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(~J)Abstract
Nzecltive order 12003 requires that all federal activi-

ties reduce their energy consumption by 20% from fiscal year

1975 use by, fiscal year 1965. The Defense Energy

Information System for shore activities (DITS 11) provides a

system of measuring, reporting, and comparing energy use

levels in pursit of that goal.

The uso of regression and time series models of energy

use were examined for application within the present DRIS UX

system. A data base of monthly eIectricity usee gross floor

areas# four weather variablest anI building area category

identification codes vere ued La a framework study of 12

Naval Regional edical Centes Specific methodologies for

model development, interpretation, and application to a

control system are demonstrated and discussed.
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Pilot to 3, ey u. coan.idered an iaeoxawtible

aM etposabto. sapply. It was am inezpenive commodity.
owing the paLo& betwe 1950 and 1973 the price of most

enrgy producta. Increased lessn rapidly than the price of
Other- o"odities* In fat.w in terms of 196 dollars# the

Ieal Price at omeag was actually declining. The real price
of roo£deft~ el lctrilcity fell by 5SS (S". 30/8329 to

M "Arm aW, that of qase4,me by 21% (63. 0/gel to 49.7/gel),
eel that of natural gas by 204 (82. S1/3M3 to $1. 0/3?U)
[fot. 1,. -large- popuation of observers reasoned that,nrly doand. are detersi ed by t ko logioal progress and

ecea i growth. We LaILct, assampties was that the price

Of. enrgy h-a a aegugs-bl.is- iot ex. the OsW of energy.
ks 9VeOLM by th tint law- of economic 4emaud

eozeessW *eegT ptioe. courafed:& cosmption, By 1973.
eit**& I*&p eCtnLtjy bd lamaS et i p r Capita use

by 3SO0 UM draatic aocuns in natural gas resulted in
per capita Consumptin i mueatrses of 40 (1ft. 23. The
Norio" a.tomebile bocass- heavier and more powerful as fuel
economy bsea mM of a considezation.

ildLag. costsmctio *as also affected by the price of

eoergy. Buildings vte designed and. constructed primarily
Vb IitaI. costs As nd. Construction materials Vere not
saloeted on the baets of insulation qualities. aesthetics
fmoz e* large window arms. Siting was based an factors
ther than the bosneits af solar position. The result was

the orsation of a rest isventory of commercial buildings

whif, by today'. standardw, utilizse excessive amounts of



energy. Comamerciaj buildAngs toay account for approximately
8 of our national energy use (Ref. 3]. This present inven-

tory is being replaced at the rate of only 2-3% per year.

The majority of existing buildings for many years to come

will be those which were originally not designed with energy

conservation in mind.

The 1973 Arab'oil embargo abruptly ended declining real

energy prices. The effect on supply and the soaring energy
prices shocked the world, dispelling the belief in an inex-

haustible and expendable supply. loreover, the belief in

vertical supply and demand curves was recognized as erro-

neouse With the sharp cise in enecgy prices, energy use

declined. in accord with the second law of economic demand,

the response was greater in the long run than in the short

run. The initial response was relatively weak as lights

ve turned off thermostats reset, and fewer miles were

driven. In the two year period from 1973-1975, per capita

use decreased by 7%; national energy use dropped by 5%

(Ref. 4]. Long range response, however, required sore

capital investment and time for implementation. Additional

building insulation, installation of more feuel efficient

machinery, and purchase of smaller cars were &. few of such

longer range responses.
lore than an applied lesson in economic laws, the fuel

crisis demonstrated how reliant American society had become

on foreign oil. Such reliance was recognized as a threat to

the national security. The federal government initiated

programs to become less dependent upon, if not totally inde-

pedent from, foreign oil. Such programs called for sharp

reductions in use and the development of alternate energy

soMCCes. aut such a national appeaL. could not overlook the

fact that the federal government itself was the largest
single energy user in the nation, consuming more than the

10



.. - combined total of the five largest private users of

energy--U.S. Steel, Union Carbide, 3ulf Oil, International

Paper, and General motors Corporation. FY 1978 federal use

accounted for 2.2% of the national use (lef. 5]. The

federal appeal to conserve energy precipitated a "physician,

heal thyself" role.

B. ISSUES

To achieve an objective, one must first define the

objective, Setting goals is very important in meeting the

objective. The objective must first be realistic. If set

too low, the system will not realize its full potential. If

set too high, the system may even waste resources and effort

trying to achieve the unattainable. It may tend to circus-

vent the objective, realizing its inability, failing to

attain even an optimal response. Instrumental in achieving

the ultimate objective is setting targets, or goals, to

direct progress and efforts. Such goals must also be

realistic to properly drive the intended system response.

Once goals have been established, monitoring provides a

means of assessing the realities *f the goals and objec-

tive. The effectiveness and efficiency of accomplishment

also become major items of concern.

These general principles are applicable to the federal

energy conservation effort. The federal government, being a

large eiergy consumer, must play a major role in achieving

national energy reductions. DOD is in a similar role within

the federal government. In F! 1975, total federal energy

use was over 1800 million EBTU. Buildings and facilities

accounted for almost half of such use at almost 900 million

HSTG. DOD ue represented over 81% of the total federal

energy use. Its buildings accounted for over 67% of the

total federal building energy use. Consequently, strong



attention has been given to reducial energy use in federal

buildings and facilities.
initially, federal goals and objectives were established

relative to total energy use in FY 1973. is reporting and

monitoring systems were cefinedp, short range targets gave

way to formalized planning. A formal plan was officially

instituted by President Carter with the issuance of

Izecutive Order 12003 of July 20,1977. Defining FT 1975 as

the baseline year, ad defining objective. and targets in

terms of energy use per square foot of floor spaie

(,BTD/SP), target percentage reductions through PT 1985 were

specified within the federal sector. Defense Energy Program

Policy memorandum (DIPPE) No. 78-2 of 1 march 1978 formally

implemented these goals within DOD. The following goals for

building use were directed:

1. A 20% rlu tiO i± average annual eaeryu : per8a e v nar 0 0of e xg.lIa g (€on00afrucuted Pro
d~t Co cmlet 1) '?gav6 rl. s (o

2. a 45% reduction in avera anual enuus requaire-
sat r s oot oI - now n ig (Piesga
co"mp et1aftl h late of promulgation).

Defense Energy Policy Program memorandum (DEPTH) 3O.

80-6 of 3 June 1980 eztended energy goals through YY 2000.
These goals, which implemented not only total energy use
reductions, but targets for percentage of ue by energy
source, in 5-year phased targets. The following goals,
relating to building energy use, were specified relative to
the 1! 1975 baseline:

By FY 1985:
1. 20% reduction in total energy use.
2. 30% reduction in natural petroleum fuels use.
3. 1?% of otaal III for solid fuel conversion sources,

.e. coat, so waste* wood, etc.
4. 1IS of tital8 , f nor enovbZ ource8 . 0.eo,

gooena1 0,l[- V oare ZO~ agd hop'over, etc.

By Iy 1990:

12



1. 25% reduction in total energy age.

2. 35% reduction in natural petroleum fuels use.
3. 15% of total use from solid fuels conversion.

'1. 5% of total energy from renewable sources.

By 1595:
1. 30% reduction in total energy use.

2. 40% reduction in natural petroleum fuels use.

3. 201 of total use from solid fuels conversion.
4. 10% of total use from renewable sources.

By FT 2000:

1. .351 reduction in total energy use.

2. 05% reduction in natural petroleum fuels use.

3. 20% of total use from solid fuels conversion.

41. 201 of total us from renewable sources.

To gain a perspective of the extent of this application,

twenty two federal agencies owned about 3.2 billion square

feet of floor space in nor* than 90, 000 buildings worldwide

when the Izecutive Order was. issued. DOD was the largest

single owner with over 3941000 (80.6%) of the total federal

buildings. totalling more than 2.1 billion square feet (661)

of the federal building floor space in PY 80. The total DOD

building energy use was 69% of the total use in all federal

buildings Clef. 61.

The results to date of federal, DOD. and DON efforts

have been less than expected. Table 1 shows the results of

their efforts to date.

The reasons for this lack of satisfactory progress need

to be examined and corrected if the overall 20% objective is

to be reached. One explanation night be that the goals are

unrealistic, either in the short range, or in the final

objective, or both. Another explanation might be that the

implementation methods are not effective or efficient enough

to produce the intended results. One obvious, although

13
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impractical solution for meeting the energy goals is to

channel greater capital investments to the bases to el* i-

nate the most inefficient plant inventory and replace it

L with more modera, energy efficient construction, or make

major conservation effective alterations. Obviously, the

capital easources required will be a significant factor in

such decisions. Less sizable actions to reduce base

operations, or even close down bases could provide other

alternatives. Such actions assume that the goals are

inflezible and realistic in nature. With the assumption that

the energy goals are realistic and feasible, attention is

directed to the-effectiveness of the implementation process.

Can the current means of accomplishment be ezpected to

achieve the objective, or are modifications necessary to

improve the response?

C. PUlPOSI AID SCOPE

The purpose of this thesis is to develop more effective

methods of evaluating progress toward achieving energy

'l 1



canservation goals. although the present system is quite

functional, its simplicity, permitting Boae level of control

for the vast shore activity conplez, has inherent problems
that can distort reported results. rhe potential impact has

financial consequences in that capital investment decisions

can be adversely affected by such distortions. The limited

capital resources available to undertake corrective projects

can thus be less than effectively channeled.

The methods presented in this thesis are a framework

that is intended to be general enough to be applied at the

activity level, or func.dional command level, such as major

claimants. The intent of this thesis to develop and discuss

the realistic applications of energy use models. a brief

presentation of concepts of theory will only introduce the

reader to the necessary basic concepts useful in

understanding and interpreting the basic methodology. a

* .. comprehensive treatment of theory will be left to teztbooks.

Zn order to be applied by the corporate body of energy

managers, the methodology can not be too technical or

dependent on theoretically oriented decisions. The intent

here is to show the major elenents of useful models to

suggest working tools for general application.

The use of computers with software to handle the eztem-

give regression and time serie calculations Is implicit in

this methodology. The system used in this development was

the IBM 370 hardware with the UITAS software package.

mITAs is a terminal oriented, statistical package devel-

oped at the Penn State University, and was found to be flex-

Xble and easy to use without eztensive previous knowlege of

computers. The method developed hecein is not dependent on

.I.ITAS, however, and is readily adaptable to various

statistical software packag es.

Is
' A . *v * '*".. .. . . .

!,q
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The objective of the proposed methods. is to identify a
max. of forecasting energy uge to improve the etffectiveness
of the energy management program. The models developed will
have advantages and disadvantages in particular situations
that will determine actual uses. Discussion of model
characteristics will demons trate sock applications.

The methods will be demonst rated within the framework of
electricity use at Naval Regional medical Centers (N13Kg.
This narrowing of scope will allow a more concentrated focus
on the methodsp without und ue confusion created by introduc-
tion of indigenous issues. Seleti~n of electricity as the
energy type was based on Its major, and still increasing,
percentage of total energy use. Selection of the 515Cs as
the sample was made on the basis of the particular charac-
teristics of an 12IC, such as hours of operation, uniformity
in mimian and capabilities, separate siting at a location#
coacentration of spaces within one building or complex of
buildings, and their geographical distribution affording
sampling frow different weather zones.

D. SPSCIFIC RISRARC1 QUISTIONS

There are three maJor questions that will be addressed
in this thesis. The first question is: what is the impact
of seasonal weather variations on energy use in Naval
Regional medical Centers? Relative to this question is the
impact of such effects on established baselines and
subsequent energy one evaluations for 131Cs as well an

* application to other types of activities.
*The second question is: what are the effects of

categories of uis an total energy use? It is intended to
46termine whether particular functional uses of a building
cam be identified with a standard coefficient of use for
each type of fuactional use.

16



The final question is: can the results be used to deter

size a method for establishing a control system to identify

realistic goals and actual energy conserved?

3. EI3HODOLOGY

Development of proposed methods of forecasting energy

me will be accomplished in two phases. The first phase

will develop forecasting models for energy consumption using

regression models and time series models. kodels will be

developed for each of the individual activities as well as

for the total study group.

The regression model will assume four predictor varia-

bles: average monthly temperature, monthly heating/cooling

degree days (sum of the departures *f daily mean tempera-

tures from the base 65 degrees F.), and monthly

precipitati.n totals. Humidity was felt to be an additional

factor of consideration. This data was not as readily

available from the lava l leather Service Detachment,

Asheville, l*C., of the Naval Oceanic and Atmospheric

Administration in their normal Station Climatic Summary

publication. Since the emphasis herein is on methodology

vice numerology, it was felt that such data was beyond a

reasonable request at this time for the courtesy service

provided.

Both types of models will be used to develop trends of

energy me per square foot from the established FY 75 base-

line. The models will be used to compare projected FY 81 use

with actual use. Forecast of FY 82 use will be shown.

The second phase of analysis will attempt to determine

standard coefficients of use for electrical consumption by

category code of functional use. Data analysis will be

performed by regression of average monthly electrical

coasumption and area of functional spaces. the main

17
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emphasis of this phase ill be on the baseline data. ?he

dewelopmet, of standards of e for specific category codes

will be shows as a sas of adjustiag baseline data for

changed building ses.
Finally,, the ceslnts will be evaluated to demonstrate

useful applications. Zn particular, use of the developed

fecasting techniques in a a control system wini be

demonstrated.

1. TnSS OYIENV

Chapter I introducos the reader to the background of the

fedl eergy. challange and the Losses involved in setting
and meeting energy conservation goals. Chapter 11 discusses

the enrgy o soneratioa program for buildings sad faciLities

within the Iaval Shote. stabliukhent with regard to the

energy conservation approach, the lnheront implementation

peObleos, and the remources available to achieve the desired
res ts. Chapter III pro-sets the sethodolgT proposed In
the development and anallsis of modls of energy sue for the

sample iNCs and total study group to illustrate the appli-

cation of the developed models. Standad of energy

cemousaptio foe categories Of fuctional aseand their appli-
cation far a nodular baseline are esamined in Chapter IT.

Chapter V. Sumary and Conclusions# reviews the problems of

the present system of evaluating energy reduction progress#
and discues the advantages of the particular energy ue

models within a control system framework.
Appendices 1-B-3umarise the model developeent for each

of the sample mites and total study group. The parallel
structure of these. appendices will facilitate a comparison
of osauol. a samary of forecasts by time series models is

presented in Appendix . A summary of Gata is provided In
appendix 0. Statistical tables are given in Appendix P as a

meas of ready reference.
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the far it has been skows what the building energy

am n smmtos goals we. Assuming that the goals are
realistic and mnadatocy, this section will describe the
implementation of the" goals within 303. Zt will show the
approa takes by 90 to impose the goals, the ections by
the impleseatLqg comad4 sad some inherent problems in the

implementation*

A. 15AP3 OMCI

The iasic approach taken Iy sesutLve Order 12003 was to
establish a total one eftadmA and to specify a percentage
red ntios target. - s a p4mcmtge reduction was is tors
allocated to the vazlea departments. M1 is tars allocated

such targot peroetpages to its fleet commandse which
continued the suballosatios by pemtage goals to their
osupose t oemuade, or aetties. Ihis Ls a simple ad
beste aproach am d aIm that every osaad is capable of

identifyig its esergy uses and ass take the necessary steps
to code" its energy se. By virtue of the size sad
cosplesitt of the Waval. Sore Bstablshmest, and to as even
larger extent 309, the approach to esergy coms ervatio hu
to be one that is relatively simple. To got too specific
ad ezactiag would rjuire as oves greater bureaucratic
network than is already oquired to administer the program
sad would become very difficult to msage effectively.

The type of exery approach is use can generally be
temed an ea&-mse restriction. its prisary focus is in
achieving a particular quantity limitation. It allows a
relatively simple meas of establishing goals# mnitoring

19



msas of immediate impact.
ftete are numecous drawbacks to nuck an approach,

however. ?be National Blectrical Eanutacturer's Associatios
1=21) make. the fdlouing critical analysis of the end-use
restriction approach: Cf. 71

Ott tyet". ilod !alevarMogg onfl it V 9Ic 'a or o

ion est i t .ner
q0 h C~ 'a :!n b f aT Z M618

Ope La 12 to alobi hre

XG~ t v b~f~ tamit g ,to luss 
atriat a t ca lois c e can'0"' 's s Ii ot les aes, r1eoti

t a *T I h ae a wi
atea Etercan soetimes th shortem

By way of contrast* M&A advocates an alternative
approach called Total Iae:;y management (M3) which focuses
less on the end-use and mo an the efficiency of use. In
describing TIN La general terms they state: Clef. 63
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COT ou ct lads are det vowmn he of
0 =Uxtafia how ; 4eCt%.c

13IHsconrpumm ~7 an b04. *oneE
tio onP~Ii Fa entsat.s" tm 1i[ tl0it t~r

at sZses0tOnOl tO~ 4P;,: ,,7  an the s~b one.gfat a of v a C ret of e4~s 0 oerz

i.e.# the particular baes#, a more flexible approach* much
as Fteseuted by 23p is very feasible. such an approach
may# or may not be La %me at the individual bases,, or its
component commandas already. Requirements are dictated



externally Gal in the setting of heating sad cooling tear

ezature staudards, directlag the execution of functions
necessary to fulfill mission requirements and guidelines
fac the protection of life# property, and security.

3. .IOlrZIlORX

The Defense Energy information System (DIS) was estab-
lished to monitor total *nergy use within DOD.

Specifically, DES 11 identifies energy use in the buildings
ad facilities of the shore activities. A monthly report is
seat by each shore activitil which identifies its energy usa
by energy source, i.e.9 fuel oil* electricity, natural gas.
etc., unit cost of such energy source, and explanations for
differences from target. leather variations are often
identified as the source of otherwise unexplained
difference.

The reports are transmitted by message to uBRSA, where
they are compiled and summarized by activity, type command,
etc. Feedback summary repacts are provided via the Energy
audit Report (U), showing quarterly results for each
command* and for each level of command. For example*

Comander, 5. S. Naval i Forces, atlantic (COENAVAI3LAIT)
would receive a summary of the stations under its command.
The next echelon of command, Commander-in-Chief, a. s.
Atlantic Fleet (CZUCLANTIT) would receive reports for
CENAIAINALAI T as well as the other type commanders (TYCON)
and individual stations reporting to it.

CO UNASUBIUIT

?be sciestific nature of the reporting and monitoring
efforts may lead to the the eCroeous conclusion that
measurement is precise and fairly routine. Zo understand

21



the limits of such data* the nature of the reporting

commands and the means of measuring use needs closer

* examination.

A base doine an area, or group of activities under one

.5 general command. Such a command say be further broken down

into operational commands. An extreme case would be the

Naval Operating Base (10S), Norfolk, Virginia. within the

fenced perimeter of the base are two major divisions--the

Naval Air Station and the Naval Station--identifying air

support and ship support functions. Hlowever there is no

clear line of demarcation separating the %.wo functions
within the fenced perimeter. Supporting activities may be

located in either or both general areas. Functions such as

the industrial Public Works Center supports all of the on

base facilities, as well as facilities off base, such as

family housing and IBUC Portsmouth. Each operational

... command has its own major claimant to which it reports.

Thus, several major claimants are accountable for different

portions of 30's total energy use. There are a large

number of such on-ban individual commands ranging from

staff headquarters to a Coasunications Station. Further

cm tributing to the complexity is the fact that different

commands night occupy one building or parts of several

buildings. Since each command reports its energy use over

its assigned floor space# measurement of the uses within

buildings can be difficult.
By Vay of contrast to the complexity of Noe some

commands occupy a complete building in an off base location.,

such as sae NINCs. Energy um is more easily identified

and measured in such cases, especially if the building in

considered as a single metering customer by the power

company.
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Ideallyv eack building# if not each component use, would
be metemed so that euact ass determinations would be
simplified. UfaortunatelIyr energy supplier., such as a
power compesy# considers a base as a single user. Its

* mtering reepmiblility is only far energy delivered slat
the Vatoe. Subastezing b ecomes the responsibility of the
Mae* Itself. off base locations may be metered by the power
company as a single customer. Family housing, either on- or
off-base to usually metered per house if billing is done on
the remidenatial rate schedule.

The vast =mte of mters required to subseter specific
waes represeats a large potential cost to the government;,
submetering is thus considered cost prohibitive as yet. a
pilot progra. to introduce portable electricity mters to
moasure specific, short term loads is to begin in FT 82.
te purpose of this program is t* gain perspectives on
actual uses for energy conservation purposes rather than for
allocation of uase, though.

The alternative to metering is engineering estimates.
lach subcommand, of a base is generally assigned a percentage
of total base use, based on connected load and estimates of
actual uam. Daselines and monthly uses are assigned accord-
ingly. adjustments can be made if projects or management
actions can provide justification. ?his method leaves a lot
to be desired in terms of accuracy and accountability. Since
actual use can not be identified, there is no strong incen-
tive to conserve at the individual command on a daily basis.
fTere is a dependence on large scale correction projects as
a result*

Without specific mtering, there is a major problem of
identifying actual savings. While engineering estimates may
indicate a level of savings, the effects of systems', inter-
relationips of building systems mayp in fact* be energy
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additive or deductive and Overlooked in calculating energy

use. Thus, the possibility exists of underfunding a project
which would actually have high energy savings, or over-

funding a project with low energy savings, on the basis of

faulty assumptions in the calculations. Portable metering

as sentioned above say ai in increasing the effectiveness

of estimati..

D. EVALUATION

The energy baselines are a month by month standard based

on use in FV 75. Some adjustments have been made to reflect

ezceptional conditions that would adversely affect future

comparisons. Current use is compared to the coparable

baseline period and a percentage of change calculated. The

calculated percentage, compared to the target percentage,

provides a basis for evaluating progress. This comparison

effort is done at the command level, base level, TYCOK

level, major claimant level, etc. Statistics, such as shown

in Table 1, provide a basis for quantitative analysis. From

Table 1, it can be concluded that federal v DOD, and DOE

pro gress is below target.
To make a valid comparison, hoever, one must understand

what is being compared. There are particular inherent

factors in the present measurement system that could

possibly distort the data and lead to erroneous conclusions.

One strong influence on energy use is weather. Hot,

humid weather will cause greater use of air conditioning,
which is a large electricity user. Cold weather usually

results in higher fuel oil use, recognizing that steam

heating is produced by oil fired boiler plants. Blectricity

and fuel oil accounted for almost 72% of total building

energy use in FY 1975, and 74.5% in FT 1978. The impact of
weather on these dominant energy sources is then likely to
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be significant. if, however, the baseline year experienced

severe weather variation, my a long, hot sumser, a mild

summer in the comparison year coull overstate the actual

conservation progress. Conversely, normal weather during

the baseline mouth or year and an extreme variation in the

comparison period could understate actual conservation

results. While weather effects are significant in the

magnitude of energy used, a valid comparison requires

similar weather conditions in order to study controllable

consumption for evaluation purposes.

a second consideration in the validity of comparisons is

that the composition and specific natures of military bases

are constantly changing. Energy use on a per square foot

basis is an important consideration in allowing for

construction and demolition changes. However, there is no

consideration for the uses of buildings. Technology has

continued to progress along energy intensive lines. Greater

emphasis on electronics has increased the needs for environ-

mental controls, i.e., husidity, temperature, air

filtration# etc., increasing consumption beyond that needed

for just equipment use. If new technological installations

include construction of now facilities to house themp design

and construction incorporating energy efficiencies could

offsetr at least partially, any increased total use or total
se per square foot. Construction funding often lags

technical installations, though, and bases are forced to

adapt existing facilities to seet the increased

requirements. For example, aviation trainers have been

installed in converted warehouse spaces, increasing the

r electrical load with no change in square footage. Such

F'conversion of low energy intensive use to a higher intensity

use will offset other energy savings achieved.

25
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-.. Building uses are also often changed to correct parti-

cular facility deficiencies, such as lack .of storage space.

Since construction funds are limited, often with long lead

times between project submission and project completion,

demolitions of unnecessary but still useable buildings are

reluctantly requested. Bases prefer to convert buildings no

longer necessary for their original purposes to contingency

Suses. The low priority given to warehouse construction,

often identified as a facility deficiency, invites conver-

sion of unused, or marginally used, buildings to storage

spaces which have a low energy intensity. Such buildings

are usually older and beyond their expected useful life, and
highly energy inefficient. Thus, while a base might show a

statistical improvement, there would be no real increase in

the efficiency of use.

The above examples may well be practical and wise manag-

erial applications of using existing resources, commendably

saving construction funds. However, all can distort energy

use comparisons. Setting standards of use by functional
category of use would permit a nodular technique of

evaluating energy use or adjusting baselines.

a final distortion potential consideration exists In th+

equity of energy baselines. It was previously nentioned

that the baseline year was initially established as 1Y 73

and later changed to 1! 1975. a command wh. ch took actions
to comply with the energy reduction goals prior to FT 75

would tend to show less favorable results in later compari-

sons with FY 75 than the base which took no immediate

reduction actions. This effect, however, would be minimal

inasmuch as the measures taken at the time were directed at

obvious wastes and of relatively small magnitude.

Overall, the present evaluation system is limited to.

providing a snapshot of use in a particular period subject
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to a particular net of conditions. Such a snapshot, being

subject to distortions, does not afford a good basis for

comparison purposes. Nor does it permit a sound basis for

control since it does not isolate non controllable factors

such as weather. lodifications are needed to provide a move
effective means of evaluating energy consumption relative to

established targets.

3. CIPITAL IIVISTIN T CONSIDERATIONS

The energy reductions required to meet the specified

energy goals will require far more than individual effort to

turn off lights, limit heating and cooling, or economize

uses. Buildings and installed systems will require major

modifications to overcome the effects of construction during

the era of cheap energy as well as to offset the deterioa-

tion of buildings and their installed equipment systems. In

many cases, complete replacement. incorporating energy effi-

ci:ency considerations will be the cheaper alternative. It

must also be realized that the interrelationships of tech-

nologqy, missions, and suppoLt facility requirements have not

remained constant since baseline FT 75. In particular, the

rapid growth and dependence on electronics has increased

electricity use significantly. As a consequence, actual

reductions will have to be greater than the planned target

percentages to compensate for any ;rowth. The need for

capital resources to effect the required changes becomes

obvious.

The investment capital required to make such modifica-

tions is not linearly related to the quantity of energy

conserved. One author has described energy conservation as

a *depleting resources industry* [Cef. 9]. The economic

theory of depl*etable resources is generally associated with

the law of diminishing marginal returns, which states that
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when production from any activity in to be increased it can

be done by adding capital or labor. in additional quanti-
ties of any one of these iiputs are added to a fixed factor

of production, the incremental or marginal returns associ-

ated with the inputs tend to decline. The converse of this
law is the ]aw of increasing costs which states that, since
the input must be purchased. the incremental (margina3

costs of production increase. Zn application to energy
conservation* output can be considoced as the energy saved,
that is energy not required to be produced. Inputs would be

the material for conservation capital stocks as well an the

labor costs of installation. A graph of cost versus energy

conserved may be shown for the general case in Figure 1.
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\-.. It can be seen that there will be a fixed cost (VC} of

energy. As output, conserved energy, is increased total

costs (To will begin to rise at a low marginal cost (5Q.

The marginal cost, the rate of change in total costs, will

increase as output increases. SuccLntly stated, greater

energy savings incur greater costs at an increasing rate.

Thus, initial conservation takes little capital investment.

To achieve greater conservation levels, increasing rates of
capital investment are needed.

The implication of this characteristic is that greater

rates of capital investment are necessary in order to

achieve the increasing percentages of total reductions

required. in perspective, with the growth of electricity

requirements, there is an increasing level of capital

investment required just to maintain the percentage

reductions thus far achieved.
The dramatic rise in energy costs since 1975 provides

S offsetting benefits for the capital investment requirements.

Rising energy costs serve to decrease payback periods. n

energy savings project can often pay for itself within a few
months or years in this perspective. Under appropriated

funding, however, the savings are a statistical savings, if

payback periods extend beyond fiscal years. In fact,

savings are more realistically cost avoidance in such cases.
There are various sources of investment dollars within

the federal budget. The response to a specific project

approval and the funds available vary with the cost of the

project. Commanding Officers have the authority to fund
projects costing less than $15,000 from their operating

budgets. With no specific approvals required, funding can

be done as needed. This may require sacrifices of other

funding plans. Unless the payback period is short enough to

realize savings within that fiscal year so that savings can
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be applied elsewhore, given the expiring nature of
appropriated fuadiaqg theo is little motivation to sake
strong sarifICes of shoct term needs for the longer range
gMals. Ives If the oet of purchased energy exceeds budget
&lowanoes, major claimants have no recourso but to fund the

ddicloy with little danger of repercussion to the

Commanding Officer.
snerly programs to provide supplemental funds for energy

commervation projects have been etstblshed in recognition
of funding limitatioss and the conflicting priorities within

oporational budget fuling. The snerly Technology
Application Program (M1AP provides funds of up to SIGO,000
far retrofit of ezisting buildings. Program funding is
requested from annual Congronional appropriations. Prior
to FT 82, funding and specific project approvals vete

administered by the Naval Facilities Engineering Command
(MnvWC). Its geographical Engineering Field Divisions
(WD) served to provide technical ozpertise to evaluate

and, if requested, initiate projects as well as provide
funding administration within their large geographical
areas. Although NAITAC provided final approvale, the 313
recommendations were generally heeded. The major command.
have now been tasked with this administration and control of

STU? funds. Technical guidance will continue as a NAIPAC
function. This shift of control will allow more control of
energy conservation progress by the particular claimants. it
will also bring greater accountability.

Major claimant control of their own energy destiny may
also prove a disadvantage to the overall energy plan of DOn,
though. Funds are more likely to be invested in less
efficient single uses, bonefitting individual commands, but
with less impact on the total 0o requirements duo to a

decreased range of alternatives available to major

,iw ."41 r.. - * ; 
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claimants. Each major claisant, if given a proportional

Share of the funds available to distribute among its total

commands, will have les flexibility in magnitude of

funding. Funding of a wider range of smaller projects can

be expected, thereby aissing opportunities for optimal

funding in a wider range of greater savings projects.

Energy conservation projects to retrofit ezisting

buildings costing over $100#000 fall under the Energy

Conservation Investment Program (ICIP). AS those funds are

within the military Construction Program (MILCON), they are

administered by NAVflC. Projects are submitted via the 97Ds

for technical approval and forwarded to EAVYAC as a line

item budget submission for Congressional funding approval.

Project approvals are based on economic justifications and

subject to the budgetary politics of the federal budget

process. With the require ent for Congressional approval#

the response time between project submission and completed

construction is slowed to a minimum of three fiscal years.

While ISTAP and ECXP funding provide capital investment

funds to effect energy conservation corrections, it must

also be recognized that the political realities of

appropriation funding tend to limit the amount of funds

available. Cost avoidance is not an attractive proposition

to the political ontepronour. Voters receive no tangible

benefits in energy conservation projects and see only an

increase in government spending. Actual cost reductions are

hidden in the amount of continuing rate increases. as a

result, conservation funds are subject to the "budget axes

when budget reductions are necessitated. The energy

investment programs are in fact Sore saleable under the

patriotic banner of energy independence froa foreign

Sources.
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The mCosbaed offect of tbse factors have put a large

strain on Laventent dolalur. The set result of the

4aiaiskiag aginal. returns &&tue of energy conservation

ismves to ILcreaso the greate: need for investment dollars.

Ces oidental to tk s nee, the amount of dollars made

available teed to be limi ted and costrictive. The more

eontralised cotrol of 4nvestennt funds at the ITAP level

my limit the effectiveness of investment funding further.

The mmsage then to very clear: investment decisions will

have to mae wisely to achiev the maximum effectiveness

froa the dollars aveila ble. accordingly, rational

dasislonnkling will depead on the accuracy and reliability

of the imforntIon oa which it is based.
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I. 2o0M TVS AND us=3

The ecis nmaker, for purposes of this thesis, will be

defined as the person evaluating the energy reduction

progress of an activity or group of activities with access

to capital investment funds. The issues for the activity

decisionnker are how to effect the necessary energy reduc-

tioas, what Investment funds ace heeled to implement further

reductions, how effective the Implemented measures have
been, and what level of reduction can be realistically

ezpected relative to the prescribed targets. & higher

echelon counand, such as the major claimant, would be

confronted with allocating its limited investment dollars.

Both decisions would necessitate evaluation of the cureat

and expected progress.

The basic document to provide current progress is the

Inergy udit Report (313). Figure 2 is a sample of such a

report. the evaluator can read electricity use in 133 and

HDTV for the baseline and current 12 month periods, the

percent change from 1! 75 and percentage of total use. It

further shows FT 75 and current fiscal year floor areas and

percent change from 1Y 75, TI/thousand square foot

comparisons, and a comparison of total reduction and target

reduction. na1s are prov ided on individual activities on
their um as well as to higher echelon summarizing the

progress of their reporting commands.

in a simplistic, cursory ezamination of the BAR, one

could assess whether an activity was above or below target.

One could also identify the progress by energy type. Zn

this ezample, the activity relied on electricity for almost
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one third of its energy use but had only achieved a 2.7%

reduction in such use offsetting the large percentage

decreanses in its other energy sources.

