were not used in the 1990 forecast shown previously. 

The current model is not sophisticated enough to accommodate these 

dramatic changes in demand trends. To correct this shortcoming it is 

planned that the model be modified to incorporate a series of linear 

exponential trends, each fit to one year of demand data. In this manner 

the exponential is kept in its simplest form, and the trends are defined 

such that residuals are minimized on a yearly basis. It is not necessary 

to constrain the exponentials to be continuous, since the emphasis of 

decomposition is to capture the essence of, or closely approximate, 

historic behavior for use in future projections. 

In addition to the necessary improvement of trend characterization, some 

work must be done to provide the model with the capability of handling the 
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demand variations introduced by national and local holidays. Weekend 

variation is accommodated by the week-oriented alignment index accumula

tions, but holiday demand variation is allowed to affect average indices 
randomly, thus distorting any demand forecasts generated from this base. 

(The effect of holiday demand variation on weekly index profiles is shown 

in Figure 5-18.) Consequently, holidays should be treated differently. 

Their individual effects must be characterized for use in future forecasts, 

yet they must not be allowed to distort accumulations by their random 

distribution effects. One way to accomplish the special treatment of 

holidays would be to detect, record, and remove their effect on the hourly 

index profile by smoothing. This would permit the accumulation of indices 

without holiday distortion and, with the aid of a more elaborate calendar, 

the modification of future demand forecasts for holiday influences in order 

to make them more realistic. 

It is further planned that decomposition variability measures be included in 

the hourly and weekly index accumulation logic. A standard deviation should 

be computed for each accumulation, so that future forecasts can be given 

3cr limits. The calculation of those values was avoided in the present 

DEMND program due to computer core storage limitations. 

As a final observation, an organized data base for the accumulation of 

demand forecasts should be established and maintained in a form similar to 

that presently used for utility demand histories. Individual component fore

casts within this data base should be identified by utility and be date-keyed 

to computer outputs. 

5.6 FINAL STATUS OF THE DEMND PROGRAM 

The DEMND program as described above has been placed in the UPDATE 

program library file which contains the demand data manipulation programs 

described in this report. As in other programs, DEMND is stored in 

FOR TRAN source form with the system control cards necessary 

to the program1s compilation and the execution of a sample test case • 
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6. WEATHER CORRELATION ANALYSIS 

A cursory demand weather correlation analysis was undertaken to investi

gate and quantify the possible effects of weather on electric power demand 

using a limited subset of spatially restricted demand/weather data. Auto

correlation techniques were employed to examine meteorological parameter 

characteristics. Cross-correlations between demand and those parameters 

intuitively showing dependence have defined time lagged relationships which 

may be exploited in the design of weather effect demand data filters. 

Two computer programs have been developed to support this analysis: 

WISDM to merge electric power demand with single site meteorological 

parameters for plotting and eventual model-test evaluation; and COREL to 

perform meteorological parametric auto- and cross-correlation analyses 

with demand data that has been adjusted to remove long-term trends. Flow 

charts and listings of those programs are included in Appendix C. 

The compiled weather data (Reference 9) normally include the following 

parameters: 

Sky Ceiling Height (CH) 

General Cloud Conditions (CC) 

Visibility (V) 

Liquid and Frozen Precipitation (PC) 

Sea-Level Pressure (P) 

Dew Point (DEW) 

Wind Vector (W) 

Dry-Bulb Temperature (DBT) 

Wet-Bulb Temperature (WBT) 

Relative Humidity (RH) 

Description of First Four Cloud 
Layers (4C) 

Percent Opaque Sky Cover (OS) 

Normal Incidence Radiation (NIR) 

Total Solar Radiation (TSR) 

The effects of solar insolation are specifically addressed in the Insolation 

Analysis volume of this series. Parameters CH, CC, V, 4C, and OS are 

covered directly or indirectly in the insolation analysis. The other 
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parameters of direct significance are DEW, W, DBT, WBT, and RH. 

The number of independent parameters may be further reduced to DEW, 

W, DBT, TSR, and NIR for exploratory analysis. 

Primary analytical efforts have been concentrated on the conditional effects 

of the meteorological conditions on electric power demand. The hypothesis 

that there is significant correlation between demand and the meteorolog

ical parameters at well defined lag times is premised upon the recorded 

data made available by power companies and related studies found in the 

literature by Heinemann, et al.; Thomas, et al.; and Kutchenreuter, et al. 

(References 10, 11, and 12). Also, the demand sensitivity to dry-bulb 

temperature is clearly established as a predominant factor in adaptive 

forecasting outside the range of S0°F< T< 65°F as described by Cohen and 

Winter (Reference 13). It is expected that above 6S°F the correspondence 

(correlation if linearly related) between temperature and power demand 

will be positive, below S0°F a negative correspondence is normally 

expected. 

6. 1 METHODS OF ANALYSIS 

Generally, to facilitate forecasting of demand data, a decomposition of 

the historic data or time series is made into the following components: 

1) Trends - long-term variations 

2) Oscillations - variations about the trend 

3) Seasonal Effects - pseudo-periodic variations 

4) Transients - unsystematic variations 

5) Noise Residue - random, stochastic low level variations 

For any future time period, these components can be recombined to 

provide hourly forecasted data. In the previous analysis (Reference 1) a 

decomposition of the historic demand data into the long-term exponential 

trend and cyclical (seasonal and daily) components was made. 
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The selection of a site for the pilot weather correlation analysis was based 

on the availability of data for a relatively small homogeneous climatological 

area. The spatial ergodicity (repeatability) of meteorological parameters 

within the Southwest area as observed from the data suggests that almost 

any one of the sample areas is representative of the ensemble for all areas. 

Further, we see that there is also time ergodicity over a given number of 

months. These factors greatly reduce the data analysis requirements. 

For the Southwest environment, the demand will not be a function of hetero

geneous climatology which tends to mask dynamics. The immediate 

objective is to provide a model that will interrelate demand with the 

meteorological conditions and insolation. The long range objective is 

to establish relationships to facilitate the modeling and forecasting of 

the demand as a function of the meteorological and insolation data for 

the Southwest profile as illustrated in Figure 6-1. The pilot analysis 

will be restricted to the El Paso data base. Figure 6-2 represents the 

typical period of the power demand for the El Paso area from the first 

week of November 1962 through the last week of January 1963. There 

is some trend to the data shown, but it is easily separable. Alternatively, 

the trend can be removed by differencing techniques. The periodicity of 

the other parameters TSR, NIR, DBT, and DEW may be observed in 

Figures 6-3a, b, and 6-4a, b, respectively. Wind data are not available. 

The apparent strong periodicity of the data facilitates considerable 

simplification. Specifically, it may be assumed (without loss of generality) 

that the first moment (mean) is zero, for both temperature and load, ·when 

computing parameters such as the variance and cross-correlation. These 

parameters and the intermediate parameter of cross-covariance provide 

a convenient description or measure of the correlations with the demand. 

6.2 AUTO-CORRELATION 

The auto-correlation coefficients of the demand over two seasonal 

boundaries were computed (fall-winter) and over the April-May-June 
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(AMJ) 12-week interval for a maximum of 48 contiguous hour lags. As 

might be expected, the auto-correlation is strongly periodic as shown in 

Figure 6-5a. It may be observed that except for trend, 24 one-hour lags 

are sufficient and the nondecreasing correlation coefficient does not 

represent nonstationarity but simple "overlags. 11 The maximum positive 

correlation occurs at a lag of 24 hours; the maximum negative correlation 

occurs at a lag near 12 hours •. The maximum negative auto-correlation 

-0.5 occurs at a lag of 9 and 15 hours. There is an increase at 12 lag hours 

that appears to be a superposition of third harmonic (8-hour variations). 

For the same 12-week period, half of the days were sampled and 

be noted from Figure 6-5b, the maximum positive correlation is unchanged. 

There are no apparent differences between the auto-correlation of demand 

as a function of a sample size ratio of two-to-one taken over the fall-winter 

seasonal boundary. 

For the same comparison of dry bulb temperature (DBT) no significant 

differences are noted for the two sample sizes. The maximum excursions 

for the full sample are 0.80 and -0.45 as shown in Figure 6-6a; the corre

sponding correlations for the half-sample size are O. 78 and -0.36 as shown 

in Figure 6-6b. 

The same comparisons for total insolation (TSR) are given in Figures 6-7a 

and 6-7b, which exhibit the 24-hour periodicity with a range of 0.92 to 

-0.43 and 0.92 and -0.44 for the six-week sample and 12-week samples, 

respectively. 

The final auto-correlation over the fall-winter boundary is represented by 

Figures 6-8a and 6-8b for the normal incidence radiation (NIR) which have 

excursions of 0.86 and -0.53 and 0.86 and -0.56 for the 12-week and six

week samples, respectively. The total insolation maximum nl:lgative 

correlation extends over a longer period of time than that of the corre

sponding normal incidence radiation; however, it is more significant to 

6-8 
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note that the area under the negative part of the correlation curves are 

approximately the same.. This observation may be useful for the following 

two purposes: 

1) A check on the estimate of parameters by comparison of 

the integrals of the parametric functions. 

2) Implications for optimizing storage time and time interval 

for storage. 

The data corresponding to the previous figures are summarized in Table 

6-l(a). The same correlations are performed for April-May-June, and 

the results are presented in tabular form in Table 6-l(b). The only 

significant differences between the auto-correlation across the two seasons 

are that the maximum positive and negative correlations are greater. 

These analyses indicate that the significance of the auto-correlation 

coefficient does not change with sample size. Also, since there is a high 

positive correlation for a given lag interval for each meteorological 

parameter (with the exception of wind), one may hypothesize that the 

parameters are not independent. Therefore, the correlation matrix 

reduces to a single equation for a generalized estimate. If the hypothesis 

is true, the variance would be small for the cross-correlations between 

any given parameter and each respective parameter. This hypothesis is 

examined in the following section. 

6.3 CROSS-CORRELATION 

Analysis of the cross-correlations of demand (DOEA) during the November 

1962 to January 1963 period against DBT, TSR, and NIR are given in 

Figures 6-9, 6-10, and 6-11, respectively. It may be observed that DOEA 

is not independent of any of the meteorological parameters. Further, it 

may be observed that the distribution as weighted by value and plotted 

against the number of lags is not far removed from an aberrant normal, 

truncated at the points of inflection. The same appears to be true for the 

6-13 
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Table 6-la. AUTO-CORRELATION OF DEMAND AND MET PARAMETERS 

November, December, January 1962-1963 (48 Lag Hours) 

Sample Parameter 
Significant +r -r 99% Confidence 

Comments Size No. of Lags Max. Max. Limits for +P 

12 Weeks DOEA 24 0.95 0.5 o. 94 :s P :$ o. 96 At 24-hour Lag 
6 Weeks 24 0.96 0.5 0.95<P:s0.97 At 12-hour Lag 

12 Weeks DBT ·24 0.80 0.45 0.77 s P :S0.82 At 12-hour Lag 
6 Weeks 24 0.78 0.36 0. 7 5 :s P :s O. 80 At 12-hour Lag 

12 Weeks TSR 24 0.92 0.43 0.91 :s P :s 0.93 At 24-hour Lag 
6 Weeks 24 0.92 0.44 0.91 :s P :s 0.93 At 12-hour Lag 

12 Weeks NIR 24 0.86 0.53 0.85:sP:s0.87 At 24-hour Lag 
6 Weeks 24 0.56 0.86:SP:s0.88 At 12-hour Lag 

Table 6-lb. AUTO-CORRELATION OF DEMAND AND MET PARAMETERS 

April, May, June 1962 (48 Lag Hours) 

Sample Parameter 
Significant +r -r 99% Confidence 

Comments Size No. of Lags Max. Max. Limits for +P 

12 Weeks DOEA 24 0.97 0,77 0.96:SP~0.98 At 24-hour Lag 
6 Weeks 24 0.97 0.69 0. 96 :s P :s O. 98 At 12-hour Lag 

12 Weeks DBT 24 0.98 0.71 0.965 s P :s0.975 At 24-hour Lag 
6 Weeks 24 0,97 0.69 0.96 :s P :s0.98 At 12-hour Lag 

12 Weeks TSR 24 0.99 0.72 o. 985 :s P :so. 995 At 24-hour Lag 
6 Weeks 24 0,99 0.73 o. 985 :s P :so. 995 At 12-hour Lag 

12 Weeks NIR 24 0.95 0.86 o. 94 :s P :so. 96 At 24-hour Lag 
6 Weeks 24 0.96 0.87 o. 95 :s P :so. 97 At 12-hour Lag 

-
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Figure 6-9. Demand - Dry-Bulb Temperature Cross-Correlation 
Nov., Dec., Jan. 1962 - 1963 
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,Figure 6-10. Demand - Total Solar Radiation Cross-Correlation 
Nov., Dec., Jan. ~ 1962 - 1963 
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cross-correlation of DBT with TSR as shown in Figure 6-12. The 12-week 

sample plots (not included in this report) are similar. The tabulated data 

for both sample sizes are given in Table 6-2. 

From the plots of the cross -correlation coefficients, periodicities of all 

cross-correlations can be observed. The functions appear to be the 

superpositions (linear c ornbination) of sinusoids. The range of the maximum 

values for positive and negative correlation of DOEA with DBT, TSR, and 

NIR, respectively, indicate strong dependence between parameters. For 

example, the mean maximum cross-correlation is 0.54 with a variance of 

only O. 00046. Since the product-moment correlation coefficient is invariant 

under changes of origin and scale, strong interdependence of meteorological 

parameters is implied. However, a phase difference of one hour is 

observed between the maximum positive cross-correlation of DOEA-DBT 

and DOEA-NIR; a two-hour lag between DOEA-TSR and DOEA-NIR; and a 

three-hour lag between DOEA-TSR and DOEA-DBT. It is also of interest 

(but of uncertain significance) to note that the lag time for the maximum 

correlation between DOEA and DEW is only two hours. As an additional 

check on the dependence of parameters, the cross-correlation of DBT 

with TSR was found to be 0.60, which is significant. 

Although the absolute value of the maximum negative correlation coefficients 

are greater than the positive, the positive values show a more consistent 

lag period. The positive correlation coefficient is retained as the principal 

reference throughout this report. 

The corresponding analysis data for the April-May-June 1962 interval are 

given in Table 6-Z(b). The data are essentially a replication of the 

November-December-January data with a few notable exceptions which 

include: 

1) Higher positive cross-correlation of DOEA with DBT, 

TSR, and NIR (0.83 as compared to 0.55). 
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Figure 6-12. Dry-Bulb Temperature-Total Solar Radiation Cross-Correlation 
Nov., Dec., Jan. ~ 1962 - 1963 
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Table 6-2a. CROSS-CORRELATION OF DEMAND AND MET PARAMETERS 

November, December, January 1962-1963 (48 Lag Hours) 

Sample Significant tr -r 99% Confidence No. of Lags 

Size 
Parameters No. of Lags Max. Max. Limits for tP 

for Largest 
tr -r 

12 Weeks DOEA-DBT 24 0.55 0.69 0. 50 s p s O. 60 3 13 
6 Weeks 24 o. 50 0.67 0. 44 s p s O. 56 3 13 

12 Weeks DOEA-TSR 24 0.55 0.85 o. 50 s P s 0. 60 6 14 
6 Weeks 24 0.53 0.88 0.48 s ps 0.59 6 14 

12 Weeks DOEA-NIR 24 0.56 0.84 0. 51 s P s o. 61 4 14 
6 Weeks 24 0.56 0.86 o. 51 s P s 0. 61 4 14 

12 Weeks DOEA-DEW 24 0.28 0.26 -- 2 15 
6 Weeks 24 0.22 0.20 -- 2 15 

12 Weeks DBT-TSR 24 0.65 0.43 2-3 10-12 
6 Weeks 24 0.60 0.40 0.56:::P:::0.64 2-3 13-14 

Table 6-2b. CROSS-CORRELATION OF DEMAND AND MET PARAMETERS 

April, May, June 1962 (48 Lag Hours) 

Sample Significant tr -r 99% Confidence 
No. of Lags 

Size 
Parameters No. of Lags Max. Max. Limits for tP for Largest 

tr -r 

12 Weeks DOEA-DBT 24 0.89 0.78 0.88 s P s 0.90 3 13 
6 Weeks 24 0.89 0.78 0.88 s P s 0,90 2 13 

12 Weeks DOEA-TSR 24 0.74 0,95 0.71 S PS0.77 3 14 
6 Weeks 24 0.76 0.95 0. 74 s P so. 78 2-3 14 

12 Weeks DOEA-NIR 24 0.85 0.83 0.84 s P:::0.86 3 15 
6 Weeks 24 0.86 0.87 0. 85 s P so. 87 3 16 

12 Weeks DOEA-DEW 24 0.26 0.34 -- 1-2 10 
6 Weeks 24 0.21 0.28 -- 9 

12 Weeks DBT-TSR 24 0.79 0.81 -- 2-3 12-13 
6 Weeks 24 

- - -• 
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2) No peak distortions - almost "pure" sinusoids. 

3) Shorter lag times - e.g., three hours compared to six 

hours for DOEA cross -correlated with TSR. 

In the interest of brevity, the plots are not included, but the reader may 

refer to Table 6-2(b) for a synopsis of the data analysis. 

6.4 SUMMARY 

Most of the quantitative analyses corroborate intuition of the correlation 

between the power demand and meteorological conditions. Specifically, 

we established the following: 

• The climatological conditions of the Southwest region of 

study are homogeneous and, therefore, most sites are 

representative of the region as a whole; 

• The demand is highly correlated with the meteorological 

measured parameters of temperature and solar radiation; 

• The maximum values of auto-correlations and cross

correlations of parameters are strongly periodic at 24-

hour lag intervals; 

• There is high interdependence of the meteorological 

parameters which suggests the possible use of a single 

parameter for forecasting demand. 
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6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 

77 71 71 1 71 7171 7 77 7171 77 77 7 11171 17177 77 7 77 77 77 7 77 77 7 7 77 77 77171 17111 17117 71711 71171 

8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 88 8 B 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 88 8 8 8 88 8 8 8 88 8 8 8 88 8 8 8 8 8 8 8 8 8 8 8 8 

9 9 9 9 99 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
I I l I l I 11 I Jl)J 111) H 15 15 11111111 11 n n 1, ;; H 21 2129 :ii J: ~, 33 34 35 313J31J9tl 41 U4JU 0 Ii"".,-~ lll2131111 ~- ~J 51 51 It II E11J,e n 1111111111 1112111, 15 1& 11111,n 
GLOBE NO. I STANOA~D FORM 5081 

Figure A-1. Edison Electric Institute System Load Data Card Format 
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Table A-1. EEI Format Additions /Modifications 

The following additions or modifications to the Edison 

Electric Institute load data card format are currently 

used in The Aerospace Corporation demand data base: 

FIRST CARD 

Column 17: 

p 

M 

C 

Column 18: 

D 

Sor blank -

Time Zone 

Pacific 

Mountain 

Central 

Time Base 

Daylight 

Standard 

Columns 12, 20: Utility Identification 

Two Alphabetic Characters 

SECOND CARD 

Columns 17-19: Day-of-year 
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.._ .,_ .._ "'---------------------------------------------------------------• tlie Yw .... o...lllr SI, lNt 
..---------------------""':""~"'"'."''•"'"" ....... - ... ,, __________________ I 

s,1tH11t," 
SYSfEM LOAD DATA FOi SPECIFIED WEEKS 

Load data ohould be furniahed by all cla11 I 1y1tam1, Cla11 II 1y1tam1 may omit thi11ch1dul1 unl111 oth1rwi11 lnatructtd. 

I. Show tht 110.miruto int111r1t1d kilowatt dtmand for 
tach clock.hour of th• daya 1ptc1fi1d in thi1 ach1dul1, d1Mr
min1d (a, for tht pa1k hour tn 1ch1dulo 13) from coincidtnt 
demand, •• follow• : 

(1) Combintd nit dtmand on all 1y1tam 11n1ratin1 plant,. 

(b) Plua: Powtr rocti vod from othtr 1y1t1m1 and indu1-
tri1I compani11 liated in schedule 8, part B, column 
5. 

(c) Minu1: Power delivered, for r11al1, to tach cl111 I and 
cla ., 11 1y1t1m that obtained a part of ita powtr 1up
ply durine th• year from it, own 11naratin1 faciliti11 
or from 1y,1tem1 other than the re1por1dent'1. Then 
1y1ttm1 art liated in 1chedul1 8, part B column 6. 

(d) Total nit dam1nd for load data..(~) plua (bl minu1 (c), 

Note that power d1Uvartd by the r11pondant to anothtr cla11 
111 or claa1 V 1y1tem it included in the r11pondent 11 1y1t1m 
load for purpoaoa of thia 1chodul1. 

2. Wh1r1 intteratld demand, for ea.minute clock.hour in• 
terv1l1 art not available. it ia d11ired thet available data be 
1dju1t1d to appro•imate the intearated demand for 60-minute 
clock-hour interval,. AdLu1tment1 made should be ••:lained 

~~::O,~":~id·be"f!,~i• ::i in•tt:•Jo";:'~1v:T1:bl!.b• ma e, load 

3. Tht load1 rtpr11ent1d by tht d1mand1 to ba tnltred in 
thi1 schedule will, in accordance with inltruction 1, include the 
11111 for re11l1 to 1y1t1m1 liated in achedule I, part A. 

4. State whether the sy1tem operates on E11tern, Central, Mountain, or Po1cific tim1t 

5. If the 1y1tem oper,ted on d1yli1ht.1avin1 time durina the year, 1ive be1innin1 and endin1 date• of the dayli1ht.1avin1 
period......... . ............... . 

6. If any of the repc,rted data are aiven in d1yli1ht-uvin1 time, indicate which readin11 are so given ..................... . 

7. If unusual conditions (storms, flood•. industrial di1turb1ncH, etc.) 1re1tly affected the system load ch1r1cteri1tic1 dur. 

ina any of the 1pecifi&d weeks, deacribe such influencH briefly on an addenda sheet and aive the d1t11 affected. 

---·"-·······-"-"'"'-·"'--··-· ······· s,b;'l~hi,""'""-"""""'"""'"'IN··-· ...................... - .. ...-. ._ 
SYSfEM LOAD DATA FOR SPECIFIED WEEKS 

Demand lnt1rv1I ............................................................... . ................ ... ,-.................................................................. iN'TiQ·1t:TiD .. D"iM';;:;o··iNH'Ki'LOW'A·r;.·s·" ... ".'"'""'"'"'""" .. "'" ........ ,u, .... _, .. , ................... . 

1~~~al ......................................... ""'-'"11_w .. 11.of ~a,,ll lt1rllft1.w1u,,1wndawi (Indicate da
0

tH) ........................................ . 

.under MOftdar Tunder Wtclntlder Tllurrar ,rider Sati,rdlf 
... <•> ............ <J) ·····••· ....... <J> ............. <•> ................ <5) ........ ......<• ................... <7> •..•••.••••••••••• <•> ...... .. _...., 

12- I 

I- I 

I- J 

I-' 
... I 

I- 6 

.. 1 1-. ... 

.. 10 

10-11 

11-12 -12-1 

I- 2 

2-, 

I-' 
... I 

I- 6 

... 1 

1-. .. ' 
6-10 

10-11 

11-12 

~ I 

6 

1 

' 10 

II 

12 

IJ 

" u 
16 

n 
II 

" 20 

21 

22 

21 

~...-.-;- __ ................ "..l .... - .................. 1 ......................................................... : ............................. ·i ................................. i ................................ l.2
'. 

Note.-ln order, ... ,.,., ........ , cotllCt data In edWHCI, the .......... In, ... followtne JMf' WIii be NlecteCI for 1Cfledule 1S. 

Figure A-2. 