Taking an BAR at its face value might well lead to the

erroneous conclusioms discussed in Chapter 11. But the
energy manager has little else to base his conclusions on

except to review past BAR* and develop an intuitive or
perhaps a graphical picture of the general energy reduction

progress. would a 12% increase this fiscal year have really

indicated non compliance? Or were temporary phenomena

responsible? Does the 101 decrease indicate compliance? An

example of this issue is provided by a review of electricity
use at ERIC Jacksonville as shown in Pigure 3 A sharp peak

for lay 1978 is evident. A comparison of PY 78 with 7! 75

shows only a 5% decrease, corresponding to a target of 61.
The 1R, by itself# would not show the use spike. The 1%

variance might not be considered too serious. lowevere

visual inspection of the data would raise questions

concerning the real decrease percentage.

in verification of the data with the activity, it was

learned that new water chiller units were being tested

during that moath, "probably" causing the spike. The

activity might have reasoned that without this created extra

load, it would have achieved an 8% ceduction instead of the

reported 5 decrease. Without knowing the real effect of

the additional use for the water chillers, such reasoning

might be erroneous. a large expected use, perhaps due to

weather conditions, would have shown less than a 3% differ-

ence due to ater chillers. A low expected use might have

shown more than a 3% increase. In either case, the energy

manager could have evaluated the situation and taken

appropriate action as a result.

35
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'h"-. The implication of this type of framework is the ezis-
tence of a control system. But, such a control system is
dependent upon the ability to determine expected use, rather
than settiLg a target, directing effort toward that goal,

and suffering the blurring effects of noncontrollable

factors. -

Predicting futus eveants, or forecasting, with relative
certainty has become a scientific discipline in the last
several dscades, particularly with the widespread Lntoduc-

tion and use of computers. Programs have been made readily
available for almost all quantitative forecasting techni-

ques. *The need for forecasting is increasing as management
attempts to decrease its dependence on chance and become
more scientific in dealing with its envronentu (Ref. 10].

Techniques vary considerably with the situation, time horL-
zoas, factors involved, assumptions made, and types of data
patterns. a basic underlying premise in almost all fore-

casting methods is the assemption of constancy, Lei, the
pattern of the past will continue into the future.

There are two major types of forecasting models: regres-

sion and times series models. Regression models assume the
factor to be forecasted has a continuing relationship with

one or more independent variables. rhe purpose of the model

is to exploLt those relationships and use them to forecast

future values of the dependent variable. System responses
are observed and input relationships of that response are

developed. To use Ohm's Law as an Mustration, voltage (B)
can be predicted by inputs of current (I) and iapedance(Z),

and the known relationship I - I z Z. The key to this

method is identifying the significant input variables

(stimuli) and their relationship to the the output

(response).

36



-~ - *... -e......%*.. ~ . p. --

C,

*1

'p

*~**. . -,

S

I:

*

U4
4* I
SSM
a.
U
IA

I"

S
* U

U
-a
U

5-

S

I

U.
'A

-~ qi
0 0 0 0- 4 0 *C S

WI _

11qu~ 3.2 Nuergy Use for Ilic Jackuonuille

37

- A



The tin* series model, on the other hand, makes no

effort to explain the factors that affect system response,
treating the system as a black box. its main concern is
observing particular events and predicting future states.

leather can be forecast by use of a time series model. The
pattern of historical events is described by mathematical
relationships and used to forecast expected temperatures,

sunlight, and even rainfall, without necessarily under-
standing the climatic conditions responsible for the
results. Both models have particular advantages in parti-

cular applications and will be examined in this thesis for

application to energy forecasting at Naval Shore activities.

DO INGRESSN0 MODELS

1. ggnneotg 21 ~jic~it MI

In this section, an energy forecast model based on

four weather variables will be developed using regression
techniques. The main purpose of this section will be to
demonstrate the techniques and discuss the interpretations

of the regression model. I more specific application of

regression techniques will be developed in Chapter IV to

identify the relationship of energy use and functional uses

of activity buildings.

In order to build a model to 6explain' electricity

use* it will be useful to efine some of the basic terms and

concepts of electricity consumption that will be important

considerations. a relatively simple model of residential

home use provides a useful framework for discussing basic

concepts. Bach electrical device is rated as to the power

it uses to perform its function. The rating is given in
tors of watts. The electricity used during that perfor-
mance is the product of the power rating and the hours of

38
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use, expressed in term of vatthours. A 60 watt light bulb

left on for 8 hours Consumes 480 watt hours, or .48 kilo-

atthours. The British Thermal Unit (BTU) is often used to

express energy use in terms of a common denominator relative
to other energy sources, such as stem, coal, or fuel oil.

One BTU is equivalent to .0116 kilouatthours, after adjust-

ment for particular distribution losses. The previously

cited example of the light bulb consumption could be

expressed equivalently as 5,568 BT9s. The amount of power

(watts) required to energize all devices connected to a

system is its connected load. I residential home use could

be calculated by suning the watt hours of each use of its

connected load. In r*eality, the calculated amount would be
less than the actual amount used since every unit has some

associated energy loss, or inefficiency. The losses in a

typical residential unit are relatively minor, however. The

.-. energy efficiency of a device or a system is defined as the

percentage of useful energy (rated watts x hours - losses)
to delivered energy (rated power x hours).

k simple residential home model would be expected to

contain explanatory variables relating the effects of
weather, number of occupants, and the hours that the unit is

occupied. The model would express the amount of change

expected in the electricity consumption per unit change in

any one of the variables, or stimuli. To control the
response within particular limits, it would be necessary to

control the varlibles, if possible, or adjust the system
response to a variable. Since weather is not controllable,

adjustment of the system rasponse could be effected by

increasing the insulation, resetting thermostat controls, or

even replacing inefficient heating 3r cooling units. The

model ould indicate the change in electricity use caused

by a unit change in any one of the variables when the other
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variables remain constant. & user could select the vari-

able(s) to control that would influence the desired

response.

models for industrial electricity, such as for a

military installation, are considerably more complex and

involve subsystem interrelationships. Power to the
installed loads is often three phase power. Simplistically,

the total power to the load is provided by several wires

which provide the total required power. it is important to

the efficiency of the power use that each phase have the

sane loading. a system is said to be balanced if each phase

delivers the same amount of power to a system. As the

system becomes unbalanced, the efficency of use decreases.

This concept applies to an entire building supplied with

three phase power, a particular internal circuit, or a

particular type of load. rhe efficiency of a building's use
can be improved by shifting loads to other circuits to gain
a better balance.

The power factor is another important item in energy
efficiency. The power factor is the cosine of the phase

angle between the current and volta;e, ranging in absolute
value between I and 0. A pure capacitive, or pure indnctive

load will have a phase difference of 90 degrees, and there-

fore a power factor (cos 90 degrees) ot 0. The product of

power factor and rated power is used to determine the useful
or real power used relative to the power delivered. Thus, a

load with a power factor of 1 would have no losses as a

result of the phase difference, while a load with a power

factor of 0 would be a total loss of delivered power. A

pure capaitor, for example, would store energy delivered to

it and would have a power factor of 0. By adding an induc-
tive load of equal magnitude, the resultant system power

factor would increase to 1. Thus, another industrial energy
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conservation measure is to attempt to balance inductive and

capacitive loads. In fact, power companies often give rate

incentives to industrial customers who maintain a power

factor of at least 0.8 as a means of increasing the power

system's overall efficiency.

The major concept to be understood by the reader is

that system interrelationships are significant in explaining

the system total response. a change in one component of a

system may in fact produce an effect opposite to the

intended response. Relative to weather effects, warm

weather resulting in the use of large air conditioners may

increase or decrease the efficiency of a particular system

or subsystem. Thus, a simple calculation of the rated power

use of a particular load may not necessarily provide the

true overall response. Consequently, the definition of an

industrial system response needs to consider the interrela-

tionships of its subsystems. Determining the system
V response is not a simple matter of inventorying connected

loads.

2. Qnep gJ ltatislSL ThSBU

This thesis does not presuppose a strong background

in statistics, nor is it the intent to provide one.

Textbooks suitable for the reader's particular background

would provide a more thorough and appropriate source of

information. The text of this thesis is written for the

corporate body of energy managers who may have had only

minor exposure to a study of statistics. Consequently, a

brief presentation of important statistical theory concepts

will be given only to provide a better basis of under-

standing the interpretation and application of regression

modeling.

141
.,. .' .-.

......



egression models were seen to be based on deter-
m ining a system response in terms of the relationships of

particular input variablea, or stimuli. Theoretically,

there exists a true function that completely explains

output. Such a deterministic model would also be capable of
forecasting future values providing the definitive equations

did not change, i.e., system interrelationships and input

variables remained valid. A true dter ministic model of

electricity use would detail every use down to the effi-

ciency of the connected loads and the effect of energized

loads on load balance, power factors, etc. Obviously, such

a model would be difficult to develop and very complex.

Despite the ability of computers to rapidly compute the

response once the appropriate data is input, collection of

that data can be costly in terms of time and money. a

lesser model might be sufficiently accurate and far los
: .. . costly. A useful model would be one which could reliably

estimate the ttruel function and be practical enough to be

effective.
since the applied nodel is not deterministic, there

will always be error, or differences between the expected

values of the model and the observed data. The technique of

least squares is used to minimize the error of a fitted

curve to the input data. The sum of the squares of the

errors becomes a measure of determining how well the

estimator curve fits the data. The coefficient of

determination, or i', is the ratio of 'explainedi error to

the total error. Its values then would range from O

indicating no relationship between the stimuli and response,

to 1, indicating a perfect fit. Kazimizing Ra is one means

of determining the mefulness of a model.

The addition of variables to a regression model can

not decrease the R2 value, appearing to improve the
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pre diction capability of the nodal. However, an increase

may be spurious, caused by measurement errors, or chance
results of unrelated data. A plot of a& against the numbers

and combinations of variables will result in a logarithmic

type curve which flattens as it approaches a maximum.

adding variables in this region will provide little increase

in Be.
Another mans of evaluating the fit of the model may

be made by examination of the mean squared error (152). an

its a&e iaplies, 153 is compted by equaring the individual

error for each data point and then finding the average or

meas value of the sum of those squares. The s given

greater wight to large errors than to small errors since

the errors are squared before being summed. Plotting the

as3 against the number of variables results in a parabolic
curve. The graph will show & minimum point for a particular

* combination and number of variables. & decrease in the 153
Vwith added variables. may sot be great enough to justify the

cast -of additional data collection.

The variance of a function, known as S3, indicates

the dispersion of the data around the moan. This value is

used to assess the extent of possible error. The F

statistic uses the ratio of the 'ezplained' variance to the

$unexplained@, or totally random, variance about the mean.

if there was no correlation of the output variable with the

input variables, the mean of observed output would be the

best predictor. Since all variance would be 'unexplained'.

the ratio should be 1. is more variance was explained, the

numerator would increase. The F statistic, with a known

probability distribution, can be used to compare the

explanatccy power of different models or assess the various

characteristics of a particular model.
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btimating the 'true' function, recognizing that

error is involved, leaves room for doubt that a model has

predicted a realistic value. Confidence levels are used to

express the probability that a predicted value is accurate

relative to the 'true' value. A confidence level would

indicate the percentage of tines, on the average, that a

particular outcome would be observed in repeated trials.

For confidence intervals, the desiced outcome is that the

computed interval include the 'truet value. increasing the

confidence level causes the interval to be longer, but less

informative. &11 calculations used in this thesis use a 95%

con fidence level.

The confidence level is calculated based on known

distribution characteristics. The cumulative area under

suc a curve is the cumulative probability. ?he central

limit theorem states that as the sample size n increases,

the distribution of the mean of a random sample taken Zrom

practically any populatiou approaches a normal distribution.

a standardized normal distribution, with its mean of 0, and

standard deviation of 1, can then be used as a prototype

from which to make certain statistical and probability

inferences. A useful property of the standardized normal

d itribution in that about 9S% of the area, or probability,

lies within 2 standard deviations of the mean. The stand-

ardised normal curve and table of values is shown in

appendix P.

The Student's t, or simply t, distribution is used

for small samples. The t distribution is actually a family

of curves identified by degrees of freedom. Degrees of

freedom relates to the number of variables in an equation.

The residuals for the variables, i.e., the errors or differ-

ecees between obseverved and calculated values, are said to

be 'free' in that they can be any value, with the condition

.- - o-.



that ther gs un Szero. fhus, not every residual is free
once other residuals have value. Coputer pintou.* usually

print degrees of freedom as a normal output of interest. T

distribution tables, such as provided in appendix P, vwill

yield a standardized deviation from the amaz.
ltipliction of this value by the model's standard devia-

tion will yield the probability that a particular value will

be greater than an ezpected value. It can be seen that the

t distribution and standard normal distribution values

converge for large number. of observations.

The aptness of a model may also be determined by

examining it prediction capability. a condition of aptnes

is that error is randomly distributed with constant variance

around the mean over a range of values. a plot of residuals

against the individual variables vil demonstrate error

distribution. Figure 4 demonstrates possible patterns of

residual error when plotted against a variable. Figure 4

(a) illustrates constant variance (h*moscadicity) over the

range of Z# satisfying the basic amsumption. Figures 4 (b)"

(c)v and (d) exhibit non-constant variance (hetroscedan-

ticity). go of the variable exhibiting the characteristics

of any of the latter three examples# wioll introduce non

random, focused error into particular data ranges and have
undesired influence within the model. Correction of hter-

osoedasticity may be accomplished by transformation of the

variables. Residual analysis, other than noting that parti-

cular variables may have undesirable influence without

adjustment, is beyond the scope of this writing, however.
sulticollinearity, or correlation between indepen-

dent variables, can also produce undesirable effects in a

model. At beas, these effects are unpredictable.

multicollinearity should/be avoided, if possible.
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C. 23GRZS109 NOVELING TIC INIQUESd . flzaszlu onLJIJG cuxIBs

A regression model vill have the general form,

To bO * bi 11 * b2 12 + 0..o bk Ik + error (e)

The initial selectinn of variables as predictors of system
response depend on the purpose of the study, logical
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assuptions of relationshi ps, the practical cost/benefit

considerations of data availability, and the desired

complexity of the model. selection of the weather variables

for this analysis provides amplification of these points.

The purpose of a weather parameter study would be to test

and compare weather effects on energy use. The general form

of the weather model that vil be developed is given by,

IBTU/SFPbO *bl AVGTUNP +b2 HDD +b3 CDD +b4 PRECIP

The results of this model will assist in answering pertinent

questions, such as, Does electricity use show a strong

correlation with weather factors? Which weather factors
have the strongest influence? Is there a general relation-

ship between activities in the same climate zone, or even

among particular types of activities? lore important,

though, is what affect does the model have on management

decisionm king?

An important consideration to realize before final

selection of the variables is that the final results can be

applied only within the context in which they were deter-

mined. The final model will show only a relationship

between the input variables. For example, cooling degree

days may show a strong influence in a particular model.

That influence may only be relevant in the presence of the

other selected variables. The addition of another variable,

such as hours of sunlight, may decrease the relative signi-

ficance of cooling degree lays and increase the significance

of precipitation. Selection of parameters for study should

be given a broad consideration first with a narrowing focus.

availability of data and cost of the data are impor-

taut for obvious reasons. The cost of acquiring data, in

terms of time and money, must be cost effective. It makes

little sense to acquire data that requires many manhours to

--- .- - -

. . . . . . . . . . .



assemble and refine without a strong improvement in a model
and a high value placed on such impcovement. For examples
total year weather summaries, published for each weather

station. were used to col lot the necessary weather data

used in this study for each activity. Selection of a wider

variety of variables would have required additional

processing costs by the lationa Climatic Center, and a
greater compilation prior to computer processing. The bone-

fits of additional data were considered less than the cost

and therefore not collected.

The accuracy of data must also be considered within

a cost context. Regression is often used in cost estimating

large government contracts, such as the acquisition of

weapons system, ships, and aircraft. listocical data to

the nearest penny requires a great teal of research; lbafl

park$ estimates defeat the purpose of forecasting cost. A

reasonable amount of accuracy is determined by the cost of

acquiring data- and the purpose such accuracy will serve.

Similarly, the floor areas of reporting activities must be

recognized as having limited accuracy. RUS show only a

single area for a fiscal year. allowing the possibility of

a net effect of zero during the year for construction and

demolition combinations, the sometimes lengthy transition

period between full occupancy and inactive status for new

buildings or building demolitions, the attempt to refine

square footage to a completely accurate number would have

been cost ineffective since the final results may show only

a small change for accuracy adjustments. it is highly

unlikely that records would be kept to such a level of

refinement. Records pertaining to actual energizing/deener-

gi ing dates and occupancy status would be an exception

rather than the rule. loweverp the user should realize the

linits of the data and the effect on the final model before

* t * *.*.*
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e xp eqecting too such from the model. Alternatively, model
uses can be specified to insure the data vii be of

appropriate accuracy.

2. IoAUI U1 hL

although graphical comparison of system response and

various system stimuli is not necessarily an integral part

of regression modeling* it does provide a visual indication

of particular patterns and trends that may suggest certain

relationships. Parts A and 9 of Ippendices &-a exhibit

graphs of energy use and weather conditions from 1! 75

through FT 1. The various energy use graphs show a variety

of patterns. IIC Corpus Christie for example, shows

distinctly different patterns before and after the start of

FT 79. Prior to FY 79, there was relatively small varia-

tions between successive peaks. The largest peaks seem to

occur about July of each year. rhe mean BTU/KSI was

decreasing through PT 76e stabilized in 1! 77, and rising in

FT 76-79. The July peaks after the start of FT 79 show a

sharp increase although winter minimums also show a signifi-

cast decrease. It can also be seen that there was a milder

winter in the baseline year. In fact, there was a mild

winter, relative to successive years# at almost all of the

sample sites. the composite study group also reflects this

occurrence.
an Ban provides only yearly energy use summary

statistics. The averaging of the wide variations shows only

a relative degree of change of the mean. The visual picture

of the monthly energy us night prompt a different type of

response for the decisionnaker. One might speculate that

the activity added large air conditioning units causing the

large summer peaks. Without such air conditioning use, it

would be possible that the remaining use level had
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decreased, as indicated by the winter lows. The

decisjonmaker, even with confirmation of these hypothetical

explanations, would be unable to assess at this point

whether the increase was justifiable, assuming the necessity

of the air conditioning. Did weather conditions, i.e.,

unusually hot, humid conditions cause greater use? or is

air conditioning use excessive?

The results of the four weather variable model for

XIRC Corpus Christi is shown in part C of Appendix C. The

resultant equation is seen to be,
-J

1-29.7-0.0075 &VGTENP-0. 00861DD40. 0169CDD 0.2*6PRRCIP

(1.47) (-.02) (-.67) (1.06) (1.23)

Interpretation of this equation is that for a unit change in

any one of the input variables, syte response will change

by the signed magnitude of the variable coefficient while

the remaining variables remain constant. The magnitudes of

the coefficients alone, however, do not indicate their

importance, since the units of each variable are different.

Relative significance is determined by the t-ratio (coeffi-

cient/standard deviation). T-ratios are shown in

parentheses below the coefficients. CDD is Seen to be thes-

trongest variable by this criteria. Recalling that the
equation is an estimator of the 'true' function , the user

might want to test the hypothesis that the individual coef-

ficients are 0. That is, is the estimated coefficient non-

zeco because of the error in the estimate? To determine

whether the value is significantly different than 0 with 95%

confidence, an evaluator would compare the observed t ratio

to the tabulated t distribution. Since each ratio is less

than 2, the value of 0 as the true value for each

coefficient would be accepted.
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The t test can be applied only to a single cooffi-

cient. Even though none of the coefficients ha-e a t

statistic greater than the critical value of 2.0, it can not

be said that all coefficients are 0, since deletion of one

variable could change the relative significance of the

remaining variables. To test the hypothesis that all coef-

ficients are 0 simultaneously, a similar test can be

performed with the F statistic. In the case of NRiC Corpus

Christi, F is computed as 16.9 (498.94/29.53). The F table,

as provided in part C of appendix P would be used. Entry of

the degrees of freedom of the 'explained' error (4), and

degrees of freedom for the Ounexpained, error (79), yields a

value of between 5.66-5.69. Interpretation of this test is

that the risk of assuming that all coefficients are zero,

with an F=16.9, is 95%. It would thus be concluded that all

coefficients are 0.
The next step of analysis would be to delete the

weakest relative variable, in this case average temperature,

to narrow the focus of consideration. However, the fit of

the model by Rz and HSE criteria need to be examined to

compare the relative changes in other models. The R8 value

is seen to be 46.1%, which will be the maximum for up to

these four variables. it is also, as expected, an indica-

tion of a weak fit. a A value in the order of 901 would be

hoped for in this type of prediction model.) The USE (mean

square of the residuals in the analysis of variance) is seen

to be 29.5. Also shown in the analysis of variance is a

listing of fourteen points which were identified from the
total of 84 as having adverse effects either by a large

standarized residual(R) or a large influence by an I value
(I)-

The correlation summary indicates a further problem

of ulticollinearity. A correlation of .956 between average
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temperature and COD indicates that the variations in the two

variables are almost identical and move in the same direc-

tion. The -.884 correlation between average temperature and

HDO indicates thse two variables are also strongly corre-

lated but moved in opposite directions. That is, as average

temperatures rose, CDD increased and HDD decreased. These

results, as previously discussed, were expected.

Elimination of average temperature to reduce the unpredic-

table effects of ulticollinearity would further be

suggested.

3. 11ELuatJ.2 gj ±IMfL. 121

Each of the models which have been developed for

four weather variables is considered to be the full model.

That is, it contains all of the variables intended. As seen
earlier, it will have the best fit since adding variables

will always improve the R2 value. But the full model may not

always be the 'best' model. The criteria for 'best' is

established by the decisionmaker based on the intended model
use.

Prior to considering a model for selection, a deter-
mination of aptness should be made. it will be assumed

herein that all models are apt since residual analysis is

more appropriate to discussion of developing realistic

models rather than the methodological approach taken by this

thesis. The weather variables selected for this study are

known to be interrelated and of little practical value by

themselves.

Values of RR and HSE are the most commonly used

indicatdrs of fit. Criteria to be used will depend on the

decisionmakeres needs and preferences. As previously

discussed, a curve of at against combinations of variables

will generally show a sharp rise initially before flattening
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as it approaches a maximum value. The 'elbow rule' criteria

sets the selection of 'best' at the point where the flat

zone begins. RR will change very little for adding

variables.

The parabolic curve of SE against variable combina-

tions will decrease to a minimum point and begin to rise

again past the 'best' point. The degree of change as 5SE

approaches the minimum may also be very slight, though.

indicating that the addition of a variable will decrease ESE

by only a small amount. The minimum point may not be the

same point indicated by the R2 'elbow rule' criteria.

The F statistic also shows the explanatory power of
a model. The F statistic has no maximum or threshold value
criteria. a minimum criteria can set based on the confi-

dence level test that all variables are not 0. as discussed
earlier. The minimum point determined for a 95% confidence

level was found to be 5.68. Below this F level, the model

Y j- would be reJected.

An important concept, basic to either criteria,

however, is cost effectiveness. The cost of a model must be

less than its value. The cost effectiveness should decide

the complexity of the model. All else being equal, model

selection should be decided by optimizing cost

eof ectiveness.

Table 2 summarizes the results of regressions for
each of the 15 combinations of models for one to four varia-

bles of each sample. The R2 and SE values are shown for
the best model in each category of 1, 2, 3, or 4 variables.

Continuing the use of MRHC Corpus Christi for illustrative

purposes, a 'best' single variable model would use CDD as a
predictor, with an RR=4#.3% and SE=29.42. A 'best' two
variable -ndel would add precipitation as a predictor with a

corresponding gain in RR of 0.9%, with a decrease of 0.16 in
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3SS. A three variable model, adding ODD, vas found to

increase RE by 0.9%r with a decrease in SE of 0.10. The

addition of average temperature as a fourth predictor had no

noticeable effect on at, but increased the HSE by 0.37. The

P statistic shows a continuing decline as variables are

added, although staying above the minimum significance

level. Assuming little cost difference between a 2 variable

and a 3 variable model, the 'best' overall model would

appear to be the three variable nodel 13.

*Table 2 provides a basis of making some general

observations. Selection of the 'best' models based on

changes versus absolute values of at and USE, and minimum P
value criteria, would have made the three variable model the

most popular. It is interesting to note that CDD figured as

the best predictor in all but 4 of the 13 single variable

models, in all but 1 of the two variable models, and in 10

of the three variable models. Won selection of a CDD nodel

was then due to marginal differences in almost every case.

The idea that more may not be best was clearly demonstrated.

Full models for Oakland &ad Jacksonville, as well as the

three variable model for Oakland were rejected on the basis

of P test significance.

The approach to model selection would generally be

the sane for the activity level and upper echelon decision-

makers. However, the issue of cost effectiveness would be

greater at the upper echelon command. The activity level

decisionumker could be relatively indifferent to the differ-

ence in complexity between a three and four variable modelp

or between a two variable and a three variable model.

However, an upper echelon decisionmaker evaluating a group

of reporting commands would find the complexity difference

multiplied by the number of reporting activities. In this

studyp, the decisionmaker would have to consider the cost of
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acquiring and processing twelve sets of data against the

value of increasing the ax value by 0.1, with almost no

change in HSI, and a moderate decrease in the value of F.

The purposes of the infotmation would be a large influence

in the selection. It would be expected that the three

variable model would be selected.

Regression modeling can be seen to be an involved

process. Its value is in the determination of relationships

between syte response and specific inputs. The relation-

ships would be useful for developing a plan of corrective

action. For example, the strong effects of cooling degree

days would suggest investigation to determine ways of

reducing such effects. &n activity may decide to alter

circuits to gain a better balance in phase loading, and/or

power factor corrections. The effect of air conditioning

could make a difference luring the cooling season and be

opposite in effect during the remainder of the year.

Biannual load adjustments might then be appropriate to

compensate for such effects. Increased insulation against

heat losses or gains ight have cumulative effects during

heating and cooling seasons. Initiation and prioritization

of projects to implement necessary changes might be

effected. Similarly, an upper echelon command might review

its priorities of funding based on the indications of

particular regression models.

Evaluation of projects, hovever, is perhaps most

significant at the RFD technical review. The estimation of

energy savings and payback periods provided by the engi-

neering staff is critical to the funding of projects in many

cases. Erroneous assumptions of system interrrelationships

could well provide the difference between funding or not

funding a project that could either save energy or waste

investment capital. Regression analysis provides a further

tool that can be useful in assisting such decisionmaking.
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D. TIRE SERIES ODELS

Regression analysis provides a capability of examining

relationships to define system output. Time series models,

on the other hand, are concerned only with system output.

The model defines historical patterns and trends of a vari-
able by mathematical equations which it uses to forecast

future states. The assumption in both cases is that the

patterns and trends will continue into the future.

a particular value of this method is in the ability to

minimize the effects of unusual events and base forecastb on

expected states. One of the concerns expressed for the

present sytes of evaluating energy reduction progress is the

susceptibility of energy use to noncontrollable weather
conditions. The strong relative influence of cooling degree

days on electricity use has been shown. Although a definite

factor of use, its influeace would be seen in a comparison

between months of differing temperatures. Comparison would

be enhanced by accounting for a difference in such noncon-

trollable factors. a review of the monthly electricity use

and weather summaries in parts a and 5 of Appendices A-8

illustrate definite patterns.

INIC Groet Lakes shows a specific example of the occur-

rences of unusual weather variations. The average

temperature in January 1977 was 15.5 degrees lower than the

same month in the PT 75 baseline. a corresponding increase

of 519 heating degree days (44.7%) in 1! 77 is then seen.

Comparing just the peak cooling degree days, disregarding

the south of occurrence, also shows an increase of 38

cooling degree days, almost 10% greater, in FT 77. a

comparison of energy uses would certainly be influenced by

these noncontrollable factors and somewhat distort an
appraisal of energy conservation pco;ress. PYT 75 seems to

have had a milder winter at almost every one of the sample
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siteso The total group summary also reflects this fact.

The evaluator needs a means of comparing uses that allows

consideration of such effects. By basing its forecasts on

historical trends and patterns, the time series model

provides a standardized, and perhaps more meaningful, basis

of comparison.

1. Teing Z at l

kutocorrelatiom is used to describe the association

or mutual dependence between values of the tie series at

different time periods. it relates a series for different

time lags. I pattern in a plot of residuals may imply auto-
correlation. One statistical test for the existence of

autocorrrelation is the Durbin-Watson, or D-V test. The

Durbin-latson distribution and tabled values are shown in

Part D of appendix P. Upper and lower D-I values of D-1(u)

and D-V(1) are read for the appropriate number of indepen-

dent variables (k) and sample size (n). The distribution
curve, symmetrical around 2.0, is divided into five inter-
vals: (1) less than D-g(1) , (2) between D-3(1) and D-V(u),

(3) between D-1 (u) and 4 - D- (u) , (4) between 4 - D-g(u)

and 4 - D-3(1), and (5) more than 4 - D-3(1). If the D-1
value is in interval (1) or (5j, it is likely that autocor-

relation is present. The test is inconclusive if the test
value is in intervals (2) or (E).

The D-1 test value for each sample is shown in part

C of Appendices &-I. For 4 independent variables and 8S

observations, D-3(1)=o1.9 and D-g(u)=1.68. Thus, for this
study, if the D-1 statistic is between 1.l9 and 1.68, it

would be concluded that there is no autocorrelation and time

series modeling would not be indicated. Camp Lelouno was

the only activity in the no autocorrelation interval; San

Diego data proved inconclusive. all others activities

- indicated definite autocor:olation.
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In this section, the basic concepts needed to under-

stand the basic premises of tine series analysis before

application to modeling techniques will be presented.

The general form of the regression model was estab-

lished as,

T = bO + bI 11 + b2 12 +........ bk 1k + error(e)

a similar concept in time sedes analysis is autoregression

which relates past values 3f a dependent variable to itself,

i.e# auto(self) regression. The general form of the

equation would then be,

T a bO * bi T(t-1) + b2 Y(t-2) #...... bk Y(t-k) + i

A tine lag is the time interval. offsetting the variable

being forecast. The. term I(t-2) indicates a tine lag of 2

*from 1(t). loather data soul-I have a time lag of 12 months,

indicating a 12 month repeating pattern.

Autoregression differs from regression in that the

residuals of the independent time series variables, i.e.,

!(t-1), T(t-2), etc., usually depend on each other. The

number of independent variables to include in a time series

is ore difficult to determine in autoregression.

Autocorrelation coefficients (AC?) can be computed

as an indication of how sucessive values 3f the same

variable relate to each other. They are also useful in

determining whether data are random, stationary (oscillate

around a constant means, the level at which data becomes

stationary, data seasonality, and the length of seasonality.

Tests similar to those sheen for regression analysis can be

applied to ACs to determine characteristics. The AC? in

random data have a sampling distribution that can be

approzimated by a normal :urve with mean zero and standard
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approximated by a normal curve with mean zero and standard
deviation of O. Thus residuals are not considered random

if less than 95S% of the ACs are within 2 standard

deviations of the mean.

The characteristic of stationarity can also be seen

by analysis of ACT. Stationarity means there is no growth

or decline in the data, i.e., data fluctuates around a cons-

tant, horizontal mean. Electricity use data will be

expected to be nonstationary, hopefully decreasing. leather,

however, should be relatively stationary. ACT of stationary

data drops to zero after two or three time lags, whereas ACT

of nonstationary data will be significantly different from

zero for sevoral time periods, exhibiting a trend with

increasing time lags. Removal of nonstationarity is neces-

sary to eliminate the effects of a trend in the AC~s before

proceeding in tin series analysis. This is achieved by a

method of diffeorencing. A new series is created by

subtracting successive values and using those differences as

a new series. The rdeor of diffeorencing is determined by

the number of applications before data drops to zero after

two or three time lags. Generally, real data will not

require more than first or second order differencing.

lormally, a moving average refers to a continuing,

or moving, process of computing an average for a set of

observations, adding a new observation while excluding the

oldest to yield a new average. As applied in this context,

moving average indicates a process to isolate data not

possible by autoreg*ression models. Instead of basing its

forecasts on past values of a variable, the moving average

bases its forecast on a linear combination of past estimated

erors. A combination of the the two methods to make a

single IKA model is a powerful tool. But, it took third
generation computers to sake UARE models applicable on an

operational level.
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Partial autococrelations (PACT) are useful in
idenifiatio ofan aprociat AM modl. ACTis

defined as the last autoregressive term of an AR model* For
An m order, or 13(s), modelt only up to a terms will be
statistically different from zero; farther ters. will not.

Seasonality,, defined as a pattern that repeats
itself over a fixed interval mast be accounted for in time
socies analysis. Weather factors such as average tempera-
taro, heating degree days, and cooling degree days would be
seasonal. Seasonality would be detected in an analysis of
ACT by a pattern of high values emerging from one period to
the next* Weather would be expected to show a 12 month
seasonal pattern. A combination of seasonality and trend
growths make autocorrelati on patterns difficult to deter-
mine. Data must be made stationary before seasonality can
be easily determined.

Similar to regression models, timei series models use
the sam of the squared ertors (SSj and HI in determining
how well a curve fits. the data. Since data points are @lost$
during differencing and time, lag calculations, the effective
sample size, decreases.

go TIE 531135 UODELING Z3CRNXQO3S

Autoregreissive, (An) models were first introduced in
1926. Roving average (Hal models were later developed in
1937. AMEA models did not begin their evolution until 1938.
Since then, extensive work has been done to develop effi-
cient procedures and extend results to include seasonal time
socies. in 1970, George Box and Guilyn Jenkins introduced a
comprehensive method of modeling anivariate time series.
The Dor-Jenkins method has become synonymous with general
AREA proesses applied to time series analysis, forecasting,
and control. (Beti III A schematic representation of their
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* -, approach is shown in Figure 5 The Box-Jenkins method will

be the general basis of the methodology to be presented in
this section. However, it will be modified somewhat to
accommodate effective isplesentation within operational

command levels of DON. models of electricity use per square
foot will be developed f or the thirteen samples with a
discusssion of results highlighting important concepts and

results.
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-""Sn I*

62



a specific UAEA model from a general class of AREA

processes is initially selected for computation and evalua-

tion. Selection of a model should normally be based on

stationary data, necessitating application of differencing

methods prior to model identification. However, some
software packages, such as EHIITAB, are capable of

simultaneous differencing and AREM processing. The

methodology used herein will assume prior or simultaneous

dif ferencing.