Rav. (12~5) 

Federal Power Commission, Form-12 (Schedule 15) 

Power System Statement (Sheet 1 of 2) 
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r•----------------111-----IN-... tlltll_l.,._Nl, _____ , .... _., ..... ,I .. IH .. IIONII .. O .. 111 .. 00NllflHO ____ _ 

S,w.J, JJ~ 
SYSTIIM LOAD DATA POl SPBCIFIBD WIBD 

l>efflaM 1111.,,,al ••••• •. •• •••••• • •••••••••••••••••••••••••••• 
; -~NTiiiil'iUD'iMANiiN'ii'U,WATT...---•-'""'-"""'""""""'""""_T_ 

TIN t .., _________________ - .... ----- .............................. --- - • ------------------· ----------- - ----- .......... ----, 

, ...... : ................. ~ ...................... ,t~ ,uh WNII _, A~tt Mlrtln1 WM,- ..-~da, (lndlNte d~) ........................ r•••---•••••--! 
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•- ' i 11 
,.10 I :• 

10-11 1 :a 
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~ 
:---... -· .......... ,. -................ , ...................... , ...................... ,. -........................................... , "'. ······-·····: 
I I I t I t f tll 

• Mi•'•""'HNtfllllltl ................ -H ... ••--1H•J.1t1-ltltlNI .. IM_ ............................... ", .. NtoNNMIH ..... l ___ , ............. NMH_...._lt_lHIHN_II_ 
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:• 
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I :a 
: .. 
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: .. 
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I 

9.10 I 47 
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Figure A-2. 

Rev. (12-

Federal Power Commission, Form-12 (Schedule 15) 
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Figure A-3. Edwards Air Force Base Substation Load Data 
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PROGRAM LOGIC 

MODFY 

i 
INJTIALIZE 

READ DATA CARD 

i 
END-O F- DAT A?~ STOP 

'NO DECODE CARD 

~ 
FIND DATE, JULIAN DAY 

~ 
TEST DATA CONTINUITY 

~ 
WRITE AM/PM DATA IN APPROPRIATE FORMAT 

MODFY 
~ 

INITIALIZE 
PYR; 0 
BM4 ; (BYR+3) - 4•((BYR+3)/4) 

! 
~•"•"oc 

READ DATA CARD 
READ (CARO(I) , I ; I, 8) 

DETAILED FLOW 

BASE DATE -
FRIDAY, JANUARY I, 1960 

BOW ; 6, BYR ; 60 

tAIO) 

END-OF-FILE? T END OF DATA 

r 
DECODE CARO 

ENOFILE PROC 
REWIND PROC 

STOP 

DECODE DATE, AP, PSA, ZONE, UY, (DMND(I), 1;1,6) 

rA6, II, 5X, A2, 2X, Al, IX, A2, 6AI0) 

FIND DATE, JULIAN DAY 
DECODE DATE: MO, DA, YR 

i(312) 

DY ; JULIAN (MO, DA, YR) 

i 
TEST DATA CONTINUITY 

• - - - - - -
TEST DATA CONTINUITY 

1' 
PUTE BASE DAY FOR NEW YEAR 

~

; J,PYR 

DA ; 365•(YR-BYR) + ((YR-BYR) + BM4)/4 + BOW - 2 

YR; YR 

AP:2------=- WRITE PM DATA CARD 

l 
WRITE DATE, AP, DY, (DMND(I), 1;1,6) 

(A6, II, 9X, 13, IX, 6AI0) 

;, cb 
WRITE AM DATA CARD 

OW; (BDA+DY) - 7•((BDA+DY)/7) + I 

~ 
WRITE DATE, AP, PSA, OW, ZONE, UY, (DMND (I), I ; 1,6) i (A6, II, 5X, A2, IX, II, Al, IX, A2, 6Al0) 

0 

JULIAN (MD, DA, YR) 

l 
FIND DAY OF YEAR 

JULIAN ; MTAB(MO) + DA 

! 
YR - 4•(YR/4) :0 ......L_RETURN !; 
M0:3 ~RETURN 

i" JULIAN ; JULIAN + I 

~ 
RETURN 

MTAB: 
0, 31, 59, 90, 

120, 151, 181, 212, 

243, 273, 304, 334 

Figure A-4. MODFY Program Flow Charts 
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> 
I 

(X) 

PROGRAM LOGIC 
CPSB 
t 

INITIALIZE 

t 
SKIP OVER END-OF-FILE 

READ TWO DEMAND DATA CARDS 

J 
END-OF-DATA?~STOP 

iNO 
ADVANCE DAY-OF-WEEK, FIND JULIAN DAY 

J 
WRITE AM/PM DEMAND DATA CARDS 

CPSB DETAILED FLOW 

l 
INITIALIZE 

ow= 0 !Day of week) 

i 
SKIP OVER ENO-OF-FILE 

DAD ENFILE 

J~~:~-FILE? 

F 

READ FIRST DEMAND DATA CARD 
READ MO, DA, YR, IDEMND(I), I= 1, 10) l l2X, 12, 213, l0X, 1014) 

ErOF- FICE? ____i_STOP 

READ SECOND DEMAND DATA GAR~ 

- -• - - - - - - - - -
READ SECOND DEMAND DATA CARD 

READ (DEMNDII), I= 11,24) l l4X, 1414) 

DW=DW+l 

J -ow:e---=--ow = 1 

~ 
FIND JULIAN DAY 

•1 • JULIAN IMO, DA, YRI 

WRITE AM DATA CARD 
WRITE MO, DA, YR, OW, IDEMND(I), 1=1,12) j"''' IHI, SX, 2H38, IX, 11, IHC, IX, 2HCP, 12151 

WRITE PM DATA CARD 
WRITE MO, DA, YR, JD, IDEMND(I), I= 13,24) 

(312, 1 H2, 9X, 13, 1 X, 1215) 

JULIAN (MO, DA, YR) 

i 
FIND DAY OF THE YEAR 

JULIAN = MTAB(MO) + DA 

J 
YR - 4•IYR/4) :O___t__RETURN 

i= 
M0:3~RETURN 

J~IAN = JULIAN + 1 

~ 
RETURN 

MTAB: 

0, 31, 59, 90, 

120, 151, 181, 212, 
243, 273, 304, 334 

• 

Figure A-5. CPSB Program Flow Charts 
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'° 

- - - - - - - - - - - -
PROGRAM LOGIC 

DWPI .-
'TTIALIZE 

READ PRINT OPTION 

·1 
READ DWP DATA RECORD 

EtD-OF-DATA?~STOP 

I·· 
DETERMINE RECORD LENGTH 

I 
CONVERT DATA TO BINARY 

I 
WRITE DEMAND OUTPUT (ONE DATA MONTH) 

DETAILED FLOW 

DWPI .
INITIALIZE 
liEWiNo PROC 

I 
READ PRINT OPTION 

READ OP 

(ASI 

JRNT = OP.EQ.SHPRINT 

0-j 

BLNK: 

MASK: 

~~&iooe. ~ 
~.~ 

READ DWP DATA RECORD 
R{AD IBUF!t), I = 1, 512) 

END-OF-FILE? T END OF DATA 

I F ENDFILE PROC 
REWIND PROC 

onERMINE RECORD LENGTH STOP 
SIZ = LENGTH (RAW) 

I 
CONVERT DATA TO BINARY 
- I"' 1, SIZ, 2 

I J,= s•(112, 

EXTRACT FIVE FOUR-CHARACTER WORDS 
DECODE BUF(I) :{OUT!J+KI, K =I, 5) 

{SR4) 

I 
K = 1,5 

I 
CONVERT EACH WORD 

L:1,4 ---

j 
CHANGE BLANKS INTO Z£ROS 

N : OUT(J+K) .AND. MASK(L) 

I -
N:BUIC(L) --- OUT{J+K) = OUT!J+K) - BLNK(L) I; I 

SHIFT OFF FOUR LOW ORDER EXTRANEOUS BITS 
1UT(J+KI = MXIFT(OUT{J+K), -4) 

EBCDIC TO BINARY 
CALL CNVRT!OUT(J+K)) 

Ll,4 
' I' -K:5 

1, , I' 
Figure A-6. 

• 
~ 

WRITE DEMAND OUTPUT IDNE MONTH OF DATAJ 
DAY= 0 
SWTCH =.FALSE. 
Sil = 24• (!J+2) /24) + 3 

I Ir 4, S/Z, J2 

J( I+ 11 -

OUTIJ) :o----=--0 
T IF 

Q
sw;cH? 

AY=DAY+l 

I 
NSTRUCT DATE 
NCODE DATE: OUTj2). DAY, OUT(3) 

WRITE AM or PM DATA CARD 
WRITE DATE, (OUT\K), K = l,JJ 

I (A6, 14X, 1215) 

JRNT?-T-PRINT DATE, tOUT(KJ, K = l,J) 

j • I 
SWTCH = .NOT. SWTCH 

, I 
-1:SIZ 

~ 
CNVRT ill 
-•-

CONVERT EBCDIC CHARACTERS TO BINARY 
J=I 
I= 0 

U
·::/1. 

=I+ (J-16•L)•K 

:0---=.._. RETURN 

' ,., IO•K 

• L 

PROGRAM LOGIC 
DWP2 

1ilTIALIZ£ 

I 
READ INITIAL DAY-OF-WEEK, DAY-OF-YEAR 

RtAD DEMAND DATA CARD 

END-OF-DATA?~STOP 

fNO 
DECODE CARD 

I 
TEST DATA CONTINUITY 

ADVANCE DAY COUNTERS IF AM CARD 

I 
WRITE AM/ PM DEMAND CARD IMAGE 

DETAILED FLOW 

DWP2 -,-
INITIALIZE 

REWIND PROC 

SrCH = .TRUE. 

READ INITIAL DAY-OF-WEEK. DAY-OF-YEAR 
READ OW, DY 

112151 

OW= OW - 1 
DY= DY - 1 

©-;10 DEMAND DATA CARD 
READ (CAROii) , t = 1, 8) 

JND-OF-FILE? T END OF DATA 
' F ENDFILE PROC 

DECODE CARO REWIND PROC 
DECODE CARD: (DATE(I), I= 1,6), (CAROii), I= 1,6) STOP 

! '.611, 14X, 6A10) 

CHANGE LEADING BLANKS TO ZEROS 

DATE(l) :1Hb--=--DATE[1J = 0 

j' I 
DATElll :1Hb--=----DATE(ll = 0 

EXTRACT DAY AND YEAR 
OT : 10•DATE(l) + DATE\•) 
YR = IO•DATE(S, + DATE(6) 

I 
"TEST DATA CONTINUITY 

SWTCH?-·--YR:LY-----=......,_.DT:LD-'-AP =- 2 

jT j, I; 
SWTCH =.FALSE. LY= YR 
LY=YR DY=-0 

NEW DAY 
AP= 1 
LO= OT 

OW=-DW+1 
DY=DY+l 

iw:1->-ow = 1 

AP,2-=--WRITE PM DATA CARO 

r 
WRITE DAT"E, AP, DY, IOEMND!I), 1=1,6) J'• 11, 9X, 13, IX, 6A10J 

WRITE AM DATA CARO 
WKII~ LJAIE, AP, OW, (DEMND\l), l=-1,6) 

~ 1611, 11, SX, 2H47, 1X, 11, 1HP, 1X, 2HLA, 6A10J 

DWPl, DWP2 Program Flow Charts 

- - -• 
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> 
I -0 

- -• - - - -
PROGRAM LOGIC 

EAFB 

t 
READ CONVERSION FACTORS, OUTPUT OPTION 

t 
COMPUTE CALIBRATION FACTOR 

READ DATA CARD 

' END-OF-DATA ~STOP 
tNO 

ESTABLISH DAY-OF-YEAR, DAY-OF-WEEK 

t 
CALIBRATE DATA 

t 
PRINT, PUNCH AND/OR WRITE AM/PM DEMAND DATA 

EAFB 

t 
INITIALIZE 

DETAILED FLOW 

BASE DATE -

-

PYR = 0 FRIDAY, JANUARY 1, 1960 
BM4 = (BYR-t3) - 4•((BYR+3)/4) BOW = 6, BYR = 60 

t 
READ CONVERSION FACTORS, OUTPUT OPTION 

READ FACTl, FACT2, IFLAG 
(2F10. 3, 110) 

t 
COMPUTE CALIBRATION FACTOR 

FACT3 = FACT2/FACT1 

©-~ 
READ DATA CARD 

READ (ID(1), 1=1,8), (IRRAY(I), 1=1,12) 
(A2, 12, Al, Al, 3X, 11, 312, 4X, 1215) 

t 
10(3) :1Hb---=---ID(3) = 0 

~~ I 
10(2) :99---"--STOP 

t 
ESTABLISH DAY-OF-YEAR, DAY-OF-WEEK 

10(10) = JULIAN (10(6), 10(7), 10(8)) 

t 

Q
D(8):PYR 

" YR = 10(8) 

DA = 36S•IYR-BYR) + ((YR-BYR) + BM4)/4 + BOW - 2 

10(9) = (BDA+DY) - 7•((BDA+DY)/7) + 1 

t 
CALIBRATE DATA 

- - - - - - -• 
CALIBRATE DATA 

I = 1, 12 

' ARRAY(I) = IRRAY(I) 

< 

ARRAY(I) = FACTJ'ARRAY(I) 

' < ARRAY(I) :0.0001 ---=--ARRAY(I) = 0.0 

I>· I 
1:12 

ID\:l : , -1:__ PRINT, PUNCH AND/OR WRITE PM DEMAND DATA 
Wl<ITE I1D11I, I= 6,8), ID(S), 10(10), 

(312, 11, 9X, 13, lX, 12FS.3) 
r -- .... 

© 
PRINT, PUNCH AND/OR WRITE AM DEMAND DATA 

(ARRAY(I), I= 1,12) 

-

WRITE (ID(I), I = 6, 8), 10(5), 10(2), 10(3), 10(9), 10(4), ID(1), (ARRAY(I), I = 1, 12) 
f(3I2, 11, 12, 5X, Al, 11, Al, IX, A2, 12F5.3) 

0 

JULIAN (MO, DA, YR) 

t 
FIND DAY OF YEAR 

JULIAN = MTAB(MO) + DA 

t 
YR-4•(YR/4) :0 ----L_RETURN 

t= < 
M0:3-RETURN 

t? 
JULIAN = JULIAN + 1 

t 
RETURN 

MTAB: 

0, 31, 59, 90, 

120, 151, 181, 212, 
243, 273, 304, 334 

Figure A-7. EAFB Program Flow Charts 

- - -• 
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EPE 

' 
PROGRAM LOGIC 

INITIALIZE 

READ DEMAND DATA CARD 

t 
END-OF-DATA? ~STOP 

tNO 
FIND JULIAN DAY 

f 
TEST DATA CONTINUITY 

f 
TEST DATA FORMAT 

- -

EEi DATA - SAVE IDENTIFICATION OF FIRST OCCURRENCE 

f 
WRITE AM/PM DEMAND DATA IN APPROPRIATE FORMAT 

EEi DATA - USE INPUT IDENTIFICATION DIRECTLY 
FPC DATA - USE SAVED EEi IDENTIFICATION 

EPE -r 
INITIALIZE 

PYR = 0 
SWl =.FALSE. 
SW2 =.FALSE. 

DETAILED FLOW 
BASE DATE 

FRIDAY, JANUARY 1, 1960 
BOW = 6, BYR = 60 

~4 = (BYR + 3) - 4' ((BYR + 3)/4) 

READ DEMAND DATA CARD 
READ MO, DA, YR, (BCD(I), I= 1, 15) i (311, 2A1, A2, AS, SAl, 6A10) 

END-OF-FILE? T END OF DATA 
t F END FILE PROC 

FIND JULIAN DAY ~f<fJND PROC 
DY = JULIAN(MO, DA, YR) 

t . 
TEST DATA CONTINUITY 

~

= YR;PYR 

YR= YR 
DA = 365•(YR-BYR) + ((YR-BYR) 

BCD(l) :1H2--=-© 

© 

+ BM4)/4 + BOW - 2 

- - - - - - - -

T 

• 
~ 

CARD ONE - A.M. DATA 
OW = IBDA+DY) - 7•((BDA+DY)/7) + 1 

t 
B.~(2) :1Hb f 

EEi FORMAT FPC FORMAT 
f ···-·--""" ~ MO, DA, YR, BCO(l), (101 II), I = 1, 3), OW, TIME, (BCD(I), I = 7, 15) 

~ (312, 2A1, A2, AS, 11, 4A1, 6A10) SWl? 

tF 
SWl = .TRUE. 
TIME = BCD(6) 

' 
[

I= 1,3 ' -101(1) = BCD(l+l) 

t 
1:3 

~ 

WRITE MO, DA, YR, (BCD(I), I= 1,4), OW, (BCD(I), I= 6, 15) 

J312, 2A1, A2, AS, 11, 3A1, 6A10) 

~ 
CARD TWO - P.M. DATA 

BCD(2) :1Hb t 
t, 

EEi FORMAT FPC FORMAT 
t 

qr sw!? 

W2 = .TRUE. 
2(1) = BCD(2) 
2(2) = BC0(3) 

WRITE MO, DA, YR, BCD(l), 102(1), 

~ (312, 2A1, A2, AS, SAi, 6A10) 

WRITE MO, DA, YR, (BCD(I), I= 1, 15) 

J312, 2A1, A2, AS, SAl, 6A10) 

JULIAN (MO. DA. YR) 
y-=-
FIND DAY OF YEAR 

JULIAN = MTAB(MO) + DA 

t 
YR-4' (YR/4) :0 _±__ RETURN 

t= 
M0:3 ~ RETURN 

t~ 
JULIAN = JULIAN + 1 

t 
RETURN 

MTAB: 
0, 31, 59, 90, 

120, 151, 181. 212, 
243, 273, 304, 334 

102(2), (BCD(I), I = 4, 15) 

Figure A-8. EPE Program Flow Charts 

- - -• 
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> 
I ..... 
N 

• - - -

SCE -,-
INITIALIZE 

t 

- - - -• 

PROGRAM LOGIC 

RrAD DAY-OF-WEEK, DAY -OF - YEAR, DAT A SOURCE 

DATA SOURCE?•-c_AR_o_s _____________ __ 

nTAPE 

READ DEMAND DATA RECORD 

t END-OF-DATA?•-v_E_s ______________ -1 

.--

- - - - -

! NO 

DECODE DATE 
READ DEMAND DATA CARD (SCE FORMAT) 

TisT DATA CONTINUITY 
YEAR < 1964 

DECODE DEMAND DATA 
WRITE AM/PM DATA IN APPROPRIATE FORMAT 

YEAR ~ 1964 
DECODE DEMAND DATA 

l__j WRITE AM/PM DATA IN APPROPRIATE FORMAT 

t YES 
END-OF-DATA?-STOP 

t NO 

TEST DATA CONTINUITY 

t 
WRITE AM/PM DATA IN APPROPRIATE FORMAT 

LJ 

Figure A-9. SCE Program Flow Charts (Sheet 1 of 2) 

- - -• 
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> 
I -I.,..) 

- --- - -• 
SCE 
T 
INITIALIZE 

AP= 2 

LY= 0 
SWTCH =.FALSE. 

RrWIND PROC 

DAYS: 
3HSUS, 3HMOS, 3HTUS, 
3HWES, 3HTHS, 3HFRS, 

3HSAS 

READ INITIAL DAY-OF-WEEK. DAY-Of.YEAR, DATA OPERATION 
READ OW, DY, OP 

(21S, AS) 

I 
DW = OW-1 

1:::~0--=-@ 
I I 

INITIAL DATA ON TAPE 
REWIND RAW 

©-I 
READ DATA RECORD 

READ (BUFII), I= 1,320) 

I 
ENO-OF-FILE (RAW)----T-@ 

IF 
DECODE DATA RECORD 

®----r•.40 
J = 8•11-1) + 1 

I 
DECODE DATE 

DECODE BUF(J), DATE 
(611) 

I 
CHANGE LEADING BLANKS IN DATE TO ZEROS 

I 
DATE(l) ,1Hb~OATEl1) = 0 

I" I 
DATE(3) ,11«>---=--0ATE(3) = 0 

f I 
TEST DATA CONTINUITY 

YR= 10,DATEIS) + DATE(6) 

I 
LY,YR _i____.LY = YR j = DY= 0 

sr~CH? -.:...I--@ 
YR:64~ 

j< 
© 

- - - - -• 
DETAILED FLOW 

f 
YEAR < 1964 

DECODE BUF(J), DAY, AP, (DEMND(K), K = 1,6) 

~ (6X, A3, 9X, Al, IX, 6AIO) 

AP,IHP---=-- PM DEMAND DAY ,, ···-·--WKII~ DATE, DY, (DEMNDlK), K=l,6) 
(611, 1H2, 9X, 13, 1X, 6A10) 

AM DEMAND DATA 

DY=DY+I 

POW= OW 

I 

ch 

oiv,DAYSIDW)-----, 
[

DW=l,7 

1, 
DW:7 

I• 
DW=PDW+l 

I > 
DW:7-DW=I 

t 
WRITE DATE, OW, (DEMNDIKI, K = 1,6) tl1, 1H1, SX, 2H47, 1X, 11, 1HP, 1X, 2HSC, 6A10) 

YEARt 1964 
AP= 2 
SWTCH =.TRUE. 

-

®-:L .. ----?-© 
J, ....e='-------

!Neect.d for 1ffl d11t11 error) 

1,. 1 
DY= DY+ 

ot ,366------4© 
I• 

DW=DW+I 

' > ow= I DW:7-

AP = 3 - AP 

I 
DECODE BUF(J) , IDEMND(K), K = 1, 6) I (19X, :•101 

PM DEMAND DATA 

-

Ar/-- WRITE DATE, DY, IDEMND(K), K = 1,6) 
(611, 1H2, 9X, 13, 6A10) 

AM DEMAND DATA 
WRITE DATE, DW, (DEMND(K), K = 1,6) 

(611, 11-tl, SX, 2H47, IX, 11, IHP, IX, 2HSC, 6A10) 

@r----1:40 

L 
@ 

- - - - -
CAR~NPUT (SCE FORMATI 

I 
REWIND RAW 

~DATA CARD 
READ DATE, (DEMND{KI, K: f,6J 

1'611, 13X, 6A10) 

• 

END OF DATA l~-""_,,, END FILE PROC 

REWIND PROC 
STOP 

CHANGE LEADING BLANKS IN DATE TO ZEROS 
I 

DATEl1) ,1Hb--=--DATEl1) = 0 

I" I 
DATE(3) ,11«>---"---DATEl3) = 0 

t I 
TEST DATA CONTINUITY 

yl = IO•DATE(S) + DATAl6) 

l' . 
YrY ; L~ = YR = DY= 0 

DY=DY+1 
DW=DW+I 

I > ow:1----ow = 1 

AP = 3 - AP 

I 
AP ,2 PM DEMAND DATA 

WRITE DATE, DY, IDEMNDIK), K = 1,6) 'I' IH2, 9X, 13, 1X, 6AIO) 

AM DEMAND DATA 
WRITE DATE, OW, IDEMNDIK), K = 1,6) 

(611, IHI, SX, 2H47, IX, 11, 1HP, IX, 2HSC, 6A10) 

~ 

Figure A-9. SCE Program Flow Charts (Sheet 2 of 2) 
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- - - - - .. - - - - - - - - - - - -• 

> 
..... 
~ 

PROGRAM LOGIC 

SMUD -I 
INITIALIZATION (EACH YEAR) 

I 
READ INITIAL DEMAND DATA CARD 

-1 
R1AD SUBSEQUENT DEMAND DATA CARD 

END-OF-DATA?~SET FLAG I NO I 

TEST DEMAND CARD DATE 

10 < MONTH < 4 OR MONTH "'4, DAY cl- 30 
STANDARD TIME, STORE DATA DIRECTLY 

MONTH :e 4, DAY = 30 
DAYLIGHT SAVINGS, STORE HOUR 1-23 DATA DIRECTLY 

FETCH HOUR 24 DATA FROM HOUR 1, NEXT DAY 

NO 

4 < MONTH :S 10 t DAYLIGHT SA.VINOS, FETCH DATA ONE: HOUR AHEAD 

WRITE AM/PM DATA CARD IMAGE IN APPROPRIATE 
STANDARD/DAYLIGHT SAVINGS FORMAT 

i VES 
END-OF-DATA?--STOP 

INO 

END-OF-OCTOBER? 

DETAILED FLOW 
SMUD 
I 

INITIALIZATION 
IX"' I 

ow= 3 

MD: 2H01, 2H02, 2H03, 2H04, 2H0S, 2H06, 2H07, 2H08, 2H09, 2H 10, 
2H11, 2H12, 2H13, 2Hl4, 2H15, 2H16, 2Hl7, 2H18, 2H19, 2H20, 
2H21, 2H22, 2H23, 2H24, 2H25, 2H26, 2H27, 2H28, 2H29,2H30 

2H31 

©-j, 
FROM: 26,25,24,30,28,27,26,25,30,29 
TO: 25, 31, 30, 29, 27, 26, 25, 31,29, 28 

N"' I 

SGN :,FALSE. 

MrE = .TRUE. 

READ INITIAL DEMAND DATA CARO 
READ MO II), YR(I), IDEMND (JI, J = I, 12), NCNT 
(12, IX, A2, 1216, 13) 

®---i 
READ SUBSEQUENT DEMAND DATA CARO 

L = I 

I= 3-1 

J = 12•(1-I) 

READ MO (I), YR{I), (DEMND (J+K), K = 1, 12), NCNT 
t2, IX, A.2, 1216, 13/ 

Er-OF-FILE?-T-MORE = .FALSE, 
F I 

DA= N 

Mt= M~(L) 

L~l NiN+I 

TEST DEMAND CARO DATE 

I 
MO!!) : MO{LJ-L-N = I 

Ci"., T .. -, 
--@ 

C 

Figure A-10. 

• 
~ 

STANDARD TIME 110 <MO< 4) OR [MO O 4, DA ; 30) 

[

Kb 1,12 

J ! 12* (L-1) +K 

DArl (K) = DEMND (J) 

K : 12 

)' C 

L,2~@ 
j1 

MOili, <..l.__@) 

D} ~ FROM ox~@ 

£ 
i 

DAYLIGHT SAVINGS [MO 4, OA O 30) 

I 
l :2-'-----------

[

.!11,12 

01\A (Kl : DEMND (Kl 

K '12 

i 

r 
DAYLIGHT SAVINGS [4 < MO s 10) 

[

K-1,12 

J f 12• ~L-l)+K 

J · 2•--J: 0 

o)T.' (K) : DEMND (J+1) 

K ~ 12 

1~ 
MO ILi : 10-L, 

o.l: TO HX)_J_L , 2---=--@ 

,.I. ,. + I l 
I . 

L• a--@ ~-

j = 

[

: I :~.·l:_,1 + K 

:1 :: IK) :~:~ND )J) 

l" 

® 
I 

WRITE AM DEMAND DATA CARD - DAYLIGHT SAVINGS 

I 
DW=DW+1 

I , D1 :<7 9w = 1 

WRITE MDIMN), MD(DA), YR!LI, L,DW,{DATA(K), K = 1,12) 
(2A2, 12, 11, SX, 2H46, IX, 11, •HPDSM, 1215) 

! 

i 
WRITE AM DEMAND DATA CARO-STANDARD TIIE 

DW=DW+l 

I , 
D, ::!:7 D1W = 1 

WRITE MD(MN), MD(DA), YR(L), L, DW, fDATAlK), K = 1, 12) 
£42, 12, II, SX, 2H<6, IX, II, <HPSSM, 1215) 

r 
.WRITE PM DEMAND DATA CARO 

CALL JULIAN (MOIL), DAIL), YRlLI, JD) 

I 
WRITE MD(MNI, MOIDA), YR(LI, L, JD, (DATA(K), K = I, 12) 

{242, 12, II, IOX, 13, 1215) 

<D--j 
TEST FOR ENO-OF-DATA 

MOO) : 10_:_NCNT• ~63___:__Kf: .TRUE. 

M!:E?•-~•------

jr F 7 
iN?~ END FILE PROC 

T REWIND PROC 
STOP 

© 

JULIAN [MO, DA, YR) 

FINO DAY Of YEAR 

JULIAN : MTAB(MO) + DA 

I ' YR - ••(YR/4) : 0--RETURN 

1= < 
MO : 3--RETURN 

J1'\AN = JULIAN + 1 

RJTURN 

MTAB: 
o, 31, 

120, 151, 
243, 273, 

59, 
181, 
30<, 

90, 
212, 

"" 

SMUD Program Flow Charts 

• -
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> -\.11 

- - - - ., 
• 

DAL TE .- PROGRAM LOGIC 

READ DEFINITIONS OF DAYLIGHT SAVINGS 
TIMF. INTERVALS, MISSING HOURLY DEMANDS 

I 
READ INITIAL DEMAND DATA CARO 

READ SUBSEQUENT DEMAND DATA CARD 

I 
END-OF-DATA? ~STOP 

/•o 

- - - - - - - - - - - -• • 
~ 

STANDARD TIME IDATEILJ < FROMIMJJ STANDARD TIME IDATEILJ = TOIMII 
DECODE DATE IL): MD!ll, Ylll (DATE(LI-MD(lJ, Ylll) 

I 
TIME= 10000- Ylll + MD(l) 

I , 
TIME: FROM(Ml~ 

®-i< 

TtME: TO(M)--2-0 

1= 
AP(Ll:2~@ 

I" K = 1, 12 

I 
J = 12*(L-11 + K 

r THR(Ml-''-----~--------~ 

COMPARE DEMAND DATE WITH DAYLIGHT SAVINGS INTERVALS 
DATE < INTERVAL START 

STANDARD TIME, STORE DATA DIRECTLY 

DATE = INTERVAL START 

[

Kl= 1, 12 

J = t2*(L-1l + K 

DATA(Kl '"'DEMND!JI 

I 
K:12 

JP~Ll:1 -:-0 

I< 
Jl!.-~-~.S O r~NO(M):O ~ I orA(K) = DEMNO{J) 

t· r=>J+I (9 
DAYLIGHT SAVINGS, STORE DATA DIRECTLY UNTIL START HOUR 

SKIP REPEATED START HOUR DEMAND 
SHIFT SUBSEQUENT DATA ONE HOUR BACK 

DATE > INTERVAL START. DATE < INTERVAL STOP 

DAYLIGHT SAVINGS, SHIFT DATA ONE HOUR BACK 

DATE = INTERVAL STOP 

STANDARD TIME, SHIFT DATA BACK ONE HOUR IF LESS THAN STOP HOUR 
INTRODUCE SUPPLIED STOP HOUR DEMAND 

OR INTERPOLATE IF NO DEMAND GIVEN 
STORE SUBSEQUENT DATA DIRECTLY 

DATE > INTERVAL STOP 
STANDARD TIME, CHECK NEXT INTERVAL DEFINITION 

I 
WRITE AM/PM DATA CARD IMAGE IN APPROPRIATE 

STANDARD/DAYLIGHT SAVINGS FOttMAT 

DAL TE .- DETAILED FLOW 

READ DAYLIGHT SAVINGS INTERVALS, MISSING DEMANDS 
N. = 0 

N = N + 1 

I 
READ MDfll, Y!I), FHR/NI, MDf2J, Y/21, THRINI, DMND1NI l (!•, 12. 13, IX, I•, 12, 13, IX, 15) 

END-OF -FILE !INPUT!?_!__@ 

I F 
FROM !Nl = 10000• Ylll + MD!T) 

TO fNI = 10000• Yl2l + MD(21 

I -
THRfNl:0 -=-THRfNI = 2 

' 
<;> 

READ INITIAL DEMAND DATA CARDS 
I = 1 
M = 1 

N = N - 1 

MORE = ,TRUE. 

I 
READ OATE(l). AP(l), 10m. SPm. UY(ll, fOEMNOfJl. J = 1, 121 0---{ IA6, 11, AlO, Al, A2, 12 IS! 

READ SUBSEQUENT DEMAND DATA CARDS 
L = I 
1 = 3 - I 

J = 12 !l-1) 

READ OATE!I), APO), 10{1), SP!I), UY(I), (OEMNOfJ+KI, K = 1, 121 

ENO-OF-FILE (RAWl?_T_MORE = .FALSE. 1 F DE~NO!I) = 0 

~' 

CV 
DAYLIGHT SAVINGS IDATEILJ FROMIMII 

TIME: FROM!M) 2---0 
1~ 
AP(L):2:~ 

I" 
K = 1, 12 
j< 
K:FHRIMl2:_DEMND(K + 1):0_:...@ 

I< I ;0 
¥NDIK!,0----"-DATAIKI = DEMNDIK + 11 

DATAIKI "'DEMNO!Kl 

<J~ 
q> 

DAYLIGHT SAVINGS IDATEILJ > FROMIMJ, DATEILJ < TOIMJJ 

> 
~l~E:TO(Ml-=-0 

[
J: 11;}1:-ll + K 
1:2• -=--J = 0 
J:;EfK) = 

1
oEMND!J + 1\ 

J.12 
I? 
APfLl:2~ 

0--j" 
WRITE AM DEMAND DATA CARD-DAYLIGHT SAVINGS 

WRITE DATE(Ll, AP(l), IDILI. UY!LI, !OATAIK). K = 1,121 

~A6, /1, A 10, IHD, A2, 12151 

lTAIKI = DEMNDIJ.,, r -~..2-JP , , 

j DMND!MI = IOEMND(J) + DEMNO {JP))/2 
< K,12 I l? J;TAIKI = DMNDIM) 

WRITE AM DEMAND DATA CARO - STANDARD TIME 
WRITE DATE(LI, AP(l), tD!LI, UY!Ll, lDATA(K), K = 1,121 
~A6, 11, A 10, !HS, A2, 12151 

f 
STANDARD TIME \DATEILJ > TOIMII 

M:N~ 
j< 

~=M+l 

~ 
WRITE PM DEMAND DATA CARD - STANDARD ANO DAYLIGHT 
WRITE OATE(LI, AP(L), IDILf. SP!l), UY!Ll, fOATAIKl, K = 1, 12) ®-t IA6, 11, A10, Al, A2, 12151 

TEST FOR END OF DATA 

MORE?_!_@ 1, 
ENDFILE PROC 
REWIND PROC 
STOP 

Figure A-11. DALTE Program Flow Charts 
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I 
le 
I 
I 
I 
I 
I 
I 
I 

•• 
I 

PROGRAM LOGIC 

FLOTA 

l 
INITIALIZE 

-• 
READ TWO DEMAND DATA CARDS 

j YES 
END-OF-DATA?-STOP 

lNO 
STORE DATA 

j 
WRITE DATA TAPE RECORD 

L___J 

FLOTA 
j 

INITIALIZE 

~EWI ND PROC 
~ t 

DETAILED FLOW 

READ TWO DEMAND DATA CARDS 

READ DATE(l), ID, (DMND(I), 1;1,12), DAY, (DMND(I), 1;13,24) 
• (A6, 10X, A4, 12ES.0/16X, 13, 1X, 12ES.0) 

EINDF-OF-FILE?---L ENDE~~,:~~: PROC 

STORE DATA 

NO; 0 

HR; 24•(DAY-1) 

j 
.--1; 1,24 

j 
HR ; HR + 1 

j 
DMND(I) :0 -----, 

y;f 
NQ;NQ+l 

HOUR(NO) ; HR 
DATE(NO) ; DATE(l) 
DEMN(NO) ; DMND(I) 

< ,,t4 
h 

WRITE DATA TAPE RECORD 

REWIND PROC 
STOP 

IITE (HOUR(I), DATE(I), DMND(I), I; 1, NO) 

Figure A-12. FLDTA Program Flow Charts 
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- - -• 

> --.J 

- - .. 

PROGRAM LOGIC 
CNVRT 

RJAD PROGRAM OPTIONS: 

-

DIRECT OR NORMAL1ZED SCALING, SINGLE OR GROUPED DATA SEGMENTS 

READ DEMAND DATA CARDS 

ST F'OR DATA CONTINUITY 
CONTINUOUS 

STORE PATA, FIND MINIMUM AND MAXIMUM 
CHANGE OF DATE OR VTILITY IDENTIFIER 

-

C
"' .Jo.o•-••u, I ND 

COMPVTE NEW DATA TIME, CHANGE SEGMENTS IF GROUPED DATA REQUIRED 

SCALE DATA TO DMAX IF NORMALIZATION REQUIRED 

I 
WRITE DATA RECORDS • TIME, DATE, AND DEMAND 

PJINT OUTPUT RESUME - TIME, DATES, DEMAND MIN/MAX 

NO I 
END-OF-DATA? 

!YES 
STOP 

CNVRT -,-
INITIALIZATION 

FILE:: 0 
DATA= ,TRUE. 
SWTCH :: ,TRUE, 
REWIND PROC 

j 

DETAILED FLOW 

READ PROGRAM OPTIONS 
READ SC.LE, OPER 

I ,,.., 
AStS = SC.LE. NE. SHNORML 

©-iNGL : OPER .NE. SHGROUP 

READ DEMAND DATA CARDS 
READ DAY, ID, UY, (DMND{IJ,1=1,121, DY, !DMNDOl,1=13,241 i IA6, IX, AS, 3X, A2, 12ES.0/16X, 13, IX, 12ES.0) 

END-OF-FILE (INPUTl?--T--DATA =.FALSE. 
i F MORE =.FALSE. 

rCOOE DAY:YR IOAY-YR) f 
© 

ENCODE IU: ID, UY {ID, UY--IU) 

I 
TEST DATA CONTINUITY 

slTcH,____L-.@ 
I• 

IU:Pl______t__@ 

I· 
YR ,py_____L__@) 

Dt:PD + 1---1_@ .!;,. __ , __ @ 
1, 1:: a TR~E. © 

I• 
STOP 

lO•yof v .... 1 

(Too manydau, polntsf 

Figure A-13. 

-! ., • 
r 

STORE DEMAND DATA 

1• , ... 
TIM£ = TIME + 1 

iMN0111 ,o--=-© 
I , 
N = N + 1 

HOUR{N) = TIME 
DATE(NI = DAY 
DEMN(N) = DMNDII) 

I 
DMAX(M) :DMND!II 1, 
MXDT(M) = DAY 
OMAX(M) = DMNDU) 

.. -

DMIN{M) :O____e___.c,MINIM) :D!"1NDjl)~@ 

MNDT1M) = DAY 
•MINIM) = DMND(IJ 

' < 1:24 ,, 
PD= DY 

I 
N£XT?-2...-@ 

I • 
DONE = DATEII) 
HONE = HOUR(l l 
•EXT = .TRUE. 

@ 

r 'f HOLE IN DATA 
CHANGE IN IOENTlflER OR YEAR TIME a TIME • 24•{DY-PD-1) 

TIME= 24•(DY-ll T ~ 

Pl= IU 
PY= YR 

iE = FALSE 

t:\_SWTCH?-T-@ 

v-1• 
OUTPUT OPERATIONS 

i!MI a N 
ASIS?-T-@ 

j F 

NORMALIZE DATA TO OMAX 
DMXX = DMAXII) 

[

l•l,M 

I , r:X,DMAX{l)J 
DMXX = DMAX 

.1 

[
+:, .• 
!EMN(I) = DEMN(l)/DMXX 

I 
i: 

SNGL? 

I 
XIMI = N 

I 
NEW DATA SEGMENT 

M = M + 1 

DMIN(M) = 0 
DMAX{MI = 0 

ct 

-

CNVR T Program Flow Charts 

- - - -'. -
<r 

GENERATE OUTPUT 
J"' 0 

rl,M 

l=J+l 
J = X{K) 

~
1:~:c.,. 

RITE DATA RECORD 
WRITE (H0UR1LN), DATE!LNI, OEMN(LN), LN,., L, N) 

I 
L;J ,, 
MORE?-T-@ 

I • 
ENDFILE PROC 
FILE = FILE + 1 

1s1s1-T __ _ 

I F 
HONE = HOURUI 
DONE ,., DATE(I) 
1--
HTWO"' HOUR{JI 

I 
PRINT OUTPUT RESUME 

~INT FILE, PU, DO~. HON£, DATEIJ), HTWO, 
DMIN(K) , MNDT(KI , DMAX(K) , MXDT(K) 

~tM 

+' REINITIALIZATION 
N"'O 
M"' 1 

io..,_T_@ 

I • 
PU= UY 
DMINUJ "0 
DMAXlll = O 
NEXT =.FALSE. 

lWTCH =.FALSE. 

TEST FOR ENO OF DATA 

DATA?-T-@ 

I • 
REWIND PROC 
STOP 

• -
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> 
I -00 

- - - - -;- - -- - - ______ , __ _ 
• 

C 
C 
C 

C 
C 

11! 

15 

• 
FROG~AM OALTE(RAW1FROC1I~PUT~OUTPUT1 

• TAP€1=~AW1TAFE2=PRC~iTAPE3=INPUT TAPE4=0UTPUT) 
SHIFTS OEMA~O DATA BASE To COMPENSATE FOR OAYLIG~T SAVINGS TIME 
•• INTERPffllTU:Jt.l'-P-RtlVYDE1,· tF TO CEHN"trNOT GIVEN 

AP(2) 1 CAP0(8l, OATA(12), OATE(2), OEHN0(24>, INTEGER • -- ---- -- ~~~~:~0 > "-t~~l~ff}:- t~~~! 20 >' !!Hg!, MR Jg!• 
• y ( 2) , •• 

LOGICAL MORE 
REAo-rrAYL-YGlrr--SAVINGS INTERVALS, MISSING OEMANOS 
N=O 
tiJRITE (4,410) 
N=N+i 
REA o··n-,li"2DJ7'01T,,Y < 1J ,FAR( NJ ,MO (2) t Y ( 2), THR (NJ ,OHNO ( NJ 
If' (EOF 3) 20 15 
IF (OMNO(N).E~.C) DMNO(N)=O 
WRITE (41430)_ M0(1)AY(1>,FHHN),H0(2),Y(2),THR(N),O"NO(N) 
FRO tffNJ: lrtrtJlP'YTIT+ 0 U J 
TOCN)=100OQ•Y(2)+MO(2) 
IF (THR(~).EQ.8) THR(N)=2 
GO TO 10 ·2·0 --··· W=:1{~1--·-

c 
C 

C 

"EAO •DECK CARO 
READ (11 510) (CA~O(I)fI=118> 

. WRITF-·cz,'510> (CAROii ,I= ,8) 

C READ •!COMMENT CARO 

C 
C 
C 

I< EA O Jl,__510) _(_C.-;.A..-=.R ..... O'"'("r-I >.,....,,-=I:...,.=-=1+•-=-8)_,-------------------'WRITE lZ,511Jl (CJRO(I ,I=1,8J 

~EAO OEHANO OATA 
• INITI Al C IIRO - --1=1~---- -- c.c.=..-=----==--------------,-----------------
M=1 
f-iORE=.TRUE. 
READ (1,520) DATE<I>,AP(I> ,ID(I>,SP<Il,UYCI>,COEHNO(J),J=t,12) 

C - -------• ·su11S£COEMl CARDS 
30 L=I 

C 
40 

C 
50 

1=3-I 
J=12• (I-1> 
REAu-·n·,nn· OA TE ( U, AP( U, 10 ( U, SP ( 1J ,Of CI)• (0EPIN0(J• K) ,K=l, 12) 
If <EOfi1> 40,50 
• ENO Ow- DATA 
t'ORE=.fALSE. --cEMNUCll=U-- ----------------------------
• OATE(L).Ll.fRO~(H) (STANDARD TIME) 
CECOOE (6153010AlE(l)) HC(1),Y(1) 
TIHE=1000o•YC )+M0(1) IF (T!"ME;;Gr;;rRmfTifJCTJ:...:...,.G""O.-,.T'"0--..-8,..U ___________________ _ 
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-------- - - - .. --------

::i> 
I -'° 

• 
60 

7C 

C 
80 

85 

90 
95 
180 

00 70 1<=1,12 
J=12•(L-1J+k 
CATA ( 10 =OEM NO (J) 
IF <AP(l).E0.1) GO TO ,OO 
GO TO 220 

• 
• DATE(l).EO.FRO~(M) (DAYLIGHT SAVINGS) 
IF <TIHE.GT.FRCH(M)) GO TO 118 
IF CAP (l) • EC~ 2) GO TO 120 --
CO 100 K=1,.12 
IF (K.GE.FHR(H)) GO TO qg 
IF (DEMNO(K).F.0.C) GO TO 95 
OATA(K)=OEMNOCK) - --- -
GO TO UH! 
IF (OEMNOCK+t>.EO.~) GO TO 85 
OATA(K)=OEH~OCK+1) CONTINUE - -- - ----
GO TO 140 

-----· --- --- -------- ·--

C • OATE(l).GT.FRO~(H> 1 OATE(LJ.LT.TC(H) (DAYLIGHT SAVINGS> 
110 IF <TIME.GE.TO(H)) Go TO 1~0 120 00 130 K=i,12 --- -- --- ------ -- --------------

J:12• (l•1l +k 
IF (J.EQ.24) J=O 

130 OATA(K)=OEM~D(J+1) 
---- IF (AP fl) .EC.2J GO10·220-----

140 WRITE (2 1 540) OATE(L),AP<L>,IO<L>,UY(l),(OATA(K) ,K=1,12) 
GO TO 230 

C • OATE<L>.EO.TC(~) <STA~OARO TIME> ··1so·-·-1r·cTIME.GT~-TIITM"ll""•G·o·-nr·""2-i--.-=--~~~----------------
IF (AP(LJ.EC.2) GO TO 60 
00 1qo K=t,12 
J=12• (l-1) • K 
!F""(K..;THJrno,-·16,.r,17o,i8 

160 IF (J.EO.24) J=O 
OATA(K)=CEMNO(J+l) 
GO TO 190 

17 0 IF rn KNO Off ~"Rt~ lJT--G0"--.-0-IT 
JP=J+1 
IF (JP.GT.24) JP=t -- 11-s-·-~l~i-~~~t~illEM.HP < J > +O EHNO J~J~P~>~>~/=2='-• ~· 5:c...._ _____________ _ 
GO TO 190 

180 OATA(K)=OEM~O(J) 

. --- ~«8---~2~~pf~d'S~ DATE (l) ,AP([)' ID(L) ,ov IL>, (OATA(K) ,K=1, 12) 

c ~0
olYEff>.GT.TO<M> <STANDARD TIME> 

210 --~~M!r • GE._tO -=G~O_T~O=---c6~0c___ _____________________ _ 

GO TO 6ff 
C • SECOND OUlPCT CARO (STANCARO ANO DAYLIGHT) - ~§3 ----~~lt,-oifi5eft>~}~--~L >, AP <L >, IO <L), SP <L> , UY ( l >, (0 ITA ( IC) ,1<=1, 12) 
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-------- ______ ,_, __ _ 
- -·---1 • 

> 
I 

N 
0 

• 
C 

C 
410 

420 
lt30 
51C 
520 
530 
540 
550 

ENOfILE 2 
~EWINO 2 
REWINO i 

• 
-··-··---·-·•-'"···~- --------

FORHAT<1Hta35XJ•- FROM -•,1DX,•- - TO ·16~~1 f 1~,i4 :1~. f 1:1;r~¥~;,.,~.>(i!~Q_!O_!_L_ 
FORHAT(27Xi2<7X,14,I2,3X,I3),3X,15) 
FORHAT(8Atu> 

- -•1 

~g~~::i i~t :I ~J A JD_, AJ, !1.Y 1215~) ___________________ _ 
FORHAT(A6,I1,A10,1HO,A2,1215) 
FORHAT(A6,I1,A10,1HS,A2,12I5) 
ENO ----·- --- ---- ------------··--------

··- -------------

~-

------------·------- -------------

-·----·-- --- ·--------·-·-·-
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------- ---------• - - -• • 

> 
I 
N -

C 
C 

C 

C 
C 

C 
C 

10 

c20 

C 
30 

·c,., 

C 
50 

C 
C 

60 

C 
510 
520 
530 
540 
550 

PROGRA~ ~OOfY(RAW,PROC,OUTPUTlTAPE1=RAW21APE2=PRCC,TAPE3=0UTPUT) ~OOIFV KEYFUNCHEC LOAO DATA C ~OS (EEI FCRHAT) 
INTEGER. -·--- AP-. -- ----·--eu-r,- BOW, 8f14, 

• CAR0(8), COL, OA1 DATE, • ow, ov~ FSA, PYR, 

BTR, 
OHNOC&>, 
UY, 

• YR ZONE eASE OATE .; t:fnolv, JANUAlfY-·1-;197,...-----------------
BYR /60/ 0ATA BOW /6/, 

INITIALIZE . PVR=tl -- - -- - --- -- ---- ------
BHl+ =<BY R + 3) -4 • ( ( 8Y R+ 3) / 4) 
PROCESS INPUT OAlA REWIND -~------------ --·· - -· 
READ <1,510) <CAROU),1=1,8) 
IF (EOF,1) E0,20 
COL=MXIFT(CA~0(1) 6) .AN0.778 •·coNTROC- CARu--~·---------•-=-=_c_:_-=----------------------
IF (COL.NE.tR•> GO TO 30 
WRITE (2,5UU <CARO( I> ,I=1,8) 
GO TO 10 •--DATA_C,...A_R __ O__ -·· 
OECOOE (80~520,CAR0(1)) OATE,AP,PSA,ZONE,UY,(OHNO(l),1=1,6) 
OECOOE (6f5~0iOATE> MO,OA,YR 
OY=JULIA~ NC uA YR) IF <YR~-E·cr;·p-vl-f~71,·-.-...--------------------
BOA=365• <YR-8YR) • ( (YR-BYR> +BK4) /4 • BOW-2 
FYR=YR 

.. -l{ ,~f)-ciirr2_L_G,c_,O~T~0'--=5-=-ti _____________________ _ 
OW=(BOA+OY)•7•<<BDA+OY)/7)+1 
WRITE (2,530, OATE,AP,PSA,DW,ZONE,UY,<DH~D<I>,I=1,6) 
GO TO 10 . •• PR- CARO -------------
WRITE (2,550) DATE,AP,OY,(OHND<I>,1=1,6) 
GO TO 10 
ENO OF- OlTJ 
ENOFILE 2 
REWIND 2 
STOP __ 

FORMAT(8A10) 
FORMAT(A6,It.sx.A2,2X,A1,1X,AZ,6#10) 
FORMAT(A6.I1L5X,A2-1.X~~,I=1=•~A~1,~1~X~•~•=2~,~6=A=1=0~> ______________ _ . f ORMA j( 3Izr- -- ..i=. __ 

FORMAT(A6,I1,9X,I3,1X,6A10> 
ENO 

MODFY Program Listing (Sheet 1 of 2) 



-

> 
I 
N 
N 

- -,. -
C 

C 

- - - .. - .. • - - - - - - -.- - < 

FUNCTION JUlIAN(MO,OA,YR) 

INT EGER . OA, HTrA~S=--(=--=1=2=)'--','--,iY...,R.--___________ ~------
~UATA - - ---··wrJ:1!7fs1, ~it. i12, ~fl, ~,~: 
• 304, 334/ 

JUL IAN=HTAB-(KOJ•~-- -
IF (CYR-4•(Y~/4).EQ.0).ANO.(HO.GE.3)) JULIAN=JULIAN • l 
f(fTURN 
ENO 

·---·----------------~-------------------

-·-··------·------·-------------------------------

···--·------·----------------------------

----·-·----- ·-----------------------------------------
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------- .. - .. - - - - - - - -• 

> 
I 
N 
uJ 

C 
C 

C 

C 

C 

10 

20 

30 

40 

C --
500 

• 

• 
PROGRAM 

CONVERT 

FLOTA(RAk FROC,INPUT OUTPUT 
TAPE1=RAW~TAFE~=PROCilAPE3=1NPUT1TAPElt=OUTPUT) 

CEHANO FILE FROM CARO_ IMAGt_ TO __ fLOATINb__OECIMAL _________ _ 

INTEGER 
REAL 

REWtND 2 

OA1E(2'+>, 
OEMN(2'+>, OAYl OMN (24>, 

HR 
HOUR (2ft) 

READ (1,500) OATE(1),IO, (OHNO<I>,1=1,12),0AY,(OHNO(I),1=13,24) 
~~=~ECF, U 40, 20 .... ___________________________________ _ 

~R=24• <DAY•1l 
00 30 1=1,24 
HR=HR+1 If (OHNO (I) .Ea .o.) .. GO TO" ~u-----------
NO=N0+1 
t40UR(NO)=HR 
OATE<NO)=OATE(U 
OEMN (NO) =OHtm-lil ___ _ 
CONTINUE 
WRITE <2> UIOUR(I) ,DATE< I) ,DEMN(l) ,I=i,NC> 
GO _TO _10 _____________________________________ _ 

ENOFILE 2 
REWIND 2 

... STOP ________ _ 

fORMAT(A6,10X,A4,12E5.0/16J,I3,1X,12E5.0) 
ENO 

---- --·· .. ----------

-··-------

- . ·-· ·-·--·---·----

--·- - - -- -- -·---

·--··- ··-· ------·-··-··-----------------------------------
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------- --------- - - -

:i> 
I 
N 
~ 

• 
C 
C 

C 

C 
C 
C 

C 
C 

10 

C 

C 
C 

20 

JC 

40 

• 
PROGRAM CNVRT (RAM, FROC,INPUT ,OUTPUT, 

• TAPE 1=RAH, TA FE2=PROC1 TAPE3 =INPUT, T IPE4=0UTPUT) 
CONVERTS~OE~ANC DATA FROM CA~O I~AGE TO FLOATING DECIMAL 

INTEGER DATE(1008), OAY, CONE, 
• OY, FILE HONE 
• . HTM01- HNOT l 10 >, Mxor 1un, • ------------m,g, PO, PI, 
• PU! PY, SCLE, 
• X ( 0) , UY 1. YR 

LOGICAL. . .. ASIS . DATA, MO~E • - . --- . --- -----~of!----- SNGL, SWTC~ 
REAL OEMN(1C08), OHA~(10>t OHINC10), 

• OHN0(24>, HOUR(JOOa> 
Fil~=tJ ---- - --- ----- --------
REWIND 2 
OAT A=• TRUE• 
SWTCH=. TRUE. 