The general notati on of a model is As (p) I (d) HA (q).
or simply askEL (p d q), where p, d, q represent the orders

of autoregressive, differencing, and moving average

processes. A similar notation for a model with seasonality

. .- considerations will be ARIMA (p d j)(P Q) 3=12, where the

upper came letters have identical meaning as the lower case

letters except for their application to seasonal orders. S

is the length of the seasonal period of time, which will be

defined as 12 months in this thesis.
There are various ways to estimate the initial

values of orders. Such methods can be time consuming, tech-

nical, and laborious. Visual analysis, however, can also be

effective and will be applied here. identifying the order

of AR process can be done by examination of the PACY plots.

It will be recalled that the PAC? is defined as the last

significant term of an AR model. a sharp drop from a signi-

ficant value to a nonsignificant value after p time lags

would indicate the order of the Al process. in exponential

decay from a high initial magnitude for increasing time lags

would indicate an a& process instead. Before making a final

first estimate of pr it must be considered that prior
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differencing would normally have been done. If not, the

noastatiomarity effects of the data may also be included. a

combination of trend and seasonality say be difficult to

separate from the obarved P&CF patterns. Seasonality can be

seen in the 12 month recurring pattern in PACT. In the

observation of monthly energy use of the total study group,

a trend of use can be seen after 1Y 79. Differencing,

usually a first order process, would be necessary. The PACT

plot shows 4 significant values before dropping to an insig-

nificant value. A value of p04 is suggested. A basic

premise of the Doi-Jenkins approach is that of parsimony, or

selection of the least number of parameters. loting the

proximity of the fourth value to the critical 2/4 point,

or .214, and the possible influences of seasonality and

trend would sugqest a lover number might be used, say p-2.

An examination of the ACT plot should specify an AR

model or indicate the order of the Nl process. The behavior

of AC? is just the opposite of PACT. in exponential decay

for increasing time lags indicate an &R process; a drop to

zero after q time lags indicates an Ia process of the order

of significant points before a drop to zero. Figure 6

demonstrates differences in behavior of particular AR and NA

models. The AC? plot for the total study group shows 2

significant values before the high initial magnitude drops

to zero. A value of q-2 is indicated.

Using approximately the same reasoning process for

the seasonality effects, i.e., values for time lag of about

12, would indicate P-. it is difficult to separate

seasonal trend from normal trend. an initial estimate of

DO, assuming the observed growth is all normal. The

seasonal pattern in AC? shows an exponential decay for 12

mouth lag, and therefore a seasonal &R process is indicated,

i.e., QMO.
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The final tentative model then would be &RIB& (2 1
2)(1 0 0) S=12. It must be stressed that this is a

65



tentative model. It may or may not be accurate for a

variety of reasons, such as the existence of a noise level

lowering or raising the theoretical values of AC? or PkCF,

or the unknown variation due to randomness. The

identification process is not mechanical; human judgment

plays a strong role. The final model for the study group,

based on minimum ISE with no significant values of residual

aC? was found to be &RIB& (2 1 2) (1 0 1) S=12. The

trial-and- error approach required several iterations before

the 'best' model was determined.
As a means of providing a guideline for model

identification, the following summary of the procedure used

above is provided:

1. Review the data. Visual observations of seasonality
and trends will assist coming estimations.

2. Obtain a stationary series. If possible, this should
be done next. However, if software capabilities

allo, this can be included within step 3.
3. Examine the remaining correlations, i.e., those that

do not drop off to zero, to determine the order of &R,

Na, or iAnL processes. Figure 6 show the expected

behavior of AC? and PLC? for LR(1), aR(2), a(1), and

iA(2) models that may aid in determination of order.
4. Identify seasonality effects. I repeat of steps 1-4

procedures, looking at the &CF and PLC? at the

seasonal time intervals. Intervals may not always be

exactly 12, allowing for weather variations to

compress or expand the actual interval.

2. ausn L: jaim1ain ARA Zuna

Estimation of parameters, according to the

Box-Jenkins approach, is the next step of the process. The

coefficients of the underlying mathematical equations would
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be specified to give a minimum value of RSE The parameters

would then be entered into the computer for computing diag-

nostic information. Not all software packages require

parameter specification as input, however. MINITAB, for

example, requires only an AII specification, such as ARIBI

(2 1 2)(1 0 1) S=12, for a seasonal model, or simply ARINA

(2 1 2) if the model is not sea3onal. Other software

packages, such as IDA, do require parameter specification.

Such specification requires a mathematical understanding of
the underlying equations of the olel which is beyond the
scope of this paper, and would be difficult to apply at the
operational command level. Thus, it will be assumed here
that parameter selection is not required, or that textbooks
for the basic level of mathematical theory necessary to
estimate the parameters, are available. This will enable a
more general presentation of methodology. The simplicity of

-. the methodology is important to any expected application

within DOD or DON. The HINITAB software package simplifies
the entire approach to model building so that a thorough

treatment of the identification process is not even entirely
necessary. Arbitrary models can be selected, entered, and
computed in a matter of seconds. The penalty for being too

arbitrary is that the user loses direction. an improper
initial model selection resulted in misdirection several
times during the development of the models for these

sam ples.

Diagnostic checking of the estimated model is based

on two checkpoints. The first check is to see whether the

ACP of residuals exhibit randomness, i.e., 95% of the AC?

points should lie within 2 standard deviations of the mean.

The second check is that 8S! is minimal. The rigidity in

applying these criteria is similar to that discussed for

regression models. The existence of one or two points
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outside the confidence limits may be unacceptable in view of

the effort required to modify the model. The magnitude of

ESE may be small enough that a change in ESE by a more

complex model would be of little consequence, or the rela-

tive ease of improving the ARINA model for even a slight

improvement eight justify additional complexity.

In fitting the models for the samples of this study,

three models were chosen for illustrative inclusion in Part

D of Appendices A-1. The first model attempted say or may

not have been the model indicated during the identification

phase. A second model is shown for comparative purposes as

attempts to improve the ACP pattern and ESE magnitude were

made. The final model shown was used to forecast.

URIC Jacksonville can be used as an illustration.

An initial model was developed on observations from AC?/PICP

plots that, (1) PAC? dropped to 0 after 1 time lag, (2) AC!

fell to zero after 3 time lags, (3) visual survey of IBTO/SF
showed nonstationarity, (4) seasonal PAC? did not drop to 0

until after two seasonal tine lags, (5) AC! showed some
trend, and (6) ACF fell to 0 after 1 time lag. Thus an
initial model of ARIUA (1 1 3) (1 1 2) 5=12 was attempted.

Only one ACP point was significant; an USE of 11.518 was

determined. Simplifying the model to an ARIZA (1 1 2)(1 1

1) S=12 only decreased the significance of the first point

and increased an insignificant point to significance. ESE

increased to 12.063. At this point, either model would be

acceptable, although the second model would be preferable.

The second model suggests that a seasonal adjustment night

improve the model, since the significant points were at

t-24, and t-37. The model ARINA (1 1 3)(1 0 2) S=12 did

improve the AC! pattern and had an ISE of 11.121. It was

accordingly determined as the $best' model for forecasting

at that activity.
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3. ]&A Jf: Mrscatjag

The summary statistics for the ERKC Jacksonville

IRMEA (1 1 3) (1 0 2) Su12 model display a 12 month forecast

of electricity use (FY 82). The forecast, based on the

historical patterns and trends of use at EREC Jacksonville

is its expected electricity use in FY 82. The fitted model

and forecasted values are shown in Part F of appendices a-If.

The resultant curve is really not such easier to visually

interpret than the initial electricity use curves, except

that forecasted F! 82 values have been added. An imposed

plot of actual F! 82 use and/or baseline use night afford a

useful and easy means for comparing actual FY 82 use.
Since the basic intent of energy measurement is to

compare change from the baseline, it would be useful to

interpret the model results in this same light. With the

fitted model values still in the computer memory bank, it is

fairly simple to regress the fitted values against time to

develop a curve of trend. This provides a very clear

interpretation of the time model affording calculations of

percentages of change anywhere along the curve.

Part 3 of Appendices A-8 provide a statistical

summary of such a regression. The value of these statistics

is miniml relative to the normal information given by

regression. Normal interpretation of 3t and 15 are rela-

tively meaningless in this application. But the curve does

represent the best fit of a straight line through the fitted

data points giving the trend of forecasted use. The trend

line is shown in Part F of these appendices.

A composite curve of actual use, fitted model, and

trend of use is showun in Part 9. The fitted curve of

expected values provides a benchmark for comparison of

actual use. The May 1978 spike in energy use previously

discussed could now be mcre effectively evaluated. The
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model curve indicates expected use. In fact, a fairly large

increase from April would have been expected. fhe magnitude

of the difference between expected and actual use be a

• .potential target of investigation.

The Fy 82 forecast has been drawn with 95% confi-

dence limits, calling attention to the fact that the model

curve is an expected value estimate of a etrue' function.

There will be allowances for error. A confidence interval

around the entire fitted curve of the odel could have also

been plotted. However, the loss of clarity resulting from

the extra lines would not be justifiable. The forecast

interval will have contol system applications to be

discussed in Chapter V.

A numerical summary of actual use, model forecasts,

and trend projections for each sample is provided as

appendix N. at the end of each activity sumiary is a

, comparison of particular use with the baseline. The first

column is the actual use reported and resultant change. The

P1 81 target was -12%. The second column shows the forecast
values for 7! 81 and 7! 82 with the percent change from FY

75. The final column is similar to column 2 but is based on
trend comparisons. For the study group, for example, a 9.3%

increase was forecasted for FT 81 by the time series model.

A 10.3% increase was actually reported. Howevere, the trend

of use, 10.8% might at least indicate the rate of growth

from F! 75 had slowed. there are numerous applications of

these results, such as relative comparisons with other

activities, comparison of activities in a particular weather

zone, comparisons by size, patient occupancy, or facility

age, that could be meaningful to an evaluator. An extension

of trend identification could be to use different origins.

For example, JIC Orlando showed a greater trend of increase

after FT 79. Such trend would have been averaged out over
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S . the PY 75 - 1Y 82 data period. Regression of model values

aqainst time fro TY 79 would show the trend of use from FT

79. The effects of a particular event, such as facility

expansion or technological innovatione could then be

isolated for meaningful evaluation.
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Models of electricity use by category codes using

regression techniques wiil be examined in this chapter. The

development of coefficients of use f*r various categories of

us, and their application in a modalar baselines, vll be

demonstrated. The average monthly electricity use and

buildings relating to that use for FT 75 for the 12 IItC

sample will be the basis *f this study.

The previously discussed problems of changing missions,

growth of electronic technology, and the corresponding

building use changes to accommodate such changes serve to

confuse, if not distort, the basis of energy reduction

comparisons. If the purpose of measuring electricity use on

4a per square foot basis is only to prorate energy use for

different size bases, it would see unreasonable then, in

light of the technological growth, to expect a 20% reduction

by FT 85. If, on the other hand, the goal of measurement is

to effect an increased efficiency of use, there must be a

means of making allowances for the changes in mission and

building uses.
Conversion of a low energy intensity warehouse for

installation of a greater energy intensive aviation trainer

was discussed in Chapter Ii as a distortion of meaningful

energy usage comparisons. Capital improvements for

insulation, lighting, etc., may have been highly effective

in raising the energy efficiency of the warehouse. However,

the trainer equipment installation would probably dominate

use such that the total energy use would be increased. The
value of comparing the energy efficiency progress has been

lost.
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In other cases, building use has been downgraded as sore

modern,, accommodating facilities have been constructed.

Rather than demolish an inherently energy inefficient

building, a common tactic is to us. the building for a

different purpose, such as office space, warehouse/storage

space, or recreational space. rhe selection of these

particular uses is common inasmuch as priority of limited

construction funds is usually lower than mission essential
project funding. Is a result, there is usually a backlog of

such projects awaiting funding. Vacated buildings easily

become a target for innovative, resourceful managers to ease

particular requirements. In fact, this may be a very

practical action with large benefits to morale. The effect

on energy use comparisons is less beneficial. The new

facility may have such greater energy efficiency. The

activity's overall use per square foot may improve. The

converted facility may also have a lover energy use per
square foot but not necessarily as a a result of any

efficiency improvements, though. Is would be noted by TEE

advocates, energy would be wasted by the building's

iuefficiency even though end use would have decreased.

Only if a building's functional use remained generally

constant during the period of comparison can any valid

conclusions be made at present. The problem is in providing

a basis cf comparison when changes have occurred. A means

of effecting relatively simple changes in the baseline to

reflect the changed uses would be useful.

A odular construction of the baseline would offer such

a means of adjustment. In the case of the

warehouse-to-trainer conversion, a standard use value for

warehouses could be deducted from the baseline use, and be

replaced by a standard use value for a trainer facility.
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an example of the opposite effect would be the
conversion of a orld Nar 1 1 vintage Butler building from an

industrial shops area to a recreation center. The

conversion might have taken place a the result of a now
Public Works facility which had expanded to meet an

increased activity mission. The Butler building with its
characteristic thin, shoot metal outer walls and concrete

floors would be highly energy inefficient. The replacement

of the industrial equipment with recreational equipment

would certainly lover the energy use. Adjustment of the

baseline by replacing an FY 75 standard industrial use with
a personnel support use standard would allow a valid

comparison of the change. At present, however, the energy

baselines are fairly rigid and rarely adjusted.

A. DATA COSIDBUAT!OIS

The data necessary to support a development of such

standad uses is not readily available at present. The

NAT&C P-164, Detailed Inventory of Naval Shore ctivities,

vwa examined an a possible source of data. The P-164 lists

all the buildings at every location throughout the Naval

Shore Establishment by category code, year of construction,

floor area, dimensions, cost data, and various other details
of inventory data. Changes, such as would occur by new

construction of facilities, alterations, demolititons, or

redesignated usest are required to be done on a timely
basis. However, this reporting function generally has low

activity priority. leviews are sporadic; submissions may be
several years out of date.

Activities were originally tasked with developing their
owa baseline areas. Then, any changes to be made were

requested via official channels. It is therefore difficult

to reconstruct the baseline anywhere beyond the activity
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.. level. The areas actually shown in the P-164 may be
assigned to a particular station, but its onera- use accoun-

table tc another commaund. Thus, identifyin. -' building's

existence in FT 75 by the P-164 does not necessarily moan

that it has been included in the baseline area of the plant

property record holder. Family housing, for example is

listed on the plant property records of the applicable

activities but energy use is reported to the Housing

Eanagement Centers.

The functional use of a building or area within a

building is identified in the P-164 by a S digit use code.

Such a code is not necessarily related to its energy use.

For example, 610 as the first three digits of the category

code identifies an administrative use. 610-10 further iden-

tifies office spaces, while 610-20 identifies data

processing centers-two very different types of energy use.

Living spaces are broken down between categories of officer

(724) and enlisted (721). Further distinction is made by

payg:ade groups, such as B1-84 (724-11V and 03 and above

(724-12). The differences in these category codes reflect

only construction criteria, although energy use characteris-

tics would be similar. In the BRIC sample there were over

80 significant category codes that would be considered as

contributors to energy use. It was felt that a grouping by

category codes of energy use characteristics vice functional
use code would thus be more feasible. The degree of refine-

ment within the groupings would be a matter of practicality.

Subcategories of use by construction type and/or year would

be specific possibilities.

Thus, P-164 data alone is insufficient to develop accu-

rate area baselines because of its lack of timeliness and

lack of energy reporting detail. The P-164 is the most

complete and widely available data source available and was
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thus used for purposes of this study. a more refined data

base would be needed to provide the accuracy desired in an

actual application.

B. EUTEODOLOGY

The general approach taken was to test whether average

monthly electricity use (EBTV) coull be forecast as a func-

tion of the component areas for types of functional uses of

total floor space. The derived coefficients of a regression

model used for such a forecast being in units of NBTU/SV,

suggest that the coefficients will be an average, or

expected value, of use for the selected categories.

Interpretation of the coefficients as standard values would

then have useful applications where the energy use of

particular areas are being evaluated.

The selection of the categories of functional use would
be made relative to the information desired. It must be

recognized that the coefficients of a regression model are

relative to the applied context. The coefficients say

change as variables, i.e., categories of use, are added or

deleted, or input data is changed. Thus, the value of a

derived coefficient will lepend on the input data and what

other variables are present. The implications of this

recognition limit use to a particular time frame, to a

particular activity, or to a particular group of activities,

dependent upon the context of application.

The average monthly electricity use in 1Y 75 was

selected as the dependent variable to enable a determination

of standards of use in the baseline year. This meant use of

only 12 data points for the total sample group. The conse-

quence of the small sample size was that the corresponding

12 degrees of freedom allowed a maximum of only ten use
categories, allowing 2 degrees of freedom for statistical

results.
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The sample was accordingly sorted into ten major energy

use categorie using the following categories and criteria:

1. mission. Hospital space, as a large portion of the

baseline area, would be of major interest.

2. Labs. Outpatient clinics, dental clinics, as well as

designated lab areas for which specialized equipment

would be required. Full tine occupancy would not be

expected.

3. Personnel Living Spaces. Unaccompanied officer/en-

listed personnel housing (UOPH/UZPH), regardless of

payqrade of occupants, and temporary living facili-

ties.

4. sainteance/I ad ustria 1. Shops areas, including
vehicle maintenance shops, utilizing a higher energy

use per square foot by virtue of machinery and

installed equipment.

. 5. Data Processing Centers.
6. Administrative. Offices, family services centers, and

other areas providing spaces for performance of anag-

erial, clerical and counseling functions.

7. Commercial Areas. Areas which involve commercial

sales and support such as the various functions of the

Navy Zichanges (barber/beauty shops, snack bars,

retail stores) which would entail various operating

hours and medium energy intensive equipment.

8. morale and welfare-Community Services. Areas which

would have relatively few hours of use by groups of

personnel, such as chapels, theaters, and child care

centers, but would not not involve unusual equipment

support.

9. morale and welfare-ecreation. Boling alleys, gymna-
sius, and hobby centers which would have more regular

hours of occupancy and would require some specialized

equipment support.
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10. Storage. Areas in which minimial equipment installa-

tion, low personnel occupancy, and minimum heating/

cooling standards would be maintained continually.

Subcategorization to reflect differences in tempera-

ture standards for storage of equipment vice medical

supplies would be suggested.

The results of the 'full' 10 variable model are shown in

Table 3 These results indicated that the standard use for a

hospital space was only .0003 NBTU/SF. The t-tests, in

fact, showed no significance in any of the individual varia-

bles. It was concluded, by use of the F test, that all

coefficients were insignificant. The very high 38 value of

.998 would be expected from the use of 10 variables and only

12 observations.

I stepwise regression was then attempted. It was deter-

mined that a three variable model using hospital space,

storage, and saintenance/industrial categories would provide

V1W' significant values for the resultant coefficients. Test

results are shown in Table 4 The R .value was still

reasonable at .908.

C. RESULTS

The results of this attempt to demonstrate model use for

this sample were inconclusive overall. The full model was

unable to provide any significant coefficients. The 'best'

model, i.e., one which provided significant coefficients,
could provide values for only three coefficients. These

coefficients would only be relevant in the presence of the

other two variables. That is, the standard use for the

three categories could not be concluded to be the values

sen, with the other categories assumed to be zero. One

explanation is that the data base was too small to support a

test for 10 categories of moe; a smaller number of groupings
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Regression Results of the $Full# Bodel

THE REGRISJIe 3051I TXIfxIS
T 8990. .003 91 + 0.0901 12

-0.0356 13 + 0. 16 X4 - 1.32 X5

8:144 1~ + 8:41 0: 0 25 X84.211][ Z8 +.298 110

ST. DEV. T-R&TIO
COLUNN COZFFIcIZNT or CORP. CO~R/S.D.
CoNTAN "990 9690 0.93

rI HOSPITAL 0.00031 0.04396 0.01
Xj LASS 0. 09014 0.04366 2._06
3 LIVING SPACES -0.0363 0.04725 -0.5

1*4 MAINT/INDUSTI 0.25 0.6162 0.5
s DATA PROC CTR .I23 1 3:07

14 kAINISTRATIVE -Q1441 :WI ICOeERCIA L .0449
X1 E-COeEUNITY1 -50 1 -0.01
SI-ECREATIO 8 16 1.89
110 STORAGE 0.0298 0.1316 0.23

-9..;.THE .DEV. 0F T ABOUT RBOR3SS13N LIVE IS

WITH ( 12-11) a 1 DEGREES OF FREEDON

R-SQUARED = 99.8 PERCENT

JeILTSS OF VARIANCE

REGRESSION 1 236iI3'21~i
RESIDUAL 1
TOTAL 11 237218284

might yield better results. However, it was felt that

further generalization of the groupings would have seriously

detracted from the desired results. The derived

coefficients would have been more general than practical.

Although the results were inconclusive, there is reason

to believe that the proposed method merits further consider-

ation. The results suqgest that coefficients of use baseC

on energy use categories could be developed by regression

techniques. The apparent limits imposed by the size of the

79



r ABLE IV

Reduced Three Variable Model

THE REGREISQO EQUION IS
236 4.+0 030 11 -0.161 X2 .0.151 13

ST. DIV. T-RATIO
COLURN COEFFI CIEIT OF CONF. CORE/S. D.
CONSTANT 745

11 HOSPITAL O.AM823 0.006079 5.93
1J LABS -0. 16076 0.03600 -4.47

SI-RECREATION 0. 15069 0.05448 2.77

THE ST53DV. OF T ABOUT REGRESSION LINE IS

WITH ( 12- 4) 1 8 DEGREES OF FREEDON

R-SQUIRED 1 90.8 PERCENT

ANALYSIS OF VARIANCE
DUE TO DS SS2SSSDF

REGRESSION 215389442 1796 4
RESIDUAL 8 21829185 2728646TOTAL 11 27218666

data sample might impose certain limits. Although this

study was limited to particular NRBCs, in an expansion of

this method., coefficients of use for the general categories
of storage, maintenance, commercial, etc., could be studied

for a larqe sample.

The issue of accuracy can not be overlooked. The data

base used in this study was recognized to be susceptible to

various errors. Refinement of a data base for application

to a large sample would be challenging. However, it must
also be considered that even 'ball park' values might be of

value. $Standards of use', with only minimal accuracy,

would still permit implementation of modular adjustments to

baselines, or to any other comparison years. The basis of

comparisons would be improved to at least some degree. It

8o



is thus felt that the modular concept of adjustment and the

use of regression odels to develop standards of use

varrants further consideration.
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V. .uIIAZZ U12 G1i.USIOIS

Energy reduction is a very significant and necessary

goal in today's environment. The cost of energy has risen

from a relatively insignificant level to one of major

consideration. The era of cheap energy has resulted in a
multitude of energy inefficient buildings that will require

varying degrees of modifications.

The trend of rapidly rising costs will keep a strong
focus on economizing energy use. The Arab oil embargo of
1973 not only touched off an era of spiralling energy costs,

but brought about a realization of the serious consequences

of our strong dependence on oil. The vulnerability of

national security and the economy to supply and price
manipulations were clearly demonstrated by the actions of

the OPEC cartel.
Government policies and actions along with the normal

market forces of supply and demand interactions would be

expected to expand domestic oil supplies. These initiatives

have also forced corporate and private energy users to
examine the large amounts of energy being used, and wasted,

as well as to search for alternate energy sources.
Executive Order 12003 was issued to force the federal

government-the largest single energy user-to reduce its
energy use. It established the federal energy goals at a

20% reduction from FT 75 to 7! 85, and a 35% reduction by WY
2000. The goals appear ominous in view of the failure to

achieve yearly target levels though FY 81. A greater level

of capital investment will be needed just to meet the 2% per

year expected rate of reduction, and an even greater rate of

investment to achieve the FT 85 overall goal. With the
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' -- limited availability of capital investment funds,

effectiveness of investment becomes a vital issue. It is an

issue which requires a full recognition of how energy is

being used, identification of areas of greatest reduction

potential, and the cost effectiveness of implementation

act ions.

This thesis questioaed the ability of the present
Defense Energy Information System (DEIS 11) to provide the

necessary valid comparisons of energy use as a means of

identifying targets of reduction potential and evaluating

the effectiveness of corrective actions. Distortions caused

by noncontrollable factors, such as weather, and the

particular functional uses and changes in use of buildings

were shown to impair the ability of a decisionsaker to

correctly evaluate reported energy uses. Electricity use at

12 Naval Regional Medical Centers was specifically studied.

Regression and time series methodologies were demonstrated

as means of iaproving the effectiveness of evaluating energy

uses.

Regression models were shown to be a means of explaining

a system output by means of particular stimuli, or

predictor, variables. The techniques of selecting

variables, evaluating the appropriateness of the stimuli,

and interpreting the results were applied to weather effects

on energy use. leather factors of average temperature,

heating degree days, cooling degree days, and precipitation

(rainfall equivalent) were specifically studied. While

weather would not be a good sole predictor of electricity

use, the relative significance of various factors could be

studied. Knowing the effects of weather on electricity use

would in turn allow the decisionsaker to assess action to

minimize such effects. Cooling degree days was seen to have

a strong relative impact on energy use. Identifying this
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factor and the relative magnitude of its effects would

suggest certain actions to a docisionmaker. Load balancing.,

increased insulation. &nd/oc use restrictions might be
accordingly evaluated for implementation. a comparison of a

similar regression model after implementation of corrective

action would provide a further means of evaluation.

In an expanded model, weather variables would be only

one type of variable. lours of occupancy, ages of the

buildings, air conditioning capacity, etc., might be other

variables of interest. rhe results of the expanded model

would be beneficial in further evaluation of system

interrelationships, and relative significance among selected

variables.

Time series models were shown to be a less technically

oriented method of forecasting. This type of model uses

historical patterns and trends in forecasting expected

system outputs. Plots of the four previously cited weather

*factors were seen to have variations in expected levels. Of

particular concern vas the higher average temperatures and

corresponding decrease in heating degree days experienced at

most of the 12 activities during the winter months of the

baseline year. Under the DEIS II system, the various

effects of differing weather conditions are also being

measured in the percentage of change calculations. leather

would be only one of several possible influences that could

be reflected in such energy us* comparisons. The time

series model, in forecasting expected values, provides a

mor*e standardized basis of comparison.

The forecasts of expected values facilitate

identification of variations. Comparison of a current um
with an expected value, or expected value adjusted to a

reduction target, might show a large variation which should

be investigated promptly for corrective action. The present
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system, with its potential of distortion, would only show a

relative change rather than a variation from expected value.

The decisionmaker can not readily assess the impact of

unusual conditions on the observed change, nor assess

whether a favorable change was in fact favorable.

Similarly, an unfavorable variation might not be identified

for a period of tine due to particular conditions resulting

in a lower energy use, thereby missing an opportunity for

reduction.

Regression vas further applied to a tine series model to

develop a linear trend of use. This method would allow an

identification of a long term average rate of change.

Although the trend of use between 1Y 75 through 7Y 82
projections was developed, the method is applicable over any

time period, or from any reference point.

The results of the time series forecasts and trend

projections for P 81 are compared to actual reported uses

in Table 5 It can be seen that the forecasted uses and

actual uses' are relatively close. The forecasted values,

however, have been shown to be less subject to distortion

and a more reasonable basis of comparison. Comparisons

within Table S give a sore appreciable picture of progress

in meeting an establishel target. For example, ERIC Corpus

Christi reported a 1.2% reduction from 7Y 75 use. Its
expected use would have shown a 0.6% decrease. Thus, the

activity shoved a favorable variation from expected use of

0.61. Comparison of reported results with a 1.0% trend of

increase shows a 2.21 favorable variation from the long term

trend of use. A similar comparison for EIHC Orlando shows a

151 unfavorable variation from expected PY 81 use, and

almost no difference from the trend of increase.

Comparisons can be made at the activity level oc at a higher

echelon o command. The total group, as might be viewed by
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its major claimant, shoved a 1% unfavorable variation from

expected use but a O.5% favorable variation from trend.

Since these comparisons are less influenced by unusual

variations of operations, weather, etc., they provide a sore

standard basis of comparison.

A final regression model was attempted to explain

average monthly electricity use by the functional categories

of use for building areas. The categories of functional use
were established by identifying particular electricity use

characteristics. The coefficients of the proposed model, in

units of NBTU/KSI', can be interpreted as a standard of use
for its corresponding category variable. It was shown that

changes in a building use, or uses of areas within a

building, would alter the normal- energy use per square foot,

thus distorting further comparison to the baseline year. By

means of a modular concept of the baseline, the baseline

could be adjusted by replacement of a standard use of the

focer designation with a standard use value of the new

designation. The results of a ten variable (energy cate-
gory) model were found to be inconclusive by virtue of the

insignificance of the coefficients. The small size of the

data base was inadequate to support the development of the

necessary ten significant coefficients. The data base was

capable of explaining use by three significant predictors,

however. Concern for the accuracy of the data, which was

based on often outdated, inaccurate property record submis-

sions, was expressed. Further coasideration of the model

and modular baseline concept ya fel to be justifiable,

however, on the basis that even a small improveent of the

present system by use of 'ball park' estimates would be

use fu 1.

The Froposed methods of energy use models all have

applications, either individually or in combination, in

86
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T ABLE V

Comparison of Forecated and Reported Electricity Use

5155 7 -ff -FT 5 r r TW
ERIC ACTUAL ACTUAL TIRE TREND

SERIES
Map Ve)Uune V--T-(3W

(-5.7%) (-5.8%) (-8.2%)
d 6=apues :.ts 5-"!2l.7u-"b -- 7- -- l277 -3-

(-1.2%) (-0.6%) (1.0%)
W Net'-re -- T"=. -T '3"r:'- " 7T .-

(21.7%) (18.1%) (22.4%)

(-9.8) (-11.3%) I(-12.6%)

(38.8%) (37.2%) (40.3%)

ixzun "  "-- I" -23T-7 -237.3"'2 TI(20.2%) (23.1%) (25.1%)
ori ando .... J. " -F W Y0

nou(3.1% (0 -2r . %) (3.0%

(0.4%) (2.3%) (5.0%)

sr7yUxr 1YZ 2I77r - , M
(10.T3) (9.3%) (1.)

*E.ectricity uwe in 3BTU/KSF

developing an energy Ue control system. in general, there

is no real control system within DEIS 11. Targets are

established by end-use restrictions based on on F! 75 use.

Baseline use, susceptible to the various influences of the
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conditions at that time, say not be a valid comparison for

uses without those similar influences. ariation, if iden-

tified, may actually not be variation at all; if

unidentified, the causes of unfavorable variation may go

uncorrected for undesirable lengths of time.

Regression models using explanatory variables such as

connected load factors and weather would be used to forecast

expected use. A comparison of expected use with target use
would indicate a degree of desired change. Analysis of the

coefficients of the model would suggest opportunities for

achieving desired reductions. Comparison of actual use with
forecasted expected use would identify variation that should

be investigated for corrective actiom.

Time series models would be of similar use in a control

system. Targets could be developed for expected use. A

comparison of actual use with target use would also identify

variation for possible investigation. A particular advan-

tage of the time series model is its ability to forecast use

over a period of time. an imposed plot of actual use

provides an easy, visual means of display. in contrast,

regression models dependent on observed inputs such as

weather would be less convenient. Expected values would

require individual calculation before a plot comparison with

actual use could be made. rhe application of regression

techniques to a tin series model to develop a trend of use

provides a further mans of useful comparison.

Application of reduction targets to the forecasts of use

would be a means of establishing control targets. In Table

5, for example, a control target of a 5% reduction in

expected FT 81 electricity use might have been established.

Variation from that level could be used in identification of

possible investigation. Similar application of targets to

trend of use forecasts could be made.
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S *..... A regression model based on categories of use provides

at least a potential for a control system. Comparison of

actual use per square foot with a standard of use would be

useful in identifying the energy efficiency of a building.

This method, however, would require a great deal of effort

to implement. Seasureaent of actual use in itself is a

current problem with the necessity for subetering. eaters

to provide such measurement are not in general use, at least

not yet, within the shore establishment. However, the cost

effectiveness of such eter uses has increased rapidly and

should be in greater use in the near future.

The refinement of data necessary to develop accurate

standards of use would be a further obstacle to

implementation of this type of nodal. The use of 'ball

park' estimates could be of limited application in nodular

adjustments to the baseline. It is not known whether

engineering estimates could provide more accurate or more

cost effective standards.

The choice of models would depend upon the decisionsak-

er's needs and capabilities. Regression models of technical

factors would appear to be of greatest benefit to engi-

neering staffs such as the IAVFIC Engineering Field

Divisions. Such models would provide the technical inforaa-

tion needed to evaluate the value of particular projects.

Their technical review function for UCIP and STAP projects

could be facilitated by such models. Their access to a

broad range of data would be beneficial to development of

the models. The variety of technical expertise readily

available would also be significant in developing and

applying such models.

Time series models would appear to represent the

greatest general value to an activity or upper echelon

command for forecasting energy use for budget purposes as
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well as for control systems. models could be developed for,

or by. bases depending on the availability of computers and

appropriate software.