• READ P~OG~AH OPTIO~S 
<SCLE • OIRCT/NORHL>2 (OPER - SI~GL/GRCUP) 

READ (3,3100) SCLE,OPER AStS=SCLE •NE• 51-INORMl- --- ----------------------
SNGL= OPER. NE. 5HGROUP 
WRITE <4,4100) SCLE,OPER 
• READ DATA - - -----
REAO (1,119G) DAY,10,UY, (OHNO(I>,I=1,12>,0Y,(OHN((l),I=1~,24) 
IF (EOF,U 20,38 
OAT A=. F lllSE • 
~ORE=.FALSE. -
GO TO 90 

~~ggg~ l~~~~~g6~~~: !~.UY 
If (SWTCH) GO TO 6 o-- -
If (JU.NE.PI) GO TO 60 
If (YR.NE.PY) GO TO 60 
IF COY.NE.P0 • 1) GO TO 70 
IF (N.tE.98ftJ ·Go TO 40 --
~ORE=• TRUE~ 
If CASIS) bC TO go 
•• TOO MANY POINTS lilRlTE . t4, 421!01 ·------------------- ------
STOP 

• STORE CATJ 
ClO 515 I=1,2ft 
TIME=Tl~E • 1. 
If COHNO(I).FQ.C.) GO TO 55 
~:N+l 
~OUR ( Nl =TIME 

CNVR T Program Listing (Sheet 1 of 3) 
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--------• - -• - - - - - - - - -

• I 
N 
u, 

45 

50 

55 

C 
C 

60 

C 
70 

80 

C 
C 

()0 

C 

100 

110 
C 

120 

OATE<N>=OAY 
OEMN( N) =ONtHH I> 
IF (0MAX(M).GT.0MN0(I)) ~OTO 45 MXOT (M) =OAV .... ···········--·-·-·-······---·---·-
CMAX( M) =OHNO(l) 
If (OMIN(M).EO.O> GO TO 50 
IF (DHlN(M).LE.0~N0(I)) GO TO 55 t,,NOT ( M) =C av· ·- ......... --·----·· ----·•"--"'-=-----------

C MIN ( M) =O HN C ( I) 
CONTINUE 
PO=OY 
IF (NEXT) Gc-·n,-
OONE=OA TE (1) 
l-l0NE=HOUR(1) 
NEXT=.TRUE. 
GO TO 10 . 

• CHANGE OF I0ENTIFIER OR YEAR 
TIME=24.•fLOAT(OY-1> GO TO 80 ······-- -·-------~-----------------------
• HOLE tt. DATA 
TIHE=TIME+24.•FLCAT(OY-P0-1) 
i~Mf;~G~J_G.~J]LB,,,_,O,._ _______________________ _ 

t-i=M+1 
CHIN( H) =O. 
0HAXOO =0• c;o··ro·i.o~--
FI=tu 
FY=YR 
HO~E= .FALSE •... IF. fS-NTCHT-CO ... TO:-.-1:ri5..--.0.------------------------

• OUTPUT OPERATIONS 
XOO=N 
IF < ~s1sJ·~o--ro··1-2 
•• NORMALIZE TO 0HAX 
OMXX=OHAX(1) 
00 100 I=nM 
If (llMX-r.L1 ;nlofAYtI)) 0HXX=0HAX<t> 
CONTINUE 
8~M~l!,!alAt,1,,0Mxx •• GEffERJTE--ffUll'r'n...'-'-'-=----------------
J=O 
00 145 t<=1,H 
I=J+1 J=-xnn· 
00 130 l=I., J1 170 
N=MlNO (J,L+1b9) 

130 WRITE (2J (~0UR<LN>,OATE<LN),0EHN(LN>,LN=L,N) 
..... IF' ·1lf0Rtl' Ge TO Blr 

CNVR T Program Listing (Sheet 2 of 3} 
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-

~ 
I 
N 
a--

- -• - - - - - - - - - - - - - - -
ENDFILE 2 
FILE=filE+l 

• 
lF (ASIS> GO TO 140 HONE=Homn-.-r~"'---"'"'----'-""-------------------------
OONE=OATE (I) 

140 

145 
C 

HTWO=HOUR(J) 
• W~I T~ _L,._,_,. 3 a o > {I\ ~I kV! R2~f½t-iit-rf.:..;.~5 ... AEr. gin~.....,i"R"fc-=~,,~r.'lf ..... H:..l~,,;,~,E--j-----------

coNTI NUE 
;=ffNITIA~l_l'-'-A-"-T--==I'-"O"'"'"N ________________________ _ C 

150 

C 

Jil=1 
IF (MORE) GO TO 40 
FU=UY 0 MI N f 1 l = tr. -- --------- -------
O MAX< U = 0. 
NEXT=.FALSE. 
S MT CH=• F AL S E. 
IF COATA> GC-TfrlilJ 
REWIND 2 
STOP 

1100 FORMATTAow1X, A8, 3X ,A 2, 12E5 .o 716X, I~, 1X, l2ES. 0) 
3100 FORHAT(2A6) 
4100 FORMAT(•t•f32X~•OEMANO OATJ - •~AS,• OUTPUT, •1A5 1 • FILES•/ ••o• 20X •T ~E PERICO• 4(3H _, ~ox •OEHANO EXT~E~tS• 4(3H -)/ •3x,.!nct.-,'J'x-,.-.-svs1 H•, ~x, 2( •DATE•, s~, •wouR•, ,x,, 1x, •NlNIMOH• 

•6X,•OATE• 7X,•NAXIHUN•,6X •DATE•> 
4200 FORMAT(•nfoo ~ANY DATA pof~TS - Joe TERMINATED•) ~f gg ~g:~lf {?l:liJ-§XJ_~?-'-~-~.i2-< AG ,2X ,17 ,5)() ,ti, 2(Fq. 2,4X,A6,5X) > 
~200 FORMAT(A8,A2l 

ENO 

---------------------------------~-----------------------

---------------------------------------------------------------
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I 

•• I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
I 
I 
I 
I 
I 
•• 
I 

PROGRAM LOGIC 

DEMND 

' READ AND PROCESS INPUT DATA 
READ INPUT PARAMETERS i (REQUIRED OUTPUT TREND POINTS) 

INITIALIZE FOR DATA ACCUMULATION 

READ DEMAND DATA INPUT (12 HOURS) 

t 
END OF DATA?~@ 

+NO 

DECODE DATE 

~ 
DATA CONTINUOUS?~ PRINT SEGMENT SUMMARY t YES 

STORE DEMAND DATA 

YES t 
---A.M. DATA? t NO 

NO E~O OF WEEK? 
fES 

ACCUMULATE LEAST-SQUARE SUMS 

t 
WRITE WEEKLY DATA ON DISK 

0 

' PRINT LAST SEGMENT SUMMARY 

t 
COMPUTE EXPONENTIAL TREND COEFFICIENTS 

DECOMPOSE INPUT DEMAND .DATA 

INITIALIZE INDEX ACCUMULATIONS 

t 
READ DEMAND DATA FROM DISK (1 WEEK) 

t YES_~ 
END OF DATA?~ 

fNO 

EVALUATE EXPONENTIAL TREND 
REMOVE TREND CONTRIBUTION 

t 
COMPUTE 24-HOUR MOVING AVERAGE 
REMOVE AVERAGE FROM REMAINDER 

t 
ACCUMULATE AVERAGE AND REMAINDER ! (WEEKLY AND HOURLY INDICES) 

-WRITE DATA AND DECOMPOSITION PRODUCTS ON DISK 

er 
COMPUTE HOURLY DEMAND RESIDUAL 

[

RrD DATA FROM DISK (1 WEEK) 

END OF DATA?~ 
+NO 

REMOVE WEEKLY AND HOURLY INDICES FROM DATA 

cp 
COMPUTE STANDARD ERROR OF ESTIMATE 

t 
COMPOSE DEMAND FORECASTS 

COMBINE INDICES, FIND DAILY MAXIMUMS 

' FIND YEARLY INDEX PEAKS 

C1MPUTE PREDICTED TREND COEFFICIENTS 

COMPUTE HOURLY DEMAND PREDICTIONS ! (COMBINE TREND AND COMPOSITE INDEX) 

PRINT/WRITE DEMAND PREDICTION 

' PRINT PREDICTION SEGMENT SUMMARY l LOAD DURATION - LOAD ENERGY SU~MARY 

LAST YEARLY FORECAST?~ STOP 
• NO 

FrD NEXT REQUIRED YEAR 

NO YEAR> TREND ENO? 
YES 

Figure B-1. DEMND Program Flow Charts (Sheet 1 of 5) 
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td 
I 

l.,J 

- - - -• 
~ITIONOUTPUT 

READ SYSTM, MODE, TYPE, SY, EY, DEL 
IAS,2X,2IA4,2Xl, 2l14,2XI, 12) 

I 
PRINT SYSTM, MODE, TYPE, SY, EY, DEL 

I 
DBUG = MOOE. EO. 4HDBUG 

FULL= MODE.E0,4HFULL 
CARD= TYPE.E0.4HCARO 
WEEK= TYPE.E0.4HWEEK 
DOWN = • FALSE, 

TREND CURVE 
NT"' 0 

READ YR, TPK!NT+1) ! (A4,2X,F6.0) 

END-OF-FILE? ____!__G) 
vi~3HEND~ ,, 
DECODE YR: TYR(NT+I) ,, .. , 
NT= NT+ I 

I 
PRINT TYR(NTI, TPK(NTI 

<p 
INITIALIZE FOR DATA ACCUMULATION 

SO= 0 
SP= O 
ST= 0 
SOT= 0 

BASE= .FALSE. 
NEXT= .FALSE. 
SWTCH "' • FAL5e:. 

READ DEMAND DATA 
@--PAP= AP 

,T = DATE 

READ DATE, AP, 1,DW,J, K, (OMND(LI, L=l, 12) l (A6, 11, A8,11, A2,A2, 12ES.0) I 

END-OF-FIL.£?~ 

IF 
DECODE DATE : MO, DA, YR 

i(Jl2) 

RNDWMDATAIEI 

lCALL JULIAN (MO,DA,YR,JD) 

SWTCH? ~ 

U
T Nt.T? 

:T =. TRUE. 
T = DATE 
P = AP 

~ ,, ~ "" ,, 
DW:I ~ 

© 

- - - - - - -• 
DETAILED FLOW 

READ AND PROCESS INPUT DATA 

C? et~? 
TIME BASE. MIN-MAX SUMMARY INITIAllZAllON 

HB "'0 
ID"" I 
TZ = J 
UY= K 
BYR = YR 
BM4 = (BYR+J)-4'((8YR+Jl/4) 
BOW = 7•!(JD-DW+61/7)+DW-J0+1 
STME = M•(JD-1)+1 
SOTE = DATE 
MNDT = DATE 
MXDT = DATE 
OMIN = DMND!l) 

cp 
SEOUElll1AL OATA 

' ~· 
..__, H~ -= HS + 24"1JD-1 I 

WK= S•(M0-1) + IDA-11/7 

Dt(DW, 1) " DATE 

0 
f 

PM CARO 
P1IIIIT SEGMEIII stNMARY 

-

DMAX = DMND(l I 

BASE = • TRUE. 

Dr~E:PDT 
PRINT FDT, AMPM(FAP), PDT, AMPMIPAPI 

sWTCH = • TRUE. 

J;'=DATE 

JCARO 
AP:2--=--© 

j ;PJO+I ---=--© 
I' 

HOil IN DATA 
= ·YR:PYR ,, 

HR = H8+24"1PJD-11+12•PAP 

I 
WRITE a-MAX SUMMARY 1111 DISK 

WRITE SDTE, STME, PDT, HR, DMIN, MNDT, DMAX, MXDT 

I 
REINITIAUZE MIN-MAX SUMMARY 

DY = YR-BYR 
H8 = M•(36S•DY+(DY+8M4)/4) 
STME = H8+24"(JD-1)+1 
SOT£= DATE 

MNDT = DATE 
MXDT = DATE 

-r,. Dl:!PDw-r•(PDW/71+11 

I· -
JD:1--=---© 

7' 
P1IIIIT SEGMEIII SUMMARY 

PRINT FDT, AMPM(FAP), POT, AMPM(PAP) 

I 
SWTCH =, FALSE. AMPM:4H(AM),4H(PMI 

FDT"' DATE 

i=AP 

@-i= PDW 

AND DATA EXIREMES 
J"'l, 12 

I! 12'(AP-1) + J 

I , 
OMIN :DMNDIJ)- -

D!.N " DMND(J) 
MNDT = DATE 

DMAX:DMND1J) 

j< 
DMAX = DMND(J) 
MXDT"' DATE 

l)MD(l,DW, 1) = DMNDIJ) 

I 
SWTCH = , FALSE. 
FDT: DATE 
FAP = AP 

J 

£J:t2 

Af2-·-ow:1~ .r.. YR I' 
PJD=JD ® 
r•DW 

- - -

~ 
ACWMULATE LEAST SQUARE SUMS 

[

:c, 
1=1, M 

I 
T = T + I 
D = ALOGIDMD(l,J, I)) 

SOT = SDT + D'T 
SD= SD+ D 

1:t4 

I' 
J:7 

I' 
SP= SP+ 168 
ST= ST+ 168'T - 14028 
ST2 = ST2 + 168'T'T - 28056"T + 1566460 

I 
WRnE DATA ON DISK 

WRIT£ WIC,HR,!DT!J, 1),jDMD(l,J,lt,i.-1,M),J=l, 7) 

P!W = 0 

© 
Cf 

ENO OF INPUT 

G
. PO;,FDT 

PRIii WT SE6MENT SUMMARY 
INT FDT,AMPMlFAP),PDT,AMPM(PAP) 

I 
IMll1E WT - SUMMARY ON lllSII 

RIT£ SDTE, STME, POT, HR, DMIN, MNDT, DMAX, MXDT 

PtllfllMIN-MAX-
1WIND DISK 

[

READ SDTE,STME,DATE,HR,DMIN,MNDT,DMAX.MXDT 

EL--OF-FJLE? ~ 
J~NT SDTE, STME, DATE, HR. DMIN,. MNDT, DMAX, MXDT 

~ 
COMPUTE EXPONENTIAL TREND COEFFICIENTS 

D = SP•Sff-ST"ST 
A " !5D'ST2-ST'SDT)/D 
B = ISP 0SDT-SD'STI/D 
A= EXP{Af 

I T 
DBUG?--PR .. T A,ll r 

Figure B-1. DEMND Program Flow Charts (Sheet 2 of 5) 

- - -• 



- - - -• 

b:I 
I 
i,fl. 

- - -

' INffiAUZE 

HRl21 = O 

U
'1'·'° 
Nl!JI = O 

,!1. 168 

[
H,\.. J) •0 
Wl(I, J! =0 

I 
't -,,; 
MORE = • TRUE. 
SWTCH = • FALSE. 

®-------l 
READ DEMAND DATA FROM DISK (1-WEEK) 

SUM= 0 
RrD WK(N), HR(N;, IDT(J, NJ, (OMOU, J, NI, 1=1,241, .Fl, 7) 

END-OF-FILE?--~ 

IF . LAST = • FALSE, IE= .FALSE. 

REMOVE EXPONENTIAL TREND 
T = HRfNI 

: { :~-~J-1) 

L = K + I 
T = T + I 

[

, t ,. 24 

EXT(l,J,N) = A•EXP(B"TI 
DE(L+12,NI = DMD(l,J,N)/EXTO,J,NI 

,! .. 
< j, 
, I~ 
LAST = HR!Nf.EQ. (HR(l-NI+ 168) 

Jy 

Figure B-1. 

- - -• 
DETAILED FLDW 

DECDMPDSE INPUT DEMAND DATA 

' REMOVE 24-HOUR MOVING AVERAGE 
INmAUZE DATA WEEK 

[

f '·" 
Lt~n-'-oEll,N) = DE(l+l68,NI 

D~(I, NI = OE(I+ 168,3-N) 

@---~-r: 
N = 3-N F 
SWTCH?--SWTCH: ,TRUE:.-@ 

I' 
ANAI.IZE PREVIOUS DATA WEEK 

M = WK(NI +I 
Nl(M) = Nl(M) + I 

SKIP= Nl(Mf.NE.1 

[

,!,,,, 
Jsn-'-oEU+lllO,Nf: DE11+12,N) 

Ir 
DE(l+180,N) = DEU+lZ.3-N) 

1;12 

I' 
ALTIR PREVIOUS WEEK 

<Ir I, 192 

·1:24 

~~•SUM- DEl/-24,N) 

-1~~ 

AV(l-24) = SUM/24 
DEAU-24) = DE(l-12,N)/AV(l-24) 

I 
ACCUMULATE WEEKLY AND 

HDURL Y INDICES 
SKIP?--Wl{l-2-4,M) = AVll-241 

'T Hl(l-24, Ml = DEA(l-241 

Wl{l-24,M) = •••Wl(l-24,M) + .6".lVU-24) 
Hl(l-24,M) = ,•"jHl(l-24,M) + .IS'DEA(l-24) 

<1:'192 

@ 

- - - - -
6f 

WRITE DATA AND DECOMPOSffiON PRODUCTS ON DISK 
WRITE WK(N),HRINI, (DT(J, NI, (DMD(l,J,N), EXT(l,J,NJ, i DO:(l-+-12,J, NI, A24(1,J), DOEA(l,JI, 1=1,24),J=I, 7) 

MORE? ~ 

I' 
END OF DATA 

RiWIND DISK 

COMPUTE HOURLY DEMAND RESIDUAL 
N= 0 

S=O 

®--j DATA FROM DISK 

READ WK(l ),HR11 I, IDT(J, 1), IDMD(l,J, 1), EXT(l,J, I), l DOE!l,J, 1), A.24(1,J), DOEA(l,JI, '"'1,24),J=l, 7) 

END-OF-FILE?~ 

I' 
RESOLVE RESIDUAL 

SKIP= N GE 504 

Mi= WK+ 1 

): ~ .. -~J-1) 

l 
Ir 1, 24 

L = K + I 
N = N + 1 

T=T+1 
R = DOE(l,J, 1)/Hl!L,M)/Wl(L,MI 
S "'S + (R-ll"(R-1) 

~

rJ,., 
F T 

DDWN?--Wlm DECDM- PRODUCTS ON TAPE 

IF -::ITE T,DT(J,1),DMDlt,J,11,EXTll,J,1),DOE(l,J,1), 

~ A240,J),DOEA(l,Jf, W!IL,M),Hl(L,M), R 

DBUG?-T- P~tNT OT(J, I), T,DMO(l,J, 1),EXT(t,J, lf,00£(1,J, 1), 

A2'4(1, J], DOEA.jl,J), Will, Ml, Hl(L, Ml, R 
F 

~'/" 
J;7 

® 
~ 

COMPIITE STANDARD ERROR OF ESTIMATE 
$ = SQRT(S/FLOAT(N-11 

t 
PRINT DE£0MPOSITIDN DIIAUlY MEASURES 

lNTN,S 

DEMND Program Flow Charts (Sheet 3 of 5) 
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- - -

b:J 
I 

Ul 

• - - -
<r> 

COMBINE INDICES, AND DAILY MAXIMUMS 

Ki 1, ~ 
Nl{K):0 - -~ 

1, •11, 168, 24 

[
:}'..',. 
L=t+J-1 
Hl(L,KI "'Hl(L,K) • Wl(L,K) 

t > 
HIIL,K) : Hl(HR,K)--HR_= L 

I < 

< 'r J=l/24+1 

DrJ,K) = HR 

1:168 

.Jr. DSUG? ----L-@ 

[
f., 
M = DPlL,KI 
DMND{L) = HljM,K) 

I LF 
~INT K, (DMND(L), L=l, 7) 

0,' < K:60 ,, 
AND YEARLY INDEX PEAKS 

RBWIREii YEARS 
SY= SY - 1900 

EY = EV - 1900 

YR= SY 

NP= 0 
1:1 

®--iRUI = TYR{I) - 1900 

®-----:l ., NP + 1 

I _,_ YR :EV ~ ,,.: I· 
I- @ 

vr-· I 
YR:TYR(I) t i= I 

®-----;!;(NP) " YR YR = YR + DEL 

1
. YR• DEL 

PYRlNP) = TYRUI 

1"1+1 

4 

- - - -• - - -
DETAILED FLOW 

COMPOSE DEMAND FORECASTS 

? 
PEAK VALUES 

N1 = NP - 1 

I= 1, NP 

I 
DY = PYR(II - BYR 
DA = 365'0Y + (DY+Bt.11)/4 
ND= 365 + (DY+BM4+1)/4 - (DY+BM4)/4 
OW= (DA+BDW-1I - T"(IOA+BOA-1)/7) + 1 

K = 7 - OW+ I 
SWTCH = K. EQ. T 
PLD(II = 0 
MW= 7 

I 
J = 1, ND, K 

IT~ ..JTCH? j,. 

i·-
---' 

K 

W= J 

SWTCH = • TRUE. 

//ANDMIINTll// 

/FIISTPARTW.WEBV 
wt(= 56°(33-DW)/7 

CALL MMDDYY(MO,DA,PYROl,J) 

I 
wt1: = s•(M0-IJ+(O£-ll/7 + 1 

Nf[WK) :0 

J r6,NO-'-MW = NO - J + I 

I' I 
HB = 2'4"(J-OW) 

[

L} DW, MW 

M= OP(L,WK) 

•{~ Ill ,HIIM,WKI 

PHRH)=M+HB 
PLOO) = Hl!M, WK) 

i---
L:MW1 

J:rf 
PHR(I) = PHR(II + HR 

r:Jp 

! 