It is highly recommended that the implementation of

energy as models be pursued within the energy management

program of the laval Shore establishment. Energy use models

have been shown to be valuable tools in the measurement and

evaluation phases of DEIS 11.
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C. REGRESSION OF NBTU/KSF VS WEATHER VARIABLES

REGRESSION OF HBTU /SF VS AVERAGE TEMPERATURE HEATING
DEGREE DAYSv COOLING DEGREE DAYS, AND PRECIPITTION

Tof !EGI~io~iai*S88'2'! tx'569 X4 hh

COLUMN CONFFICIIP U6.-4 8 -5
zi AVG TERP 0.01604 0.03490 0.46
X2 HDD 0.000089 0.001070 0.08
23 CDD 0.017817 0 002059 8.65
14 PRECIP -0.03843 .05353 -0.72

THE ST. DSV. OF T ABOUT REGRESSION LINE IS: S = 1.316

R-SQUARED a 86.0 PERCENT

AjajYS OF JJRIANCZ SS lSzSS/D?
REGRESSION 54 837.18 209. 372
RESIDUAL 79 1 685 1 1 732
TOTAL 83 974.33 9

FURTHER ANALYSIS OF VARIANCE
SS EXPLAINED BY EACH VARIABLE ENTERED IN ORDER GIVEN
DUE TO DF SS
REGRESSION 4 837.488
AVG TEMP 1 679.814
HDD 1 21.197

. CDD 1 135.585
PR ECIP 1 0.893

xl Y PRED. Y ST.DEV.
RON AVG TEMP HBT3/KSF VALUE PRED. ST. RES.

8 69.1 1.223 10.284 0.211 -2.36R
12 76.2 8.647 13.647 0.236 -3.86R
23 75.9 13.252 13.374 0.464 -0.10 1
28 5 7.17 .958 478.17
41 35. 1 7.01 7.014 8:1460 -8.00 x

16S71 8:~ 14j8
8112:7701

36.2 8 6.992 0.847 1.15 1
S46.1 7:752 7.141 0.546 0.51 1
78 44 7.133 7.134 0.566 00
81 78.3 15.14 2 14.854 0.1483041
82 78.6 14.694 15.062 0.511 -0.30 1
83 76.5 1.185 13.733 0.486 1.19 1
84 71.5 1.185 11.478 0.337 2.91R
R am> OBS. WITH A LARGE ST. RES.
X a> OBS. WHOSE X VALUE GIVES IT L&RGE INFLUENCE.

DURBIN-WATSON STATISTIC a 1,75
OOO CORRLATION OF VARIABLE 00000*0

MBTg/KSf ! TiP DD D
AVG TEMP 0.8
HDD -0.51 -0.778
CD D 0.2-.91 '.8:14
PRECIP 06 2 132 3.003
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D. DEVELOPING A TIRE SERIES IIODEL

&CF OF ffBTU/fKSFp NRKC C&HP LEJ EUV!

-0.8 -0.6 -0.14 -0.2 0.0 0.2 0.54 0.6 0.8

1 0.682 XIIIxxIXIXIXXxxxxx
2 .359 xxxx
3 -8.029 I
41 -0.335 IIxIxIIIx
5 -0.508 IxIIXXIxIxUxxx
6 -0.5741 xxxxxxxxxIXXXIx
7 -0.515 XIIxxxxxIXXXx
8 -0.376 XXXIxxxxxx
9 -0.084 111

10 0.2413 IXIKIXI
11 0.577 IxxXXIUxxxxxxI
12 0.721 xxxIxIXXXXIIXXXXXXx
13 0.590 IxxxxxxxxxxxxxxI
141 0.305 XXXIxxxIXx
15 -0.033 Ix
16 -0.293 Xx III
17 -0.4451 XIXXXUXXXM

18-0.5187 XXIXXI
19 -0.4159 111 i I xxI xXI
20 -0.283 xx III
21 -0.061 111
22 0.220 XXXxII
23 0.5488 xxxxxxIIIXIXX
251 0.585 xxxxxIXXXXXIxxxx
25 0.5494 IXXXXXXXXXIX
26 0.219 XXXIII

28 :O06 97xx IxI
29 -0391  XXIX xIII XI
30 -0.5416 xxxIIIIXXXX
31 -0.373 IlIXIXxxlI
32 -0.262 xXIIIXIX
33 -0.104 XXXI
351 0.196 XXXIII
35 0.370 xxIIIXIXII
36 0.510 XXIX XXXXXIxIxx
37 0.5416 XXXI 1111111
38 0.185 XXXIII
39 -0.058 Ix
540 -0.225 1111111
'41 -0.290 11111111
542 -0.329 IXXIXXIx
43 -0.2654 11111111
544 -0.205 XXXIII
45 -0 051 XX
46 0.137 XxII
547 0.272 11111111
48 0.3412 XXIXxxxIIIx
49 0.297 lxIxXIx
50 0.161 XXXII
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C. REGRESSION Of 3D/3! KS WUTifEl VIRIABLES

TV SRWaifl'f5 19H+ ! opET OT . 177 14

X1 Ur. TEE? 0~3 0.11I1:87

1 ICU 0. 1 1.011

Wjj~i-JJ" 3iS?'P IiGI=iITh ISO- S = 2.312

1'SQUARD = 56.0 ?E3CI3T

3mv 3OF JpIANCZ

GRISIO 537.41 RNS

M OTENP 1

PR1I 11 P1

MOMT AVG Iw IFseIO TI~

1.64 .516 i463

ii .868-.6
22 0: 0 1.87 1~

-.814 28.1560.905 0.78 le11312t
R=1ON: 1WjjIHALARGE SI 325.

I >rn 0.USIAE 1V aES IT LURGE IFLUENCE.

DU33IN-UTSOV STATISTIC a 1.41

* * 00 3 5 VA3tiAIss*011600
Ega ROIP ED CD

.LP 1448 .4 7 - 9 0.444
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7 :4119 uzxxxxx
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9 0.25 1
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11 :4 xxII xIxIxIZI

011 0:117 XXXIXXXXXx
141 0.221 xxII III

:8 0218 IXXIIIIIII

19 -0.4151 xxxX XIIXXXx
20 -.09 0 11111

Ill
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XIIxxxIIIxx

a-0.189 xxx
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C. RERSIONmm OP MB!/KSF TSNAIRVARZIBLES

COLWEE COBBV T-RIAUOu

11 AVG TZP -0. 5 :0o

14 PENCIl 5.246~ 6.2006 1.23

.,u'vj ff!- * * 0 LJmI*l IS: S -5.4134

1-SQUARED a 16.1 PERCEE!

OFip or JIACE~ SI~

RESfIDULO 3 21l:6 29.53

iPIJ~lI~ T IIz~u' it ENZE211D is ORDER GIVEN

INiRS'Sion D, 19;151~
AV TEE TI 1872.11

'U! IICII t 4i_
1012 AVG IyT PRED. f S1EV ITHS

* .42109 28,1168 121 11I 1: 3.8 85. 2.2065 1. 0.65

t2 
1.41

2. . 33

1 LVA!!, GIVES IT LARGE INFLUEICE.

DUR3IN-UATSON STATISTIC *0.60

**" 22
IJ ANITUPARIAM 9*CDD

TVo flp
Do0
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D. . 13E S.OPN A rTIO 313 OE

4 "-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.14 0.6 0.8

J1 .73 III IIUIIIIUIIUxIxx

1 0 1 111
I xxxxxxxxxII

10 0.366 IIxIIII

11U 11111111x
-1 4i~ III 11111 UKX

III xxxxIII
xxxx XUXXXx'
XXKhKIXXIXI

2 IZZIXxh
'xIIIxiXXyX K

"'K xxxx

II -:SXXi
'Ix

#4 .027, xI

-o* o##xx

0 . . .

41 . .'I1,. . . . . . .
.,....... *..*....x.. . .



-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

1 0.775 !KKUZ!!!KUKIK!IKxxx
K UUKIKKx

i :sKU!! KUKIxXIKxx

SE3 IlK

16 :03 11

10 v.17 KIK

14 o0.T6 K 1!!!
is -. 033I

16 1K

Is 7 .01112 1 1111' IIx
*0 0K 1

3 xx
0.Q31 K

33 -00109

32 -0.0231I

35 -0,116 III!

ol I

41 K I
4~111
4 K!1

-. 1 1
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All H11u (3 0 3) (0 0 1) S-12

jIft I 29 O fli S1. DIST. -T
I AR 1 .8811 0.4921 179
2 AR 2 . 7927 0.81
3 AR 3 - .?284 0.16 14 -1.585.5, ma 1 0.2945s o.5315 -0.56

7 SEA 12 o 241 01261
8 CONSTANT 15.8557 0.3332MEAN 33.9091 0.7125

4 6.12 (BtjKj~RCASTS EICL)

ICF OF RESIDUAL lERC CORPUS CHRISTI

-0.8 -0.6 -0.11 -0.2 0.0 0.2 0.14 0.6 0.84,.f . a.. 4,------4'- --- ,. -'-- ----- --- .- .. .. ~ 4....

1 0.039 K!

4 0.1 11

'10 8:017 1
l1e 0.1146 11111
15 0.0181
1 -. 103 KU!
18 16 111

19 01o73 xx
10 0.088 K

2 _ 7 IX

:28 -0. 019 K

34 0.026 II

35 - p.158 x

- l111 XIII28 0.0151 .8:o 1 x,
40 -0.163 111
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-.. , £min& (3 0 2) (0 0 1) 512

a II 14$1
AR3 0: ,8

B 133:111 .il, . q.,c L 0-,z ,c o, ,x

N 77 950.0259 (DWS~31SSZI

ACY 07 RUSZDUILL ERIC CORPUS CHRISTI

-0.8 -0.6 -0.1 -0.2 0.0 0.2 0.41 0.6 0.8
* mew- e - -4 -.. .. .---- ---------

XXxxx

40 11i
15-0.1 1K1

1 -o: xxxx
13 - 7 111

1 ,I210. 118 XIII

Ix

122 ~j iRK

2 -061 Ill
2 K2

9- :Q44

2 .17 xxxx

4 21 It

1231



. . , -

* "*.A liZIA (3 1 2) (0 0 1) 5.12

P IniRSTIJ 0 FUS

U lt ] jji*i 211
4 mAI Sdnt if 1

fIlltlfl'"" I '" "A
1 3- 911.000 (Bf t&r3RXCT.. KCL,
vI a 77 *3 a 1

0. o OBS. ORIGINAL SERIS 84 &fPlR DIF?. 83

FOIUCASTS Pon PERIOD 84 95 133tCBII! LIMITS
P IROD pnLOVE UPPER

a 4 131.7 12

.147441:51: *10
,,. 1 7171 3.5441

43:4 81 54.151142.2 31090;0 I 2.5766

CP OF RSSIDUAL NUIC CORPuS CERST
OoS -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

-0.5 32 *oe-, *n

11 K

4 214
Is 0:

"8:.119 x "

0 0.0 91 Ix

MI
35 1K

! 40119 11~l[

124. . . . . . . . . . . . . .
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4" ~ I PITIN a. 11216 211 LINZ
3363355103 0F UcoDIZ E3!5/KSV Vs 103!!

91Sl sIul uDlv ssSInS VALUNS

1012 N cow 250

111851- ll!*-2 ?puy 1L11'381%W Us: S a 6.644

3-sQaJ&33 n 3.0 PERCIN!

.4 TU 1. 41
TOT0AL 34 4233.2~

ROWI a 3UT aR paj T S

3011 50321 3 3 I 5 23

A'~ ~ 2 I:3 811: ARIZL*ISIMVISIT LataGI Imptua3Cl.

DURIN-BATSON ST1ATISTIC *0.31
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.:- C. REGRESSIO OF TU/KSF VS glATIER VARIABLES

fil SE tI5 Ob?'vSjta '10,1 111111I1 zAIIi iIiffi! fI TI1G

' 1 93"28- H.? ,6l.8 q ,1081% G ,t. 93 ttS6.119 X4

COL5EI~ Ci!? ;.0
- --

H ROD 5. il
0 Pi.11920 0 H072 1.54

jjNj gl!-510 0? ~ ~ r;Ijjj IS: S *1.206

i-SQUAlBD - 32.8 PERCENT

affi mS o I t1A-CE

REGRESSION 16 3 14.018
RESIDUAL 71 1 4:16 1.455
TOTAL- 63 1.036

FURINTI A5mitLS or f T ,RMCE
Ss XLIND iTEcs 1A1 lABLE 9831 ENTERED 3:1 THE 0RDER

GIVEN
DUN TO O

*t IGI0SSIOl 56.0
&TO TENP 1 4j:001
SDD 1 145
COD 1
PiC]IP 1

AG S Pt3fD. f ST.DZV.

431214 1114 0:29648

*76 11:l 9242 0.274 2.333
82 13.951- 11.41 0.253 2.123

3 a=> OBS. WITH I LIAGI ST. RES.
X no> OBS. WHOSE I VALUE GIVES IT LARGE IILUEICE.

DGRBII-VATSOI STATISTIC a 0.84

&VG T21 E1O. 501

COD -. fl - :3611
P?2BCZ . 8 . 6 0.385

i-13
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Do DUVUOPENG a U Tall RNS1031

ACT 0F EDTU#KSI IUC 6331? LAKES

-0.86 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

.64 XXXXnXhX

01 1I. II

Il
1 -. 11111

UZ

KXIII!

AtIiII
9 ,4

0 X II

. n I KXI X

1111111
41 K EKX

132K
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9 IZI XX
24 zzx

I 111
- I ~ lurF-6 00P3-

i1s -. x
0 J3XXI

xIII 'st 'Zr

C2I

27 03X

.0 II
HI"

4 !1 rxx
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ARNA (1 1 2) (0 0 1) S=12

Ifii-';fT1 OFIIR T-SIT12

EilgIifi!19- 13=LU 92.2120 (51!I[P!BC&S!S ZKCL)

10. 07 030. ORIGINAL SEURS 841 AFTER DIV?. 83

AcP 01 RESIDUAL WRRC GREAT LAKES

-08-0-10 0 02 0 . .

1 K

4 .113 1111d 069111

2 III?

-1023 11
1 -3:07 IlK x

17 0.0 111111

0: -SJI I

H 1:2,2 I

- 82

8-y :030



: -ARMIU (1 1 3) (1 0 1) S=12

AR OF P1111IS S.1 3 p2276 3: 6 3.0T
2 SIR 12 1.9908 0:.0275 36.08
3 MA 1 0.7873 2.8820 0.27
'4 H& 2 -0.07 46 1. 6118 -0.05HA 2li

H11185R 9. 1 $ REGULAR 71.7551 (B CKFORECASTS EXCL)
DF 77 HS 9319

1O. OF OBS. ORIGINAL SINES 84 AFTER DIFF. 83

ACP OF RESIDUAL NR5C GRINA L&KES

-0.8 -0.6 -0.14 -0.2 0.0 0.2 0.4 0.6 0.84* .. .4- --- . 4- - ---e ..4... .... 4 -... -. .

1 0 0:172 20
3 0.019 K
4 0.085 IxI
S 0.842 x

7 -0.05J Ux
8 -0.13~ xIII
9 0.07 UKx

10 -:8
O 07 4xxX

12 -0.218 xxxxxx
13 -0.0314 U
14 0.0 2 xI

-1 . 16 Xxxx
1 0.01 Uxxis 0107 Xx18 -0.111 U][•]

19 0.0149 xx20 15i xxxX21 -8:15 xz

22 0.003 K
23 0.015 I
24 -0.226 xI[xxxx
1 5  -8:867 xxx

27 0.190 IXXIxx28 0. 21 4 Ix
29 078 XXO2  xX

o -8: 06
32 -0.040 x
33 0. 121 xx x
.4 1

5-.163 MIX
37 010 x
38- 5
39 -8: 14 xx
40 -0.0 K
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£1II (1 1 2) (1 0 1) S,12

5 OH R ~~' 91H 206 ;2: 43
2 SIRl 2 12 0:9918 39 41.52

3 I 1 -02134 0.3074 -0.69
4 A 2 .11 s 3:3
5 So& 12 8 1321

RiSjIUALS. 55 *OMA 70.6475 (BAcKFORBCASrS EICL)IFt A 78 S 0.9057
No. OF O3S. ORIGINAL SBRIES (4 AFTER 01FF. 83

FORBCASTS FROM PERIOD 8(4 9 PERCENT LITS

88 11.7H11

I~ LO:J9I41 1 81 3:1
': ~ ~ B 110,1111 ;. Y 411.1131'10 89

92 1* 314 134~9192 .42.0538

93 13.76 1 1 26277941 1 'r 3 108914 16.083
.3 41 1 3 948 5 1,.611.315B

ACF OF RESIDOAL RIIC GRIAT LAKES
-0.8 -0.6 -0.1 -0.2 0.0 0.2 0.14 0.6 0.8

*.._.-- ... a-*,..-, e,,e,.+,....---*e-, -- - e----+- * --- ,. .

1 -0.009 x
2 0. 01144-00361 IIx

7 -0.5h U

8 -0.03 xxxi

1 O.014 IX
917 O.01 xxx

08 -0.0106 1[Xx

10 .08 In
09 XXxII "

6 -0.051 XI
17 0.113 xx
i8 -0. 5 xxxI
19 .06Ix
20 .0 1

21 xxI

ill

30 *0.017

136
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3. F1!flIG A TREND LIVE

REGRESSI0N 01 UODELED lBTU/ISVP VS MONTH

J 'I HM 88IILINED MISSING VALUES

THI~ I?. 3 tII~ 1 UI UL LAKES IS:

jJ %~ 2) * ~lJ~l IS: S a 0.9991

R-SQUARID a 45,7 PhRCIT

R363355I01 1 71:80 114 q
RIIUL 93 9~. 0.913

*TOTAL 94 17 .8889

IRDINOISLIOD0 1 *Hj & LfffI Sj. 35
*~~~ -IDOES AI 0OR 1 WI5 VLEu I~s T LARGE INFLUENCE,

DURBIN-WATSON STATISTIC u0.60
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C-~ ~ ~ RUESO 07 19.1S WS VITE VRIABLES -

:OTE COD RZGILT CORRELATED WITE OTER PREDICTOR VARIABLES

u|."W'Ius I''- 08l.l~n~z Eo. LII!C-tAlUghLLI.i7? IS

ST. DEV. T-RATIO
COLlIE COR27I.1 07 Cos.

LVI TU1 3S.

HIA 01 63.84 O. 0 11 O .50

HINT W Isf"w W116U IWH8EMIS 4.076

1-SQUAEID a 19.6 PERCE?

1111:41 16.61

11'1111AlSIM "Hiutilli SRETERED IN THE ORDER GIVEN
OU I T F S

ale 113 1O 4 318

PR-CII .1

A!6*~I u8uiv i 1.691 -1

410.a -41 170. WHS AO 11 IT 2:ARGE I1: xCE

** 10** C2R.RaAT1O0 1 IR

ED 1  21. 3 -0.9 :.5

.9 :91 8

R . . O . LAR .. -... . - .



D. DIZ2LOP!NG ITIM 'lBSERMI MODEL

&CY or ED!U/KUF NRdC JACKSONVILLE

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.II 0.6 0.8
1 0.562 ZIKKIIKUUIUKxx

0.110XXII!
5 0.17 xxIII

8 .2 111111

9 1.21 xxK x

XIX!' III

4 .17 Xx!!

III

Iz

El~~ -I 1111

7 1.03 IlK
387 -00141 I

41 xxix

63 111

41 .14 . ..



PACT 0F IDTU/ESP URNC JACKSONVILLN

-0.5 -0.6 -0.4 -0.2 0.0 0.2 0.14 0.6 0.8

1 0.560 IxxxxIUx IUI!xx
*2 0.250 hxIxIxx

3 0

III

IM

IX
0i - a 1II

III [..I xII

20 X

198- q4IIxx
21 -0.114 xxII

IX

-0 ~I

'XXXX
IXx

1 XXXXXX

41 Ilkif
48- 3949 12

50 0.92XX

t145



* £31 1 13)(1 1 2 5.12

ii W 0? jisDIV. r1io
Sat 1 2.17

:1 9

-~1, 11 f'k0 11811 2 CL

No. OF CBS. ORIGINAL SERIES 814 lTR DIF?. 71

IC? 0? RESIDUAL XRI1C JACSONVILLE

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.14 0.6 0.8

0.or III

H-0.14 xUK
7 -Oi I

11 I

AIIIII.U Eli
1 .041I

XI

047 11
.129 gi
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AMA (1 1 2) (1 1 1) Su12

WHIfl19 OF, 1A~U P S * DIV. T-RAIO

O .86 127 6.81
1 DqjI?? 0P 01 12

D I'l 0 66 * - FORECSTS ICL)
30. 0? CBS. ORIGINIL SR Ills 84 A??!! DI??. 71

AC? OF RESIDUAL NRIC JACKSONVILLE

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

I- xIII
2 111
3 :Px!x
4-1. XXXI
5 OXX

11 .65IX

13 II

1 11 XXXis .8; xx ll

XXXXX!
ItXX' X XX

* 9QQ Ix

30.35 XX

30
xI

XXXXII
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A.uA (1 1 3)(1 0 2) Su12
IA E2 STIATIS OF PhANSUIS..nn TYPE msklr Isf. DEy. T-RArIoA' 1

2 SkR. 12 :II37710
3 Hk 1 1.320 0 2.825 U .o2 o 1.118 2.31

S-A 212] -1.95

SEA 24 :89 2 012418 028
DHI fljIGo 1 REGULAR

DFLS. 7SS 7 ; 1.20 (BICKFORICkSTS EICL)': DIP 116BS8.121
30. OF OBS. ORIGINAL SERIES 841 AFTER DIFF. 83

FORECASTS FROM PERIOD 811
95 PERCENT LIMITS

110 OR AIT lOWR 9P3

89 111.8059 8.30

19. 411.11755
290. 13.44116 39.2518

91 22. 111.7564 30.6147
92 19.0189 11:447 26.99313J 4i]Ol3 70S 16:7081 327036

9621:0961 13.943 30.04193

IC? OF RESIDUAL XREC JACKSONVILLE
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

4.---,----4.------ 4.e- -,4 ------ 4 ... .. . 4.- -- -- .

1 3 xxI
I I

U
"I9 : 1 '1

1 o0 x

0.6 III

1 -0071 111
15 -0.093 111

IX19 -01 1II
131 11

S23 0.066 Ill

0 Kx
• .2.'

!1jf 111

[ - .



L FITTING A TREND LINE

REGRISSION OP BODELED KBTU/KSF VS BONTH

5 CM ChDScI NED aSSIg VALUES

Tyz RljEG SZO1?OUA2jON FOR RC JkL.KSONVILLE IS:

-ST. DET. T-RATIO =

COLURI COlEF!fjJT OF T .COP IS. D.

.,N BOUT, -. 05556 0.01019

i ST lJU? REGRESSO S IS IS S-2.722
u18 3r ,!.2?F DEGRES OF PRE DO

R-SQUARED = 24.2 PERCET

AI&H!MS OYDpIAICE ~S IS;SSfD
REGRESSIONI I: '0.4229.544
RESIDUAL 93 89. 30 12
TOTAL 911 909.850

Li. ARIAL L~LU S .
5 ~ 5.749 S ;52

341 341 ~ 24.138 0:318 2.001
5411 23.58 0.284 2.28R

68e 68 16 .6 98 22.24 0.340 -2.05R

R DENOTES AN 055. WITH A LARGE ST. RES.
I DENOTES Al OBS. WOSE I VALUE GIVES IT LARGE INFLUENCE.

DURBIN-WATSOW STATISTIC a 0.80
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F. DECOMPOSITOI LINES
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G. ACT.UAL USE AND FORIC&S! MODELS

.mum-
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IL NONIULT ENERGY USE

300

494
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5. OIT VIATHUR SIJHAARZ

31- 30

loo to
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* -.:-C, REGRESSI:ONI OFI HTIIUKSF' ItS WEATHERII VAIRIBLES

-.. °..,118|R spalh.lCM12FD" Ish , t ," | ' j + l t

NOTE:CDD HIGHLY CORRELATED VITH OTHER PREDICTOR VARIABLES

COLONY GE,,,Ic|l, a;'¢85: PolEFI?,.
T 141.2 3 3i

1VG TTP 2198

EDD 4 98 0 .12199 :1
114 PRECIP .14001 0.21 14 1

THE ST. By. OF T AOUT, GRESSION.LIII IS: S 3.558

VITH (584- 5) a1 9GRE OFPH FEDON

R-SQUARED u 30.7 PERCENT

a IYSIS OF TRIANCE
R T E3SSO f 1So

RBSIDUAL 79 100 21 1O131
TOTAL 83 114143.03

RPT1RADI IY  EACHO IfAli ENTERED IN THE ORDER GIVEN

DUN TO OF is
REGRESSION 4 1443.01
AVG TE1P 1 389.99
EDO 1 9
CoD 1 0:47
PRICIP 1 '42.89

.v Hip|, NB.Ts/ "l , |,~v+ sT.RS.
10 fV .UIP UBhj/l H EBR!S"tj.

1.8 1 8;796 38.110 0.6314 11Ri 111 32. 11.19 .11.2 ..612 1*8

110 5 6 ., OR111 5j. 10.033 30:646 172 -0-2
1 2.6 2.190 33742 1.:551 -1.73 1r

i i1:1b311J; 3 94

68: 28.7314 36.5145 0.690 -2. 214R
3> 09. WITH a LIGE SrG Rs

I s> 035. WHOSE I TAus rIVUS IT LARGE IIFLIvjEIC.

GIRBIN-WITSOI STATISTIC a 0.93

**** CORRELAITIO OF VARIABLES******
AVG Bl o ' .  AVG TZEP EDO COD

AVG TIP 9 0.927

po- ., -- . '
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0. DEVELOPING A ?IA3 SERIES HODEL

&CY OF *!U/KSI ERIC LONG BEACH

-0.83 -0.6 -0.41 -0.2 0.0 0.2 0.41 0.6 0.8

I .6 IUxxIxxxhlK Ux
2 UIIKUKKUx KKxxx

5 6K11

8 0 KUxxx

10 .146 xxxIxxxxIxx
IX xxx IxIxIxIK

141 0420 XXXIX!
15 0Q xx

III

f0 :1f IKK

31 .814XZX
32 74XXI

3 -. 069 xIx

0 IIIxxx

65

415



PAC? OF 3STV/KSV- IEC LONG exacs
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

1 0:12e

-.125 xIII
41 l xll!
5 4 I

1 1.8101111111
11 .12 xx
12 ..1 xxxII
15 :j a Uxxt4 8sS 2XIII
is -A 1I
16 :8Q1 xI

20- u III
Q.Q U I
:8 IIIj3 xxxZUU0 ~ xx

III

0.031 *7 II

7 -0.u7
IKIK

I xx1K!
IIxx

42 1:11 lIKE
43 Q. K
44 -. Ux II~-46 XII

-~;i3 Ixx
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• ;. . .. .... ....

£1N11 (3 0 3) (1 0 1) S-12

IS?1 1 .

RI ' 1281
14 3AR12 762 0.01450 21.69

Nt .1181 7.3329 -0.02

8 511 12 0.1500 4.63
9 COSTAINT O.11403 2 006853 2.05

ZAN 34.61 16.91
- 106.858 (Bl !FjE3CASS EKCL)

13=0S "  D1 75 s ( 4DK

A C 0F RESIDUAL NRHC LONG BEACH
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

1 -0.064 IXX
0.047

8 0.018 9

1 0.109 xx]
12 -0.121 Kill
13 .09
14 -0.020-0.095 KUl1 0.1146 111 X

1 -0.119 ][I!
18 0.043 Ix

:28 -8:1H -,z
S1 -0.0142 1
2 -0.104 Kxx

23 0.181 1xx1KX
1 -0.151 1][,125 0.013 K
26 0.065;:72 -0.119 X x x xx

-0.02X

00111

S-.019
il -0.040 zX
3 264 xxxKxxxx

-0.:171 XXXXX

1158
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4, . -AINi (2 1 31 (1 0 1) 5.12

R 76 6s-K5 CSSm~k

op a 76 13a4

r0. or 0I.OIIA 91S s ATRD . 8

1 -.0 0. -06-.4-. .0 02 04I. .

1? 1111
11 III'

IIx
17 1 ill

10 IIxx
HI

22 Kill

XXXIIIit :816 1
54 II

xIII

Is 1111 I
IIJil 111111
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M'"IR (2 1 14) (1 0 1) S=12

T INIg tOF . ,,-: o

3 51 11 .9964 0: 145 68.67
4 m& 1 O. 192 1 0.2653 0 72

Oa 1 1 :1 47 .. 87
1 NA 4 01 1748 -61
S sa 12 0.8183 0.1202 6.81

I S Df!5CIG' 1 SRUGU LAN 357.7L
55 n 357.717 (M=KZPRCASTS EXCL)
DF a 75 BS a 4.77

30. o OBS. ORIGINAL SEIRS 84 AFTER 9FF. 83
ORBCASTS FRO PROD 84 9 PRCET LIKITS

Pal ODI
291.6L6 39. 1960

3f .19* *189430
219 4.1111

90 l t ?8 39.21168
3 [6, 29.7605 42.1267

91 3-6 " 1s' a o.,o66244
91 1.7 8 3. 950 U1.706

9i 41.7~ Is 4 10

AC? OF RSIDUAL ERHC LONG BEACH

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8-. 8~---- - ------------ - .-.. 4 -
1 Is

II

1xx10
10 xxx

81i :11 x*

1 II
XIII

4 .121 XXII

0 .042 I

16- -o--i , --. --

i :l~fl ,xx,,
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A, " L PITTIG & T22D LIIE

REGRESSION 0 ODLID SBTg/KSP VS NOITH

TE 3,.,s~o,0 ., °N85 zR°"3 U,,C LONG BElCH IS:

COLME cozjISD*

11 WIOTH -. 5 95 130 2

jpSTo yo. .I IGoB.JI30o, LINE IS: S - 3.821
WE2) tl S 1R3SDO

R-SQUAID a 7.6 PECIENT

Ajjilss OF I)lIANCE
iUSISZDAFlGWSZI ' 1114:7? 11t:68 17

TOTAL 94 1469.51

10o l .r 11 .0.l 17 .,sRl"
12 1 .6 7 3014 0.6158 T .1148R

666 3 .41878 0.1461 -1.022
94 94.0 41.783 3.971 .753 2.3R
96 96.0 42.387 33.892 0o718 2.21R
" -> OBS. VITH I LARGE Sr. R3S.
- =a> 03. WOSE X VALUE SlITS IT LARGE xINUL3ECE.
DURBIN-UATSOX STATISTIC * 0.48
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L BIDUIL

A. HOWTHLY ENERGY USE

40

0 U
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.;.~ B. ROITHLY WEATNER SUHEBAD

Alr
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C. REGRESSION OF MBTU/KSF VS NEIrHER VARIBLES

RIJGRPE5JS 0 1SOCSBZUDE, I EAVIRIGZAE iffliHII i HSIING

NOTE: CDD HIGHLY CORRELATED WITH OTH2R PREDICTOR VARIABLES

J132 RhGf!jIOj891TWX 0o1423H~~II +0. 0201 14

COLONYW CO EFFICI lIT

xi LTG TEMP 0! P 8:93 -o3
D2 DD -0.00067 0o02939 -0.02

13 CDD 0.006 00912 0.33
III PRECIP 0.0201 0.1827 0.11

THE2 ST. BEV. 5OF Y AD OUT REGRESSION LINE IS: S *4.260
IT ( 4-79 DEGREES OF FREEDOM

R -SQUARED a 39.4 PERCENT

ANALYSIS OF VARIANCE
DOE TO OF
REGRESSION 4 930.33
RESIDUAL 79 1433 80
TOTAL 83 2364.5

FURTHER ANALYSIS OF VARIIANCE
SS EXPLINED BY EACH TARRAL ENTERED IN THE ORDER GIVEN
DUE TO DIF;
REGRESSION 493: 1
ROD 1 61.31
COO 1 1.83
PRECI] 1 0.22

zi Y PRED. T ST.DEV.
MONTH IVG TRIP IBTO,'S? V LOE PRED. Y STORES.

a 73. a liU603 30MU5E 1. 04 -2:68R
9 7k. 3.1 32.246 0.78 -2. 12R

28 30.7 H1417 24.133 1:711 -0.81 x
29 45.1 32.8J9 J;:471 10589 -0.67 1
37 62.6 27.351 1.038 2.31R
40 32.1 4.630 24 1.665 0.05 1
41 35.0:82~ 34:j7 2.212 0.19 X
1 44. 7.1 25.54 1:16 0.42 1

ji 311 J31:.-3 j*::jl ,657 0.17 X38.5224 72.042 -0.381

R DENOTES AN OBS. WITH A LARGE ST. ENS.
I DENOTES IN OBS. WHOSE I VALUE GIVES IT LARGE INFLUENCE.

DURBIN-WATSONI STATISTIC a 0.86
_ oeqmoq*** CORLT OF V1 A&RKBLESe******t

MD TU /K SF AVG TEMP HDD CDD
AVG TEMP 0.606
HOD -0.521 -0.9 7
COD .616 98 -0.710
PNEChJ OO 0.127 0.067 O.198
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0. DEVELOPING A TIRE SERIES HODEL

&CY or ITU/IKSF NUC MEMPHIS

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

11113 IIIUXII
I

10 .6 IxxxIxxx

I .416 XXIx xIII!!

j 91 IIIIXU
1.14 u611111

19 aIX

20 1II
1 14

22 0.109

4 :211111111
31 XXX XXX
37 1.0 III
34 0.04 IXx

35 .10 xx III

IIII

S17 11

4I 1 20 11111

46 0.44I
47 117 XIII
48 N1 1 xxIII1.81!III
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-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
* n * -~-------- - --

1. 0.682 IxKUKx KKIIKxxx

S xxx
6 III

7 0.051 Ix
8 013 xIII
9 841P1 MXXI

10 .16XXXII
11 :11 0 XXXIx

1'~ xI1 J4 do Ix
1:118 xxxIIIx

15 0.01I
11 - xIxii -ut 'Xx

II
- A, I'

0 .1;xxx

-0.0 9 x

~-0.03] x I

-.. 29 0 .184 111111

32 0.Q5 XI
33 -0.0 2 1

i -0 Xx

8 IIx

41 I0:1:181 '
44 x

p Ii :14031
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1"1.k (2 1 3) (1 1 1) 512

3 S F I S a siTISs 2.;. -R RA!IO
1 ,, 1 .19 S.D ' T .82 & 2 o.o2,,9 o.J8  o~
3 S: 1 -. ,5 0-1.36

SARI 24 .116 3 -1.06
4 NA 1 1.0727 79 3. 27-o.AL 2.,13 -1.o6

6. ,,112 31 1.23
7 SEA 12 0.7535 0.1562 4.80

iFERENCING. I 1 SOUL DRGPL. OF ODER 12
piSgnLs. SS Ra R 76.j222I (SBCKFRCASTS RXCL)

•.8 DIm a 64 IS- 11.972

FORECASTS RON PERIOD 84 95 PERCENT LINITS
PERIOD FORECA ST LOWER UPPER

8l 3157 4.7 47
86 2. 7; 4 8  12.6246 37. 81
87 .1:4S 21214j 55:39
88 9 20.43 37. 9
89 29.2190 20.4203 38.0177
90 31.9342 22.9441 40.9242
91 2.636 231477 41.795
92 4 73 25.3873 44 020

94 6.45 6.57
95 8.*028.14 82 448.010
96 35.5722 25.6662 45.4781

AC. OF 3"SID. 6 -0.14 o CPo 0..4 0.6 0.8
4.--~~~~ -.--- ------ -- 4.e.. 4.- -4 .... n----- *ff ....-

1 0.012

2 0.002 1
S-0.049 xx

3 0.071 KU
8 -0.049 Ix

9 -0.082 111
10 0.094 X1
11 0.056 ]I
12 0.015
13 -o.o30 ,
14 0.018 11! 0.218 XXXIII

isi
19 - .169 fxxll
20 0.136 x111

23 -0.149 fxil
24 -0.142 XxII
2S -0.046 Ix
21-10.029 K!

0.1 4 I]I]
30 0.114 lIK
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"-1" 1. ITTINlG A TRED L-'INE

REGRESSION OF IODELBD HB!0/KSF VS NONTI?

Hl FAIslIsI glaNED MISSING VALUES

F! RZj~I~~gT? FOR ERIC MEMPHIS IS:

COLVIN CUIETHCI tlpI

MOT11 iTB 0. 1 0.0

- t!,,!" 4?!'aii lhllilt~ti'l IS: S 3.713
.- SQOARED a 30.5 PERCENT

01DbIINCE

nults I. 11113.79TDOTAL 12 160.7 M,

RONpiD T ST. RES.
14 16.421 7. .J

:91 1 7: 91 :32
2 6E01 ft. 1 3 30. 38 0.425 -2.33R

!1 u! iiV"1T LarGE i:nun-,.
MEIRIN-IATSON STATISTIC - 0.46
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3
-em

.-.. 4

ft

ft

lb

V g_..
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Go ACTUA3L USE AND IORECASr HODELS

IL

dop.

mbm

4- 0

IL ii
4f waW 0
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*h.
'a - 4
- I"a
0.* 4

4
'a

4 K * 4
4 p.
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C. REGRESSION OF MBTU/KSF VS WEAT3ER VARIABLES

REGRESSION OF BTU/SF VS AVERAGE rEMPERATURE HEATING
DEGREE DAYS, COOLING DEGREE DAYS, AID PRECIPITLIION

T.E I + 1 0 1 3 1S. 05 49 1X4

COLUMN COEF~f T F 0C/S.D
1 .1. . 3 .04

Xi AVG TEMP 0.07073 3.07817 0.90
12 HDD -0?02707 0.003189 -0.85
13 CDD -0. o34 0.01480 -1.10
14 PRECIP -3.36149 0.1239 -0.52
THE ST. DEV. OF Y ABOUT REGRESSION LtNE IS: S - 1.883
WITH ( 84- 5) 79 DEGREES OF FREEDOM

R-SQUARED - 14.0 PERCENT

ANALYSIS OF VARIANCE
DOE TO DF SS SS/DF
REGRESSION 4 45.589 11.042
RESIDUAL 79 280 1714 3.5147
TOTAL 83 .852

FURTHER ANALYSIS OF VARIANCE
SS EXPLAINED BY EACH VkRIIBLE ENTERED IN THE ORDER GIVEN
DUE TO DF S
REGRESSION 4 45.5
AVG TEHP 1 38.147
HD D 1 2.538
CDD 1 4.35 1
PRECIP 1 0.973

x1 Y PRED. T ST.DEV.
AVG TEBP MBTU/KSF VALUE PRED. I ST.RES.

11 61:4 11. 27 19.375 0.212 :8R
2635 18.01 18.331 1o02 5X

40 . 181 17.772 0.844 0.18 X
146.0 16.808 17.307 0.660 -0.28
6g 7.3 21.290 18.955 0952 1.414 x21573 18.21.4 0761 1.95 X11 61:3 J4:SJ7 19:g 8-

76 62. 8.53 198344

77 65.5 18.543 19.342 0.802 -0.47 X
78 64.5 19.350 19.027 0.877 0.19 1
79 68.0 18.952 19.429 0.9 5 -
80 68. 1 20.2914 19.992 0.7 6 1: ?81 68.1 16.816 19.3414 0.652 -1.43 I

R a-> oS. WITH A LARGE Sr. RES.

1=> OBS. WHOSE I VALUE IVES IT LARGE INFLUENCE.

DORBI-WATSON STATISTIZ = 1.35

,i,*.*, CORRELATION OF VARIABLES*******
RBTU/KSF AVG TEMP RDD ZDDAVG TEEP 0.312

BDD 003 5 -. 892 6
CDD 8.13 -0603 -0.621

aCD P D.-232 -0:49~ 0.569 -. 9PEC, -.1.393
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D. DEVELOPING A TIME SERIES MODEL

ACF OF MBTU/KSF VRMC OAKLND

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 3.8

1 0.415 XXXXXXXXXK x
2 0.344 XXx1xxxxxx
3 0.332 KxKxIxxxx
4 0.233 IXXIXx
5 0.200 XXXIII
6 0.122 KXKx
7 0.028 xx
8 0.127 xKxU
9 0.163 XXXXx

10 0.114 xxKI
11 0.351 XXXKXXX
12 0.213 xIKxxx
13 0.133 XXX
14 0161 xKKxxis 8061 Ixx
16 0.170 XKIII
17 0.034 XX
18 -0.135 xxI
19 0.057 1X
20 0.043 Ix
21 0.062 xXI
22 0.055 U
23 0.100 Kxx
24 0.136 KluX
25 0.119 xxIX
P 00:83' Kxx
28 0.011 1
29 -0.094 xxx
30 0.023 11
31 -0.054 Xx
32 -0.050 Ux
33 -0.020 Kx
34 -0.040 xl
35 -0.010 1
36 -0.013 K
37 -0.062 xxx
38 -0.080 XIX
39 -0.081 XXx
'40 -0.052 x
41 -0.092 XXx
42 -0.156 XXXXK
43 -0.172 XXXxI
44 -0.059 Xx
45 -0.063 XXX
46 -0.847 1K
'47 -0.082 Kxx
48 -0.051 XK
149 -0.081 IZK
50 -0.065 IXX
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PACP OF SBTU/KSP NRHC OAKLAND

-0.8 -0.6 -0.1 -0.2 0.0 0.2 0.4 0.6 3.8--.. -. . . -- ---- , . . .. .. -... - ..

1 0.415 XXXXXXXKXX
2 0.207 1xxxxx
3 0.168 XXXXx
4 8:8175, 25 X
6 -0.047 Xx
7 -0.097 xxx
8 0.116 [Xxx
9 0.128 XXXX

10 0.022 XIx
11 0.322 xxxKUXxx
12 -0.04 XX
13 -0.126 XXXx
14 -0.052 Ux
15 -0.099 UKx
16 0.172 XXIII
17 -0.080 U
18 -0.161 XXXXx
19 0.157 xxxx
1 0 -0.04o xx

0.108 xxx
22 -0.119 Kxxx

23 0.081 x

26 -0.023 x
27 -0.102 UxK!
28 -0.0114 K
29 0.092 XXX
$0 0:830 I
1 -0011 x

32 -0.135 Xxxz
33 -0.011 x4 0.061 x

5 -0.157 xxxxx
36 -0.oo2 I
3 0.035 x
38 -0.002 K
39 -0.011 x
140 0.031 xx
11 -0.041 XX
42 -. 073 XKK
13 -0.068 XXX
44 0.118 X11'
145 0.029 XX
4 0.012 K
4 -0.052 x
48 0.040 IX
49 -01 02 xxxx
50 0.0"9 K
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ARIEA (3 1 2) (0 1 3) S=12

% fNjLvESTIMiAj or~ OF 11f
aEBR T P sl DEV. T-RArIO

1 AR1 -2.1116 0.1096 -19.26
2 AR 2 -1.9637 0.1596 -12.30
3 AR 3 -0.7359 0.1089 -6.76
4 HA 1 -1.51(19 0 3774 -19. 56
5 Ri 2 -0.9413 0.)634 -14.84
6 SiA 12 0.8296 0.14112 5.88
7 SEA 214 0.0723 0.1834 0.39
8 SEA 36 -0.1151 0.2189 -0.53

DIFFEREICING. 1 REGULAR 17SISONAL DIFF. OF ORDER 12
RESIDUALS. SS = 217.34 (BLCKFORECISTS EXCL)

DF a 63 NS a 3.291
NO. OF OBS. ORIGINAL SERIES 814 AFTER DIFF. 71

ACF OF RESIDUAL NREC OAKLAND

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
- -- - ------ ----- ---------,n -- - -- ---

1 -0.054 XI
2 -. 145 1111
3 -0.195 xxxIxx
4 -0.049 11
5 0.092 xxU
. -0.061 111

0.089 III
8 -0.288 xxxllxXIx
9 -0.032 II

10 0.067 111

* 13 -0.166 xxx
14 0.019 K
15 -0.022 11
16 0.148 KKK U
17 -0.016 IS18 -0.066 KKKX

19 .14 3IxxU
20 -0.080 111
21 -0.064 111

-0. 78 IK

~4 .4~ Ix
-0.04 x

2 -0.103 KXIK
28 -0.027 KK
29 0.062 KU
30 0.265 IxxKII
1 1 0.133 KUK

-0.136 XXXx
33 -0.067 1114 0.2 111

I -0.088 IlK

-0.073 11I-0.056 XX
4 0.153 III!
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£3111 (3 1 4) (0 1 2) S12
a IN&L ZSTIHTS OF PARANEJERSKBE Tos3 sj 2 g __.2Il-TIt

1 ARl Al.-0.232 A 2 -0722 0.3194 023
3 IR 3 05891 0.2907 1.96

J4 ~: 1A 1 1 :J3465 a& 1 11O~6 HA 3
64 H13 isl0 67 BA -0.218 2 0.3351 -

a SRA 12 8.8223 0.1512 5.4
9 SRI 24 -0.0388 0.1672 -0.23

DIFFERENCING. I REGULU 1O SE&ONAL DIFF. OF ORDER 12
RESIDUALS. SS a 62 7 (B&CK ORECASTS EXCL)rDF a 62 IlS 2. 71

NO. o OBS. ORIGINAL SERIES 84 AFTER DIFF. 71

AC? OF RESIDUAL NRIC OAKLAND

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
--------- - --- l*-- -- ------------

1 -0.039 Ux
2 -0.001 1
3 -0.006 1
4 .59 IX
5 -0.042 Ux

1 -8:80,
8 -0.16 XXXXX
9 0.018 1

10 0.0 8 IX

12 -0.0 XXX
13 -0.076 111
14 0.068 XXX

-0.040 Ux

21 -0.181 xxxx

S-0 .06

28 0.038 UZio. o1090, x

-0.069I
3 -0.0328I

24 -0.101 XxxI

S-0.0 2 UX
28 0.0142 XX

IX
1 0 xxIX

34 (781 111
35 -0.068 K11
3 -0.149 xxxIX

40 9.2  111

le



ARINA (3 1 3)(0 1 2) S02

i i ESTIEZS OF 1&R&E118RS
ER JST- TTP2 S

2 AR 2 2136
3 AR 3 O.3103 0.1619 1.92

M BA 1 -0.2115 1188 -1.78I A I 86 1170 0.59
8 .O l 8: 1039820.897 1422 6: fl

0SA.0 5 0.1634 -0.59

DZ FFEBEICING. 1 REGULAR 1ASEI&L DIFF. OF ORDER 12
RESIDUALS. SS 0 173.809 (8ACKFORECASTS EXCL)

DF a 63 !S 2.759
NO. OF OS. ORIGINAL SERIES 8% AFTER DIFF. 71

FORECASTS FROM PERIOD 814
95 PERZEiT LIMITS

PER OD FORECAST LOWER UP ER
8 .9411 17.6850 24.173

16:.963 16:7001 23.4919

91 14:42 21.5692
S20.712 16.4250 23.7174

91 19.9775 16.3211
92 19. 1778 15. 083 2.84 3
93 0. 176•.3 23.996994 1. 886 11.34 0 24. 8302
95 21. 26 17.9601 25.4965
96 20. 6440 16.8237 24.4644

ACF OF RESIDUAL ERIC OAKLAND

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
--- - - -- - - ---- - - ----- - -

1 1:0
S-8:8+ .'r

-0.003 1
7 0.031 Ix
8-0.181 xlx
9 0.055 11

12 -0.01" 1
13 -0.017 [1" 8:847 "
15 09

16 0.165 xxxIx
17 -0.041 U
18 -0.048 U
19 0.136 KU K

2-0.1 01 xxx

i-0.10? xxxx

• 29 0.014
30 0.255 xxxrx;X
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• -4°.....

". FITTING A TREND LINE

REGRESSION OF ODELED 8BT/KSF VS MONTH

SCASIS US ED
1 CAS S WTAINED MISSIG VAL1ES

TIE RGRETa - 17. PO ,.3122139

ST. DIV. T-RATTO *

COLUMN COSE IjjqT 0.0577

11 MONTH O.0052 2 o.0657 6 "

THE ST. DSV. OF T IBOUT REGRESSION LINE IS: S =1.251
WITH ( 83 2) - I DEGREES OF FREED3B

R-SQUARED * 27.7 PERCENT

AILfTT!S OF VARIANCE
REGRESSION D15 49250250

RESIDUAL 11 1.589

'1 T IK~k PRD. ST.DEV.

57 0 1 .070 19:979 0:180 -2.33R

R on> OS. WITH A LARGE S . RES.
.,X n> OS. WHOSE I VALUE 3IVES IT LARGE INFLUENCE.

DURBII-WATSOE STATISTIC I 1.63
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C. REGRESSION OF 3BTU/KSP VS WEATHER VARIA3LES

REGRESSION OF HBTU/SF VS AVERAGE EHPERAT ORE HEATING
DEGREE DAYSv COOLING DEGREE DAYS AID SRECI ITIION

NOTE:CDD HIGHLY CORRELATED WITH OTHER PREDICTOR VARIABLES

Sr. DIV. T-RATD =
COLUMN COhMM~ENT or OT COEFS~

x1 AVG TEP 0j i9 2.81 0.24
12 H .0 503 8.09 0.6
13 CDD 0.001 13 09117 0 3
14 PRECIP -3.0099 5.3 55 .03

THE ST. DEV. OF Y IBOUT REGRESSION LINE IS: S - 6.504
WITH ( 84- 5) 79 DEGREES OF FREEDOM

R-SQUARED - 33.5 PERCENT

ANALYSI S OF VI RIANCE
DU DF S-SS/DF

REGRESSION 4 1684.55 r2102
RESIDUAL 79 3341.65 42. 30
TOTAL 83 5026.50

FURTHER ANALYSIS OF VARIANCE
SS EXPLAINED BY EACH VARIABLE ENTERED IN ORDER GIVEN
DUE TO DF SS

REGRESSION 4 16b-w. 8 5
LG TEMP 1 1556.88
HDD 1 127.92
CDD 1 0.01
PRECIP 1 0.34

Xl Y PRED. T ST.DEV.
MONTH AVG TEAP MBTU/KSF VALUE PRED. T ST.RES.
28 50.6 18. 52 21.258 3.400 -0.49 x
141 55.8 19.*533 20.125 2.869 -0.10
46 83.6 33.156 33.181 2.909 -000 1
73 7: 013 J:3 .4 :374 671 4350323 0500 R

7513 30.585 21.14 3. 14 1.671
78 64.0 6.934 1306 1. 17 2.45R

83 82.9 48.698 32.7 8 1.386 2.51R
R no> OBS. WITH A LARGE Sr. RES.
I a=> OBS. WHOSE I VALUE 3IVES IT LARGE INFLUENCE.

DURBIN-WATSON STATISTIC a 0.65

******* CORRELATION OF VARIABLES*******
ABTU/ F AVG TEMP HDD _"DDAVG TEMZ P Q .557

HDD -8.4 7 -0.871
CDD 0.578 0.971 -00730
PREC3? 0.362 0.559 -0.323 3.518
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D. DEVELOPING A TIRE SERIES HODEL

ACP OF RBTU#'KSF IRHC ORLANDO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

2 8:'5'93IIII Ixxxxxxx3 8:313 xx1111 x
6 -0.160 xxxIX
7 -0.156 xxxII
8 -0.053 II
9 8.161 xxxIx

10 0.329 XXII 11111
12 4 xxxxxx

13 Q818 XIII 111111

15 0.0!Q I

18 -0.326 IIxIIIIIx
19 -0.319 IXIxXIXIx
20 -0.151 xxIX!
11 0.018 1

25 0.3145 XXIX XIII!!
26 0.229 xxxIII!

29 -0.210 xxxIII
30 -0.271 1 XXXIx
31 -0.233 U!!!!!x
32 -0.097XX
33 -8.003I

34 .114 XXXI

37 0.209 111111
38 0.115 xIII
39 -Q031 Ix
40 -u:152 11111
41 -0.258 XXXxI!!
42 -0.263 IXXIXXXx
43 -0.2141 IXIIIX!
44 -0.193 xxxIx!
45 -0.101 xIII
'46 0.0 2 I
47 .XX9118 809 XII

1XX9
50 8:894 XX
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" PkCP OP MBTU/KSP NREC ORLANDO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 3.8I.2 ]-0.02°"5 xxXXXXXXXXX

-0.17 XXXIx
4 -0.151 XXXX
5 -0.017 x
6 -0.128 XXXI

7 165 XXXXIA 6 xxxxxx
10 0.083 XXX
11 0.048 Xx
'12 -0.103 xII
13 -0.2 xXXI
14 -0.1H xxxxx
15 -0.089 XXI
16 -0021 xx
17 0.127 XXII
18 0.185 xxIX
19 -0.107 XIII
20 0.1141 XXXXt
21 -0.055 xx
22 0.110 XXXx
23 0.042 XX

* 14 8Q831 Ix
26 0.023 IX
27 0.04 1 XX
28 -0.001 x
29 -0.092 III

- 30 -0.046 xx
II1 1 -8:816 x

33 -0.115 XIII
34 -0.078 III
35 0.013 I
36 -0.048 XX
37 0.044 XX
38 0.078 XXX
39 0.010 I
40 -0.004
14 1 -0:817 XI
42 0 XXX
(43 -0.057 Ix
44 -0.106 xxIXx
45 -0.045 IX
46 0.035 XX
4 17 -0.048 XX
48 -0.023 xI
49 0.0 5 II
50 0.0 57 x
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IAD-Al21 958 ENERGY FORECASTING MODELS WITHIN THE DEPARTMENT OF THE 3/4
NAVY(U) NAVAL POSTGRADUATE SCHOOL MONTEREY CA
L W BUTTOLPH JUN 82
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£"I1i (1 1 3)(1 0 1) S-12

75 o S B. .-RAr3OSI f 'o 8 3 .4
at 4 A.4o

1 I ll,,,, sIea if LL "I1 21

5111!~' SS 1361.37 (9LajZlCASTS NICL)DIP • 77 NS -
NO. OF 0S. ORIGINAL SRIES 84 IFTER DIFF. 83

ACO Or RESIDUAL VIUC ORLANDO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
4 .. .4m , ,,--.. - - ---- .- --

00 I

Rtit
6 xxl,o :i! J 11][]

I :M'""I
It

lh'I

I- IX,,,
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313l1 (1 1 3)(1 1 1) S-12

55 1S 4in

S l T.6:. S
1 I.IN .1 REGULARUgjS

OFu 65 IS a
go. o OBS. OIIGZIAL SERIES 84 &p!3 DI??. 71

AC' 0r RISIDUAL ISMC ORLAIDO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8* 41 . n---4 ... 4. -- - -4.--- - 4. . ... 4. -----4. ... 4. n.

III1:1::11111

[lll
MIX

11ZZ

- 3 III

19 ZII9Z

MIX

lill
21 001111I

H 1 1
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MINA (1 1 4)(1 0 1) S012

i 11M !" 53!~' 1337.91 (BL~jF~NCASTS BICL)OF 76 1 . 6
No. o CBS. OUEGZIA SIRE1S 8,4 AeTER DIMV. 83
FORICAS2JLS non PZRIOD 841

95 PIRCEE? LISZT1ps OD ro94 .~

L |t U!,|i IS.,,T,t:I|l fl
'11.3 .1

430811," 1 :1 l3.4
ICy OF RSDUAL 511C OILAIDO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 3.8

-i XI

4 :iflzz

"Uzz

i : -,ii1

, ]9 r

,. * r



3L it"INS a 1330 LZI

REGRESI~ON 01 3003LED 3515/KS? VS lOITI

"I ~ rot S3O*n!~ sc ORLISDO IS:

If! Jp.40T Hi1 'RIjjh IS: S a 5.559

I-SQUAlIM a 52.0 PERCENT

Ia L 0in 5. 13.315 .50

DSRaIN-IA!S01 STATZS21C a .57
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i% 1, 1:18

VICI 1390.16

TJ I "Onfflu~il TS,: S *0.9292

3-SDAU -88.6 ?IRCUf

xI zz~nso INTIODRGV

IS4 ITk I
Ii~uu V~j~ 3Nfl19 I TS 131 61e 8:
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It T ij fl 0.1 in
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D. DEVELOPING A TIRE SERIES MODEL

AC? 0f NBTO/KSF NRRC PHILADELPHIA

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
---- ~~4---------- - - -- --- a

4 :366 xx xxxxx
1 :52X IIIIIXIZfIZZ

8 -0.422 xIxZXXXXIXx
9 -0.18Q xxxII

10 0.2Gb XXII
11 0.o5 2XIXXIII
12 0.721l xxIII UIXXXIIIxxxx
13 0.554 xIxIIUIXX IIUxx
14 1111111

16 .31 11 xxxx
17 :0.416 IIIIIIXXXII
18 -0.467 IxxxIIxIxIxII
19 -0.4415 xUxIIxx IUxx
20 -0.353 IxIIIXIXII
21 -0149 xxxII

28 1: 111111

21 ::4 XI xUIZI x
33 -. 26 331 Xx
284 0:4 xX III

2 -0.2312 xxx
33 , -. 164 xxIII
J 0.1211111

45 -0.J78 xxxII xxx
346 0:016 1xxxxxxx
37 0XXXIIIxxxx

50 -8.1'42 x
41 :0233 x XIII!

4 2 28 xxx202



PAC-PE OF HBTU/KSr URNC PHILADELPHIA

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.84---- -. ... ... . .....-- *... - -' ... 4 ... n 4. ...

~ UKXXXXXKXK XX
3 -0o.31 8 ,,,xxx,x x=,xxx xx mx
4 -0.164 xxx
5 -0.035 XX
6 -0.398 xxxIIxxIXXX
7 -0.247 1xx1111

10 0.212 TZ ][
11 0.265 Xxxxxxxx
12 0.126 XXXx
13 -0.265 xxxxKxxx
14 -0.117 XXXX
15 -0.032 xI
11 -0.153 XXXXx
1 0.011 1
18 0.085 xxx
19 0.0314 xIx
S0 0.123 XxxI
1 .055 XX

22 -0.127 XxxI
S3 0.032 Ix
4 0.089 xxx

25 -0.022 Ux
0 -. 070 Kx

28-0.0014 xI
29 -0:0 1 xxx
30 -0.041 xx
31 -0.058 Ix
32 0.048 xI3 3 -8:894 xx
35 -0.099 Zxx
36 0.012 x7 _8:018 ,xxx
39 0.130 11[11
40 0.029 xx
fi 0 .081 xzx

S42 -0.073 xxx-:43 _.096 xxx
,44 - .o81o xxx

.45 -019 1
:o.032 Zxxx

40 -0.100 xxxx
49 -0.068 xxx
50 -0.024 xx
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-.11M (2 0 3)

* ::8. OF IS S-RAI

iIu O RS T DO&L NICPZIDLH

1 R. 1 1. 0 4 0. 11149 13. 12
2 0 R 2 -0,7 1 0.1156 -6.40
3 0 A 1 01512 .6
14 o A 2 8154 0.155g -0.6
5 12 3 6 1146 1.40
6 CONSTIT 2 98 0603 ~j 196.71

IRAN a 1

RESIDUALS. SS*2014.196 (BkCKFORECASTS BXCL)
184 1,m 79 ms 2.618

ACd OF RESIDUAL WRMC PHILADELPHIA

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

1 -0.02 Ixx

22 -0.118 UXX

3 0.005 x
4 -0.13 xxxx

5 0.218 xZxiKi

--:0.03 Xi

8 -0.006 x
9 -0.162 xxxii

10 -0:030 U
*11 0.132 xiii

1 -0.115 Xx

S8:8;1 2
0 -005 II

21 -015 xxxx
22 -0.1114 xxx

a23 0.095 xxx

28 -0.131 xxxx
29 0.017 x

7 Ir
iXxx

3 -0.007 IX

33 -S:Jjj xxxiix

12 xxx
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ARINk (2 0 3) (0 0 1) S=12
I lST1*uBS OF PIR&E lSERS

lJPSB 2TP IHIIr I ST. DV. T-R&] XO

R 1 0:11 .
2 kR 2 -3303 HA 1 0.781l 01111 4.90

14 HA 2 2:1 44 -14I SEA 1481tI -J
7 CONSTANT 2.23800 0.01803 1211

RAN 16.6998 0.862

S156.302 (A CL)

ACY O RESIDUAL NRBC PHILADELPHIA

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
4- -- ---- ------- - -- .. .

8 Ix
3 0.0814 II4-0.111 xxxx

5 0.173 x][[[
6 -0.024 x
7 -0.119 xIII
8 0.038 1 x

10 K

11 xxIUIKx
12 3,
13 .0.12 axx
14 - 0.115 XIII
15 -0.075 KU
16 -0.066 XI

-0.086
Q3 0.099 xIK24 0.299 KKKKKIKK

25-u414 Ix26 0.066 IX!
27 -0.070 XXI
S-0.91 11

9 0.045 IX
1K

32 .051 Ix
IX III

XX3! -8-li~ x 11111
IX III

39 021 IX40-02 0.K
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II

" JUIIZIA (1 0 2)(1 1 1) S=12

" " = "3:197

ORCASTINS 011O PRIIOD 81;io iliiii95 PIECENT LIMITS
PERIODt L7.I01  11.01 o

85 38aup~

'7.00117 11.0111

9 :16f2 9 10276093 1.55

N CO OF ESsOIINAL SERISC P 4 HILADELIA, 72
S-0.8-0.6 -0.11-0.2 0.0 0.2 0.1 0.6 0.8

-- -,------- - --. ---- -.--- 4. . .. ------ - -- --- e.1 i

5 1 .0 R I 8.I

I

.1 II4 1

4: 1 :0 61

16. -0I-. 02 . . . . .

i ii 2 0

-"z

:131

16206
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I. PITTING A TREND LIVE

REGRESSION 0F BODUJD HBTS/KMF TS KOITI

1 Stll BRVID KISSING TALGIS

THE RfGIESSI~RI#.MUNSI341

COLVAN CN I

*1 II ONTN C09!III : 1 17i
MlI.T! 8U!2pyI 0901 HiidI II 31ill IS : S s2.50*

3-SQUARED a 0. UPRCNT

ANALYSIS 01 VARIANCE

0I 1 a1 I.* .6
4 4DII I f~ltI ~IL

A Ldhow 0111RTUA A3I .33

* ~I -=> ODS. V15 a ALS 13 TLEEIlUI

DURSIN-ITSON STATISTIC *0.44
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111I .UT o. 3 -. ol"lic.sf~l% .S.o,",.,
!! ~I''oN~tI?'~S5oI ~ ~ 31+S8~. 0997 X4

ST. D V 
T-RATIO

.LU, coiii i T 0Fo, . C0?S.

COLOR ( S CO9 1 TBRB OF COWSD

R-S O D 
:09.:58CII

11 AVG TRIP* '  -Q ---Q ,o -.5
2S CDOL g:
211 ?ZC!P 1.9971 0.07251 1.37

THE ST. * OFT YfOUT IRERSION LN Is: s .587
WITH ( 531- 5) a DGESO RSO

I-SQUARED a 89.7 PERCENT

ANLJR SIS OF VARIANRC
DU TO D Is; S/D

1710611 04.
RESISZOSIUAL 1399012 :51
TOTAL 53 1 99.622

FURTUR ANAL SISOF VARIANCE
SS EXPLAIN D BY RCH VABIABLS ENTERED IN THE ORDER GIVEN

9I9ESTOW DF S5
52.711 17 0. 11

Avg TRIP 1 11:0
ROD I
COD 2 1i.: 1

3TH 7 1 111 O.T

3I 1 3 4.

IO|I A-g; SIP IT iBI STA jS C•l7

29.6 I.097

51 1323

,! 1,.. 0.570 0.64 1

X so> 035. W aSE 1 VAUE 3VM~iT LARGE INFLUENCE.

ORBIN-WATSON STATISTIC a 1.76

****** CORRELATION OF VARIABLES*******
AT aTN l/KSP AV TEM ROD CD

TwrIP 1 lip 4 1n:1H 3.077
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P. DEVELOPING A TIE SERIES KODEL

ftC? or 53!5/KS? fRNC PO3!SBOJTH

-0-1. 0.6 -0.41 -0.2 0.0 0.2 0.41 0.6 0.8
-e e- ----------------

4'1I xIIxx KZIKK X
xxxxx111 a!fiI-xxxxxx ili

.- xxxxIIxx xxxxx!.41xxxxxx
KKXKKKIKKK

xxxxx1~XXX:XXXX
II XKXXIK 1

i a KX XXKXXXKKI

* 11 XXIII III 11K

1. 0KU 1

00 xIx 11K

xxxx
KIKKIK KK
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nAcP OF 3U/Rsp UROC PO:::::Ur:
-0. -0.6 - . 0.2 0.0 0.2 0.4 0.6 0.8

XXXXXX
XXXXXXXIXX

I Ix

XXI

X XX
.1 * xxxII

a IX!
Ixx

a xxi
a XX

XXI
Ixxx

I
XXI

q4! I

41 xX

Ix

I
Ix
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lINI (3 0 2) (1 0 3) S=12

IIIZS?Il* 0e or1111 IRS ST. DIV. -rl
R 1 A488 8.37AR-1. 1110 4.%815 -2.842

R 0.145 .2144 0.68

SAR 12 0.9965 0.176 56.61
5 a 1 1.6287 0.191 8.39

8: s1t 16 2.81SRI 21L 8.12,63.4, -1:
9 SEA 3

10 CO]IST0I.08!1 1 01806 0.28
9 12A 9 1 4 39.56

RESIDYALS. SS a 172.872 (BACKOB RICSTS EXCL)
N a 811 DP 711 us 23

AC? OF RZSIDGAL NRIC PORTSE3JTH
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

4,..,,., 4..oo +. 0.+. - ----------... --- ------ .

* na* fl-0.oo'fl00.13 1 XX
~ .191 Ixx

S-.00
9 -0.16 XxIxx

1 0.1141 xxII
.042 Ix

1~ 0

19 -. 089 I89

" "uu X[XX

::51 xxxx
- XX

Ix

zz

- XXII
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* _ uArBJ (2 0 2)(1 0 1) S=12
0VALESTIMTEI OF PARAMEI IRS

5IB TYSWlhIT O2 ST :6 J. T-R&30
1 AR24:03 0

&a 2 03191 1.11869 -0.21
i SAN 1f O997 0.0077 128.80MA 1 O.134 4:61J0 8

SMA 12 0.813 0.1187 683

CONSTANT 0.64405 0.04272 1:0
SEAl 16.01 15.53

552 . * a 172.705 (BAKJoJECASTS EICL)
N =DF a 77 IS * 2

ICY OF RESIDUAL NRHC PORTSf3UrH

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8
n .~ ---------------- 4.... 4 .. - ------0. 012 UXZ

O .112 xx x x

14 0.114 XXx
5 -0.061 KU

11 .014
1:"" I -. 148 xx][xx

I 8 ="x48 8:oi KP
*11 -0.0114X

Is 191 0.026
71 1111

21U

I :1 :xx-0.078 III

-0.16 xxxxx
28 -0.128 %111
29 -0.018 1
30 0.087 UK

IxX
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INA (3 0 2) (1 0 1) S= 12

FJl USTIBUSATI OFI AirfiS

'S 5112 T03

7 SI 12 01 8:,88 6.39lsk 1 -:71I5-0.31~
8 CONSTANT 0.6)996 06141461 1.34S

ERAN 16.33 12.23

RSIDUALS. SS 169.047 (B&S!,ORNCISTS EXCL)
Na 84 DF 76 IS a 22'

FORECASTS PRON PRIOD 84U 95PER=RIT LIIZTS
PE R OD FORECAST LOW 1.U

8a 164.6189 11.6887 1867i
1.1 112 11. 36'17.86

88 12.7 9.7981 71S
. 8- 11.013 0. 39

90 12 6 9.6570.08

91 1 11.8O2 271

95 012048962 .A6011.2738 26.11

ACP 07 RESIDUAL NRHC PORTS830TH

-0.8 -0.6 -0.14 -0.2 0.0 0.2 0.4 0.6 0.8

3 83 zi]

1S 03 U

5 Q.11 K
81u06 x

"' t 6III l

10 .093 IKE
11 8.01S K

S1 111K

1 181
. 83 .".