' COMPUTE PREDICTED TREND COEFFICIENTS 
10=1 
IT= I 
MT= <4 
PMO = 0 

'j • SY 

®-:t :~.N:p 
[

I -
TYPll):PYR(JI ,, 
J:NP 

' 
IT= J + 1 
THR(I! = PHR(J) 

TPKU) = ALOG(TPKU)/PLOIJ) I 

J--"-----@ 
l' , 

YR : TYRU l----=---@ 

15 
8 = (TPKOI -TPlCU~l II/FLOAT(THROJ- THRU-1I) 
A= EXP(TPK(l-1)) - B"FLOAT(THR0-1II 

vEA!k Y FORECAST 
@--j 

MW= 7 

BASE=, TRU£. 

SKIP= • TRUE, 
MY= YR-100°(YR/100J 
DY= YR-8YR 
DA = 365°DY - (DY+8M4)/'4 

DW = (DA+BDW-1) - 7• ((DA+BDW-1)/7) + I 
ND = 365 + (DY+Bt.44+1)/<4 - (OY+BM41/<4 
HB = 2'1'DA 
K = 7 - OW+ I 

:tr~:::~ ~ .TRUE. 

[

Jf,O, NP - I 

r,,·1 J:NP 

' 

:1:DJ?~ 
l 

- -
er 

UWI SLICE 
PEAK = A ' Pf.Of.If • UP fB"Pfffl(JJ J 
DMLT = PEAK/5 

EXPN = 10 •• IFIXIALOGIO!DML TII 
DML T = OML T/EXPN 

[
J} 1, 3 CN$T,~, 5., ID. 

j!-TCN$TUI~ 

< 'j,.• ____ ____J_~ 
Sl.CE .. CNST(JI "EXPN/10. 
MX = PEAK/Sl.CE 

I • 
PEAK/SLCE :MX --MX ,. MX + I 

I' I 

[
JR:~!~xo. 
NRG/JI= O. 

JtK 
I' 

TDUR = O. 

®--iRG=O. 
WEIIO.YPRIIJIC'IIINS 

@-J=I, ND, K 

I _...,, 
CALL MM>DYY(M0,0A, YR,J) 

[~' - ~.~~"' 
W= I 
WTCH = TRUE 

I
T i::•..«)-1( • IDA-11/T • l 

MO:MI~ 

/-
~=Ml - 12~1MVl2) + <4 

Ml(WK! :o---=--@ 

J ~;i,6: ND-•-MW= ND-J+ I 
i 

Figure B-1. DEMND Program Flow Charts (Sheet 4 of 5) 
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-

tJj 
I 

O' 

- - - - -• 
<if 

WEEKLY PREDICTIONS (Cont) 
@---L = OW, MW 

J = 24'(L-1) 

JO=J+L-DW 

~

·,l.w 
MOOII/ 

~DYY(MO,DA, YR,JDI 

DE OATE:MO,DA, YR 

113•1 
PMO = MO 

I 
/DIPU.YCOOElflERSPBISBI 81.ANKSTO ZEROS/ 

DA TE = MXIFT(DA TE, 36), AND. TTT1T11mna 

lt'·' N = DATE.AND.MASK(Ml 

.LLNK/M/-0 --oATE = OAT~ - AH(M/ 

)' I••·---M•l BLNK __ _ 

f> MASI( 77008,71UDII0008.71GOOOOIIOOOIWI 

Of TE= MXIFT(DATE,24),0R.555555558 

/EXTRAP(N.J.TBJ DEMAND «ltE DAY)/ 

H1 = 24"(JD-1) + HB 

®--.. 
1 

,. , 
MM= LL+ 12"(M-11 

®--•}·· 12 

NN=MM+N 
HR= HR+ 1 
TIME(NI = HR 
OEMN(N) = A•Hl(NN,WK)"EXP(B"TIME(N))+,5 

OMND(N) = DEMNINI 

I 
CARD?_____!___@ 

I' 
/LIIADIII.IIATIINDISTRIIIITllN/ 

IX= DMND(N!/SLCE+.5 
DUR(IX) = DURtlXt+I 

T'UR = TOUR.+! 
/LOADENERGYDISTitlBUTD/ 

TME(2) = TIMEll I 
DMN(2) = DMN(l) 
TME(I) : TIME(NJ 

DMN(l) = DMND(NJ 

I 
SKIP?-L.-.@ 

~ 

- - - r - - - -
DETAILED ROW 

COMPOSE DEMAND FORECASTS (Cont) 

' /LOAD ENER6YDISTRl8UTION «:t:ml)/ 

TDL T = TMEll I - TME(21 
OAVG = (DMN(l I + DMNl21/2. 

NX = DAVG/SLCE 

E1RG = SLCE 'TDLT 

[

IX•l, NX 

N~/IX/ • NRG/IX/ • ENRG 

IX;NX 

RG(NX+I) = NRGINX+l l+IDAVG-Sl.CE'FLOATINXI) 'TDL T 
RG = TNRO+DAVG•TDL T 4

-.t, 

1 

StUP = ,FALSE 

I 
/MHAX SUMMARY/ 

BASE? ~----DMIN:DEMN(N)2 

1, 1, 
STME = HR DMIN = DMND(N) 
SOTE = DATE MNDT = DATE 

MNDT = DA.TE 
MXDT = DATE 
DMIN = OMND(N) 

DMAX = DMNO!N) 
BASE= .FALSE, 

:3s; 

~Ni 12 

I• 

DMAX :DEMN!N) i 

I' 
DMAX = DMND(N) 
M~OT = DATE 

WRITT/PRINT PREDICTIONS 
IIISPIAY TAPE 

WRITE ITIME(N), DA TE, OMNO(NI, N=l, 12) 

JolCTION TAPE, OUTPUT LISTING 
M:2-

0 -/PM DATA/ 
; --

JU.DATA/ 

WRITE OATE,M,JO, IDEMN(N),N=l, 12) 
IA6,ll,9X,13, lX,1215) 

ciRD?-T -PRINT DATE,M,JD, IDEMN(N),N<>l, 121 r 
WRITE DATE,M,ID,L, TZ,UY, (DEMNIN),N=l, 121 ! IA6,ll,A8,l1,A2,A2, 12151 

CARD?-'-PRINT DATE, M, ID, L, TZ, UY, IDEMN!N),tt<1, 12f ~r 
I' 

@--!--L:MW 

: 

<if 
PRINT PREDICTION SUMMARY 

CARD? --L..-@ 
j, 

BASE?--L..-@ 

q
-.!,:;.,,, 

I• 
+:K? 
U~L?--L..-@ 

PRIil SEGMENT SUMMARY 
PRINT SOTE, STME, DA TE, HR, DMIN, MNDT, DMAX, MXDT 

;SE• .TRUE. 

@,--!-J:ND 
j, 

CARD? _I__@ 
j, 

BASE?-L.--@) 

1· 
PRINT lAST SUMMARY 

PRINT SOTE, STME, DATE, HR, DMIN, MNDT, DMAX, MXDT 

~ LOAD OIJRATIIIN-ENERGY DISTRIBtlTIONS 
SOUR= 0 
SNRG = 0 

NX = MX/4 

[

i•l, MX 
N = MX - M + 1 
SOUR : SOUR/TOUR 
DUR(N) = SOUR/TOUR 

SNRG = SNRG + NRGIM) 
NR~M! = SNRG/TNRG 

JMX 
j, < 

4,~X:MX--Ni = NX + 1 

'1'·' 
911P = J.E0.2 

'. NX 

[

}: ~~.:M-1/.N 
JIP?-'-osr(M) = NRGIL) 

I• 
DSTJM) = DUR(L) r---
DMN(M) "'SLCE'FLOAT!L) 

J,. 
1, 

M~; 4 - (L-11/MX 

PRINT (DMN!L),DST(L),L=l,M) ,_.t, 
< 1, 

~ 

Figure B-1. DEMND Program Flow Charts (Sheet 5 of 5} 

- - - -
<r 

INCREASE YUH 

YR= YR+ DEL 

Yi:EY~>~-~ 

I' 
YR : TYR! I)~ 

~ 
~:NT It I 

END OF NW.YSIS 

STOP 

JULIAN (MO. DA. YR. JD) .--
DAY OF YEAR-GNEN MO, DA, YR 

JO = MTA.8/MO/ + DA. 

Yt - 4'(YR/4) :O______t_RETURN 

I· 
MD:3-' -RETURN 

j, 
Jr= JO+ I 

RETURN 

MMDDYY (MO. DA. YR, JD) .--
MONTH, DAY - GNEN YR, JO 

lD: JD 

yl -4"!YR/4) :0 

I· 
Jr~59------

ID: ID - 1 

[

'"'· 12 ~;-·", r 
/, 

MD= 12 

DA = ID - MTAB(MOf 

.i,2___i___RETURN 

I· 
10:JO-• -RETI.RN 

I• 
DA= 29 

RtTl.lRN 

• -



- - - - - - - - - r - - - - - - - -• 

lJ:I 
I 
-.] 

• 
C 

C 
C 
C 

FROGRAN OEHNO(L0~0 1 INPUT,OISP,PRE010UTPU1,TAPE1=LOA01TAPE2=INPUT, 
• TAPEJ=OISP,TAPE~=PREu,TAPE5=0UTPUT,TAPt6,TAPE7) 

.REAL 8~~1~::~1, a~1ii~~,:---- - --~u~inr,---- -
• OH0(2447f2>, OHN(4), OOE(24,8,2), 

: ------ -- -~~;t~E -t~,, a¥1I~~-'-£>UT,------2~~f~B1-:-----------
• PL0(30f,' TIHE(1~> 1 THE(c), 
• TPK(10), W1(168J6u) 
.-I NT ~GEfL _ --------MP,) , ar~~ i.---.~---,-'!'--------------arr~4#--, ----------
• BWK~ BYR, CA, 
• OATt, OEL, OEHN(12>, _ _ __ ! _________ ------------It~ 7 ,6 o,. ~Ii, ~r,~7~,=2~, .._, _______ _ 
• ~R<2>, HASK<J>, Ntl&c>, 
• __ PAt! POT f POW_L__ 

: -. -~~; 1301 • m~::' • i~~iia,, 
: D~ ~-~-~-- -------lk~-H,) I J~---------------

LOG ICAL BASE, CARO, OBlJG, 
• DOWN, FULL, LAST, 
• MORE NEXT, SKIP, • -- - - - -- ------ SlHCA WEEl<;,i___ ____ .==_,,.__,_i_ ________ _ 

EQUIVALENCE (AV1 A~4)J (OE%DCE>, <OEA,OOEA>, 
• (0UK,A24, (NRb,OOEJ 

OATA AH /22008, 220000008, 2200000000008/, 
•·- ------ -----------------B[~K /55008, 55C00001JB, 5500000000008/, 
• MASK /77008, 770000003, 7700000000000/, 
• CNST /2., 5., 10.I, 
• AHFM _______ /4t-UH-'--')'-','------'4___,__H'--"(___,__F--'--'H-=--)-=--/ ___________ _ 

READ INPUT PARAMETERS 
• RECO"POSITION OUTPUT 
READ <2,12010) SYSTtt1_.t1ag&1.TYPE1,SY~EY,_OEL WRITE (~ .i 5 0 csr-sv·s Tl"I, --1,t,-!--,~Tn-Y~P~t=, S ... T~,...,E~T,.._,,,e<.;;D...;:E~l--------------
o aUG= MO Ot. EC. 4HO ~U G 
FUll=HOOE.E0.4HFULL 
CARO=TYPE.E0.4HCARO - WEEK=,VPr'.~tO-;ltHH~~--------------------
COWN= •FALSE. 

C • TREND CURVE 
NT=O 

5 - ~EAo·--c2~2nur,·~pK(NT+U 

i~ f~~~lij!J~l~~~ GO TO 20 10 
OECOOE (4l_2030,YR) TYR(NT+1) 
NT= NT • f-- --

DEMND Program Listing (Sheet 1 of 13) 
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tJj 
I 

00 

• -
15 

C 
C 
C 

20 

25 

Je 

35 
40 

45 

C so 

- - - - - r 
If (~T.NE.1) GC 10 15 
WRITE (5,5018) TVR(Nl),TPK(NT) 
GO TO S WRITE (5,51Jr~JTI1(0ITT~TF"' ..... " 
GO TO 5 

REAO OEMANC OA1A • INITI Al.IZE __________ _ 
SO=O. 
SP:9. 
ST=O• 
SOT=O ~ 
ST2=0 • 
eASE=.fALSE. 
NEXT=.FALSE. SWTCH=.FAI.SE~ -------------
WRITE (S,15020) 
SWTCH =.FALSE. 
PAP=AP 

- - -

FDT=OATE -- - -
REAO (1

9
1010) OATE,AP,I,OW,J,K,(OHNO(L),L=1,12) 

IF (EOF,U 110,30 

- - - -.-

CECOOE (6,2040,0ATE) HOiOA•YR C AI.L JUL 1 l4 (..,0 ,mr~,-JO J ____ '-L ._,,__ ___ ------------------

IF (SWTC~> EC TO 50 
IF (NEXT> GC TO 35 
t-'EXT-=. TRUE. 
fOT=OATE 
FAP=AP 
IF (AP.E0.2) GO TO 25 
IF (OW.NE.1) GO TO 25 
IF (BASE) Go-To-i.-s--
~B=O 
IO=l 
TZ=J 
UY=l< 
fYR=YR 
BM4=(BYR+3)•4•((0YR+3)/4) 
80W=7•<<JO-OW+6)/7)+0W-J0+1 
STME=24• (JO•U +1 -- .. --- ------
SOTE=D ATE 
t-1NOT=OATE 
t'XOT=OATE 
OM1N=OMN0(1) 
OMAX=OMNO (1) 
SASE=• TRUE. 
SWTCH=.TRUE. 
FOT=O ATE 
GO TO 65 
• A"1 CARO•• 
IF (AP.EC.2) GO TO 75 IF (JO.EC• P JO t-1 l GO -TO -6tr- - ----------------

DEMND Program Listing (Sheet Z of 13) 
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-------- --------• - - -• • 

tJj 
I 

'° 

C 

55 

C 
60 
&5 

70 
C 

75 

C 

80 
85 

90 

95 

C 
100 

•• HOLE IN OJTA 
IF CYR.EC.PVR) GC TO 55 
HR=HB+24•(PJ0-1)+12•PAP 
~RITE (7) SCTE,STME,PDT,HR(i),OHIN,HNOTiCHAX,MXOT-
OY=Y~-BYR 
~8=24•(3ES•OY+COV+8M4)/4) 
STME=HB+24•(JC•1>+1 
S0TE=0ATE -
Mt.lDT=OATE 
t'X0T=0ATE 
OMIN=OHNC < 1) 
CHAX::OMN0(1J 
If COW.NE.CFOW-7•CPOW/7) i1)) GO TO 55 
IF (JD.EC.t) GO TO &O ~:itH= ! ~I(~~:) FCT ,_Af'!P.~_!fAP1.t..f».OT ,At'PM (PAP) -- ---

fOT=DATE 
FAP=AP 
GO TO 40 
•• SEQUE~TIJL CATA __ _ 
IF (OW.NE.1) GO TO 70 
f-iR=H8+24•CJC-U 
WK=S•CMO-t)+(OA-1)/7 
CT(OW,U=OAlE 
GO TO 85 
• PM CARO • • 
IF CDATf.EQ.POT) GO TO 80 

--··----- -·-·---····---···-------

WRITE ( 51 5025) fCT,"l"liPliTFAl'r, POT ,AMPH( PAPJ 
SHTCH =.FALSE. 
FOT=l)ATE 
FAP=AP 
GO TO 25 
OW=PDW 
~~1i2c~p!}f!J 

··---·-----·-··"----

IF ·coMIN~lc·.oMNDfJlT~-,o-<JlJ 
ONIN=DMNO(J) 
f'INOT=OATE 
IF (DMAX.GE.ONNO(J)) GO TO 95 CMAX= 0MNC (JJ --- - - --=-=_____:__=--=---------------------
MXOT=OATE 
u"O(ILDW11>=0HNO(J) 
IF (AP.Eu.2) GO TO 100 PYR=VJr ------------- -----------------------
FJO=JO 
POW=DH 
GO TO 25 ----------·-·----------------------------------------------

COMPLETE WEEK 1 FOR~ LEAST-~QUARES SUMS 
IF (DW.LT.7) bO TO 25 
T=HR 
00 UJ5 J=l,7 

DEMND Program Listing (Sheet 3 of 13) 
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lJj 
I ..... 

0 

105 

C 
110 

115 

C 

120 

125 

c13n 
C 

C 
C 
C 

140 

C 
145 

C 
150 

- - - - -------- - - -
CO 105 I::t,24 
T=T +1. 

• 
~o4t~84it~fL-J~ =-1 "--', , '--------------------------
so= so+o 
SP=SP+168. 
ST= ST +168 • •T• 140 28 • 
ST 2 =ST2 + l'l>tr~...Y~T~-z!-IJ:6~T+T5c5lio u. 
WRITE (6) Wk(1),HR(1),COT(J,1),(0MO(I,J,1>,I=1,24>,J=1,7) 
POW=O 
GO TO 25 
• E ffO 01:· --u-aT IF (POT.EQ.fOT> GO TO 11S 
WRITE (5 5025) FOT AMPM(FAP) POT A~PM(PAf) 
~~Al~ L ~ 7 i SQI~~sJ M~, PDT, HR u f , o~"~f~"~'~""~"~o---'----r..._, o=-"=A-"--'x--'--'''--'-"=x=o---=-1 ________ _ 
£NlJFILE 7 
REWIND 6 
REWIND 7 
•• MIN:..MAX SOH~llrf 
WRITE (5,5030) 
~EAO (7) SOTE~ST~E,OATE,~R(1),0NIN,NNOT,tNAX,MX01 
~~r~~Q~!R1r~'"~~C' <"'l"U<"' nA'I"<"' uo .. ' tiUf•l Ui.in'f inuV UUri'r 

GO TO 120 
REWIND 7 

C0'1PUITt'Xl'CNENTIAL lRENO COEFflClENIS 
C=SP•ST2•ST•ST 
A=(SO•ST2-ST•SOT)/0 
B=(SP•SDT-SC•ST)/0 ~=EXP-{Ar·--- -- -~~-------------------------
IF (08UG) WRITE (5,5040) A,8 

DECOMPOSE INPUT OEHANO OATA -• INITTJCilF ------"-----------------------
t,.'=1 
HR( 2) =I! 
co 140 J=t,60 NI( Jl =O . . . --
00 140 1=1,166 
t-it<I,Jl=f!. 
tH<I,J)=O. 
MORE=.TRUE. 
SWTCH=.f~LSE. 
• READ ONE ~EEK OF DATA 
SUM=O • 
J:!EAO (6) WK-INl",HRTRT;--rOTTJ;to, <OHO (I, J, NJ, I=1,24J ,J=I, 7J 

IFc~~~ii~>EJi8il~fIAL ANO 24-HOUR ~OVING AVERAGE 
LAST=.FALSE. 
MORE=.FALSE. --- ----· --- ·--------· ---------------------------------
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tp 
I --

-
155 

160 

C 

165 
170 
175 

C 
180 

185 
190 c··· 

·19s 

C 

C 

200 

205 

- - - - - r - - - - - - - -
GO TO 175 
T=HR(N) 
00 160 J=1,7 
1<=24•<J-U 
00 160 1=1,24 
L=K+I 
T=T+1 • 

. EXT <I ,J", NJ=A•EX-P-flJ"¥T) ------·· 
OE(l+12tN>=OMO(IiJ1N>IEXT(I,J,N) 
LAST=HR N).EO.(HR(3•N)+168) 
•• INITIALI1f OAlA WEEK . [)0 · 170· -Y= 1-·12·· --
IF (LAST) GC TO 165 
OE<I,N>=OE(I+168,N> 
GO TO 170 
OE( I lH=nt:Tiil:68-;FlH 
CONTfNUE 
N=J•N 
IF (SWTC~> GC TO 180 SWTCtt::. TRUE. --- . ----------··- -·--
GO TO 14~ 
•• FINALIZE PREVIOUS OATA WEEK 
t-f=WK(N) +1 
NIC HJ =NI 00 +r- - . 
SKIP=NI (ft)• NE .1 
00 190 1=1112 

··-·----- ·--·--- ·······-·-------------------

If (LAST) GC TO 185 
CE( I +180 :HJ=lJFTI+rz·-, ~~----------------------
GO TO 1qo 
OE(I+180,N>=DE(I+12,3•N) 
CONTINUE 
¥• FILTE~ PREVIOUS WEEK 
CO 205 I=1,t92 
If <I.LE.2q) GO TO 195 
SUN=SUH-OE(I-24 N> 
SUM=S{HHDETT-'4)~---------
IF (I.LE.24)

1
GO TO 205 

AV(I-24)=SU~/24. 
OEA(I-24)=0E(I-12fN)/AV<I-24> 
•• tNon-,n~CUHOLJ! tof.<: 
IF (SKIP> GC TC 200 
HI(I-24,M)=CEA(J-24) ~a< ,o~~a;' = Av u-24> -·--------------------------
Ht c r-24 ,H> = .4 •~1 < 1-24 ,H> •. 6•0£ A< 1-24, 
WI(I-24~M):.4•wt(I-24,M)+.6•AV(I-24) 
CONTINUE 
wRI TE < 1r · wtcuir; HR-rR1-,.•<"l'<o-r ... <--J-, N".-r-> -, Tf<D""M-o"<,....,t--

1
-....J,-,.,NT"°> -, -Ex.,...r ......... , r--,-J ...... ,-rN ..... ,-

1
---

• 0CE(I+121J,N),A241I,J),OOEA I,J>,I=1,2~>,J= ,7) 
IF (HORE) GO TO 14~ 
• ENO OF DATA END FILE 7 ------·--·-----·--
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b:J 
I ,_. 
N 

• -
C 
C 

C 
220 

C 
230 

C 

240 

250 

C 
255 

260 

265 

267 

- - - - - r - - - - -
REWIND 7 
~VERAGE WEEKLY A~O HOURLY INCICES N=ff ........ -·· .. - ...... -- ··-·•···-·-··-·-· 
S=O • If (08UG) WRITE (5,504~) 
• READ ONE WEEK OF DATA 
J;EAO (7) 1nn1 T ,lfRTll,TOT{J,-iT~UMO (I ,J, U ,EXT l I, ,,11, 

• OOE<I,J11>,A24<I,J),oOEA<I,J>,I=1,24J,J=1,7> 
}fR~§~b~Il ii2f~~fARITIES 5KIP=N~GE.~5l?ft. -··-·-·-------------------
T=HR 
t'=WK+1 
00 240 J=1 7 1<=24 .. (J-U '······ -
00 240 1=1,24 
l=K+I 
N=N+1 
T=T+i~ 
R=OOE<I,JJ1)/HI<l,H}/Wl(L,M) 
S=S+(R-1. •<R-1.> 
IF (SKIP) GC TO 240 
IF ( 0 0 WNl WJ;ITF or1·,o,cJ11T-;f·nHo ( I i-J,IT, EXT ( I ,T,-U t 

• OOE<I1.J1U ,Ac:::4( lJ) ,100EA <I,J) !WI (LfH) ,HI (l,H) ,R 

- - -• 

• 1f ,oeuG> WRtT6o~~i~3;i~.~liit.~l'l8~~iJ:11 ~11~.~f'~t¼l'H> R CONTINUE . ······ -·· ··----··-·-·-········--·--···--·'-·-·-·--- '-----·····--·-'·--·--····--·' .-'---1. ·----
GO TO 220 
IF (OCWN) ENOFILE 3 
S=SQRT(S/FLCAT(N-1)) 
tilRITE (5,SOEOJ N,S 
COMBINE INDICES, FINO DAILY MAXIMUMS 
00 270 K=11.6" If (NI ( K) • t 0. tn GO ,o-·ITv·· .. 
If (OBUG) WRITE (5,5070) 
00 265 1=1,168,24 
t-'R=I 
CO 260 J=l,2ft 
l=I+J-1 
t-'I<L,K)=HI(l1K>•~I<L,K) 
IF (HI(l,K).GT.HI(~R9K)) HR=L CONTINUE . . . - --· --·----
J=I /24+1 
OP(Jfl():::HR 
CONT NUE 
If' ( .NOT .oeUG) GO TO 270 - -· 
00 267 l=1,7 
riM2:ittJ~~I(t- I() \o!RITE (595080) T<, COHNO(CT;t::=lin·---------··-----------·- -· 
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------ - - - - - --------

tp 
I -uJ 

• 
270 

C 
CONTINUE 

C 
C 

FINO YEARLY INDEX PEAKS 
• REQUIRED YE IIRS - -----
SY=SY-1900 
EY=Ev-1qoo 
YR=SY N ~= D ---------------
1=1 

280 TYR(I)=TYR(lJ-1qoo 
290 tJP=NP+1 --=-"·---u- ·cr.n-;NTJGO TO -~·10-

IF (YR.GT.EV> GO TO 330 
IF (YR-TYR(l)) 320,360,340 

38 0 YR=YR •DEL ----------·co·roJi.r------
310 IF (YR.Gl.EY) GO TO 350 
320 FY~(NP)=YR 