.74 ElK

~ gQ6 xII

0 III
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a o°- - -. -- .- * ..--

I. FITTING A TRIED LII

REGRESSIOI OF MODELED NBTU/KSF VS BOITH

THE REGRESSION EQUATION FOR IRC PORTSMOUTH IS:
T - 16.8 *0.0169 1l

ST. DEV. T-RATIO "
*COLUMN Oj[ NT Ol CO D.

i1 HONTH 0.6161 0. •172 0.98

THE ST EV. OF Y ABOUT REGRESSION LINE IS: S 4 4.677
S a 4.97
WITH ( 96- 2) - 94 DEGREES OF FREEDOM

R-SQUARED a 1.0 PERCENT

ANALYSIS OF VIRIANCE
DU TO DiF Sl MSSS/DF

* ~REGRESSION 1210
TOTAL 95 2076.88

DURBII-ATSON STATISTIC a 0.41
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ACT£~UAL USE AND 1033CAM MODELS
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Co RUBSIusoN 0f R3TG/KSV VS IZA?333 VARIABLES

DOTN:.CDD lIOEL! CORREATED WITS 02113 PIIDICT02 VARIABLES

13~~Sr DP tV8~ B:ATo1.0
COLUMN COM.023I .04 : -0.3

Wh m 310 9r!~I~?Ih~ S 11581

AA TI P -0O 55 50

19IDA 71 43. 1996 '11
vOA 83X 7. 17116141 3

CSD IL4:1. 6

T3 L 83 1.4

3 IZ 3m 5.MT AC LA SBLE ENEEDIBSDR.IE

MONT I I P 8 2- I I, -0. 120T.ZS
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D. WVELPIN it TIE SIRIS SU

AC? 0w E52I/KS? 528C UNi DIrgaO
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ARM3 (1 0 2) (1 1 2) So 12

lquISiiH 05 ~ OF I IS S !. T. R r

NA

DII ~ 10,G 1 go6~ 31E ;~jjSON h1Y.ORDER 12
20D1511 66 a 1 (a 5 ~1CSTS ICL

10. 0F 06S. 0116111 1 23 SIIU S APlhl DIF?. 72

I c? or RESIDUAL InlEC SAI DIEGO

--0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

- -, e. -, -. * * - - .--------

: 1111Hts Kxx
:11iixx

11 111K

I -010xII

20 64 Il
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£3111 (2 0 2) (1 1 1) Su12

PINAL ESTI IS 0f 213113?ER 335
NNI 112RITP! 8S1111.Pl T 11A

2141 2: 1

r In lNCING. 0 REGULAR 1~AQIDIFI *OlDER 12
as ALS. 55 a 36.121"Oi~ RCASTS B~kC.L)

DY u 66 ISa . 8
go. 0p OBS. ORIGINAL SERIES 84 AFTR DIM? 72

ICY OP RESIDUAL IRHC SAN DIEGO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8

3 -0u.021 XX
4 0.018 Kx

1 t Ift XXXII
SI xxI

11 111 111

I -841xxx

8.89 xx
010*6 II

19 .18 Ixx
0 .01 II
-I 01 I Izz
-02 8 INXII

39 0.061 I
*0 -0038 I
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13111 (2 0 2)(1 1 2) S=12
I IIL E TTl 01 PR~iBE RS

OF ISTIM 11 S?. DEV. T-oIOA
1 & Sie -0035 8.23J5 -4:.3
2 & 2 -06694 .1871 -3.5
3 SR1 0.238 1.3639 0.70

e 1 -1.2196 0.1800 6.7
5 a -0.8685 0.1276 -6.80

sAl 1.07S9 1 6 _1:2

SEA 24 -0.41 3 0.5988 0.0
DIIRECIIG. 0 REGULAR 1 SEASOI&L DII!. ORDER 12

RESIDUALS. 55 * 31.0963 ( ORBC1SS IlCL)DF mu 65 miS 3."784

N0. OF ODS. ORIGI1 A SEREM 8 IFTER DIFF. 72

FORECASTS FRO PERIOD 84

95 PERZENT 
LINITS

U~jj 18:s4
47 1 . 39

96 11.329 1.9149 13.715
-0.8 99H3 10 2909

*. .f. SOO . -- -I:-Ia!a12" 19.S1 a78

S 0. 1 5 8
91 1 .636 9.299 129f 10.7411 9.,238 H2. 1584

96 1 .3 894 375
ACP OF RESIDUAL I RHC S A DIEGO

-0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 3.8

1 -0.121 xIIx
3 -0 42 11

4 :0.105 xxxx
5-0: 06 xI

00 8066 111

7 0.069 1118 -0.140 xxxrIX

11 Q.Q87 UK

14 0.069 U
1 -0.076 KU

18 -8:~ UI
-:811 I

1I8 0.056 ix
19 -0. 1;2 xxxx
20 -0.050 11
21 0.203 Kxxxxx

Ill
21 0.03 1x Ks 7K
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E. FITTING A TREND LIVE

REGRESSION OF MODELED MBTU/KSF VS MONTH

CASIS RSED
CASES CONT IND HISSING VALUES

TOTERR .BRST IO~ ATON FOR NRMC SAN DIEGO IS:

ST. DET. T-RITIO -
COLUMN COEFFICIENT OF CORF. COEF/S.D.
-- o.2391 .2046 53.04

Xl MONTH 0.01 1653 0.003430 .40

P 2 ST. SEV. OF I AB OUT REGRESSION LINE IS: S a 0.7623
ITH ( 4- 2) 82 DEGREES OF FREEDOM

R-SQUARED - 12.3 PERCENT

ANALYSIS OF VARIANCE
DUE TO DF

REGRESSION 1 6.7018
RESIDUAL 82 47.6539 0.5811
TOTAL 83 54.3599

Xl y PRED. Y ST.DEV.
ROW MONTH ARIMA LN VALUE PRED I ST.RES.
18 18.0 8.4528 10.4489 0.1503 -2.67R
30 30.0 8.6903 10.5887 0.1182 -2.52R
42 42.0 9.2029 10.7285 0.0936 -2.02R
66 66.0 9.4614 11.0082 0.0921 -2.04R
R an> ORS. WITH A LARGE Sr. RES.
I us> OBS. WHOSE I VALUE GIVES IT LARGE INFLUENCE.

DURBIN-WATSON STATISTIC = 1.38
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:9 Go ACTUAL USE AND FOUZCASr HODELS
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C. REGRESSIOi O IBTU/KSF VS WEATHER VARIABLES

1131 IcbO.? T,,, IIx'. [,IMt a so I.HEi."""pi°'...o..s:°"' °"zo." oE' Pi. ;l J.PIZ;I i i,
ST. DRY. TlIZT+ " +"' o+ +.,+ M O .,

COLUNN COEFFICIEN OF E AI

11 MV TIP 0.117011 0
C* 0.8

T, I .ST. oR. Oil ABOUT R I 0I"O' LNE IS: s o.7322

WITH ( 54- 5) *1DER 3 IS F FREE DON

* AN AL SIS OF VARIANCE
DU TO DF :1SI ffSmSDP

REGRESSION ,, 36 .RESIDUAL 79 ,4. 9 .1321
TOTAL 83 1409.

FURTHER ANALYSIS OF VARIAICE
SS EXPLAINED DB EACH VARIABLE ENTERED IN THE ORDER GIVEN
Val TO DI SS

Af TENP 1
iDD 1 34. 6090
CDD 1 3.51465
n 2C PE 1 1.6329

Ri PIED.Y ST.DEV.AVGa P 1  tPRED. ST.
9 4.2 2 0.11414 -o

28 39.6 10 0 14.593 0.2926 -0.85 1
40 43. 14.7 0 14: 250
41 42. 1 114. :1114 1.4
148 74.1 19.1AI

5243. 4.143 1. 1805 is .81 X
674.2 19.4743 184.1685 03531 2.03R]_I 1: 19:111 44 0

5 14 4. 2836 1. ][

R! us> OBS. WITH A LARGE Sr. RES.
I =m> OBS. WHOSE I VALUE SIVES IT LARGE INFLUENCE.

DURBIN-WATSON STATISTIC a 0.77

***** CORRELATION OF VRIBLES******

MR / F AVG TE P BDD CDD
AVG T R 1  4111
HDD .5
CDD .944 91s :9 0.812
PRECIP 1.211 0.211 -0.129 3.291
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Do DEVELOPING A TIRE SERIES MODEL

ICY OF NBTU/KSF URHC STUDY GROUP

-0.8 -0.6 -0.14 -0.2 0.0 0.2 0.14 0.6 0.8
* fl* S - a~- -- --- -- --- - a *- -

1 0.811 UIIIIIIIUIKIIIII1 Ux

i -1 1 11
4 374 IUIIIXIIII

1112 0.353 KU! 111111

:11961 IIIIIKIx
17 -0146 I UU 111
20 -0.3374 111121111x

li 8: 1 xIU1IIxxxxxxx
2 :13 1111 XXU

I~ IIIIUUX

30 :524 III1XXXX IIIIXX

33 -. 34xxxxx

210 -0.20 0271111

34 3 1111111111
15 1.211111 xxxxx

146 11111xx
17 118391111
18 -032 xxUxII K
9 -0.42 XXXXIIIXII

50 0.1614 1111

34 0.24 xxx237

5~~ 45 . . xxxxx
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PACP OF NBTU/KSF wsUc STUDY ;ROUp

-0.8 -0.6 -0.14 -0.2 0.0 0.2 0.14 0.6 0.8

'4 :3:21UIIxx
5 1

I .165 UKIUIIx

11 0.1314 xIII x
114 -0.082 xxI
15 -0.134 Ix
16, 019 81114 x
17 0.09 Kxx

21 -0. 78 II

22 0.0181 x1 8383 lxII
xIX:I

0 0.143 xx

35 -8.H !x
XXX

39 x

41 1
I~j- .124 4 19 IXI

46 8:6xxxI
47 -1.169 xxII!
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,111 (2 1 2) (1 0 1) S-12

aF Ii ~ fJ R - RtI 18:15719
0.%29 1.12

5 SEA 1~ .8379 0.1 61 7. 90

DJFjjjj!N. IREGULAR
RiInD x. I S 26.0363 (B jECASTS EXCL)OF 0 78 Iia vs~
90. OF 0BS. ORIGINAL SERIES 814 A TER DIrF. 83

FORECASTS PRON PERIOD 814 9 PER:ZIT LIITS

P3 RJOD 1o

86 1 6 e7147 18.0990
87 14.7516 17.1535811 88 14.6 772 17.1224
89 1 14.14653 16.943
90 .7 43 1 4.5082 17.024
91 1.:1 15.11488 17.43

7 16.14682 19.1471
19.8128 18.5 069 21. 186
9 20.195 22 11

96 20.6 3 19.34314 22.0512

AC? OF RESIDUAL ERIC STUD! GROUP

'"" -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.84,-, -,~~~....- ------ --4 -.. .4* .. .. 4en ... -....-

1 -0.010I

2 .Q~9xx

6 .12; xxxi
.oz xx

~ : :1~ II

1- J13

'XXXIXO1 1 10 13111
1 -8:048 11

0 154 xxxxx
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IL PITTING A TREND LINZ

REGRESSION 0F BODELED N515/KS? VS 305TH

91 Eil MRIAINED KISSING VALUES

I a Il.0u 1

CO LURN COFUCI 81-d1I
1t DONTH O1126822 4.073 3.*36

THU 13! " OF Y ABOUT REGRESSION LINE IS

VITH ( 95- 2) -93 DEGREES OF FlEEDON

3-SQUAlID a 10.8 PERCENT

NRSlIOE 1 1.344I40T
TNJIUAL 13 9 4 9

DURBIN-UATSOI STATISTIC - 0.33
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(MONTH 1 OCT 19741)

SUNMARY or PRoascrioIs
ERHC CANP LEJEUNI

105TH NWik 9IT4/11105I~

OKA

7 8.8680

7: 7* 8.8971
1 a 961

11 1 :Q3 j 8.9843
12 8.4 9.0134

15
61r 4 4 .57 MIR~

18 6.146918
i 3.. 9.2752

is6. 34 63099 91879

9. 1079 9 61
12.f 90 11.9630 2752
14. 14159 9. 3042
13: 16113

1 039

" "i ., 'O78

ji ~7.41221

3.3 12712* 11.90 9.6 *42
4* 16.14451 9.6 32

41 A76 8.46 9.8278

46 5g3 6 60 9.91 0
*11 7.11 9.84 9.9411
115 13.9011 12.9715 9.9732
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14.4368 15521

7.7814 6.990117
6 .:81 7 8 .225 18:168

55 7. 89 9 7. 9414 10.2640
9.8414 9.6657 10.2931" 11:18 Hs 1s9 ,.3j22

514.6227 15.7830 10.3804
014.3424 13.7758 10.4094

8. 835 ,18 :34

63 7.2591 6.993 4967
64 7.1364 8.13 10.5258
65 7.14879 7.0904 10.559
66 6.9606 7.0111 10.5839
67 8.4015 7.4475 10.6131
68 15.5197 9.5293 1 .614261 11, 0379 12 674 10.6711

7 14. 6939 15.6182 10.700
71 15141485 16.3144 10.729
72 15.1818 13.9316 10.7584

1081457
7.j 91087148

77 7.7515 82748 10.9039
78 7.1530 6.6597 10.9329
9 81197 a .116
895970 13:243 11.22
1 15.4318 11820
82 14.6939 16.1 11. 493
83 1518148 64i 1J9

814 15.:18148 114. 51105

11
87 8.0890 11 1947
88 7.9869 11.2238

*89 8.33JO1:1J
90 7.23 2 1, 8,0
91 1 1 1

9212 8

PROJECUI ON C0HPARIS33S
FT 75 USE 12116
FT 81 US: :1~
CHANGE 17.

PROJECTED FY 81 ISE****1

CHANGE FROM 79S

PRJETE TY: 82 :jS2

CNANGE RO211y

* * 24.



SUMMARY OF PROJECrIIDS

NRBC CHARLESTON

ACTUAL TIME SERIES TREND
MONTH MBTU/KSF dBTU/KSF MBTU/KSF

3 20.8333 21.8837
4 27.2193 21.8946
5 20 .41 21.9055
6 22.9452 1 916
7 2.3004 19 1 273
8 26.0987 21.9382
9 27.7785 21.9491

* 10 26.0746 21.9600
11 32.2303 21.9709
12 25.3114 21.9818

14 17:9561
15 21.5022
16 21.4430 25.4558 22.0254
17 18.3158 19.6902 22.0363
18 18.9254 80 8613 0471
19 19.8158 B.4614 2 0580
20 23.2237 J3.8436 22.0689
21 23.5307 5. 9010 22.0798
12 25.8706 24.6532 22.0907
23 24.6228 28:9129 22.1016
24 28.0329 25.2768 22.1125

27 19.9167 20.4706 22.1452
28 18.3399 21.4919 22.1561
29 18632 17.785 2 .1670
30 17.9846 17.7234 22.1779
31 20.7566 19.2124 221888

20:J9 1942:16

34 24.9298 24.6602 22. 2214
35 25.8443 26.7564 22.2323
36 27.2939 25.4049 22.2432

40 22.6908 21.5085 22.2868
41 16.7368 17.9696 22.2977

44 21.2412 1: 908 2:30445 2."26.9649 41.08585 22.]413

46 2 .3860 23.9765 21:,2
47 25.9474 26.0388 22363
148 25.6162 26. 1732 22.3739

P20 729 :8.;7 475
4 162 1u :jj.8i40

56 j:41 3 21.3642 ,4611
57 233218 24.0654 22.4720
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60 30.1184 25.5770 22.5047

61 22.4627 22.1876 22.5155

1938 20.1687
64 20. 282i 65 18o3425 9 22 5591

66 19.3596 17. 5737
67 22.2851 18.9889 2258
68 24.3947 21.7620 22. 5918
69 22.41364 25.6346 22.6027
70 28.4145 24.5994 22.6136
71 26.8640 29.2552 22.6245
72 25.5658 27.2719 22.6354

73 256867 2.912
74 122.3 92 2 .9537 21
75 22.604i 21.6018 22.6680

78 21.4956 19.1798 22.7007
79 23.4539 20.5284 22.7116
80 21.6732 23.6601 22.7225
81 23.5044 25.7638 22.7334
82 29.8136 27.3 81 2.743
83 25.8575 28.899 327552
84 24.0132 26.8105 22.7661

85 9995 22.7770
86 .1991 22.7879
87 1.7961 22.7988
88 21.8813 22.8097
89 18.1863 22.8206
90 8.7108 22.8315

9120.8789 22.8423
92 23.1021 22.8532
93 24.9590 22.8641
94 26.4219 22.8750
95 26.3726 22.8859
96 26. 1972 22.8968

PROJECrr ON COPAEIS3NS

FY 75 USE **** 296.655

PF 81 USE **** 279.881

CHANGE *** -5.7%

PROJECTED FY 81 USE **** 279.499 272.474

CHANGE FRON FY 75 **,* -5.8% -8.2%

PROJECTED F! 82 USE *** 273.004 274.042

CHANGE FROB F! 75 **** -8.0% -7.6%
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. . SUMMARY OF PROJzCri3NS

ERIC CORPUS CHRISTI

aCTUAL TIRE SERIES TREND
MONTH EDTU/KSF MBTU/KSF MBTU/KSF

36.18210A 9 . 1

5 1 4 38.7194 32.3858

l ~ ~ 16 3. 6 3275 32.50

8 29.9201 31.8535 32.9350
9 27.5492 28.6919 2.548

10 3.853 28. 8573 32501
11 BE. 4242 36.9095 269
12 34.2273 37.0969 32.6815

13 34.2727 .84157 3 33

1490.572 17
16 30.7576 32. 355

30 2.6 392878o 3. 2

17 31.136 32.5818 351 85
19 26.2614 6 85

*20 33:§288 9.5193:09
21~j? 32 Q .06 18

22 36. 1894 0 1 33.1043
23 35.7651 31679 33.1463
24 33.3939 35.1962 33.1885

2j 31,284 :3J

2 7.9432 17.9 63.3
28 9659 27.3772 33.3575
29 :2841 2.0355 3303998
30 3J6439 28.4302 33.,4823
31 36136 32. 5888 3

34 327348 32 .4001 33.6110
35 35.7651 31.8336 33.6533
36 33.3030 33.41489 33.6955

J7 18:1~41 J41 377

39 7. :4321 3 .82
40918 7:6689 33.8645

410 1288 z9 1612 3 .9068
41 8 12 312 :91

44 919 64J .91190
145 1911145
46 9 81 33.1390 34.1180
47 B:32.6689 3.10
48 39.068 36.0530 34.2025

2474 34 87. .



~RIM

60 442.1532 43.4815 34.7095

319. 872 34.299 34.7117
62le 18 :9. 5 34:.7340

1 1 6 34.8362
64 25.68 760 4.8785
65 22. 80 2 130 34 9207
66 30.2085 .9008 4.9830
67 0 7 3533 P8, 3984, 0,
70 53.7532 3j39842
71 45.5106 B,.4958
72 46.4000 44.2044 35.2165

.79 36.280 8 286876 .40
:: 79~8 38 839 552

81 4 3 .80
S82 43. 9830 45. 07083.3883 845. 41.7016 35.817

84 2.60 3

9 26.07249 3.3472

21.9543 1.1037
94 44 1309 36.1459
95 44"466 36.1 882
2 96 42.2428 36.2304

PRO3ECI ON CO5P&.RIS:NS
83 4 75 OS3 *** 421.799

FT 81 4 6E *** 416.757

CHANGE *** -1.2%

PROJ CTED PT 81 USE ****** 419.291 25.893

CHA IGE FlOB PT 75 ****** -0.6% 1.0%

PROJECTED 1! 82 USE ****** t422.464 431.977
CH89GE PROS t 75 ****** 9.24 2.14%

9 298
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.:: SUBiART OF PROJCrDIS

ERIC GREAT LAKES

ACTUAL TIME SIRIES TREND
HOETH BTU/KSF 11b TU/KSF HBTU/KSF

S 7 ***.7: 1
9.9951 8.6237 9041.11

SA7N 19

10.7049 10o 5413 9. :766
10..1I9 1101693 90)096

12 10.953 10.2898 9.3427

13 9

15 9.56 0 1105 .14418
6, 1a.4,25 8 950

is 8. 3:9147
19 1:899118905237 9.6407 9.6071

S 12. 1116 11 8 964020
.8707 10.9965 9170

24 10.0549 10o.4767 9.7393

O 9.117111 :.14143

i! 9o1958 12 19.02 10Q36Q10037

15

36 9279 114148 10.136

117 9.J443 9:99007

• i :II,0 30

8:907 9. 16401

9:8211:7 1 8M

4 01049
36 11.1 10.8526 10.5360

440

4 a 31669

4 1 0I:1111 0 18:461
4 ~1 0 8 138;314

214
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60 10.9625 1A. 2814 1 .9292

14 '8: 68 4 118:1M118,1
1 5

19 9.6912 11.00376126
0 10.692111061129

71 11.3392 10.9983
72 10.7114 1 28 10.8269

76 18:I61 789
7~~5 111MN:HU8 1 .0614 12.752 11.6 4J50

2 1A96113 11.06al

a201152

1 H.11 12.5816 11.633

-2 . 5 1: 2 1:2.941 11:6 64

83 11
84!6, 12.23 7519 11.6233

96 1: 141 11

91':' 12.1-?191:9

92 12.1

93i: 61100

PROJECTION COBPARISONS

FT 75 USE **** 113.136

y 81 USE *'** 137.742

CHANGE **** 21.71

PROJECTED ?1 81 USE ******* 133.663 138.1488

CHANGE FRON FY 75 ******* 18.11 22.4%

PROJECTED FY 82 USE ******* 148.160 143.248

CHANGE FRON FT 75 ******* 31.01 26.6%

250



-. " SUBMARY OF PROJECrIONS

NRIC JACKSOIILLE

DITH dBTU/KSF R-T /TSi B jiBE

1. 44 .3219 8.6Q

4 14. 390:1

4(17: 
:6939

.38122.26.3

2 . 146 , 2 . 6 3, , 7 2 s . , 3 3

14. 147184

28262B4.9016

12 PA's it 948 1: 432 N

.4.6938

1 9 0 ~ 2 92 1 .3 6 0 1 4

127* 6 11 
164.30148

24.1381

1 9 . 11 4 12 
. 7 7 

24 .9716

4. 113 
23. 

43 1

'4.27. 8jf1

'114

1 9 14:3048

27.511

9.918

251
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- . 7- - - ,

i8 ; :l : 198 33: 1

18. 41 I. 1121

21:~ 711871417. .7593

68 21.11186 16 6982 22.2491
S1 2 6785 935

7 1 543 22:1379
724 175 16679 12.0824

72 25.6627 21.4178 22.0268

75 14 1 1.96 21.8601
7: iL1 1.7842

1 1.7119o
0.7641 2I4.136 1. 823
1. 5990 2 976.6

851 24.6509 24:.0807 21.3601

96 210. 946 2.934

9OB8 11 376

91 0 9 20

3:39 1 8:9041
96 21.9963 20.6933

PROJECTIO0N C01P&RIS39S

1! 75 USE * 310.161

7T 81 USE** 260.971

CHIAI **** -15.9%

PROJECTID FT 81 051 *'**** 267.671 259.988

CHAINGE RO FT 75 ****** -13.7% -16.2%

PROJECTED FT 82 5S1 *E**ee 258.885 251.987

CRINGE 1301 FY 75 ****, -16.5% -18.8%

252

...................... . -........ .. ,..............- -
"" " :~~~~~~~~~~~~~-- - -- -- ---- "'-' ''".,..,......:': - ? .? :--- :--i-- -:-- --:.- "/ .- "-- -- i- -" -.-.- --. ---



SULNHRY or PROJECTI3IS

IRIC LONG BEACH

ACJUAL ?IN 3 SERIES rREID
NON!! OBT /KSV 1m /KS? MBTU/KS?

" 311: .13U 37,5702
'4 36 507 36.5989 37.53063 5 •0986 7!8! 37-411
6 36•87 H M37•4515

7 38:2303 37.6221 37.4120
8 40.1654 38.7144 37.37249 37.8498 3jj~ 7. 329

10 48.7958 3 72933
11 919341 43 s 37.2538

12 44.1667 4655 37.2142

4j11318
15 37.1401 39.0935 37.0956
16 38.3663 3900515 37.0560
17 36.218 77 37.016
18 36.1036 313597 36.9769

30.169 38• .17 36.9073

1 t11131. 8 36.862733:~ 3 * 8
39 31690 31.715 36.5 3

5240 '3.1812 I3. 82143.0~

51 30•032 9 31.87

542 31.7 8 29.2835A.2/

543 38:1541 4 A 79

I i :4 i

34:111 il 36:, 9

5 28 350 03 6.5413

253

o 3019 31.7....36.50

11 1 14 1321 36.61



I! liillI'E ll~lItl
! t|at~tII: II 1117;4 :4 4

J3~ i88
65 31.50 29.2195 35.117966 29 7. £41"78 35.078fl

6 .261.61 29950 : 8

.2 13: 1.8749

1 97 .81

83 .1 485 141

79 3Al.003 1532 34.5662IS 12 NAS. 5241

72 4: :6 361 4:84 168

82 1 9 HM144:811
875 1.0 5 31.853

7Y 1 45~ 4e 33 1.'39

7 2:8 14:l78 63  34. 081

90 liiIl -IEI-9.8

95 39 . 52

96 42. 8 8758

92 4ROJECT!119:C9810R14:4S
83 35 47! 3* 4744886
8 VT 1 ON 0* 32.3

* ROETEas 1 S 31:,l* 2104 3415 007

lO89CT3D FT 82 US! ****** 448.516 409.312

CRIG! FlOE FT 75 ****** -5.61 13.8
9254



SUEARRY OF PROJZCrI)S

URIC 1B1PHS

"PopA Till SERIES TRNDn
ROUTH Us, MET u/s ,u/Ks1 21.025 eqq ee2 1.5*450

2 ~ 2*4. 646
3, g.7Zee 2*4.7480

*8 20.836*4 2*4.84965 3.q,56 14:eq ~q.9111

19.51 3 :. 54
10 26.5278 e, ,ee
11,%a5 1&e ee 1 :5601

12 5396666

21.7136 il
1 23.9876 313 5.96618
16 .81 03 .0679
17 8'11
19 27.6018 26.7902 603725

10 931. 26. 769 26.47

S25.838 68801

0 945904

il 35.623* 2219 ~ 762

14 *.6 2 919

142*117:1389,8
144'14.95 2..3 62

.2.210 9s 5918 3

2 3513411111.29.28
13 i0. 81

40 igt1

3I 626R998

• t llii 1:81
414

255
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~ 34.1068 3J193

24.6055 1.1292 H.5350

63 70 27.661 38395
4: 19: 49 38:9411

11:47160 87

81 :5502
71 33.5952 36.4136 31.6517
72 35.9 9 2.6384 31.7533

73 25.4879
74 HA3.5199952:92
75 0 1
76 340.17 o 3194
77 30E4 ~.764 3J:J639
78 31.3497 8.69 a.8600
79 31.9896 33.1259 2.46J9
80 378061 304672565

82 3687
83 3f% 263%7 36.969 328700

I81 USj* 4j, 8 7284 3* 6R125 H:9716

88 2 8.977 33A.777
89 3. 0
91 32.6365 33.6822
92 347 039 33.7838
93 3 1 3J45 33.8853
914 36.4759 33.9868
95 j
962

PROJECT! ON COMMOISNS

FY 75 USE **~277.277

1! 81 USE * 384.723

CRINGE *** 38.8%

PROJECTED 7! 81 USE *** 380.376 388.958

CHINGE PROS T 75 ** 37.2% 40.3%

PROJECTED PT 82 USE ** 392.735 403.578

CRINGE 1303 FT 75 ** 41.6% 45.6%

256
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SUMBARY OF PROJECIONS

NRIC OAKLAND

16,.298, ,,*,*** 17. 663
17. 643

4 .1008 * 17.6964
5 15.0252 * ,*,** 17. 7286
6 14.56891H 17.76077l1*. 3758 ******* , 17.7929

16.9180 ***,,** 17.8250
731 17. 8572

1881 17.8893
16.i 1 17.9215

12 15.1271 **,,,,, 17.9536

15 19.1126 16.2168 18.0501
16 18.5524 16.9611 18.0822
17 18, 01 17291 18.1144
18 18 17:5027 18. 1465
13 18.5778 17.9669 18.1787

19.:527 18.4515 18.2108

23 19.4309 19.3192 18. 3073
24 18.9089 17.1883 18.3395

o 20.06761
31 19.2527 is.9022 18.5645

17.8266 19.767 18.5967

36 18.0939 18. 6539 18.7253

41 17.17il 1.
31 19.2527 18 802 18.562
56 178266 19. 5 185673

17. 18.6288 I
211* 9 18.884 6610

5 21.3616 20.74 3 19.06
36 18.0939 16539175

48 1.86 i7~4 189.8860

42. .."-. 11741.8 18:,'9

1M 18:84 1 1. 9

55 19 21718.903 19.01362
236 1842 19.406 19.03683

1257



0 21.2900 20.5582 19.4969

61 20.4428 18.6062 19.5291
6j 20.7285 22.9356 19.5612

186407 19. 1283 19.5934
64 198467 17.3645 19. 6j;
65 21.5730 20.2855 19.657
66 18.9276 20.8131 19.6898
67 19,1636 19.5533 19.7220
68 20.2317 20.8503 19.7541
69 18.4060 19.6846 19. 7863
70 19.6852 21.3778 19.8184
71 24.0569 22.1702 19.8506
72 17.4000 19.8105 19.8827

73 20.2565 20.2411 19.9149
74 18.778 21.3974 19.9470
75 19.5983 17.0698 19.979271 18.1531 19.92J4 85113

78 19.3499 19.2441 28:075
79 18.9525 20.7885 217
80 20.2938 19.1682 20. 1400
8 16.8163 19.718 20.1721

0321.jjj85441 18:J03
8 1 2 i20.90623684 20.4552 18.7461 20.2686

85 2094111

8 1.262 20.3972WV89 17.9989 20.4293
90 20.0712 20.4615
91 19.9775 204936
2 819.1778 20:5258
93 20.2596 20 559
94 210.886 20.5901
95 21.285 20.6222
96 20.6440 20.6544

PROJECTI ON COMPARISONS

FY 75 USE * 192.755

FI 81 USE ,, 23 1.714

CHANGE **$20.2%

PROJECTED PY81 USE ***237.292 2141. 101

CHANGE FRON FT 75 *** 23.1% 25.1%

PROJECTED F! 82 USE ***240.201 245.730

CHARGE FRON F! 75 *** 24.6% 27.5%

258



SUMBARY OF PROJECMIONS

NRBC ORLANDO

ACTUAL TIME SERIES TREND
"DNTH BTU/KSF mB'.u/KSF !BTU/KSF

1 26.9198 17.9708
2 18.7122 20.14879 18.1796
3 14.5519 1.4917 18.81
14 14.6085 11:12 6 18.9873
5 16.g849 159250 188061
6 15. 377 15N8549 19:01149
7 17.3962 18.9352 19.2237
8 19.4245 19.3330 194.326
9 858 21.1864 19.6414

10 2 .7170 25.1207 19.8502
11 25.3302 26. 0730 20.0590
12 26.8113 828 20.2679

16 19.584,9 16.7518110
17 17.1792 19. 1236 21.3120
18 17.3962 16.7188 21.5208
19 26.9198 20.2695 21.7296
20 25.6038 23.14166 21.9385
21 26.42145 28.1669 .1473
22 30.6934 27.3551 22.3561
23 33.3773 29.14803 22.5650
214 36.6038 31.8404 22.7738

27 20.6273 20.6988 23.4003
28 18.*5519 21.1338 23.6091
29 17.8915 21.2193 23.8179
30 15.6462 18.8302 24.0267
31 228679 147551 214.2356
32 .1604 13.9682 24.441414
33 26.14811 25.9212 24.6532
34 30.4198 29.5925 24.8620
35 29.6557 2 2.9614 25.0709
36 33.9764 2..94 52797

39 20.9009 21.5738 25.9021
140 18.2170 20.1627 26.110
41 19.5330 19.14520 38:jl
42 16.1 34 17.5801 2

45 32"665 25:6726 27.1591
46 30.15!7 3.9608 27.3680
47 34.1313:4 :7248 36.6 4 1 4 8~

314.23144 
J
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A -

60 35.1273 35.1836 30.2915

64 16.8538 184 1:J
5 21. 1226 9:6 16: 13356

:6 18.2217 17.7539 445
23.3632 22 2515 :533

68 25:8J55 29.5962 31.9621
29.2736 30.1809 32.1709

71 32.556 29.5342 ]2.3798
70 035.71 34.9149 2797
72 33.7075 36.0256 32.7974

73 40.8726 31.8256 33.2153
74 43.5000 31.2841 33:21
75 28.3443 35 8436 33.4239
76 30.5849 23.5215 33.6327
77 29. 6038 26.5284 33.8416
78 36.9340 25.6466 34.0504
79 44.3773 34.8895 34.2592
80 36.1698 40.0963 34:4180
81 39.6698 40.6823 34.68

83 0.56981 39.6130 35.0945

84 36.3868 42.2 06 353033

85 4jj3;4286 3 2
87 3 866 35.9298
a8 34.2675 36 1386
89 32.93 7 36:3475
90 37.5728 36.5563
91 41.145143 36.7651
92 40. 1612 36.9739
93 141.6831 371828
914 38.8001 37.3916
95 48.14722 37.6004
96 42.6358 37.8092

PROJECTI ON COMMRIONS

F! 75 USE **243.580

Fy 81 USE ** 445.726

CBAGE **** 83.0%

PROJECTED FT 81 USE 4 109.782 409.857

CokIG! PROS F! 75 ****** 68.2% 68.3%

PROJECTED FT 82 USE ****** 478.886 439.928

CRAGE PROS FT 75 ****** 96.6% 80.6%

260
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SUMMARY OF PROJzCI3YS

ERIC PHILADELPHIA

MYTH ACTUAL TIME SERIES rREND
,BTU/KSF MBTU/KSF BBTU/KSF

:5,4 ~ 10.3163

1I7.6910 10.3226

6766478* ,, 18:34481

9 12.6584 10.3541
10 16.2146 10.3604
11 16.5250 s's'*s. 10.3667
12 11.9810 10. 3730

8.9978
168.42148 8.7888 838

17 8.7917 8.9535 10.14045
18 9.0740 8.402 10.4108
19 10.4146 8:9765 1814171
20 10. 1888 9.9617 10.4234
" 1 114.8740 12.8080 10.4298
2 14.535 1'M982 10.4361

23 15.0997 15.76;5 1.414214
24 13.2088 12.9978 18.4487

25 91.363 1.6H01 15

J7 8.339 8.7724 1.4676

29 925611 8.4105 10.5230 9.361 8. 3162 10.14865
31 895 8:9095 10.149JS

9.'18089.60

32 10.5632 10. 8 10. 4991
33 13. 3 125613 1g5
384 10 169241
35 15.3264 15.6001 10.5180
36 12.567 12.7105 10.5243

39 8886 8. 51431 1 :433
40 7:6031 8. 1682'849
41 8.1290 8.21451 10.5559
42 8.88143 8.1362 10.5622
43 9518
(44 9:7 S6 9:6'854
45 14 .7832 12.8906 10.5811
46 13.9200 15.1354 10.5874

8:1149 10.6119

8.857;08 10.6252

,9:. 97 93989 . 641
9  4  9,9332 1..6504

57 1.06512.8918 10.6568

261



v 7 

S13.440114384

60 12.4093 11.9375 10.6757

1 8.4.441 1 69

66 8.1650 10.7135
67 8.8663 9. 1561 10.7198
68 10. 7261
6 367 13.0820 10.7324
70 16.2939 14.6823 10.7387

71 14.8552 14.8831 10.7450
72 13.7941 12.6842 10.7513

73 9.211
i , ,=. : I 18:757

852 8.9018

78 8l 03g4 10.7891
79 9243 10.795

80 8.9283 10.0393 10.8018
81 1 2 .858 9  12.2763 10.8081
Q- 16.1680 14.0184 8144

12.876 14.9681 188207
84 11.7798 13.09119 10.8270

87 8 10.8459
88 8.2393 10.8522
89 8.3859 10.8585
90 8.1628 10.8648
91 8.9487 10.8711
92 9.8097 10.8774
93 12.4318 10.8838
914 14.9380 10.8901
95 15.2020 10.8964
96 1.901, 10.9027

PROJECTI ON COHPkRI3)NS

FY 75 USE **** 125.709

7! 81 USE u s ' 121.791

CHANGE *.** -3.1%

PROJECTED FY 81 USE 126.568 129.508

CRINGE FROM FY 75 ***,* 0.7% 3.0%

PROJECTED FY 82 USE 125.315 130.416

CHANGE FROM FY 75 ***** -0.3% 3.7%

262
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SUBMARY OF PROJECTIONS

IRHC PORTSBOUTH

8 18.5685 15.95391613

I s1133 14611 1791

9 21o6419 23.2986 16.9299
1 10 8547 14.6 16.9246

24031 6
12 22.9866 24.1515 16.9806

1 17.2!163 4 848g~ 12:896
18 13s568 12.959 17.08199 156049 13.290 117.0392
10 23171":1J 17:1116

1o 5.6 1619214 17 1

22, 23.3067 2,,.3003 17:14941
12 22.9866 25.1745 17.163

23 1.316 23.1202 17012

is ,1:8341.491.,o,1

1 17.2507

17 1 891H42 17. 6 6
30 143 524 7 81

9 1 41 21 .1133 17:35289

214.527816 21 17.3I6

36 2.4379 235876 173858

2 3 74363 17.14196i14 34610708 17.4364
12 12.86 21 48 17.4
2 1363 13.102 17.871

14o02 1 0 193 17o0

741 14.330 13.1 17.4 2

26.8390 3701 1 7

2 33.
1

13.6. 8
54 12.2296143 17. 358
55 16287 8 17.766
56 24.4379 2357 17.735

71 121.93 16i9 17.74047

41. . . . . . . . . . . 4 7..



'4 4*171 1 7717

I0 DUN" .141 9 11.7 10

I I 1 1

66 12656 3.311lf 17.8923
7 1213822 14.4553 17.9092

68 15.94133 16.313 17.9261
69 21.3218 2.011.13
72.3312 23.995 17 06 a
71 28.4291 24.7775 17.9767

16.2481 16. 473 18.1 5
S2.1254 24. 0 18.82,4

75 14.6111 13.5290 18. 443

78 1 .1861 12. 38 18. 9*49
79 16.1874 14.4567 18.1 18
80o 15.278 16.5482 18 .1287
81 26.5 4 22.3488 18.1456
82 24.8571 23.9476 18.1624
83 2322808 6.0551 18.1793
84 20.639 22.9899 18.1962

8*1461 8

4 .1712 18.
* 8 27650 18. j6J
89 198a 8 18 286
90 12 6326 18.2975
91 1417822 18.3144

941 211303 18.3651
95 25:0319 18.3819
96 23.2605 18.3988

PIOJECTI ON C0EPARIS3NS

F! 75 USE ***206. 80*1

F! 81 USE **4* 207.648

CRINGE 4"44 0.4%

PROJECTED F! 81 USE ,.*** 210.981 217.240

CHANGE FPON FY 75 ***** 2.0% 5.0%

PROJECTED F! 82 USE ***** 211.038 219.671

CHANGE FRON F! 75 *,*** 2.0% 6.2%

A6.--
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* 
"  SUREARY OF PROJECrIS

"RIC SiM DIZG3

ICT UL L'Ai'"HM
UOITH EBTUO/KS

1 9 5

5 0 0 1 97

7 1 095

11 18:7 I8A1"?11 11 91,
,2 1 5 1,, 9

UI I: iltt:I! 1I:I11t
11 ISAUS ::89

10-182 .1523 10.416 9.i# 4,.4878 is.,J69

1~2229100172

1"7 11:407O1 10.9700 80.43 28

s a. a3 8.45281 448

'7 1t~I~ jj4qf1 1110.W1'9

Ag II f4t,,,olll~
929 10.178I

691 11.9819 10.9

2 6
9t:.1! 3 1I it II. 7 "

9.22

I~ ~ ~1 18:t47 :tS
Rlll 11 1 11 .8874338l' ,,.o,,4 8 .-:SJ
417 19.:1 11.6211 10.7169

49:1911,2129 10 : 25

4S.1: 991 1 ,8&68146 0 , 1 1t:0lt a 11.7 2
47 1 1.6391 11.09119 10.903

48 4 Ill:2 6 19a

:-::!..;:::.--::: : i:.- : i:: :':::: I :: :::"':"::: : :::::: :i ii i:ii~ l~:7i li



61 18:1731
63 11 26936 8
64 10. 5929
65 1 .36 1019966
66 10.12 .2 9414 11.0082

67 10.691 1113 11.0,

71 1 1. 4 11.78 11:8665

75 11.927 11.0532 11 131

11.3799 11.0082 11:120 7

78 *02 266 64 8

1 1 815 11,0016 11.1830
82 12.8589 10.8826 11o1947
83 1.1: 5 1' 2

84,,~ , ,° , .1 .i:8o

$2 111781

8 11.3239 11.2529

88 11.266

89 1.7836 11127

90 10.5658 127

1I 8:661 11:3J

93 10. 6 1:15

988 1 191;97

PROJECTI ON C0KPA3rSIS

7! 75 USE **** 124. 651
F1 81 US8 **** 136. 351

CHANGE **** 9.4%

PROJECTED F! 81 USE ****** 133.7651 33.86

CHANGE FlOE F! 75 *****t 7.3% 7o4%

PROEC D F! 82 USE ****** 130.890 135.524

CANGo 13o5 7! 75 ****** 8.2% 8.7%

266

1 4 7 -. 30

11 3J3 11.252



. . . .. ... - . _ * -~ = -, -bw " - - - -. . _ -- , * - • .t . . _

, '-':=:'-:,;SUliBIRY OF PROJECTr~iS

"RiC STUDY GROUP

ACTUAL TIRE SERIES I l RD
MONTH KITU/KSP HBTU/KS? HBTU/KSP1' ~tT 1iaOMC S *

150 18 1107 47
4 14.j36 13,96421 158107

1*4.21 1 64 1 83
14.3 14.0 39 15 a

6 1*4.11 1 IJ275 ss8 6 135 15392115o 9148
19 IN0302 18.2575 159408

19. 231 18.8657 1 :9669
11 19.4111 19976 15.9929
12 17.7595 18.61 0 16.0189

14. 9 14.5391 16.0970
1. 9841 17411 16.1230

1 145148 14:,7
114. 14 6 117

19 15. 54 15.3567 16 2011
20 1 -- 2 16 4616 16. 271
1 1 19o,885 16 031
22 18. 19 19 16. 91

3 1 8 16.14613
IS: .l6059 160127

14. Q 1 06 16.4311
118 6 16 46 3

14.0 1 0491 16.4873
1514 1*0.189 16. 133

ml 1541 16. 394I t
164 16.6174

18.7108 16.6434

~ilt IAl014. 1 1 11. 1 149194 i6:775111 1*4.8 14.8661 16.79
4Z 14 14.8389 16.79

13 1 15.6809 82:
144 1116.4*436 165.85

4 ; 62100 16. 9037
961.13 19J

147 1

148 193 1 17 818

121 15.7625 171379

298 18I :I132 17.1899
1~> 267



.. ... . . .. '-" -- '- '- : ." .". . -'':. * -..-. . .' ". .. "

1 ~~It M 3 41
17.5483 i13 17

7 18120.:6061 17.5542
72 20.011 19.So8 17. 802

7..76

3 124: 1
75 1;.7261 It.1859 7.6583
71 15.7464 1 .2989 17.68113

78 1 96157dJ
81 20.116 19.1269 17.84
82 20.9941 17. 405

91 B716 17.092

12 17. 18. 1007g3 19.:8128 18.9927

91 1 059 18.04

95181s
18.2 188

PPOJBCTI 0 COPLRIS31S

FT 75 USE **.. 192.184

FT 81 USE **** 212.017

CHINOS **** 10.3%

PROJECTED FT 81 USE ***** 210.108 212.992

CHING 71On FT 75 ***** 9.3% 10.8%

POJECTED ?! 82 USE *.*** 215.592 216.740

CHING 1303 1! 75 ***** 12.2% 12.8%

268



RAZ;I rnniii[

SUM1R OF DATA FOR NRBC CARP LEJEUNE
(Mo*nt h 1I Oct 19714)
MONTH HBTU KSF KBTU/KS? AVG rZHP HDD CDD PRECIP

1 4139 141 41: 1:;
14 5251 66 Ago 5.I 1:1 25. 1: 8

5 3897 66 10 1378o 7.: 35
3781 66 :: 8 383. 3. 1.89
4767 661 289. 20. 4.37

8 4767 660 17.2 9.1 Q 28: 160. 4.08
* 9 7586 60 1.4w 6 u. 353. 4.4

10 10556 660 15.9 7M:0 0.O 398. 6.6
11 11240 660 17.03 10.2 0. 479. 1.91
12 5707 660 8.65 6.20 0. 345. 5.21

14 3 36 .
15 4141 6 6. 4.10 . 4 .148

6 17 41-70 J 8: 3-2j
1 66 9 . 4

6771,1 6 1 6ll,8.131" 3:
6 81 ;1. 2 68. ,9. 1

6 21,9 1 : 49- 2 68. 4:89

1 . 1214 J:5. 8: 401: 14~:J1
24 816 6 11.9 71 .8 1. 2114. 8.58o

4i 6 151 114 "  7

1. 1 6 366. 2.70

1 35.80 566. 0: 4
4 6.82 44.30 5 1.1 1.64

0 41 .1 55.20 309. 0. 4.01

6~ 8 6.9 1090 49. 1.39
11I7 611 l 116 8f . 499: J:41
ga tU I Ji 7. 0f: 3: 4.i2.70

5141

1 4 1 6 1 4J.q 2 04 .85.6
14~ 66 73 8 13. 0i. 28

44$ 18601 16.26 78060 411. 4*47
6 1 6 8 493. 1.04

146 95146 660 114.146 76.30 0. 3145. 0.73
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51 9 660 7.79 51.20 426. 7. 3.32
4501 660 6.82 45.40 601. 0. 9.72
5116 660 7:75 '41.00 663. o. 4.67
4 44 66 .73 51.0 %39. 2. 96

6. 73 23: .68
56 6496 660 9.84 660 32 121. -0.66

7389 660 11.20 71.60 203. 4.04
58 8503 660 12.88 77.40 0 394. 6.30
59 9651 660 14.62 77.90 0. 407. 3.33
60 9466 660 14.34 75.20 0. 313. 12.78

61 6078 660 9.21 63.40 112. 69. 0
61 5058 660 7.66 58.60 208. 24.6
6 4791 660 7.26 49.10 487. 0. 5.19
64 4710 660 7.14 45.80 587. 0. 7.76
65 4942 660 7.49 39.00 750. 0. 2.38
66 4594 660 6.96 49.30 477. 0. 8.94
67 5545 660 8.40 61.1 145. 35. 4.03

68 1Q243 668 15:2 :8 3j: 3: g17
69 85 66 1  4 3 2 2 :
70 9698 660 14.69 79.30 0. 449. 3.47
71 10196 660 15.45 79.10 0. 445. 1.48
72 10022 660 15.18 76.00 0. 335. 5.09

73 64 t 0i 12 5. 5
74 1y :13 J85: 132.29

75 N 6 7. 6 44,V ti85. 1: 4.48
76 5382 660 8.15 36.20 0. 0. 1.75
77 5116 660 7.75 46.10 0. 0. 1.99
78 4721 660 7.15 45.40 1. 1 2.36

- 79 5359 .12 6 .60 45. 45. 1.84
80 6334 660 9.60 65.40 104. 1 . 4.90
81 10185 660 15.43 78.30 406. 406. 3.91

9698 660 14.69 78.60 429. 429. 9.32
10022 660 1 .18 76.50 361. 361 11.34

84 10022 660 R 71.0 218. 218 1.31
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SUBMAR! OF DATA FOR NRHC CHARLESTON

MONTH dBTU KSF NBTU/KSF AVG TEMP HDD CDD PRECIP11j 411 1,:8 1:1 1:I: 1: I
16.83 1432. 3. .00

' 1I412 4 ~ 1:2 8

?1 1046J 456 2,1 56.90 273. . 4.54
1o62 456 2:30 62.30 152. 2 .,,,

8 11901 456 26.10 75.10 0. 318. 5.06
9 12667 456 27.78 78.50 0. 414. 5.96
10 11890 4 6 26.07 79.20 0. 449. 9.34
11 14697 456 32.23 81.50 0. 516. 7.18
12 11542 456 25.31 76.80 0. 361. 5.16

13 10171 4I 1:1914 93J8, 2;7 T: 1,,, ,, ,
1s 349 456 28.03 49. 0 O. 0. 3.3
19 1.44 44.80 5 1.
1i 835! 4 6 18 32  55.90 25.:
8 8630 456 18.93 62.30 146. 73 2.33
19 9036 456 19.82 64.00 94. 7. 0.62
JO 10590 456 23.22 70.30 15. 187. 8.87

1 10730 456 23.53 75.80 3. 329. 5.59
2 11797 456 25.87 81.0 0. 502. 4.48

11228 456 24.62 77.0 0. 384. 5.22
24 12783 456 28.03 73.90 0. 274. 6.03

977 456 21.42 7. 711 93i 8 45 20:45 0.98 41 35
7 9082 456 16.92 48.80 501. 1. 5.12

28 8363 456 18.3 8 38.70 808. 0 272
29 8328 456 18.26 46.30 516. 1 1.38
30 8201 456 17.98 60.60 186. 54. 5.31
31 9465 456 20.76 66.40 58. 107. 0.45

930 4J6 20.63 72.80 17. 26 3 4.66
1132 46 2:95 81.20 0: 49h 2.12

'll 41 41 J1 8: g~l: J:1

36 2s.29 87.,o 88. s °

12446 16 .29 20 417. 2.48

37 9848 416 21: 60 O 112 71. 2.49
l 9;9~ '46 20 1 71. 1.76

10 4~ 4b 12.03 86 5. 1. 5.88
S134? 456 22.69 43 0 663. 0. 4.31

41 7632 'J6 16.74 42.7 0 516. 0. 1.82

45 1229 456 6.6 7.6u 0. 41'4. 3.42

11681 456 25.62 77.40 378. 5.06f3 II I17: 18: t:3R
P l 1A399. 21. 4.133ij1 9 0 : 8:I8

59 10 34 '4 1 0.414 08

2717.21'.; - .'- Z- . 6i 4" 1 l
,, ~ ~ ~ ~ 8 i ... 4, . ,,. . .-. - . _ . . _



61 10243 456 22.46 66.00 68. 105. 3.87
62 9698 416 21.27 59.40 2:33. 40. 3.29
63 8839 46 19.38 48.78 500o 0. 2.82
614 96 6 20.3 48. 7 49- 0. 3.9
65 8936 146 18.39 4.90 555. 9. 1.25
66 8828 456 19.36 54.60 321. 7. 7.99
67 10162 456 22.29 64.30 82. 69. 3.43

68 11124 456 24.39 71.140 1 221. 5.85
69 10231 456 22.:44 78.40 0. 107. 3.15
70 12957 456 28.41 82.40 0. 549. 6.97

, 72 118 46 57 so9.80

73 114 4 6 jS

75 10Q314 456 22.00 47.50 537. 1. 1.25
76 95 3 456 2104 141.60 719. 0. 0.93
77 8688 456 19.05 50.80 393. 0. 2.23
78 9802 456 21.50 514.30 333. 9. 2.38
79 10695 456 3.45 67.50 55. 138. 1.87
80 9883 456 1.67 70.80 16. 199. 4.02
81 10718 456 23.50 82.70 0. 539. 6.04

82 13595 456 29.81 83.50 0. 582. 12.66

83 11791 1 6 4 0 1 307: 1:9
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SUMMARY OF DATA FOR NRMC CORPUS CHRISTI

MONTH MBTU KSF MBTU/KSF AVG TEMP HDD CDD PRECIP

1 9604 64 J6.38 74.Q 1. 289. 3.57
2 9558 0 64.20 117. 97. 16
3 9558 264 36.0 57.50 260. 32. 0.83
4 10509 264 9.1 59.70 227. 70. 1.94
5 10231 264 3875 60.10 167. 135. 42
6 10486 64 9.72 67.20 77. 154. 0.05
7 8120 264 30.76 75.00 10. 319. 0.08
8 7899 264 29.92 80.50 0. 486. 1.67
9 7273 264 27.55 83.40 0. 557. 1.31
10 10521 264 39.85 84.50 0. 608. 4.05
11 8560 264 32.42 83.30 0. 573. 4.84
12 9036 264 34.23 79.00 0. 422. 6.70

13 9048 264 74:40 104. 2.02
14 8154 264 0 97  66.5 10:
15 8363 264 31 68 58.50 247. 52. 1.21
16 8120 264 0.:76 56.70 275. 25. 0.15
17 8224 264 31.15 64.40 94. 84. 0.0
18 8386 264 31.77 68.80 45. 170. 0.15
19 6933 264 26.26 73.50 1. 265. 3.68
20 8746 264 33.13 74.40 0. 299. 5.95
21 8514 264 32.25 81.60 0. 505. 0.76
22 9686 264 36.69 81.20 0. 510. 11.92
23 9442 264 35.77 83.00 0. 563. 0.86
24 8816 264 33.39 81.40 0. 498. 2.54

27 7377 264 27.94 54.80 311. 3. 2.30
28 6855 264 25.97 50.30 %55. 4. 3.11
29 7203 264 27.28 58.60 192. 18. 1.72
30 8618 264 32.64 66.00 65. 104. 0.96
31 8874 264 3.61 71 .50 6. 206. 6.00
32 8746 264 3313 78.80 0. 435. 1.96
33 8352 264 31.64 82.90 0. 545. 3.56
34 8642 264 32.73 84.60 0. 616. 1.15
35 9442 264 3.77 86.7 0. 677. 0.39
36 8792 264 33.30 85.50 0. 621. 0.87

39 7377 264 J79 116 1 28
40 7690 264 913 49 0 502: 81

/..8 1009 26.1 9.1 49.20 50. 51. 108

41 7424 264 28.12 51.70 382. 16. 0.84
42 8618 264 32.64 63.90 101. 74. 0.03
43 8456 264 32.03 72.30 17. 243. 2.20
44 9291 264 35.19 81.00 0. 502. 1.68
45 8433 264 31.94 83.50 0. 561. 12.04
46 8943 264 33.87 85.60 0. 647. 3.92
47 10451 264 39.59 84.90 0 622. 0.81
48 10509 264 39.81 81.9 0 0: 511. 10.83

51 6856 264 25.97 59.10 236. 56. 1.82
52 6102 264 23.11 51.30 44Is5. 26. 3.93

53 5471 264 j3:71 57.00 256. 39. 78
698 25 2 1 67 38. 140.

55 918 J35 39.099 7 1. 289. 3.69
56 10046 35 42.75 7680: 6. 4257 11381 235 48.43 81.70 0. 507. 3.23
58 12319 235 52.42 85.50 0. 639. 3.52
59 12064 235 51.34 84.90 0. 624. 2560 906 235 42.15 78.80 0. 421. 1:
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61 9303 235 39.59 75.140 6. 333. 0.41
62 6600 235 28.09 63.30 131. 89. 0.28
63 5290 235 22.51 58.80 233. 47. 1.02
614 6321 2J5 25.67 60.00 195. 45. 1
65 5359 235 22.80 58.10 2147. 52. :3
66 7099 235 30.21 67.60 74. 159. 0.31
67 7134 235 30.36 69.40 30. 166. 0.34
68 10171 2 5 1449 77.80 0. 405: l2.8
69 1118 215 44 '8 830570

70 12632 235 53.75 85.80 0. 649. 1.147
71 10695 235 45.51 83.20 0. 570. 14.79
72 10904 235 46.40 82.140 0. 530. 6.01

73 843123 ~ 89 71.30 43. 247. 1.18
7 61ll j 64. 3: 81

76 5301 235 22.56 46.10 294. 4. 2.55
77 5672 235 24.14 49.00 221. 41. 1.91
78 7633 23; 32.148 54.20 90. 57: 2.37
79 8526 23 16.28 74.40 0. 288. .98
80 9129 235 38.85 77.00 0. 378. 8.64
81 10312 235 43.88 76.30 0. 535. 3.02
82 10336 235 43.98 83.40 0. 580. 5.98
83 10776 235 45.86 83.70 0. 589. 5.79
814 10011 235 42.60 80.70 0. 476. 0.49
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SUMMARY OF DkTh FOR NRMC 3REAT LAKES

MONTH ABTU KSF NBTU/KSF AVG TEMP HDD CDD PRECIP

1 1095 1201 6.91 52.80 384. 12. 1.8
2 9774 1J01 8.14 40.60 172. 8:
3 10695 1201 8.91 30.20 072. 0 . 2
4 11032 1201 9.19 26.20 1160. 0. 3.69
5 9709 1201 8.08 26.20 1078. 0. 2.148
6 11008 1201 9.17 34.10 951. 0. 2.02
7 10498 1201 8.74 43.30 543. 0. 5.50
8 11635 1201 9.69 62.30 152. 76. 3.02
9 12621 1201 10.51 70.50 30. 203. 5.07
10 12853 1201 10.70 75.50 1. 332. 2.19
11 12632 1201 10.52 76.30 . 358. 7.37
12 12725 1201 10.60 61.40 1147 46. 0.80

13 10753 1201 8.95 55.80 303. 24. 1.90
14 8978 1201 7.48 47.20 531. 1. 2.53
15 11484 1201 9.56 31.50 033. 0. 3.05
16 10022 1201 8.34 19.90 1392. 0. 0.85
17 9442 1201 7.86 35.20 859. 0. 1.87
18 10881 1201 9.06 42.80 681. 0. 5.91
19 12018 1201 10.01 52.30 411. 36. 4.05

, O 11438 1201 952 35.90 285. 6. 4.03
1 14546 121 12.11 70.10 170. 178. 2.93

22 12215 1201 10.17 74.00 0. 286. 1.44
23 11855 1201 9.87 70.80 9. 196. 1.29
24 12076 1201 10.05 62.70 119. 56. 1.49

25 11202 1201 9.91 48.30 522. 8 1.41
26 12795 1201 10.65 32.40 9 0. 0.65
27 10208 1201 8.50 19.40 11408. 0. 0.64
28 11426 1201 9.51 10.70 1579. 0. 0. 55
29 11336 1201 9.44 26.90 1060. 0. 0.71
30 10950 1201 9.12 44.90 516. 0. 3.67
31 10080 1201 8.39 55.00 332. 39. 2.62
32 11670 1201 9.72 67.20 115. 191. 1.88
33 11507 1201 9.58 69.30 41. 178. 5.12
3(4 12122 1201 10.09 77.50 8. 395. 1.18
35 13839 1201 11.52 71 90 8. 229. 5.39
36 11855 1201 9.8 66.00 42. 76. 6.07

37 18939 1201 J: 51:.00 11:: it
39 10416 1201 8.67 24.20 1254: . 1.96
40 11368 1201 9.47 15.70 1521. 0. 1.48
41 10811 1201 9.00 16.80 1346. 0. 0.43
42 9871 1201 8.22 31 90 1020. 0. 1.16
43 9981 1201 8.31 47.50 518. 0. 3.94
44 11286 1201 9.40 58.30 264. 60. 2.80
45 14152 1201 11.78 67.60 46. 132. 6.36

15;32 1201 12.93 72.00 1: 2: 46
4 1506 1201 13.08 72.40 4 43 1.96
48 17145 1201 14.28 68.80 59. 181. 6.88
49 12190 I11:87 514 18 J: 1:

51 12447 121 10.36 25.80 1206. 0. 4.141
52 12389 1201 10.32 12.50 12. 0. 2.81
53 302 1201 10.88 16.20 13C 0. 1.02

4 1i 5.4 1201 9.62 36.40 879. . 4.49
772 1201 10.63 45.50 580. 2. 4.92

;1 12064 12Q1 10.04 59:30 23j: 1: 2j
15486 1201 1 9 69.2 30 164:

58 15393 1201 12.82 72.00 16. 241. 2.19
59 14198 1201 11.82 71.00 19. 213. 7.57
60 13166 1201 10.96 66.10 62. 99. 0.02
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61 13073 1201 10.89 53.30 382. 26. 1.149
62 13085 1201 10.89 40.60 722. 0. 2.80
63 127114 1201 10.59 33.70 1967. 0. 25
614 11530 1201 9.60 23.40 1281. 0. 1.,4
65 13073 1201 10.9 21.50 125,,. . :4 0 1
66 10231 1201 2 0 995. 0 16
67 136 1i81 9.62 46.0 558. 13: J:4
68 1196 9.9 59.70 198. 10
69 11646 1201 9.70 65.30 83. 101. 3.42
70 12841 1201 10.69 75.70 0. 338. 3.56
71 13618 1201 11.34 75.70 3. 342. 8.514
72 12864 1201 10.71 66.00 71. 107. 5.6533:; Ilil jJ8+, 18J4 ll:18 31g: J: : ,

S 10707 1046 10.24 28.00 1140. 0. 3.14
S12516 1046 11.97 22.60 1308. 0. 0.1
77 10997 1046 10.51 28.00 1031. 0. 2.35

S78 10730 10146 10.26 37.60 8146. 0. 0.637, 11;1 1046' ,o,, ,ooO il:3 39. 6. 4,
8 11983 1046 11.46 313: 20.
2 4 1346 1 28 2 248. 4.5

83 13607 1016 13.01 71.20 6. 204. 6.60
814 12911 10146 12.314 61.70 135. 44. 3.25

L.7
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:SUBkRY OF DATA FOR NRB JACKSONVILLE

MOITH ?IBTU KSF BTU/KS? AVG TERP BDD CDD PRECIP

33 3141 21.33 55.0 3 18. 1.7
4 7 38 341 21.23 58.60 223. 31. 3.48

7S, ll4J 2. 6o.o 153. 1j2. 2.5
6 8o411 41 4 6 819. 59. 2.46
7 9442 341 27.69 66.40 59. 109. 78
8 10602 341 31.09 75.50 0. 334. 7.00
9 10416 341 30.55 80.90 0. 482. 5.21

10 9268 341 27.18 80.00. 474. 6.36
11 8676 341 J;414 81.20 0. 508. 6.23
12 9338 3141 238 78.40 0. 406. 5.24

15 7667 3141 22.148 52. 0 373. 2. 1.79
16 7516 341 22.04 48.70 498. 0. 2.29
17 7076 341 20.75 58.00 210. 16. 1.05
18 8247 341 24.18 65.00 79. 85. 0.34
19 10014 41 23.147 65.30 43. 60. 0.:63
20 7458 41 21.87 71.40 9 213. 1002
21 10208 3141 29.94 76.140 0. 350. 4.26
22 9198 3141 26.97 81.80 0. 528. 5.41
2J3 18147 3141 5.31 79.70 . 462. 6.37
21 1142 341 4 78 36

213 1:61 ,'is 8g4 41 :49 52.8% 7: 4:J1
29 5927 3141 17.38 50.00 (114. 1. 3.214
30 6565 3141 19.25 65.00 102. 107. 1.03
31 91442 3141 27.69 67.00 46. 115. 1.76
32 10022 3141 29.39 73.00 0. 25. 3.07
33 9546 141 27.99 81. 0 0. 499. 2.65
34 9303 314 7.28 82.70 0. 559 1.97
35 99141 314 29.15 81.90 0. 531. 7.26
36 9720 41 28.50 80.10 0. 462. 7.45

39 85114 3141 214.9 53.30 366. 10. 3.38
40 7540 341 22.11 48.60 508. 5. 4.64
41 7725 341 22.65 47.50 484. 0. 4.17
42 8224 341 24.12 58.70 221. 31. 2.83
43 8062 341 23.64 18:3 22. 131 .,21
44 13316 341 39.05 4 1. 311: .18
45 7006 141 220.55 79. 8: 4: 2:j
146 7795 314 22.86 81:1 524 6
47 7772 341 22.79 80.80 0. 497. 2.39
48 6855 341 20.10 77.80 0. 390. 4.40

51 5580 3141 16.36 55.10 3214. 214. 1.81
52 6658 341 19.52 47.90 525. 1. 6.28
J3 5626 341 16.50 52.00 371. 13. 3.75
4 6102 3 17.89 60.80 160. 36. 1.00

6 914 34 1 329 74

31S 41 11-41 78. 21 ~:94
II 9 ,6, 3 1140 7810 1 29.1. 5.98

S8 45 20.68 82.00 8: M: 4.64
59 6948 341 20.38 80.40 0. 484. 4.78
60 6600 341 19.35 79.30 0. 436. 17.75
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.S - ------- -

61 7262 341 21.30 69.30 19. 158. 0.25
6 6566 341 19.26 62.00 144. 61. 3.64

61 6299 341 18.47 54.30 331. 3. 2.01
6 6 3541 :41 3.30 3
65 6 1 B7.6S 51.20 506:

65 816 44 189 6831 26 12. 3
7343 42 17.32 62.40 134. 632. 6.83

68 8967 424 21.1 75 .2O0 : 3.
69 10684 424 25.20 80.20 .9

70 18311 4J4 J5:52 83:18 3S M98: :

72 10881 424 25.66 80.90 0. 483. 3.03

80 4 68.50 1. 143. 2.

75 8062 4 4 379. 3
76 7853 424 18.52 46.50 570. 0. 0.92
77 6751 424 15.92 55.40 273. 6. 4.53

7 8607 42~4 ~: 8 20j: IJ4: 3:41
81 13398 311.48

80 8804 6 .6 3.3
81 13398 44 ~1.60 0 0. 33
82 8538 424 20.14 84.40 0. 608. 2.46
83 11612 424 27.39 80.80 0 497. 6.47
84 10452 424 24.65 76.00 1 336. 1.22
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SUBARY OF DATI FOR NRKC LONG BEACH

YOTH KBTU KSF KBTD/KSF AVG TEKP HDD CDD PRECIP

1 II 331:4

.1 17141 4 26 7 . 05. 11495

6 1571 426 6.80 2 4. 0. 0
7 1686 26 41 .23 51020 2. 0. 1.144
6 17510 1426 04Q.16 63..6 63:0. 8 1
95 16122 1 31..4 

'426 348.80 1.80 1 0.
~1 6210 426 '4.9 720 0. 2437.