YR=YR+DEL ---- --- -- --- - i;o --To -2-g=u-- ------------
33 G IF <I.GT.NT) GO TO 350 
340 PYR(NP)=TYR(l) 

I=I+1 - - --~t:rTO zn- --
350 NP=NP-1 

C • PEAK VALUES 

• 

------ --------8~=;+arll-!~;-------- ------------------------------------------------- --- ---- -----
OA= 365•0Y+ ( CY+BH4) /4 
N0=365+(0Y+SM4+1)/4-(0Y•BH4)/4 

---- ---- ----~f:~-20-~~0M_~_l} __ ~l!" CC DA +BOW-1 > /7) t1 ____ _ 
k=7-0W+1 
SWTCH=K.EO. 7 
PLO(I>=O. - ·-- - fiilf=7___ ~------------------------------·-··· ----- --

¥~ ~18T~Hf•~&•,o 310 
IF (J.NE.1) GO TC 36Q c · ..... - -.--.--n~rPAATIA[ ,e_,W...,;E~E..;,f<~---------
WK=56+ ( 33-0 .. ) /7 
GO TO 380 

C •• RE"AI~ING WEEKS --~e1 ··7e=r·-------------------- ---------------- --------------
ow= t 
SWTCH=. TRUE• 

- 370 ~~~\. ~~89ITJV8t~~fo/t~f11·,_J_L __ -· ----
380 IF CNI(WK).EQ.O) GO TO 400 

IF (J+6.GT.NC) H~=NO-J+1 
HB=24• CJ-OW) - -- ----·co 3ge C=Dll,iw---- ·----
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-------• ---------

tJj 
I .... 
~ 

390 
400 
410 

t-'=OP<L1.WK) 
IF (Plu(I).GE.Hl(M,WK)) 
FHRU)=M+H'3 
PLO (I) :HI ( M;wn-----
CONTI NUE 
CONTINUE 

• 
GO TO 390 

C . PH~ <1 > =Pt·UU U _ _t_H_R _________________ _ 

C COMPOSE DENAWD FCRECASTS 
10=1 

C 

IT=1 --- MI=4 -- - -------------------------------------------------

PMO=O 
YR=SY 
IF (CARO) W~ITE <S 5090) 
IF (~NOT-.;CJROY-Jfl<ITE (S ,~lJlJl 
• TREND EXPONENTIAL coelFtCIENTS 
00 66 0 I=1t NT 

-¥~ ~f~Rllt;l~~PYR1Jl, GO T0 ~~----
420 CONTINUE 
430 IT=J+1 

THR(U=PHR(J) 
--1 PK-c IT=11LOG'IT"1ITIT7Pl O l J J J 

IF (t.EQ.1) GO TC 660 
IF (YR.GT.TYR(l)) GO TO 660 
8=(TPK(I)-TFK(I-1))/FLCAT(THR(I)-T~R(I-1)) 
A=EXP(TPK{I~11-;;-a•rr~T<THR u-1» J 

C • YEARLY FORECAST 
440 f'W=7 

BASE=• TRUE• 
5Kl P=; TRUE;----
MY=YR-1004 ( YR/100) 
OY=YR-SYf. 
OA=365 4 0Y+(OY+BM4)/4 
0 W= {U 11 + JJOW--u .;.;7•TrnA~+-eo...,wn--.;. U / 7J 
NO= 365+ <OY+BN4+1) /4- (0Y+8H4) /4 
~B=24 4 DA 
1<=7-0W+t 
SWTCR=; F 11L Sc; 
IF (K.EQ.7) SWTCH=.FALSE. 

~~ ~~~.ia!~f=~J)) GO TO 450 445 CONTINUE. ----- -------- :.;::__::c__ ______________ _ 

450 IO=J+1 
IF (CARO) GO TO 470 

C •• LOAD SLICE 
PEA K=A•PLOCJJ .-Ut:l B4 PHR C JJ 
OML T=PEAK/5. 
EXPN=10.••IfYX<ALOG10(0MLT>> 
OML T=OML T /EXPN 
00 4',S J:1.,~ - -
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--------• - - - ______ , __ _ 

td 
I -\.J1 

• 
IF (OHLT.LE.CNST(J)) GO TO 460 

455 CONTINUE 
460 SLCE=CNST(J)•EXPN/10. 

MX=PEAK/SLCE _, - , __ 
IF (PEAK/SLCE.GT.FLOAT(MX)) MX=H) • 1 
00 465 J=1,MX 
CUR(Jl=O. 

"465 NRGCJJ =ff~---------
TOUR=O. 
1'NRG=O• 

C •• WEEKLY P~EDICTICNS ~RITE C5,5f1Ul_,, , __ ----•------------------

478 EiLt1~"~o~f~~6KioA,YR,J> 
If (SWTCH) GO O 480 IF ( J .Nf:. ll-GO- TU-"1+',.,,..----------------------

C •• FIRST PARTIAL WEEK 
WK=S6+(33-0W)/7 
GO TO 490 c- •• -REMlT~"'IllrW 

&t75 K=7 
OW=1 
SWTCH=.TRUE. 

4aO WR=S• fMO~lT+Till:-n 77+1 
490 IF (FULL) GC TO ~00 

IF (MO.NE.NI) GO TO 660 
MI=HI-12•(Hl/12)+4 500 - ,,. 1~-cNrnncr;-Eo. o> G''"'o--..c1o~s ... g""'o___,-------------------
IF (J+6.GT.NO) MW=NO-J+1 
00 580 L:OW,HW 
LL=24• (l-U '"""JO=-J+L~-o~·~----------------------------
IF (L.EQ.OW) GO TO 510 
CALL HHOOYYCMO~OA,YR,JO) 

510 IF ((CARO.OR.MtEK).ANO.(MO.NE.PMO}) WRITE CS,5070) 
. ' __ ,,ENCODE 'f6~2'fi.lr.lJJTIT HO,DA,MY 

PHO=HC 
C ••• DISPLAY CODE INTERSPERSED BLANkS TO ZEROS 

8ai:~~~xl!l!l•TE, 36). A"-'-N=o=._,_7_,_7_._7-=-7-=-7,,,.,77,:,...7,_,7"""'7'---'7"-'7...::B=-----------------

~=OATE. ANO. MASK(~, 
If (N.EQ.BLNK(M)) OATE=OATE-AH(H) 

Si O_ ··· --HR~l{~~ffl( frlTt'.;-~r) .-.O"'R~ ... 5""'5.,..5.,.5,.5''1"'5"1"5,...5...,B ________________ _ 
C ••~ EXTRAPOLATED OEHANO 

MR=2t+•(J0-1l • HB 
·· a~=clt1 ~=lA! , 

00 550 N=1,1i 
NN=MH+N 
t!R=HQ • 1 

'TIME'. ( Nl=HR' 
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------- - - - .. - - - .. -

tJj 
I -O' 

• 
C 

C 

525 

530 
C 

535 

Sl+fJ 

55C 

C 

C 
560 

570 
580 sqo 

• 
OEMN(N)=J•HI(NN,~K)•EXP(B•TIHE(N))+.5 
OMNO(N)=OEMN(N) 
IF (CARO> GC TC ~50 •••1 LOAO OU'1ATl0ff,.____ ________ _ 
IX=OHNO(N)/SLCE+.5 
OU~<IX>=OUR<IX)+i. 
TOUR=TOUR+i. 
•••/ LOAD E~ERG~ 
T ME ( 2 ) =TM E ( 1 l 
OHN (2) =Ofo'N ( U 
THE(1)=TIME(Nl IJHN (1) =OMNU rnr-----------------------
IF (SKIP> GO TO 530 
TOlT=THE(1)-THE(2) 
OAVG=<OMN(1)+0MN(2))/2. 
NX=OAVG/SlCE - . - -----------
ENRG=SL CE•TCL T 
00 525 IX=t,NX 
~RG(IX>=NRG(IX)+ENRG 
If' (NX. EQ.lfU ·Go-ro·-s~u--· 
~RG(NX+1)=NRG(NX+1)+(0AVG-SLCE•FLOJT(NX>>•Totl 
TNRG=TNRG+DAVG•TOLT 
SKtP=.FALSE. 

.••• I Milf ;;-..-a·-,;;x~s~O"""HT.-M ~ 
IF <BASE> GC TO 51+0 
IF (OHIN.LE.DE~N(N)) GO TO 535 
O"IN=OMNO on 
t-!NOl=OATF·--'---
IF COMAX.GE.CEHN(N)) GO TO 550 
OMA X=OMN0 CNl 
~XOT=OATE GO TO 55lJ- .. -----· 
STME=HR 
SOTE=OATE 
MNOT=OATE MXOT= 0 ATE ___________ _ 

OMIN=OMNC(N) 
OHAX=OHNOCN) 
eASE=.FALSE. 
CONTINUE ··--·-··· 
MRITE (3) (llHE(N)zOATE,OHNO<N>,N=t,12) 
IF (~.E0.2) GO TC 560 
•••1 At1 CARO 
WRITE ci.,r.0111 U1lTEilif1TlT.-c-1;-rz,uv1 <OEMN<MJ ,-w=11.12> 
IF (CAROJ W~ITE (5,5120) 0 TE,M, O,L,T2,uv,cotHN(N),N=1,12) 
GO TO 570 •••1 PM CARO 
WRITE (4 402"1Jl·naTE~-J1)-,·toEl4N(NJ N=i 1rr------·--
IF (CAROf loUHTE (5,~1~0) OATE,M,J6,<oiHNCN) ,N=t,12) 
CONTINUE 
CONTINUE 
IF (CAROl GO To·-e11r-- . 
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------- - - - .. - - - ,. - - - -• 

b:! 
I --.1 

C 

C 

600 

610 

615 

62C 
€25 

• 
IF (qASE> GC TO 610 
IF (NI(WK).EO.O> GO TO 60C 
IF (WEEK) GC TO 600 IF (FULL> GO TO 610 ---- --- - -
MRITE (5~5140) SCTE,STHE,OATE,HR(1),0HIN,HNOT,OHAX,HXOT 
EASE=. TRuE. 
CONTINUE 
IF (CARO) GC TO 650 

, ____ , ----- ·---

IF (BASE) GO TO E50 
WRITE (5 1 514fl) SCTE,STME~OATE,HR(1),0HIN,HNOT,OHAX,HXDT •••I LOAu FACTOR TOTAL tNERGY FCTR=TNRG/TCUR/PlA I( . . -----·---···----- --------

~~l}ELiif 5i62 ~r~E~~i~~~g y 
SOUR=O • 
SNRG=O. 
t-:X=HX/4 
CO 615 M=1,M'l< 
N=MX-M+1 
SOUR=SDUR+OUR ( Nl 
OUR(N)=SCURITOUR 
SNRG=SNRG+NRG(M) 
NRG(M)=SNRG/TNRG 
IF (4•NX.LT .too N~=tf)r+r· 
co 645 J=112 
SKIP~J.EC.2 
IF <SKIP) GO TO E20 WRITE ( 5, 516111 . . ·-- -------
GO TO 62~ 
WRITE (5,5170) 88 t~¥ ~~i:~)( -----·--- -----------------------
l=NX• (H•U +N 
IF (SKIP) GO TO 630 
CSTOO=OUR<U GO TO E3~ ---·---------

630 OST(M)=NRG(l) 
635 OHN(M)=SLCE•FLOAT(L) 

M=4- (l-1 l /HX 
6t+0 ~RITE -(~·,151·eoT·-rnHJ;TO ,OST (l) ,L=i,M) 
645 CONTINUE 

C •• INCREASE YEAR 
6SO \R=YR+OEL 

8 

...... IF (YR~GT ~evr-Go··--ro 670 
IF (VR.LE.TYR(l}) GO TO 440 
CONTINUE 660 

670 
E-No o~ · •·warvsrs-
E NDFI LE 3 
ENOFilE 4 REWIND r3 ____________________________ _ 
PEMUHT 
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- - - - .. - - - .. - .. .. .. -• • - - - - -

td 
I -00 

STOP 
C 

1010 FOR HAT (A6. I!J A8i.Ihl,l_il_~2E5. O> ·2010 F OR~ATIA~, 1 :x ,-ZrAli, z:,o , ~ t l'+~, 2;...,X;;.;Ji,-',ee-.I.-.2"-y-----------~------
2020 FORHAT(A4,2),F6.0J 
2030 FORHAT(l4J 
2040 FORHAT(3I2> ·i.o ur ·Fo~MATlJr6,·r1-,-.s-,-n ,A2 ,A2 f 1215) 

;gii ~g~~:liet,}!a~~ .. 1~~1:~~ci~1•1•0•,1ox,•svsTH - •,AS/ 
~--::,l~~~-!-~~-~t~~}-~: 0

:, ll x,;0 ~~~u~ =~¥E 4X ·ia~t"!'. nr-·------·--····-~··---
501U FORHAT(•ol,1ix1'lRENO _,,1ix,l1vR = •,I,,41,•lPK = 1,F&.O> 
§gi: ~~~:ifti:,i;il~~i~:Ng>TIHE SPANS-•/) 
5025 ·FoRMATTicX'·~,6, x-Ai.=-----n,- • A6,1X ~i.------------
5030 FORHAT(•o•'11x •~EH1No EXTRE~ES -·} 

••o•,1sx,•rf"E PERioo• 1 4<3H -> 119X •oEHANO INPUT~ 4<3H ->1 
•1GX,2(2X,•OATE•,~x,•HoUR•,5X>,zx,•~INIMU~•,sx,•oAfE•,6X, 
••HA XI MUN.- 'S'X . •rriT£·•,- --- .. '-'-'----

5fl 3 ~ FORHAT(161,2fA6,2XlI715X),2(F9.2,3X%A6,4X)) 
5040 FORHAT(•tA = 1E 3.,,1x,•s = •it13.7/) 
5045 FOR HAT C •0•1. ltX ,•o 1 •, 1_2)(, •t• _tll_X, •OHu.• ,iox ,•EXT•, 10X ,.•DOE•, 

•1ox~•A24•,~x,•uoEA•~11x-,~w1•,nx,•Ht•,rzx,•R•1 ---"--~--~ 
5050 FORNAT(1X A~ 10E13.r) 
5060 FORHAT(•ol,1ox,•OECOMPOSITION -•J16X,•N = •,I7,5X,•S = •,E13.7) 
5070 FORMAT(1X) 
5080 FORMAT(1X I2,7E1S~7r- ··--···-··--·-
50go FORHAT(1Hi> 
5100 FORHAT(•OOUTPUl SUMMARY--•> 
5110 FORHAT(•0•110X,•OEMANO EXTREMES••/ .. • • o• , 15 X , • T 1 ME PE f<I 00 • 1'+~,.,:,==,-ri--9-x=--, --· 0....,E_,H....,A.-,ti'"'O.---,,F ..... o-R e-c-JrST.-,z.t~ - J 7 ----·- --· 

•t6X,.2(2X,•OJTE•,sx,•HoUR•,5X),.2X,•MINIMU~•,sx,•oATE•,GX, 
••MAXIMUM• 5X •OATE•) 

§1§8 l~U:t~11~:~~-:-Il·'-~~#.'~l:~ai21
e> ___ -· 

5140 FORHAT(16X,2(A6,~X l111X)~2(F9.2,3X1A6,4X)) 
5150 FORHAT(•O• 1ox,•tolo FACTuR•~E14.7~z1x,•TOTAL ENERGY• E14.7) 
5160 FORHAT ( •o•! 10X,•LOAO OUR AT ION <LOAD vs FRACTION CF tof Al HOURS>.,, 

-- - · 5171J-F0lHOlT{•!J~,1n;•unm ENERGY tl0AC--VS-FR"AcrrtJ"7lr JOT AL ENERGYl•n·-----~-~-
518C FORMAT(13X,~(F10.2,E11.5,2X)) 

ENO 
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tJj 
I ..... 
'° 

- .. - - ____ .. , ____ .. •• -

C 

to 
20 

sueROUTINE JULIA~(MO,OA,YR,JO) 
INTEGER DAI HTAB(12), YR 

• 0 AT A ;l 8 .L•l-t-------------------i½6---------
• 1st, 18!, 212: 
• 243, 273, 304, 
• 334/ JO=MTA8{MOr+rra•---- --------- -------------- ---- -----
If ((YR-4 4 (YR/4).EQ.O).ANO.(HO.GE.3)) JO=J0 • 1 
RETURN 
ENTRY KHOOYY ________ _ 
IO=JO IF <<YR-4•(YR/4).EQ.O).ANO.(JO.GT.59)) lO=I0-1 

---~~--- ¼¥n!·ci·:~lA'l nrr-·c;·o .... "' .. 
MO=l-1 
GO TO 20 
CONTINUE tii!O=l2 --- ---------
CA= IO•MTA9 (MO> 
IF ((MO.EQ.2).ANO.<IO.NE.JO)> DA=29 
RETURN _ ENO - -- --- -------- ---- ---- ----

--------------- ---------------------------------------------------------
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APPENDIX C 

WEATHER CORRELATION ANALYSIS 

C-1 



-

(') 
I 

N 

- - .. _, - - - .. l - - - .. I .. - - .... • • 
DATA PROCESSING DIVISION, ETAC, USAF 
NATIONAL CLIMATIC CENTER, NOAA 

REFERENCE MANUAL WBAN HOURLY SURFACE OBSERVATIONS 144 

STATION 
NUMBER 

1
2 2 2 2 212 2 22 2 2 2 2n2222 s12222 2n2222 2-,22222 

3133 33 31 3133 33 333 3•3 3 3 3 .3 3 3 3 3 • 3 3 3 3 3,33333 

: I 00 NOT PUNCH 44 444 414 44 44 44 4 4.4444 4444 4~44 44 4,.44444 

~ 

z 
C 
m 
~ 

IN THESE 

I 111111118 8 
~ 9919999 

1 2 3 4 sh 111 1110 11112u]1,,,111i11111 
API0250 BSC 

•• 6 616 
I I 
I )JIJ 
I I 
I 8111 
I I 
I 9 9 919 
I I 

I 
55 555 515 

I 
&6 666 616 

I 

11 111 7171 
I 

II 818 1111 
I 

99 9 9 9 919 9 
I 

55 55 5555 555 b 5555C 5555• 

66 66 666 6, 666 "6666, 6 6 6 6 ~ • 

11 11 1111,, J JJ• JJJJ 1111•• 

88 88 118 8, 888<• 8 8 8 3,, 8888<• 

9 9 99 999 9• 999 • 9 9 9 g,, 9999 

AREA COVERAGE: United States, Caribbean and Pacific Islands and other overseas 
stations of U. S. Weather Bureau, Air Force and Navy, 

PERIOD OF R.IDORD: Navy Apr 1945- W-eather Bureau Jan 1948- Air Force Jan 1949-
Note: Some prior periods are included in this deck, A status of the period of 
record for each station is maintained at the National Clilllatic Center, 
Asheville, North Carolina. 

OBSERVATION TIME: Local Standard Tillle (LST). For infonnation relating to 
changes in tillle of observation, refer to SUPPLEMENTARY NOTE A, page 9. Begin
ning l Jan 65, the Weather Bureau reduced the number 01' hourly observations 
punched from 24 to 8 per day. These 3-hourly observations correspond to rec
ord observations at 0000, 0300, 0600, 0900, 1200, 1500, 1800, and 2100 GMI'. As 
a result of special studies, same W"B stations may have 24 observations per day 
punched, 

CODES: WBAN and WMl 

SOURCE: WBAN Forms lOA, lOB and 10 or silllilar forms. In addition to W"BAN Forms 
for weather Bureau, Air Force and Navy, those 01' FAA and Signal Corps are in
cluded. Effective l Apr 70, forms redesignated as MF 1-lOA, 1-lOB and 1-lOC. 
MF indicates Meteorological Fenn. 

5555 

66 66 

J JJ J 

8888 

9 9 9 9 

Revised: November 1970 

MISSING DATA: Blanks in appropriate columns are used to in
dicate missing data. Identification cards were punched for 
missing observations at AWS stations unless a whole month 1s 
record was missing, Punching of ID cards for AWS stations 
was phased out from Sep-Dec 1968. 

COLUMNS AND ELEMENTS PUNCHED: Columns 1-79 are punched. 
Elements punched are: 

Ceiling Height 
Sky Condition 

Clear 

Rain Showers 
Freezing Rain 
Drizzle 

Smoke and/or Haze 
Dust 

Scattered Freezing Drizzle 
Blowing Snow 
Blowing Spray 

Broken Snow 
Overcast Snow Pellets 
Partial Ice Crystals 
Obscuration Snow Showers 

Obscuration Snow Grains 
Visibility ii-Sleet 
Weather and/or Hail 
Obstruction to ii-Small Hail 
Vision Fog 
Thunderstorm Ice Fog 
Tornado Ground Fog 
Squall Blowing Dust 
Rain Blowing Sand 

*Reported as Ice Pellets, 

Sea Level Pressure 
Dew Point Temperature 
Wind Direction 
Wind Speed 
Station Pressure 
Dry Bulb Temperature 
Wet Bulb Temperature 
Relative Humidity 
Total Sky Cover 
Amount, Type and Height 

of Cloud Layers 
Opaque Sky Cover 

effective l Apr 70. 

ADDITIONAL REMARKS: Card content is generally for recent 
years. Prior punching or processing procedures are de
scribed in "Remarks Column" or in SUPPLEMENTARY NOTES. 

Effective l Jan 68, the Air Force began the use of the METAR 
Code at nearly all stations located outside the North Ameri
can Continent. Observations for these stations are not 
available on punched cards but on magnetic tape only. 

Decks with silllilar data are listed on page 14. 

CORRECTIONS: Any errors detected in this manual should be 
called to the attention of the Director, National Climatic 
Center, Environmental Data Service, NOAA; or Chief, Data 
Processing Division, Environmental Technical Applications 
Center, USAF. Please give specific instances of error and 
correct information if available. 

Pog• l 

Figure C-1. WBAN (Card Deck 144) Surface Weather Data Format 
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PROGRAM LOGIC 
COREL -,-

READ CORRELATION PARAMETER OPTIONS 

I 

END-OF-DATA?~ 

[

RrD DEMAND DATA 

Ai;~MULATE WEEKLY LEAST-SOAR£ SUMS 

wlirE DATA ON DISK 

~ 
COMPUTE EXPONENTIAL TREND COEFFfCIENTS 

I 

l
REAO DEMAND DATA FROM DISK 

I 
END OF DATA?~ 

I"' 
DE TREND DEMAND OAT A 

EVALUATE, REMOVE EXPONENTIAL TREND 

t COMPUTE 24-HOUR MOVING AVERAGE, REMOVE 

READ WEATHER/INSOLATION DATA 

I 
WRITE DATA ON DISK 

~ 

[

RrD DEMAND, WEATl-tER/INSOLATION DATA FROM DISK 

END OF DATA?~STOP 

/NO 
COMPUTE AUTOCORRELATION, CROSS-CORRELATION 

I 
NORMALIZE, PRINT ANO WRITE ON TAPE 

DETAILED FLOW 

COREL 
j 

INITIALIZE 
NLAG"' 48 

NDEX "'0 
TP = 2 

V(4) = 0 

V{S) : 0 

SP= 0 
SO: 0 

ST: 0 

SOT"' 0 
ST2 = o 
BASE= .FALSE, 

NEXT= . FALSE. 

S"' .FALSE. 
SIGN= ,FALSE. 

SW=. FALSE. 
SWITCH= • FALSE. 
I 

READ DATA OPTION 
READ OPTION 

,(11) 

OPTION?_T_NV = 3 

J., I 
I 

READ CORRELATION PARAMETERS 
READ MODE, SY, EY, DEL, FILE, RECORD 

i IA4, 2I2X, 14), 2X, 12, 2(2X, 121 

INITIALIZE LOGIC 
CALL WBAN(O, FILE, RECORD, OPTION, TF, NAI 

NRML "' MOOE. E0.4HNRML J;° • MOOE. NE. 4HNRML 

Figure C-2 • 

cp 
READ DEMAND DATA 

SIGN?_L._@ ,, 
s1---1--(@) ,, 
SWTCH = • FALSE. 

©-I 
PAP= AP 

PJT = DATE 

READ DATE, AP, I, OW, J, K, IDMNDIL), L = I, 12) 

'(A6,H,A8,f1, A2, 1,,2, 12E5.0/ 

END-OF -FILE? ___!__C!) ,, 
DECODE DATE: MO, DA, YR 

l(312) 

AND JULIAN DATE OD) 

CALL JULIAN (MO, DA, YR, JOI 

I 
SWTCH---1-0 

QT NJ~:? •. TRUE. 

T • DATE 
P = AP 

0-t'-=--0 
DW:1~ 

T BtE? 

I• 
TIME BASE INITIALIZATION 

HB• 0 

ID= I 

TZ = J 
UY= K 
BYR = YR 

BM4 = {BYR+3) - 4 *((BYR+3) 

BOW= 7•IIJD-DW+6I/7I + OW- JD+ 1 
BASE " • TRUE. 

SWTCH = • TRUE. l' DATE 

cp 
AM CARO 
AP:2--=--0 

I' . 
JD; PJD + 1 ~ 

1, 
HDLEINOATA 

~

. T;v;~.,;,~~D~.10v.e,..1/•1 

W:IPDW-7•(PDW/7)+1) . 
,1----'--0 , 

PRINT SEGMENT SUMMARY 

PRINT FDT, AMPM(FAP), PDT, AMPMIPAP) 

I 
SWTCH = , FALSE. AMPM: 4HIAMI, 4H(PMI 

FDT = DATE 

i•AP 

OW: 1 _JF:.._ ______ _ 

0-l· 
HR= H8 + 24•(JD-IJ 

WK= S•{M0-1) + (DA-1)/7 

I 
DT(DW, 11 = DATE 

PRINT SEGMENT SUMMARY 01:E:PDT 

0--4= POW 

STORE DEMAND DATA 

PrNT FOT, AMPM(FAP), PDT, AMPMIPAP) 

SWTCH = , FALSE, 
FDT = DATE 

[
: I ,':.,~P-1( . J I. AP 
o!ou. ow, 1) = DMND IJ J 

I 
J:f:2 

A~iu~-u.C...LA-TE_L_EA_ST_sn_u_AR_E_s_uM_s __ ~I 
ow: 7 ~ 
j, 

[

1~·, 
'j'•" 
T = T + 1. 

[

D "' ALOCIDMD(I, J, 1 J) 
SOT = SOT + D·T 
SD= SD+ D 

J. 
I< J? 

SP= SP+ 168, 

ST= ST+ 168,•T - 14028. 51"' ST2 + 168. •T•T - 280S6. •T + 1566460. 

WRITEQATAONDISK 

WRITE WK, HR,(DT(J,1),(DMD(l,J,ll,I=1,24),J=l,7) 

I 

l" 
cp 

ENO OF DEMAND INPUT 
WRITt:ACCUMULATIONS ON TAPE 

WRITE D, SOT, SD, SP, ST, ST2 

PJT,FDT--=--@ 

I' 
PRINT LAST SEGMENT SUMMARY 

IT FDT, AMPMIFAPI. PDT, AMPM(PAPI 

PYR"' YR 

COREL Program Flow Charts (Sheet 1 of 3) 

C-3 



I 

•• I 
I 
I 
I 
I 
I 
I ,. 
I 
I 
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I 

•• I . 

I 

READ ACUIMlllAlllNS FROM TAP£ 

REtD D, SOT, SD, SP, ST, ST2 

COMPUTE EXPONENllAL TRBID COEfflCIENTS 
D " SP'ST2 - ST'ST 
A = (SD•ST2-ST"SOT)ID 
I= (SP'SDT-SO"ST)/D 
A= EXP(A) 

JUG?_T_ PRINT A, B 

~ 
DECOMPOSE DEMAND DATA 
INITIAI.IZE 

N • 1 
HR(2f = 0 
MORE = • TRUE, 

'~TCH = • FALSE. 

READ DEMNID DATA FROM DISK 
SUM"' 0 
REtD WK(N), HRJN), (DT!J,N), IDMD(l,J,N),1,.1,24),J=I, Tl 

END-OF-FILE? T END OF DATA 
f ~LS£. 

REMOVE EXPONENTIAL TRBID 
T = HR(Nf 

J=l, 7 

I 

L = K + I 
T = T + I 

1• • .FALSE. 

[
~r:-1) 
EXT(l,J,Nf = A'EXP(B"T) 

DEt+12,Nf = DMD(t,J,Nf/EXr11,J,Nl 

I :24 

< J~ 

I> 
LrT = HR(N).EQ.!HR(3-N)+168) 

REMOVE 24-HOUR MOVING AVERAG( 
1NITIAUZE DATA WEEK 

Jsn-•-oEU,N) = D£(1+168,N) 

[

1•1,12 

jT 
DE(l,N) = 0£(1+168,3-N) 

~: 
Ni 3 - N 

SWTCH?-•-swTCH =. TRUE.---@ 
jT 

FIIWJZEPRMI\ISIL4~AWEEK 

[
1'·" 

LASn-•-oE11+180,N),. DEll+Hl:,N! 

IT 
DE/1+180,N/ = DEfJ+\2,3-N) ,,i 

Figure C-2. 

fl.Tel PREVWS WW: 

1=1, 192 

',,L 4 • SUM - DE(l-'4,NI 

~

' ~L. SUM. DEii.Ni 

~l-2•) = SUM/'24, 
A(l-2•) = DEU-12,N)/AVU-2•) 

< 1:192 

I> 
READ AND STORE WEATHER/INSOIATION DATA 
J=I, 7 

[

J~T:4 
IZ = t - 1 
CALL WBAN(DTIJ, N), IZ, FLG, OPTION, 
f . TP,NA,NV,V111,V(21,V!3f,V(4),V(SII 

WRJTEDATAONDISK 

WRITE OTIJ, N), IZ, NV, DOEll+12,J,Nf, l DOEA(l,J), MH, 1:-1,NV) 

< I:; 

~
·~f~,. 
~T(J, 1), T, DMDll,J, I), EKX(l,J, 1), DOE(l,J, If, A24(1,J), DOEAU,Jf 

RE?____!__-@ 

®--4F 
READ OATA FOR ANALYSIS 
J=O 

,L., C: RrD IDATE, HOUR, NNV, VARll,J), VAR 12,JI, IVAR(l .. ,Jl•IFI, NNV) 

END-OF-FILE? 

jT 
N = J - 1 
NN=NVV+2 

I 
FORM PARAMETER AUTOCORRELATIONS 

[

L•l,'NN 

[

Ki I, N 

A1T0lK) = VAR(L,K) 

K:N .. 
CALL CROSS(AUTO, AUTO, N, 1, R, SJ 
SIGMAIL) = SQRT(Rll)) ., .. 
~ 

® 
I 

FORM PARAMETER CROSS-CORRELATIONS 
I= I, NN BLNK: fllfrll/iiliilllhl#B 

[\'·" 
ARRI/Kl ., VAR(l,K) 

A!Rl (K) :BLNK -• -ARRI IK) = 0. 

j' I 
K:N 

I• 
J = I, NN 

[

:i~:K~ = VARµ,KI 

•i=-IKI •BLNK-=---ARilKI • O. 

K:N 

I• 
,LL CROSS(ARRI, ARR2, N, NLAG, R, S) 

M( 1, NLAG 

NORMALIZE CORRElATIONS 
XM = FLOAT(M-1) 

I -
strjl,MA(I) :0--:---7 
SIGMAµ) :0---=--- RIM) = 0. 
j, SIMI• O 

R(M) = RtMl/(SIGMA{I) •SIGM4UH 
SIM) ,. S(M)/SIGMA(I) 0 SIGMA(JI I 

WRITE CORRBATIONS ON TAPE 

< J~:::~ R(M), S(M) 

I• . 
PfflNT CORRELATIONS 

PRINT I, J 

I 

[

M., 1, NLAG 

Pi INT RIMI, SIMI 

M:NLAG 

I• 
< J:NN 

,,.I~ ,. 
END OF ANALYSIS 

STOP 
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WBAN (DAY, HR, FLG, SWITCH, T, T NN, NV, V1, V2, V3, V4 V5) 
DAY:O~ 

j· 
INITIALIZE 

NN = 25 

DTE= 0 
TME = 0 
FILE= I 

RECD= 1 

ALE POSITIONING 
FILE:HR-' -0 

n.:D (CARO(I), I= 1, 81 

l:looF FILE? 

jT 
FILE= FILE+ 1 

~ 
RECORD POSITIONING 

RECD:FLG -'-RETURN 
1, 

IPAR = 0 

READ ICAROH/, I= I, 8) 

P1RTY?-'--END-OF-FILE? F ,.t . , ... •' REJ:AN lco . 1••co • , 

}.lR:S ~ /< ·~~------' 
BACKSPACE 

f 
RETRIEVE DATA 

Y = DAY.At<E.000000007TT10000000DB 

MD= MXIFT(DAY,24).AND.0000000000007777m1e 

~MD = Y + MD 

AND DATE 

DrYMD • 

© AIIDTIME jl-· DATA UNAVAILABLE 
FLO= 2 
PRINT DTE, YMO, TME,HR 

I 
RETURN 

READ NEXT RECORD 
IPAR" 0 

READ (CAR:0(1),1 = 1, -400) 

PtRITY?~'----END-OF-FILE?_T_FLG = 3 

jT jF FtE=FILE+I :l:: :: IPAR + I RETURN ,, 
BACKSPACE LNT = LENGTH(T) 1•-I 

Figure C-2 • 

cp , ..... , 
SWITCH? _T __ WEATHER DATA 
1, .. ,,__!__0 

INSOLATIQN DATA /< 
NN:23____!___@ DECODE CARD (8*NN+1): DTE, TME,DEW, WIND,ORY 

~< ISX, Rl5, 12, 22X, R3, 2X, R2,4X, IUI 

DECODE CARD l13'NN+1): DTE, TME, TSRAO, NIRAD,ORY, DEW, WINO 
ISX, R6, 12, R•, 12X, RJ, 19X,2RJ,22X, R21 

IDTE, AND.1700BI; 55008--=----DTE = DTE - 2200B 
; 

~ 
DATA FOUND 

INITIALIZE 
FLG = 1 

V• = I. 

vj. '· 
DEW POINT CONVERSION (f'-C') 

SWTCH = IDEW.AND. 7700008).EO. 3000008 

I 
sj!CH?-T -DjW = DEW + 30000B 

DECODE DEW ; WORD 

l(7X,FJ,O) 

:r:C:RD T r • S. 'IWORD-32.1/9. 

'FCH? T 1' . -Vl 

WIND VELOCITY CONVERSION (KNDTS-MrnRS/SEC) 
SWTCH = (WIND.AND.77008).EO,JOOOB 

I 
Sr!CH?-T-WrD = WIND + 300B 

DECODE WIND : WORD 

ll8X,F2.0) 

'FH?-T -W,RD = WORD+ 100, 

s~:RD T i • .S14'431335"WORD 

<r 
DRY BULB TEMPERATURE CONVERSION (f' C') 

SWTCH = (DRY.AND, 770000B).E0.300000B 

I • 
SWTCH?_T _ORY= ORY + 3000011 

l' I 
DECODE DRY : WORD l 17X, F3.0) 

SWITCH?-T-VJ = 5, 'lWOR0-32. )/9 

1, I 
VJ = WORD RETURN 

JAL SOUR RADIATIDN (KW/m') 

s7TCH = (TSRAO. ANO. 77000000B I, EO. 300000008 

si:cH?-T -TsjAD = TSRAO + 3000000B 

DECODE TSRAO ·. WORD 

l(6X, F•.31 

SWTCH?-T-WORD =WORD+ 10000, 

j' I 
Vi= WORD 

NORMAL INDICENCE RADIATIDN (KW/m') 

:J:?= lN~RAD~I:::·:::~•::•= 

I' I 
DECODE NIRAD ; WORD 

iirx, F3.2) 

SWTCH?_T _WORD = WORD + 1000. 

j' I 
Vf = WORD 

RETURN 

~ (MO, DA, YR, JD) MTAB ~: .~: .~: 

DAY OF YEAR (GIVENYR,lDl 101. 212. '""· 
273,304,334 

JD= MTAB !MO) + DA 

I - , 
yj;•(YR/41 :o---,~J__..___Jr =JO+ 1 

RETURN 

MMDDYY 

I 
MONTH, DAY (GIVEN MO,D(YR) 

ID= JO 

Yl- •"IYR/•) :O--=--J0:59-'-10 =ID+ 1 r Ii I 

[

1•2.12 :;~-,, , r 
j, 

MO= 12 

DA = ID - MTAB(MOI 

J,; 2-•--10 :JD__.t__DA =29 

I' t• 
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PROGRAM LOGIC 

WISDM 
I 

RiAD MERGE PARAMETERS 

IN TIALIZE -
p, SITION TO DESIRED INSOLATION FILE 

------
R1AD AM DEMAND DATA CARD 

f YES 
END-OF-DATA?--------

tNO 

RrD PM DEMAND DATA CARD 

RrD INSOLATION TAPE RECORD 

•~:r!~::-ll::~::II:: YES 

WilTE/PRINT MERGED OUTPUT 

NO 
END OF MERGE?-----------' 

tvEs 
....._!'_o - END OF INPUT? 

t YES 

STOP 

DETAILED FLOW 
W/SDM 

' IEND = 0 

&----l;ILE = 0 

READ MERGE PARAMETERS 
READ NWRDS, (WORD(I), I= 1, NWRDS), l NYEARS, (FILE(I), I= 1, NYEARS), NPRINT, IEND 

INITIALIZE COUNTERS 
TIME = 0 
IPRINT = NPRINT 

NLRDS:0 _.,___~ 

t = 

[+-~: aO 

J:48 

1~ 
NWRDS = 48 

' 

(LINE COUNTER) 

(WORD COUNTER) 

NWDSF = NWRDS + 4 (WORDS PER FRAME) 

t 
PROCESS MERGE REQUESTS 

~I= 1, NYEARS / 

Posh10N TO CORRECT INSOLATIDN TAPE FILE 
IFILE = IFILE + 1 

' -IFILE:FILE(I)~ 

REA; INSULATION TAPE RECORD 
EAD (BUFW(J), J = 1,312) 

I 
END-OF-FILE? 

T I 

7 
READ AM DEMAND DATA CARD 

I 
READ DDATE, (DEMND(J), J = 1, 12) 

(A6, 14X, 12FS) 

t 
END-OF-FILE (DEMAND) ?___r_.0 

IF 
READ PM DEMAND DATA CARD 

READ IDAY, (DEMND(J), J = 13,24) 

j (16X, 13, IX, 12F5) 

READ INSULATION TAPE RECORD 

READ(BUFW(J), J =I, 312) 

' END-OF-FILE (INSOLATION)?---1...-0 

t F 

DECODE INSULATION DATA 
@}---=J = 1,24 

. t 
NW= 13•(J-11 + I 
DECODE BUFW(NW): (DTA(K), K = 1,48) 

' 

(AS, 412, F4. 3, 12, F3. 2, 12, Al, 2X, 2A1, F3. 2, IX, 12, Al, IX, 

212, 13, 711,213,3A1, A3,2AI, A3,3AI, A3,3AI, A3,212, 14, 

29X,214, 15) 

GENERATE DESIRED OUTPUT RECORD 

TIME = TIME + I 

BUFO(I) = TIME 

BUF0l2) = DDATE 
BUF0(3) = DAY 

BUF0(4) = DEMND(J) 

[ :! : ~o::l::s 
Br0IK+4) = DTA(N) 

K:NWRDS 

1~ 
WRITE (BUFO(KI, K = 1, NWDSFI 

t 
PRINT MERGED DATA 

IPRINT = IPRINT + 1 

I 

0
~ IP::::=:P:INT 

RINT TIME, DDATE, DAY, DEMND(JI, (BUFO(KI, K = 5, NWDSF) 

(FlO.O, lX, A6, IX, 13, IX, FS, 1/5021 II 

J:24~@ 

1~ 
© 

er 
END OF DATA YEAR 

i 
l:NYEARS~® 

1~ 
IEND :0 ---=--0 ,~ 

END OF INPUT 
ENDFILE PROC 

REWIND PROC 
STOP 

Figure C-3. WISDM Program Flow Charts 
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---- -- - ~ - - .... - ...... ...... -- -• .. 11111 - .. ---

(') 
I 

-.J 

• 
c_ 

P~OG~AM COR~L<LOaCtWTH~~INPUTpCISPtOUTPUl1TAPE1=LOtOLTAPE2=WTHR, 
• TAPf~=lNFuT,TAFE~=OI~P,TAPE~=OUTPUT,TAPE6,TAPE7, 
• TAPE6,TAPE9,TAP£10) 

COMMON VAR<?,2352) 
LEVEL 2, VAR 

A2~(2~,7) ARR1(2352), ARR2C2352), 
• .. .. 

REAL 
--- ------ -----~J~1r~-~t-~- - -----~~k8-~--I~f2h--------E~~t*~-!!!'e-L!--l!~e-c,-,-------

QOc {2~, s ,2,, OOEA(24,,), EXT(2~i7,2), 
• ... 

• • 
+ 
,;. 
... 
• ... 

1NTE:-C;ER 

-. -
• • • .. 

LOGICAL • • .. 
.:QU!VALcl\CE 

• 
__ .-QATA _________ _ 

• • 

;,;(200>, S(200), SIGMA(r), 
--- ~ A~ ~t ,---------------l ~ ~ ~ ~ 2 > ,----~AP=--,-------------

1 aw, 0LNK(3), BM4, 
SW Kl (YR, C<A, 

___ __ O_A T __ ., _ __ _______ _ ____ QE_!.._i___ 0 s_t_ 
JT c7,2), OW, CY, 
~Y, FAP, FOT, 
FILE, FLG, HB, 

_JiQf., ___ _ _ ___ Hi:U8_, ____ -------------~Rt2Ji__ ________ _ 
MASK(3), OP,. PAP, 
POT, PCW1 PJO, 
PM[, RECuRD, SY, 

___ J_e_, __ - -- -- 12.-#---------------------U_Y-~------------
WK <2>, YR 
eASE, DEUG, LAST, 
"101::c:., Ni:XT, I\RML, 

-~t!lC_N, ------~~ITCH-,----- ~i¥~-p------
C AV ,A2~ > t (CE,DOE>, (0£A,DOEA>, 
<OP,OPT!cN) 
AH ____ IZ20Jl6_,_ 2_2_QQOOC_C~, _22l1Q_{1Q_OOOOOOB/, 
8L~K /5~008, ~50000008, 550000000000B/, 
MASK /770081 770000008, 7700000000008/, 
AMFM /4f(AHJ, 4M{FM)/ 

§----------INITIAL IZ_E ___ _ --------------·-----·-- ------ ··-------- ·-

NLAG=i+e 
NOEX =O 
TP=2 v < i+ f=-tr;- -
i/(5)=0. 
SP=O • . SO~_O_ • .__ ______________________________ _ 
ST=O • 
SOT=0. 
ST2=0. 

_____ e_AS_E__:;_._f)'_J._S_E.__ _____________ -------------
NEXT=. FALSE. 
S=.FALSE. 
SIGN= .FALSE. 

____ S\j = .FAlSC:. _______________________________ _ 
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---------• - .. .. - -• .. - - - - -----------i • 
SWITCH=.HWE. 

C 
C REAO OPTION (WEATHE~ - OPTIC~=.T., I~SCLATION - CPT!ON=.F.) 

() 
I 

00 

5 

10 
C 
C 
C 

C 
C 

15 

25 

30 

35 

·· ~~A1oi~t~~~ 0 ~-;T~ ·--- ····------
NV=3 
GO TO 15 
N IJ =5 __ _____ __ 

PEAD INPUT PA~AHETEPS 
• CORPELATIO~ CUTPUT 
READ __ J 3. • 3Jli OJ M-•r: £ ,._sy_.,E.Y .,D.ELJILE,_R_EC_O_F_[L_ 
WRITE <5,5010) MCCE1SY1EY.DEL,FILE.~ECO~( 
SALL WBA~ <Q1fILE:1f<-t.CORLi,CPTICN, TF,N/l) 
~RML=HODt.tu.~HN~ML 
DBUG=MOCE~NE.~~NRML_ 

REAU SYSTE~ LOA• DATA 
IF <SIGN) GO TC 2S9 
IF (SJ GC TO 132 
WRITE <5,5020) 
SWTCH =.FALSE. 
P~P=AP PDT=DAlE ___ _ _ -_____________ _ 
REAC C1,1J10) OATE,AP,l,CW,J,K,(OMNC(ll.L=1 9 12) 
IF (EOFlH 130, 30 
DEGOOE 6,3u20,0ATE) MO,CA,YR 
C.t\LL JUL1AHMC,Dt\,YP,J.C.l 
If (SWTCbl GO TO 50 
IF (NEXT) GO TO 35 
NEXT=.TRLJE. 
FCT=C:AIE 
FAP=AP 
CONTINUE 
IF (AP.EC, 2> GC TO 2': 

40 CONTINUE 
IF <OW.NE.1> GO TO 25 
If <BASE) GO TC 45 
HB=O 

45 

C 
5 0 

.. ID.:;.I .. 
TZ=J 
UY=K 
SYR=YR 
BJ11t_:;..iBXE.tlJ 9'.. 4 • ( C 6 Y .K + 3 ) / 4 } 
BOW=7•((JO-DWt6)/7)tOW-J0+1 
BASE=.TF.UE, 
SWTCH=.T~UE. 
POT=DAT£ . 
GO TO 70 
• AM CARC •• 
CONTINUE If (AP,EU.21 GO 10 90 .. ___________________ _ 
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-------- - - - - - ------

() 
I 

-..D 

• 
C 

IF (JO.fG.PJ0+1> GO TO 60 
... HOLE IN DATA 
IF (Yl<.EO.PY1:>) GC TO :i:5 

• 
~-~~J~; ~ ~ ~~5-,,.-• -Y •-(-c:o-=-y-+-=8:-c-M:-4--:::)-c/=-._.--::-,-----------
1 F <OW.NE. (POW-7•<PCW/7)+1)) GC TO 55 
IF <JG.EQ.1) GO TO oO 

3 S ....... WRITE lS, S 023-l_EC.I~JUtf_tJEAPJ ,_f>_Ll~A t-E~ tFAfL ____________ _ 

C 
E-0 

_ 7(1 

80 

C 
90 

SWTCH=.FALS::. 
FOT=OATE 
FAP=AP 

- _Go___Jo_ ___ ~JL ____ - ------------------------------------- ---- - ---

•• SEQUENTIAL OAiA 
CCNTINUE 
IF (OW.NE. H GO TO 80 
HR;:HB.±_~~-(_J0_~1J ______ _ 
WK=S•(MC-i)+COA-1)/7 
OTCOW,1)=OATl 
GO TO 100 
.• __ PM CJl.RC ¥_• 
CONTINUE 
IF <DATE.EC.POT> GO TC 95 
WRITE (5/5023) FCT,AHP~CFAP),PCT,AMFM(PAP) 
51'!ICH_=_,_A_LSE. _________ .. _________ _ 
FDT=OATE 
FAP=AP 
GO TO 23 

95 . OW=POW _. _ ... 

C 

100 DO 110 J=1,12 
I=t2•(AP-1>+J 

110 DMO(I,OW,1)=0MN1CJ) 
IF tAP_.EG. 2) GO TO 115_ 
PYP=YR 
PJO=JO 
POW=OW 

____ GO __ T0 ___ 2.:__ _________ _ 

C 
115 

COMPLET~ WEEK, FCPM LEAST-SQUA~ES su~s 
CONTINUE 
I F <OW • L T • 7) Go 10 ::' ~'
T =HF 

120 

DO 120 J=1,7 
DO 120 I=t,?4 
f=T+1, 
0-=ALOG(O~D CI,J,1)) 
SDT=SOT+C•T 
SO=SO+O 
SP=SP+1 Se, . 
ST=5T+166.•T-1 •• 28. 
ST2=ST2+15E.•T•T-28056.+T+15E6460. 
W~IT[ (E) WK(1),HRU),(OT(J,1),(0MC<I,J,1l,I=1,24),J=1,7) 
POW=O 
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() 
I 
1--

0 

• 
C 

130 

135 

C 
C 

132 

C 
C 
C 

C 

145 

C 
1?0 

C 

155 

160 

165 
170 
175 

GO TO 2S 
• ENC OF DATA 
CONTIMUE 

• 
WRIT£ (8) O,S0l,SJ:,S.P,SI,,SJ2 ___ ---------
C:NDFILE. e 
REWIND 8 
IF (PDT.EQ.FOT) GO TO 13: 
WR I TE l 5 , 5_ll25J F Cl-,. .AMF ~1.FAP-1 _,~.C. T _, A MP M < ? _A.E_L _ 
ENDFILE f: 
PEWINO S 

COMPUTE. i.:X_FON.E:NT IAL lR.i:.ND £0.££UJ:I£NJS 
RE AD ( 8 ) D , SOT , SC , SP , S 1 , S T 2 
D=SP•ST2-ST•ST 
A=(SD•ST2-ST•SOT)/0 
9= < sP• so 1-so•sn 10 _ _ 
A=EXP(/l) 
J F ( D 8 U G ) Wf. IT;:: ( 5, S 0 3 0 > A, B 

DECOMPOSE IN_PU T C EMP NO DA TA _ 
• IN IT I AL 1 2£. 
N=1 
HR(2)=0 
MORE=.lRUE .. 
SWTCH=.FALSE. 
+ READ C~E WEEK OF DATA 

IF (DRUG> W0 ITE <S,~0~0) 
SUM=D. _ . . . -- _ ........ . - .. . . . __ 
READ (6) WK(N),HP(N), (CT<J,N>, (OMD<I,J,Nl,1=1,24) ,J=i,7> 
IF <EOF,6) 150,1'::S 
• COMPUTE EXPONc~TIAL ~NO 24-HOUR MOVING AVE~AGE 
LAST=.FAl.SE. 
MORE=.F/llSt::. 
GO TO 175 
T=HR(N) 
DO 160 J=i,7 
K=24 4 (J-1) 
DO 160 !=1,24 
L=K+I 
I==.L+ 1._____ _ ___ _ _ 
iXT<I,J,l\)=A•EXP(B+T) 
rE(L+12,N)=QMO<I1J1N)/EX!<I,J,N) 
LAST=HR(I\) .tO. (Hf< <--s-NH1c8) 
•• _lNITlALIZL IlAJA _.Wd:X_ 
00 170 1=1,12 
IF (LAST) GO TO 1tS 
OE(I,N)=OE<I+168,N) 
GO TO 170 ..... . 
OE(lfN>=CE(I+168,3-N) 
CONT NUE 
N=3-N 
IF (SWTCt-) GO TO 180 
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(') 
I ..... ..... 

• 
SWTCH=.TJ;UE. 
GO TO 1i.s 

• 
C •~ FINALIZE PREVIOUS DATA WEEK 

1 8 O DO 19 O J-1 1 2 
IF (LAST) eo TO 185 
OE<I+180,N)=OE(It1Z,N> 

1..85 
190 

C 

195 

200 
C 
.c 

C 
C 

GO TO 190 
OE<I+1aO,N>=DECI+12,3-N) 
CONTINUE 
•• FILTE~ PREVIOUS WEEK 
DO 200 1=1,192 
If <I.LE.24> GO TO 195 
SUM=SUH-OE<I-24,Nl 
SUM=SUM+OE <I Nl 
IF (I.LE.24>'Go TO 200 
AYCI-24l=SUM/"24, 
DEA<I-Z~)=OE<I-12,N)/~V<I-24> 
CONTINUE 

••CROSS-CORRELATE ANO STORE RESULTS HITH GIVEN TI~E LAGS ON TAPE 
DO 240 J=1,7 
00 240 I=1f24 . 
CALLWBAN{O (J,N>,I•1,FLG,OPTIO~,TP1NAfNVfV(1)fV(2t1V(3)1V(4),Vt51) 

••FOR GIVEN TIME, IF DATA NOT AV IL Bl• GNOR OEH NO OTA 
OTHERWISE STORE BOTH DEMAND AND OTHER VARIABLES. 

IZ=l-1 
WRITE (7)0T<J,N>,IZ,NV,OOE(l+12,J,N),OOE~tI,J>,<V<I>,I=1,NVl 

___ 21+0 CONTINUE 
If <OBUG) WRITE <5,504~> OT<Ji1>,T,CHO<IjJ,1>,EXT<I,J,1>, 

• DOE{ ,J,1l,A24( ~Jl,OOEA(I,JI 
If (MORE) GO TO 145 

. -· C • ENO OE OAT A 
ENOFILE 7 
REWIND 7 

C 
.c 

C 

259 

260 

C 
-····-··-·· :rn_o 

C 

•• READ D~TA FOR CROSS-CORRELATION 
CONITNUE 
J::O 
J=J+1 
READ <7> IOATE,HOUR,NVV,VAR(1,J>,VARC2,J>, CYARCl • 2 1 J>,I=1,NVV> 
IF (EOF,7) 300,2EO 

••CHECK FOR CORRESPONCING TIHE ON INSOLATION (WEATHER> TAPE 
M = •-
NN = NVV~ 2 
• STORE SQRT(AUfCCORRELATION) IN SlG~A A~RAY 
00 302 L=1,NN 
00301 K=1,N 

301 AUTO(K)=ijA~(L K> 
CALL CROSS(Auta,AUTO,N,1,R,S) 
SIGMA<L>=SQRT(R(1)) 

_____ 3 tl2_ CONT I NU.~E~--
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() 
I -N 

• 
C 

• 
• CkOSS-CORRELATE ALL COMBINATIO~S OF VA~IABLES 
00 320 !=1,NN 
00 304 K=1 N 
ARR1<K>=VA6lI,K> 
If (ARR1 UO • EQ. 777777777777777777778) Af(IU CIO=O• 

304 CONTINUE 
00 320 J=I.,NN 
00 306 !<=1 !N 

; ARR2(K)=VAr . 
IF (ARR2CK).E0.777777777777777777778) A~~2(K>=O• 

306 CONTINUE 
C SA~~R~~Ei~E<1~~1 c~~~~'~l~~A~OR,S) 

DO 310 M=1,NLAG 
XM = FLOAT (M-1) 

________ __lf C<SIGMA<Il .Ea.o.) .oE. (SIGMA(J). EQ.O.)) R(M)-0. 
IF «SIGMA CI) .NE.O.) .AND. (SIGMA<J, .Nc.o.)) 

•R(M) = R(M)/(SIG~A<I>•SIGMACJ>> 
IF ((SlG~A(I).EQ.o.,.oR.(SlGMA(J).EO.O.)) S(M)=O. 
IF ((SIGt-lA <I) .NE.IJ.> .ANQ .. <SIGHA(J) .NE.O.)) 

•S(H) = S(M)/(SIG~A<I>•SIGHA(J)) 
WRITE (10) XM,R(~l,S(M) 

310 CONTINUE 
HR I If < 5 , 6 9 0 o > I , J 
00 315 H=1 NLAG 

315 WRITE cs.,1600) R(H).,S01) 
ENOFILE 10 

_____ _3_2.fl. CON I IN U E 

C 
C 

ENOFILE 10 

ENO Of ANALYSIS 

REHINO 4 
STOP 

c1010 FQRMAT(A6,I1 ,Aa,11 ,A2,A2,12=-s.n> 
3000 FORMAT <11) 
3010 FORMAT(A4 1 2(2X,I4),2X,I2,2(2X,I2l) 
3020 FORHATC3Iz> 
5010 EORHAT<•10UJPUT -•,4X,•HCOF = •,A4,4X,•SY = •,I4, 

•4Xi•EY = •1I4,4Xt•OEL = •1I2,4X,•FILE = •,I2,4X,•RECORO = •,I2) 
5020 F01-<MA TC •O OtM ANO I ME SFA N:s -•) 
5025 FORMAT<i~X.,A6.,1X.,A4,• TO •.,A6,1X.,A4) 
5030 FORMAT<•1A - •,E1s.2,zx,•R = ·-~1~-7Jl - . - - - - - - -- .s-:-...__---= _ _;:_s. 

so4O FORHAT<•o•,~x,•or•,14x,•r•,12x,•OHc -- • 
•12x,•A24•~11x,•aoEA•> -

5045.FORMAT<tXIA6,7E15.7) 
_____ ._fiJlDJL.FQRMAT <7E16-81> 

6goo FORMAT (216) 
7000 FORMAT (2£16.8) 

ENO 

COREL Program Listing (Sheet 6 of 10) 

• 



-------• - - - ---------

(") 
I -v-l 

C 
.,,. 

SUBROUTINE 

INTEGER 

• 
WRAN(OAY,HR,FLG,SWITCH,T,NN,N~,v1,v2,v1,v4,v5) 

- .,. -
CAF0<4oo,, oAv, uEWl 
ORY, DTE, FIL, 
FLG, HR RECO 

.,. Tf T~!, TSRA~, 
• WNO Y YHO 

-~- _utG_l.CAL SWITCH' S~TCH 
C 
C 
C 
.C 

SWITCH= .lRUE. 
SWITCH= .FALSE. 

FOR WfATHER OllTA 
Fox INSOLATION DATA 

IF (OAYeNE.O> GO TO 50 
C 
C INITIALIZATION 

REWIND T 
C • FILE PCSITIC~I~G 

5 IF (FILE.£Q.HR> GO TO 20 
_ ---~- BUFFER IN n.o, <CARD(U ,CARC(8) > 

15 
If (UNITF<T>) 10.,15,10 
FILE=FILE+1 
GO TO 10 

.... ____ C • RECORD PCSITIO~ING 
20 IF (RE.CO.GE.FLG) 1,:ElURN 
25 IPA~=O 
30 BUFFER IN n,o> (CAROU) ,CARO(8)) 

If <UNITPCT) 40,45,35 
IPA~=IPAf.+1 35 
IF (IPAR.GE.5) GC TO 40 
BACKSPACE T 
GO TO 30 ---l+O RECO=~E~~+-

7
1 ___________________________ _ 

GO TO 20 
45 RETURN 

C -·--·-·c.------R=ETI E-YVI7'.f 
50 Y = OAY.AN0.0000000077770000000-08 

MD= MXIFT(OAY,2~).ANO.OC0000000000777777776 

·-·-··c···----!M~r~o"8.-..t:...------------------------------
ss IF (OTE-YMO) 90,60,110 

C • FINO TIME 
cf! 0 --fER.f X~E N~~~ -~~~5 ~8' 11·...__ ______________________ _ 

e,::; IPAR=O 
70 8UffE~ It-. <T ,0> (CARO (1> ,CA~O('400) 

IF (UNITF(T)) 35,e0,75 
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------- - - - ------ - - -

() 
I 

...... 
~ 

• • 
C •• PARITY ER~OR 

75 IPAR=IPAR+1 
IF CIPAR.GE.5) GC TO 85 

--···•·-••--.B.~KS.PL..~..._-:_______,_ ____________________________ _ 
GO TO 70 

C •• END OF FILE 
80 FLG=3 

.. - .. EI.LE.::.£~____,+__.._ ____________________________ _ 
RETURN 

C 
85 

•• ~ECORD ACCEPTABLE 
LNT=LENGTH(T) 

=-. -·······-····--··•.1u.:~..__.,---------------------------------
9Q NN=NN+1 

IF (SWTCH) 951100 
95 IF (NN.Gc.9) l7O TO 65 
______ .. 0£.CDDE < 8 0, 1020, CARO< a•NN+1) > CTE, TH!= ,DElh HI NO, ORY 

GO TO 105 
100 IF (NN.GE.£3) GO TO 65 

DECODE (130,1030,CAR0(13•NN+1)) CTE,TME,TSRAO,NIQAO,ORY,DEW,WINO 
.. 1.115. I F < CO v= • A NO • 7 7 0 O 8 > • Ea • 5 5 O O B > 0 IE= DTE - 2 Z O O B 

C 

C 

C 

IF <<OTE.AN0.770000000>.E0.550000008) OTE=DTE-22000000B 
GO TO 55 
• DATA UNAVAILABLE 
WRITE (3,4100) 01£,YHO,TME,HR 
R'::TURN 
• DATA FCUNO 

= 
V~=t. 
V5=1• 
•• OEM POINT (CEGREES F TO DEGREES C) 
SWTCH=CQFW.ANQ.77000081,E0-30QCQOB 
IF (SHTCH> Dth=DEW+30000A 
DECODE (10J2010,0EW) MORD 
IF (SWITCH 130,1~0 

130 V1=5.•<WCRQ-32.>l9. 

140 
150 

C 
155 

GO TO 150 
V1:WORO 
If (SWTCH) V1:-V1 
•• WINO VELOCITY {KNOTS TO METERS/SEC> 
SWTCH=CWINC.AN0.7700B).EQ.30008 
IF (SWTCH) WINC=~IN0+3COB 
DECODE (10,2020,WlND> WORD 
IE <SWTCr> WORO=WQRQ+100. 

160 ~~=!~~!r~~l3i~S~J~g 
GO TO 180 

ci]O -- . ¥f :,.,,_O!)J' R~Y[ll.Le=u-c-:L-::8=--::T::-::E::--cM:--::P:.--::::-::R:-:A:-=T-:-U:--::~:-=Ec--:-(-:;;::0-ci:-=G=R=E =E =s-F=---:T=-c=-, -c-:O:=E::-cG::-:R::-::E=-cEc-cSc-· -,c....,.,----------
180 SWTCH=CORY.AN0.7700008).EQ.300C008 

IF (SWTCH) ORY=ORY+300C08 
DECODE (10.2010.0RYJ ~OR[ 
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() 
I ..... 

\J1 

- -• - - - - - - - - - -• - - - - -
C 

190 

200. 

IF (SWITCH) 190,200 
V3=5.•(WC~C-32.)l9. 
RETURN 
V3== W.ORIL ____ ·---······•--··•··· .. --.-·.•· -·····---·~:-::-::;:=~-====~==-----------------
• • T oT AL SOLA~ RACIATIO~ <KILOWATTS/METER••2> 
SWTCH = <TSRAO.A~0.77CCOOOOB).€Q.300000008 
IF CSWTCH) TSRAJ = TSRAO + 3000D000 
.DEC.Q.0£__.!.1Jl.,_JJJitJ1_..15RAfil__iillR.IL~,--------------------
I F (SWTCH) WORD= WORC + 10000. 
1/4 = WORC 

C ••NORMAL I~CIDfNCE RAOIATICN (KILOWATTS/~ETEP.••2) 

C 

-- - - SW.I.CtL = -- ( N IR AD. ... llKU~]'-!;-1 ,:-D ~o O~O~8~)"-:.~E~Q~-~3~0~O._..O._..O ...... 0'-"'e'---------------
I F (SWTCH) NIRAO = NlRAO + 300008 
DECODE (10,1050,~IRAO) HORD 
IF (SWTCH) WORD= WORD+ 1000 • . Y5-='=~<.1.M.J.c..w_ ____________________________ _ 
RETURN 

1010 FORMAT(8A10) 

. ··--f%~3 ~g~~:f <1~~:~i!1~;~~!~~~~!~~{~~:~:~!22>f,R21 
1040 FORMAT (EX,F4.3) 

. _ . ___ l1i~ ~g~~~l,~~~~~:of> 
2020 FORMAT(8X F2.0) 
3200 FORMAT <•'nTE,TMt•/2021) 
~000 FORMAT (~021/~021) 
4tOO FORMAT <• OTE,YMC,1Hc,HR•l4021) 

END 
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(') 
I 

...... 
O' 

• - - - - - - - -

C 

• 
- - -- s-ua15oUflN E -j OLIA f <MO; b A, YR~ JCff 

INT£GER OA 1 MTABC12>, 
DATA MT~B / 0, 

~ 5ot 90, 
• 15, 181, 
• 2~3, 273, 
• 334✓ 

JO:MTAB O!O >+DA 
IF ( (YR-4• (YR/4) .EQ.0) .AND. (t40.GE. 3) > 
RETURN 

FNTRY MM 

- -
YR 

ill. 
212, 
301+, 

JO=JD+1 

IO=JO 
IF C(YR-4•CY~/4).EQ.0>.ANO.<JD.GT.S~>> IO=I0-1 
00 10 !=2,12 
IF CID.GJ.MTAB(IJI GO TO 10 

- - - - -• 

MO=I-1 
GO TO 20 

10 CONTINUE 
__ ____11_0-20 DA-==-:-l!=--0--M,-:-T:;;;-A-::-:B=--:-:<M--:-cO-::-:):::-----------------------------

IF C(MO.EQ.2).ANC.(IO.N£.JO)) CA=29 
RETURN 

""---------------------------------------------------------
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() 
I ..... 
-.] 

• 
C . - C 
C 
C 
C c·-· 
C 

C 
C 

C 
C 

C 

C 
C 

C 
C 

• 
PROGRAM WISO~(INFUT,OU1PUT,TAPE5=I~PUT,TAPE6=0UTPUT,TAPE1, 

• TAFE2,TAPE10) 
. ···-··· ·.---.····---.-·~---.---...···~--.·--.. ............ ~ .. . 
• • 

REAOS OEHANC DATA ANO WEATHER INSOLATION OATA ANO MERGES 
THE SPECIFIC ITEMS • • • • • • • • • • • • • • • • • • • • • • • • • • • • • -·-"-·--··-------------------------------------------------------

OIKENSIO" OEMNDC24), BUFH(313), WORD(50), 
FILEC2C), OTAC50), 8UF0(54), 

··-ul3llrfir 

NAMElIST /It.PT/ NWROS, WORD, NYEAliS, FILE, 
• NPRI NT, IENO 

INTEGER . ·--·-·---·FILE, HORD, OBUF 
EQUIVALENCE (08UF,BUFO) 

··eoFw < JfU=Tirff 
•!INITIALIZE CCUNTERS 
FILE COUNTER FOR INSOLATION DATA TAPE 
IENO=O . IFit.F=U ·····---· ·-

5 REA0(5,INPT) 
C 
C COUNTER FOR LINE PRINT ···········--··-·1pRYWT::lfF·....-.~~=---c.....:..:.::'--'--"----------------------

WRI TE H,, 700 tn 
7000 fORMAT<1H1,20X,•WEATHER INSOLATICN ANO POWER DEMAND DATA MERGE•//) 

C 

C 

C 

TIKF=lJ;-----
NUM8ER Of MOROS IN RECORC ON OUTPUT TAPE 
If (NWROS.NE.O> GO TO 15 
00 10 J=1 48 ······woRUTJT":,.-L-~---------------------------

10 CONTINUE 
NWROS=48 

. 15". NWUSF="NWROS • 

C 
C 
C 

20 

30 

CO 100 I=1,NYEJRS 

f=OSYTICN" ru-·-c-oim£CTTII:E-U-J:7NSOLA r ION 
IFILE=IFILE+t 

DATA TAPE 

IF <IFILE.EO.FILE<I>> GO TO 40 
eUFFE R IN ( £! 0) ( BUF. W <.1ccc..:....> _.__, .:::....BU=-F'-W..:....(-=-3::...::1=2:cc.)_;_) _________________ _ 
IF fUNITP l z JT-"-Jtr;·ztJ,3'"' 
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() 
I -00 

------• - - -• - - - - - - - - -
C 
C 

40 
(3000 

45 
9011J C . 

C 
C 

C 
C 

51' 
C 

~EAO RECORD CN OEMANC OATA TAPE ~a~a1 t t7f ~i lx ~~ ~,~ f < QEHt,t c (J_t ~=J.tJ.ZJ _____________ ----

!i~2l l1ili:J:_!i~!!~~~I~-~ (J) ,J=tJ,Zlt) ---------------------

e U FF ER IN oaTA 0~ INSOLATICN TAfE 
eUFFER 1~,2,0> <eUFW(1),BUFW(312)) IF (UNIT1(2 r-511,TOO,Str -.~~~=-'---'-----------------

OECOOE lNSOLATIO~ DATA 
00 8Q J=t_,.?_'4_ ---

NW=(J-U •13 • 1 
CEC00E(130 e00018UFW(NW)) OTA 

8000 FOR HAT< AS,~ 12, Fz~f4. ~ ·~~ ,F 3. 21F?-1.-lli2X, 2A1, F3. 2, 1X,f 22A1 1 1x,2F2, 
• F3,7f1,2F3,JA , ,~A~tJA1,A3,3Al,AJ,2 2, ~, 9X,2F ,15 

C 

C 
C 

60 
C 
C 

C 
70 

8010 
C 

8fl 

C 
100 

C 
C 

C 

TI..,E=TIME+t. 
BUFO<U=TIME 
euF O { 2) =COAT£-------
OBUf ( 3) = I OA Y 
EUF0<4>=0EMNO(J) 
P IC I( UP .. NE QUESTar· UATA ·-rrFF--oy:--1 N 5 OLA TI ON 
00 60 1(=1,NtiROS 
N=WORO(K) 
BUFO(l++K)=OlA(N) 
CONTINUt:·---·· -· -

TTISE 

i~F~O~r~~llif1-'-~o!~~:~~,_,,1;1..1FQJ_~~oifl_> -------------------
IP~ INT=IFRitiT +1 
If (IP~INT.LT.NPRINT) GO TO 80 IPRINT=O .... ---·· -·-- -----~_c_=.--=-~----·--------· 

WRITE(6,e01C) TI~E,OOATE2IDAY~OEMNO(J) ,<eUFO(K),K=5,NWOSF) 
FORMAT(/F10.0,1X,A6,1X,1J,1X,~5,(/!021)) 
CONTINUE - - - -·- -- ------- -- --------
GO TO 40 

CONTINUE 

IF <IENO.EQ.Ol GO TO 5 
~EHINO 10 
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------- - - -• - - - - - - - - -• 

() 
I -"' 

• 
5TOP 77 

•/INPUT 
NWROS 

.. ORO 

t.:YEARS 
FILE 

~PRINT 
JENO -- -- - ---

(l)~U~8ER Of CATA ITEMS TO BE SELECTED OUT OF CATA FRA"HE ------ --- -- ------------- -------- ------------- --- ---
<I> ARRAY Of WOR.O NUMBERS TO CORRESPCNO TO POSITION 

IN INSOLATION DATA FRAME 
(Il VARIABLE DEFINES NU,t8ER Cf YEARS TO PROCESS 

---- ll) JR"~AY TNYEARS- Ilf"""lnfGTRT ___ OF" __ PHY-SICAl.--FnE .,-,.-BERS 
TO PROCESS ON INSOLATICN TAPE 

(!)VARIABLE TO REGULATE PRINTOUT. AROGRAM WILL 
FRINT IVERY NTH FRAME . ---·-cr, VJ"RIIllE_Tlfclf07'R;,,;-OG...--;R~Ar,if'-.r-,.---rs-u--s-ER _____ MU __ S,_..t ""SET"""Tir ANYTHitG 
CTHER THAN 0 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C C THE FOLLOWI~G DEFINES THE WORD NUMBER OF DATA ON THE 
C INSOlATTON-,Jl'F 
C NO 1 = STATION MUMBER CHAR 1-5 
C 2 = YEAR 6-7 
C 3 = MONT~ 8-9 C 4··=--UAY ------- ---- 19-11 
C 5 = HOUR LSl 12-13 
C E = TOTAL SOLAR ~AOIATION 14-17 
C 7 = SOLAR ELEVATION 18-19 
C - --- 6 = EXTlfA-;;TtRRE"STRIAL RACIATIOfi 20-22 
C ~=SUNSHINE 23-24 
C 10= SNOW COVER 25 
C 11= ESTI~ATEO lOlAl INSOLATION FLAG 28 

·c · 12=--·EsTr~TED"-lfO"f~HAl INCIDENCE INSOLATIOf FLAG 29 
C 13= NORMAL INCIDENCE RADIATION 30-32 
C 14= SOLAR WEEK 34•35 
E----- -----½~~--~l;f-i~~P-0VER ~1-39 
C 17= PERCENT OF POSSIBLE RADIATIO• 40-41 
C 18= VISI€ILITY 42-44 
C 19= LIQUID FRECtFITATICN 45 
C -- -- 20"=7:touro-l'RE"CIPI TAT ION 46 
C 21= ~ROZEN PRfCIPITATICN 47 
C 22= fqozEN PRECIPITATION 48 

8 -- ---~~~- b§~~~~c~~a~-~f.t~A-lli~oN ~, 
C 25= OBSTRUCTIONS TO VISICN 51 
C 26= O~Y euLe 52-54 
C 27= OEW POINT TEMPERATURE 55•57 

----- ··c - - - "28= ·roTAl-CCOUOS ANO OBSCURING PHENOMENA 58 
C 29= AMCUNT OF LOWEST LAYER 59 
C 30= TYPE OF CLOUD LOWEST LAYER 68 

-----~- ---------¾~~ --~™~f gi ~~~a~~ ta;~: ti-63 

C 33= TYPE Of SECOND LAYER 65 _c 34= HEIGHT Cf SECONO LAYER 66-68 
C 35= SUHMATICN At4CUNT Al SECOND LAYER 69 
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C 36= AHCUNT OF THIRD LAYEt; 70 
C 37= TYPE OF THIRC LAYER 71 
C 38= HEIGHT OF THIRC LAYER 72-74 

-----·c·-----·-·3q:-SUJitHATION AHCONT AT TRIRO LAYER 75 
C 40= AMOUNT Cf FOURTH LAYER 76 
C 41= TYPE OF FOURTH LAYER 77 
C 42= HEIGHT Cf FOURTH LAYER 78-80 
C -- -- 4T='-lfIND-UTf.fE~'rrrr»·-- • 81-82 
C 44= WINO SPEED 83-84 
C 45= STATION PRESSURE 85-88 
C 46= SOLAR DECLINATIONS 118-121 .. ··-g- -----~~ j3t~ft?llV01R l~~i§i 

ENO 

. ____ ,. _________ _ 

·-------------·--·-·-·-------------------------------------------------

'<••M _____ ,_ 

---- ·····-·-·-------------------------------------------
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