1a 17110, 4Jt6 4J1 6l63: o.j : 8:o
::10 1238 146651.8. 248 0.06

12 18815 426 44.17 74.20 0. 282. 0.0

13 17875 426 41.96 66.70 28. 90. 0.25

814 426 44.o49 6.6 145. 18. 0.13
15 15822 426 37.114 51.28 239. 3. 0.21
16 16344 426 38.37 60.10 177. 314. 0.0
17 15439 146 31 1 9:30 161. 0. 400
18 15381 426 36.11 59.90 165. 17. 0.66
19 16831 426 39.51 59.60 165. 8. 1.18
S0 114476 1426 33.98 66.30 8. 56. 0.01
1 15938 426 37.141 72.00 1 215. 0.14

23 17J76 46 40.79 73.68 0. 271. 0
15 90 6 36.60 714.2 0. 295. 0.83

214 17*400 426 40.85 714.30 0. 286. 1.145

4J 11-I9 72.30 098

13 6 61.20

28 13850 426 32.51 57.20 224. 6. 1.80
29 15393 426 36.13 59.40 157. 4. 0.35
30 12852 426 30.17 55 .50 285. 0. 1.15
31 13212 426 31.01 62.80 714. 14. 0.0
36 14221 426 33.38 63.20 72. 26. 2.32
3 15288 426 35.89 68.90 1. 1214. 0.0

36 16680 426 39.15 71.60 0. 207. 0.02

37 13 6 37 31 : :4 4§1: 11E §o
40 198 4263-8 56.20 265. 0. 6

41 12794 426 30.03 56.90 223. 0. 8.60
41 131J5 426 j 64:08 88. 6j: 6.1

4 130 426 1: 6. 104: 13. 0.0
44 13838 46 3 48 68.90 162. 0.

45 15138 4 6 304 69.90 12 :
146 15520 '426 36.'43 72.60 0. 2140. 0.0
47 16286 426 38.23 7300 0. 254. 0.0
48 16286 426 38.23 74.20 0. 284 1.04

1279

1 12 9 426 28.19 ~2.60 6 . 14
52 13375 42 31.140 .70 344. 0. 8.141
3 13108 426 0.77 120 2 0 2.5

42 141

6 4J6 31.75 65.1 30. 61. 0.
6 lm 32.68 72.18 1. 220. 0.8

1634 426 39.05 72.00 0. 226. 0.
59 14639 426 34.36 73.50 0. 272. 0.0

60 157614 436 36.16 74.90 0. 302. 0.0
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61 15718 436 36.05 66.40 21. 72. 0.37
62 12621 436 28.95 59.80 117. 1. 0.23
63 1,8qA 43J6 2.6 5.0 244
64 4 29.8 195. 0.
65 13769 436 31.58 60.90 116. 4. 9.40
66 12748 436 29.24 58.00 209. 0. 2.861 :J jj: 8: o9
67 1JJ 436 J962.60 99:68 146 662.0 82.
69 12;J8 416 J8.73 8.90 11 3. 8:o0
70 1578 4 6 84:
71 15718 436 67.40 0. 299. 0.
72 17806 436 .4 70.30 0. 167. 0

744f J6 J6 1i 67-8 1 3: 103: 8: 81:"' 7 116 48162 3 3.69 61.7 3 1I '

7 14686 436 33.68 59.20 185 . 1.54
76 14628 4 33.55 58.0 197 . 1.85
77 14164 436 32.49 59.70 156. 18. 1.55
78 13479 436 30.92 58.60 189. 3.41

6- 3:3 6J:3 1987: 8J79 14812; 43J6 3.0 6.Q3. 9
80 14 70 43 3342 6b1 8 66 .2

81 16182 436 37.11 75.10 0. 309. 0.0
82 18479 436 42.38 75.80 0. 340. 0.0
83 1774 6 38.147 76.00 0. 50 0.0
84 17876 4 641~ 1.00 73.20 0. 51 0.07
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SUBMY OF DATA FOR URHC MENPBIS

11ONTH BBTU KS, NBTU/KSF AVG ZHBP RDD CDD PRECIP

I 714 it1 J;:33 gi4 li: 46: 2.617

23. 4.9

3 6391 324 19.73 45. 687: 0. 5.3
4 651 32 4 20.14 45. 51 8. 4. 65

8:44 321
7 i;.i 1.9. .9

8 6~3 3214 24.70 18l 2~: .7

51 3 8: 217 8:715 77114 3214 23.81 11.0 6.. 29

7 3.0 367. 8:.
8 821 32 2 .31 58.50 238. 110. 13

19 34 2 0 3.624 2.
10 77148 324 23.91 65.60 58. 8. 1.3
1 7772 3214 23.89 3.40 0 1. 14.06
1 836 3214 28.89 850 0 3: 71. 3.8
3 901 3 27.1 78:90 8. 14. 0.8

5 8940 324 21.7 8.90 1. 614. 5.6
26 710 324 3. 91 15.50 58. 8. 1.3
27 760 314 23.87 14.90 70. 0. 1.7

2 67720.98 30.70 1056. 0. 2579

9 100 314 8. 815.0 5. 013. 319

30 8862 3214 27.3 5380 22 23. 141

31 1 965 324 29.21 58.90 61. 123. 5.26
2 7111 34 21 .62 76. 40 1. 32. 0

33 11660 3214 23.73 419 708. 0 19

1797 3214 25. 0 1.6

37 1 34 2--84.-5-10 51 0. 1.99

38 9465 32*4 J921 :498 313: 12: 8 4
32 152 3214 5 62 941 64 36 3.3

33 17806 3214 66 Il S51. .3
39 18291 32.7 99 6 8461 .. 1
141 8178 3214 25j299 35.00 8: 0.l 1.31

*3 11 3214 30.683 . 22 .

37~ 10509 3214B:1 1:8 l: 40: :j
1118 3214 3~~ 238
129810 3214 3965 80.90 640 501 9.6

48 1280 321 45 773.70 09. 38. 815

51 8184 J 21 4140 83. 0. 131
42 0692 3 34 11.88 300 1049. 0. 5.98

4 11 3214 30.68 77.90 04 1j: 21
44 10016 3214 34.26 80 0.: 23 .14:

59 1210 3214 349 809 0. 519. 5.92
60 1110 32 9 26 970 0. 259. 1.529

18 jlS1 JJ fl:J1 gj28 18 S: j1



61 8630 289 29.86 65.80 76. 108. 2.60
6 85149 289 29.58 50.70 F26. 4. 7.42

8016 289 27.74 45.40 598. 0. 4.92

69 87 3

61 875 28 28 43.2 669. 0. 3.23
65 882 289 2.66 39.0 733. 0. 1.12

66 0 7 89 27.7 4.1 7. 0. 10.86
67 81 6  1~9  051 60.90 156. 40. 75
68 97Q 289 33.6Q 72.50 7. 2149. 4.143
69 8783 89 0.43 09 0. 480. 5.75
70 9860 289 34.12 88.80 0. 7144. 4.73
71 9709 289 3.60 87.20 0. 695. 1.23
72 10382 289 35.92 80.50 5. 476. 5.32

73 76 48 127 1(1 so: 80.4
S75 6658 I.6

78 9 1:.4 45.90 1.86
76 8909 8 j 1J:90 72. 1.3
77 8712 1413 79 3.66
78 9360 289 1.3 5430 3142. 20. 149
79 9214 s 28 3 00 18 181. 3.67
80 10718 289 23. 1814. 7.06
81 9535 H 3299 82. 0. 532. 2.93

18
84 10138 289 8 4.00 9. 285. 0.61
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SONNARY OF DATA FOR URIC OAKLAND

MONTH HTU KS? NBTU/KSF AVG T EMP HDD CDD PRECIP

1 14860 111 16.31 20 117. 30. 0.93

11579 11 17 3 7.,o so Q0.60
", 13688 11 50.90 381. 0. 3.94
6 13270 911 114.57 51.40 415. 0. 5.91
7 13096 911 14.38 50.60 (24. 0. 1.66
8 154 40 911 16.95 58.40 220. 21. 0.02
9 14825 911 16.27 59.80 151. 4. 0.04

10 16472 911 18.08 61.80 109 15. 0.13
11 14894 911 16 35 63.00 .: 19. 0.21
12 13781 911 15.13 61.40 120. 19. 0.0

13 Ia 311 1:11 :98 19: 28: J:j
15 174I12 911 191 9.30 4tSO. 0. 0.21

18 16890 911 18.54 51.00 27. 0. 1.22
19 16924 911 18.58 53.30 3,4. 0. 0.92
20 175P9 911 19.25 58.30 2j2: JI: 0:0
21 1634 4 911 17.4 63.20 136 01

22 16194 911 17.78 62.50 72. 4: .
17702 911 19.43 64.30 3 23 0.6

213 17226 911 18.91 63.30 79. 33. 0.30

31 17539 911 1 25 55.50 278. 0. .0
29 1569 9111 17:832 55.80 3278 0. 0111

H 1622 911 17.81 60.40 11,1. 1. 0
341 19268 911 62.116 103.

36 14 4 1 Is3 9: 1 . 0.47

37 16177 911 16 1M 111 ,1,o1,:,; Hl is, .. . N:o
40 164728 52. 381. 0. 8.90
41 16211 9111 17. 83 52.80 335. 0. 4.92
42 15648 911 17.18 57 :,238. 0. 1.90
43 18583 911 20.40 4.0 295. 0. 4.50
44 16869 911 60:40 11- 24:1:1
45 18861 911 11:13 60.4 135. 0 :

4 14 911 Il.,, 9"911 3.,o,9 o-48 65. 18: 8:8
19128 911 21.00 610 32. 62. 0.26

48 19288 91 2.0 6. 32. 62. 0.26

151 911 16.81 4 6.0 581. 0.64
S 1576 911 17.32 11.50 536. 6.61

13134 911 15.08 50.30 406. 5.87
911 069

16785 911 18.16 61.0 138. 1 . 13
a U11193 20.08 63.80 55. 25 :9

59 202 2 911 22.22 63.70 56. 21. 0.0
60 19395 911 21.29 67.30 13. 88. 0.0
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61 19094 934 20.44 62.60 85. 18. 2.20
62 19360 934 20.73 54.10 320. 0. 1.94
63 17597 934 18.84 50.90 431. 0. 4.30
64 18537 934 19.85 50.50 441. 0. ,4.85
65 2o149 934 21 .57 54.40 298. 0. 7 .6
66 1 678 934 18.93 53.00 366. 0. 2.656", 17899 93,, 19.16 55.90 269. 8: 0:068 18896 934 20.23 56.30 261. 0.0

69 17191 934 18.41 59.90 155. 10. 0.03
70 18386 934 19.69 63.00 76. 22. 0.10
71 22469 934 24.06 61.50 109. 7 0.0
72 16252 934 17.40 63.20 74. 30. 0.0

75 18385 934 19.6046. 0 1.73
76 17609 934 18:85 62.20 144. 0. 5.93
77 17319 934 18.54 65.50 301. 0. 2.21
78 18073 934 19.35 64.50 358. 0. 3.60
79 17702 934 18.95 68.00 279. 17.
80 18954 934 20.29 68.10 180. 0. 0 7
81 15706 934 16.82 68.10 53. 61. 0.0
82 19198 934 20.55 64.10 112. 17. 0.0
83 1991 934 29.46 64.9 65. 0.0
83 191o0 934 19.26 64.6 . . 0.28
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SUSHURY OF DATA FOR NRIC ORLANDO

HONTH HBTU KSF HBTU/KSF AVG TEMP HDD CDD PRECIP1 3 jlj i:;2 'j:j8 214:. 8:11,
3 3085 212 14.55 60.90 153. 43. 1.62
4 309 21 14.61 65.80 73. 105. 0.98
5 3410 212 16.08 67.60 144. 121. 1.49
6 3294 212 15.54 67.40 57. 141. 1.10
7 3688 212 17.40 72.40 10. 237. 1.36
8 4118 212 19.42 79.10 0. 442. 7.52
9 4767 12 .,9 80.80 0 481. 9.70

10 5452 12 .72 80.50 8: 489. 9.26
11 5370 212 25.33 82.30 0. 541. 4.75
12 5684 212 26.81 80.70 0. 479. 4.97

15 3364 212 15.87 60.20 174. 32. 0.51
16 4152 212 19.58 56.50 278. 18. 0.37
17 3642 212 17.18 63.70 104. 75. 0.83
18 3688 12 17.40 70.40 18. 194. 1.72
19 5707 2 2 71.30 1 196. 2.16
20 5428 212 25.6 76.0 0. 374. 10.36
21 5602 212 26.42 79.70 0. 449. 9.93
22 6507 212 30.69 82.40 0. 549. 7.05
23 7076 212 33.38 81.90 0 529. 3.25
24 7760 212 36.60 80.50 0. 474. 5.87

J5 8,1 jl jjjl J:64. 247. 74
6 43 160 11. 6. 303

27 4373 I2 20.63 60.10 197. 49 77
28 3933 1 18.55 50.60 440. 1. 81
29 3793 212 17.89 57.40 218. 13. 1.76
30 3317 212 15.65 69.70 41. 192. 1.82
31 4848 212 22.87 70.60 8. 182. 0.14
32 4698 12 2.16 75.20 0. 324. 1.47
33 5614 212 26.48 82.60 0. 534. 4.47
34 6449 212 30.42 82.00 0. 537. 6.61
JS] 6 6 87 2 1 22 29 .66 81.50 O . 6:1 i. l8

7 3 21 33.98 82.60 O36. 7

J7 gg I O 69. 7
8 4 46 o 6. 9:8 38: M;: 9:9

39 4431 212 20.90 61.00 179. 62. 3.70
40 3862 212 18.22 56.80 275. 26. 2.49
41 4141 212 19.53 55.80 255. 3. 5.49
42 3433 12 16.19 66.30 71. 116. 2.14
43 3514 212 16.58 73.40 0. 259. 3.61
44 5069 212 23.91 79.30 0. 449. .16
45 6925 212 32.67 82.90 0. 541. 10.00
46 7029 212 33.16 83.60 0. 550. 11.92
47 7J58 212 34.20 82.60 0. 553. 5.13
48 76 212 36.60 81.70 0. 508. 4.31

49 g6 8 jlj 31

51 614 21 9.00 66.80 56. 115. 3.69
52 4362 21220.58 58.20 230. 26. 6.48

6840 fi 38.87 73 48 8: J68: 1:268080 32.08 75.43
6J92 21J 38:15 8. 479. 4.00
6831 21 3  8 1 83.30 0. 575. 7.95

59 7378 212 34.80 82.40 0. 546. 5.88
60 7447 212 35.13 81.30 0. 498. 9.19
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61 6809 212 32.12 74.40 0. 299. 0.43
62 6148 J12 J9.00 68.30 47. 153. 1.93
63 5371 12 533 62.60 119. 53. 0.94
64 3573 212 16 8 60.50 161. 27. 2.45
65 4478 12 21 :1 57.20 245. 5 1.64
66 3863 212 18.22 68.20 61. 169. 1.51
67 4953 212 23. 6 70.40 4. 172. 4.07
68 5475 212 25.83 76.40 0. 362. 6.96
69 6206 212 29.27 80.10 0. 459. 5.25
70 6902 212 32.56 83.60 0. 586. 5.14
71 7575 212 35.73 83.60 0. 582. 2.92
72 7146 212 33.71 81.70 0. 508. 3.70

73 8665 212 430:7 7;:48 1. 331.
74 212 4 0 67 1 67 138
75 6 212 28.34 59.00 1o. 12. 0.47
76 6484 212 30.58 51.30 416. 0. 0.21
77 6276 212 29.60 61.70 119. 34. 4.36
78 7830 212 36.93 64.00 76. 52. 1.85
79 9408 212 44.38 73. 10 1. 253. 0.18
80 7668 212 36.17 76.70 0. 372. 2.02
81 8410 212 39.67 83.20 0. 552. 12.49
82 6484 212 30.58 84.10 0. 602. 3.53
83 10324 212 48.70 82.90 0. 559. 5.60
84 7714 212 36.39 80.00 0. 458. 8.26
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SUMMARY OF DATA FOR NRMC PORTSMOUTH

MONTH MBTU KSF MBTU/KSF AVG TEMP HDD CDD PRECIP

1 lgJ 8718.06 ;171 213. 26 H
2 109 187 14.53 50 71. 32: 1:
3 12586 1087 11.58 46.00 584. 0. 3.81
4 13085 1087 12.04 46.00 584. 2. 4.18
5 15034 1087 13.83 45.40 547. 3. 4.18
6 13572 1087 12.49 47.40 541. 0. 5.72
7 12319 1087 11.33 52.70 382. 22. 4.19
8 20184 1087 18.57 68.30 47. 157. 3.37
9 23525 1087 21.64 77.00 0. 366. 1.16
10 27770 1087 25.55 78.60 0. 429. 13.73
11 26309 1087 24.20 79.60 0. 460. 0.74
12 24986 1087 22.99 72.30 6. 233. 4.82

13 18792 10867 17.29 63.40 98. 55. 3.19
14 1788 1087 16.46 55.70 290. 17. 1.63
15 15034 1087 13.83 43.20 571. 0. 3.62
16 13920 1087 12.81 38.90 804. 1. 2.51
17 14338 1087 13.19 49.90 143. 13. 1.50
18 15173 1087 13.96 53.40 362. 11. 2.21
19 16356 1087 15.05 61.90 186. 102. 0.99
20 16982 1087 15.62 66.30 62. 110. 3.74
21 24360 1087 22.141 75.90 6. 337. 1.59
22 25334 1087 23.31 78.20 0. 417. 5.19
23 24986 1087 22.99 75.90 0. 347. 2.62
24 24290 1087 22.35 71.10 0. 193. 3.51

25 17609 1087 16.20 57.70 245. 27. 2.90
26 15312 1087 14.0 45.90 566. 0. 2.38
27 13433 1087 12.36 41.40 726. 0. 3.22
28 136142 1087 12.55 29.20 1104. 0. 3.33
29 14059 1087 12.93 41.50 657. 4. 2.23
30 15556 1087 14.31 54.70 330. 16. 4.05
31 16843 1087 15.50 61.90 150. 66. 2.20
32 191418 1087 17.86 68.20 40. 1145. 3.86
33 236614 1087 21.77 74.30 1. 289. 2.41
34 28188 1087 25.93 81.40 0. 515. 2.70
35 27492 1087 25.29 81.00 0. 502. 14.57
36 26564 1087 24.44 76.30 0. 347. 3.00

37 16418 15.30 60:J 8 158: 24: 6:09
59 15590 1087 23 4 43.50 561. 0. 3.92
40 14268 1087 13.13 37.00 860. 0. 6.32
41 16147 1087 14.85 32.60 902. 0. 1.91
42 14825 1087 13.64 n1 . j0in8gn 3 7:.8143 152142 1087 14.02 57.0 235 ~290
414 16634 1087 15.30 65.60 72. 96. 5.64
45 25265 1087 23.24 74.10 3. 286. 7.84
146 27074 1087 24.91 76.10 0. 352. '4.19
47 28536 1087 26:25 80.50 0. 487. 1.66
48 29174 1087 26.84 73.20 3. 25-. 1.17

49 18Q26 1087 168; g2:88 162. 36. 1.50
50 1823 107 1.7 5. 26. 3. 4.140
51 14686 1087 13.51 45.30 5114. 9. 2.31

~j 15312 1087 14.09 39.140 787. 0. 6.147
14848 1087 13.66 33.30 879. 0. 5.01

51f 13294 1087 12.23 49.10 499. 11
55 15869 1087 14.6UJ 58.10 213. 13: 0:13

54 18792 1087 17.29 067 5. 112. 10.1
5 23038 1087 21.19 704 0. 171. 2.97

58 24151 1887 22.22 77.10 0. 385. 4.69?
59 25404 1087 23.37 78.50 0. 426. 17
60 27005 1087 24.84 72.80 0. 239. 12A
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61 17539 1087 16.14 60.40 190. 54. 1.74
62 16634 1087 15.30 56.40 272. 22. 5.26
63 14338 1087 13.19 44.90 616. 0. 0.98
64 13711 1087 12.61 40.30 759. 0. 4.54
65 16217 1087 14.92 34.70 872. 0. 2.91
66 13224 1087 12.17 46.5 0 564. 0. 4.140
67 14546 1087 13.38 58.60 196. 11. 3.25
68 17330 1087 15.94 67.80 58. 153. 5. 17
69 23177 1087 21.32 73.90 2. 274. 1.39
70 26448 1087 214.33 80.90 0. 499. 1.85
71 30902 1087 28.43 80.90 0. 497. 4. 54
72 26726 11148 23.28 76.10 11. 351. 1.47

73 18653 1148 16.25 60.40 181. 45. 4.21
74 13920 1148 12.13 49.90 449. 1: 2.01
75 16774 1148 14.61 42.30 699. 1. 2.64
76 14825 1148 12.91 32.70 994. 0. 1:.05
77 14616 11148 12.73 43.1 0 610. 0. 2.26
78 13990 1148 12.19 45.40 605. 0. 1.88
79 18583 11148 16.19 61.20 159. 51. 2.26
80 17539 1148 15.28 65.10 96. 103. 2.75
81 30485 1148 26.55 78.30 0. 407. 5.00
82 28536 1148 24.86 79.80 0. 468. 5.10
83 26726 1148 23.28 75.10 0. 320. 6.87
84 23734 1148 20.67 70.70 12. 189. 3.18
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SUMMARY OF DATA FOR NRIC PHILADELPHIA

MONTH IBTU KSF 9 BT U/K SP AVG TEMP HDD CDD PRECIP

3 69114 822 8.141 B9.40 786. 0 :4
14 6322 822 7.69 37.30 852. 0.
5 6705 82J2 8.16 35.80 91j: 0. 2.91
6 7122 822 8.66 41.20 73: 0. 4.68

7 6461 822 7.86 48.70 483. 0. 2.97
8 8932 822 10.87 66.60 66. 121. 4.999 10405 822 12.66 72.20 4. 224. 7.5710 13328 822 16.21 76.60 0. 366. 6.32

11 13584 822 16.53 77.10 0. 380. 2.21
12 9848 822 11.98 66.60 45. 98. 7.21

13 8851 822 .:2 52.70 372. 41: J:
14 8155 822 19.7 6120 12.4
15 7958 822 9.68 36.90 866. 0. 2.89
16 6925 822 8.42 28.70 1120. 0. 4.50
17 7227 822 8.79 40.90 592. 0 1.66
18 71459 822 9.07 46.30 572. 0. 2.38
19 8561 822 10.141 56.60 307. 614. 2.06
20 8375 822 10.19 62.70 119. 58. 4.35
21 12226 822 14.87 7.0 13. 326. 3.42
22 11 94 8 822 114.514 75.301 0. 326. 4.014
23 12412 822 15.10 74.80 2. 315. 2.17
214 10858 822 13.21 67.30 142. 115. 2.14'4

6438 772 8.34 38:30 1069. 63
28 6357 772 8.23 2000 1390. . 2.61
27 7227 772 9.36 33.60 873. 0. 1.33
30 6484 772 840 4.80 505. 10. 4.19
31 7088 772 9.18 5.20 215 8 32
32 8155 772 10.56 65.0 73. 04 4
33 101440 772 13.5 0.60 36. 150: 5:33
314 11554 772 1411. 77.80 0. 402. 1.47

2772 13: 76.600. J3. :7
S89 77 1 8 69. 2l. 153 1
37 9. 46j 4:~ 2I : 4:461

29 6090 77 .89 32.60 998 0 . 7.19

40 5870 772 7.60 2800 1139. 0. 8.86
141 6276 772 8.13 24.70 1121. 0. 1.35
42 530 6145 8.88 1900 797. 0. 14.31
43 5893 6145 9.114 50.60 423. 0. 1.76
44 6310 645 9.78 61.40 161. 57. 6.01
45 9535 6145 14.78 72.:608 10. 214: 1 7;
46 8978 6145 13.92 7560 . 38. 5.27
47 117014 6145 18.15 79.2 0. 447 1:4
48 891414 645 13.87 68.O 141. 153: 1:g 9

9 35 6145 9.39 38.6 811. 0. 5.61
2 629 645 9.66 32:.50 999. 0. 8.74
4 8 6145 4 5 6.3 378 143

61914 64 : 8 j614 38.:61438 64 4 8 9
7 99 614g 13.01 1:8 1 1 1 4:314

7999 6145 11.01 6 17 35: 3.95
9 882 6145 13.714 75.50 7. 339. 5.95

60 80014 6145 12.141 68.50 28. 137. 4.89
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61 5939 645 9.21 54.90 3291. 16. 3.84
62 6020 6145 9.33 50.10 (139. 1. 2.148
63 5464 645 8:.47 38.20 823. 0. 1.67
64 5765 6145 8.94 j1:5 12: : J:J
65 51417 645 8.140 911
66 5266 645 8.16 10 .20 7S3. 0. 7.01
67 5719 6145 8.87 54.10 301. 0. 4.79
68 6014o4 6145 9.37 6.40 7: 89. 3.22
69 6925 645 10.74 7 .6 1 194. 1.73
70 10510 6145 16.29 78.50 0. 428. 6.58
71 9582 64J 14.86 00.00 0. 1470. 0.80
72 8897 614 13.79 72.20 22. 244. 2.79

73 997 ,14g 1 143 8:
75 5§76 645 9.648
75 5,,74 645 932. 0 999. 0. .7
76 51452 6145 8.145 25.30 1222. 0. 0.50
77 5777 6145 8.96 37.90 752. 0. 2.94
78 51714 6145 8.02 40.00 768. 0. 1.61
79 4536 645 7:03 54.70 309. 9. 3.60
80 5754 645 8.92 62.60 129. 62. 4.53
81 8294 6145 12.86 72.00 (. 224. 4.140
81 10428 645 16 17 76.90 0. 373. 4.54

8306 6145 12 8 74.90 0. 315. 5.11
84 7598 6145 11:78 66.80 58. 119. 2.83
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SUMMARY OF DATA FOR NRHZ SAN DIEGO

MONTH BETU KS? HBTU/KS? AVG TEMP BDD CDD PRECIP

1 21007 1744 12.05 66.80 114. 75. 1.03
19917 1744 11.97: 19: 9.14
14337 1744 .22 5.o 265 : 2
15000 1744 8:60 56.10 273. 0. 0.49

5 15326 1744 10.51 56.40 237. 0. 0.96
6 14J26 171414 18:21 57.50 225. 0. 3.79
7 17585 17144 10.08 58.1 182. 0. 2.00

8 17400 1744 9.98 62.20 83. 1. 0.01
9 18780 1744 10.77 65.00 10. 18. 0.02
10 19128 1744 10.97 69.40 0. 142. 0.0
11 20787 1744 11.92 68.90 0. 124. 0.0
12 20798 1744 11.93 71.50 0. 201. 0.0

13 191430 1414 11.:14 15.90 119: 51 0.9
14 181 44 10. 2 0.40 141:. (e4
15 18325 1744 10. 90 246. 0. .37
16 17214 1744 987 8.90 196. 14
17 19894 1744 11.41 9.68 150. 0: :400
is 15230 1744 8.73 60.30 148. 10. 0.99
19 1643 17144 10.12 61.00 115. 3. 1.33
20 17272 1744 9.90 65.20 16. 31.
21 19499 1744 11.18 69.70 0. 147: :7

19685 1744 11 71.10 8: 196. 002
S 19870 171414 11.9 72.40 0 2140. 0.01

24 19314 1744 11.07 73.80 0. 269. 1.00

25 18026 17414 108:14 71.208- 21: 8J
26 18386 1744 104 66.80
27 16031 1474 10.88 60.70 119 1.
28 15300 114714 10.38 60.30 143. 5. .36
30 14929 114714 10.13 575 2J4. 0. 0. 6

31 15622 1474 10.60 61.40 103. 2. 0.01
3 15810 1474 10.73 81 .0 88. 1. 1.79
H 16367 1474 11.10 65.80 3 34. 0.03
314 164148 1474 11.16 71.60 0 J2 .
35 178140 114714 12.10 73.10 0. 58 0.03
36 18362 114714 12.146 72.20 0. 2214. 0.0

37 11113 11.57 68. ~ 2
38~~~ i6 174 11.140 61. 3§
3 19 554 10.54 63 1 590

1 1580 1474 10.23 61.00 117. 1. 5.95
141 152 14714 10.0 60.90 117. 7. 2.614
42 13630 1474 9. 614.30 38 50
43 1553 1474 10. 4 63.140 1 f 4. 0.7
144 1593 6 114714 10 8~ : 115: 8:8

45 166 4 14714IC H

148 18038 1474 12.214 714.00 0. 276. 0.72

4071 55.20 143 -9 0.19I1 1 114714 4 1520 20. 1
1147144 1 51 6 6 : 4 44 :6 ~ O

56 1) 114714 10.52 9569 20.: 146 0.09

57 1715 171474 11.67 1.206 1. 0.017581 11114 1114714 11.114 71.80 0. 16. 0.09

59 17145 114714 11.63 73.90 0. 283 060- 17168 1474 11.65 76.300. 348.
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61 19186 1474 13.02 68.70 4. 12,4. 0.73
62 16518 147 11.21 62.40 75. 5. 0.27
63 16611 1474 11.27 60.60 136 8. 02
6 156111 4 11741 10.59 61.10 117. 2. .: 5e
65 16298 1174 11.06 63.50 50. 13. 4.417
66 15938 14711 10.81 61.50 1041. 3. 2.71
67 15231 174 13 63.90 61
68 16o54 11174 1:13 63.80 ,,3: : 0:6
69 15405 1471 10. ,5 68.50 1. 110. 0.01
70 15741 11174 10.68 72.90 0. 253. 0.0
71 17528 141741 11.89 74.20 0. 289. 0.0
72 18838 1474 12.78 70.410 0. 170. 0.0
73 1641 14174 11:16 67.J
71 1656 1474 11.2 628 7: 19: 8:8 5
75 175711 1474 11.92 60.80 13. 7. 0.31
76 16 74 11174 11.31 61.30 111 * 7. 1.48
77 15312 11174 10.39 62.20 101. 29. 2.26
78 15776 1474 10.70 61.10 116. 0. 3.74
79 16159 111714 18. 9 64.8 410: 6: 8:J2

80 15254 14741.3 6314
81 15892 11174 10.78 72.90 0 J144: 0.082 1895 111711 1 .86 70.60 O. 335.
83 18131 1474 12.30 75.80 0. 343
8 18112 144714 12.31 73.70 0. 265: 8:83
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SU:HART OF DAl FOR IRSC STUDY GROUP

H3NTH HBTU KSF BBTU/KSF AVG TERP HiDD CDD PRECIP

I 122I1 8,41 1,,.,4,3 o , ,. 231. 35.09
4 20984448 114.4 60 31 51- 31 541 ,o,5 I,0,61 ,,,.1 lt.J, a,7,0. 35,,.42,'
18924 448 1. 357 45 6. 6

7 120892 8448 14.31 58.76 3J 41. 874. 38.12
136309 8448 16.14 69.50 559. 2410. 45.44

. 146575 8448 17 31 74.19 197. 358; 1 2.86
166621 8448 19.72 76.4 110. 45 60.33

11 163985 8448 19.41 77.27 75. 4711: 37.147
12 150033 8448 17.76 72.45 358. 3116. 42.73

13 4114 81048 16.75 66107
1l 136818 8448 16.21 58A18 3381: 3 9.

2 18 89,, 4,148 11468.81.4, 94.0 ,1893
15 126631 8448 14.99 49.07 396 91. 25:

16 1232 8448 14.60 425.41 34. 309. 7187

17 1151 81448 14.51 507 4098. 204. 23.62
18 41 81448 14.52 57. 0 3125. 5. 28.32

19 31758 148 15.60 61.87 19157. 916. 20.62
20 1191 81448 1.62 66.70 846. 1566. 5 .53
21 153811 8448 18.2 74.13 333 3541. 37.142
22 158891 81448 181.1 76.69 72 4509. 47.68
23 158302 8448 1874 75.75 49. 4136. 35.07
24 157735 8448 18.67 72.49 241. 3019. 47.17

R ,,o13 Bill '19:9 H:13 MI : 2,S:o HAI:,

9:g8 161 6 033311127 119r-iQ 812 14.71 47 6565. 60:28 1139 1 818 14.02 395 9391. 16
29 118551 8128 14.59 48.17 5529. 51. 17.45
30 118918 8128 14.63 57.28 33 . 516. 33.14

32 11 16.76 dif 9 714. 2283. 248

33 148661 812 18.29 7.3 2J:3. 3 : 32.1
314 162663 8128 20.1 78.62 111 267. 51
jj186g fli 8:41 i 3 j :ji dII IS: 39.96

39 119662 812J8 14:7 5.10 5786 171. 41.86
40 119871 812 147 436 7930. 50. 68.32
41 117922 8128 14.51 4J.76 74129. 26. 36.33
42 115218 8001 14.40 5 .90 4386. 343. 47-34
43 I1639 8001 15.:O 6 1.83 1935. IS;: 23:31

14045 8001 68.82 04.
45 ,.-9 81 19.14 74."" 199. 3698. 48.86
46 159809 801 19.97 :139 117. 4607. 51.13
47 170865 8001 21.36 7q 169. 41880. 32.69
48 167871 8001 20.98 74.77 135 3732. 38.51

43 1 28 11:11 11:9? 143: 1J21: 3#:Jj
3 11112 9~ 38 43 84 S~ 4.8

114461 fl13 1412 1.4 17. 1814.6

1288 3972 15. 1 .04 5~ 198
1328 9? 16 J9 1:16 51 9

;7 192111 7i 1s: 3121

59 1;941 7972 20.00 77.OQ 182. 4628. 38.64
60 15476~ 79147 19.47 74.2 103. 3494. 92.05
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61 138874 7970 17.42 65.05 1287. 1382. 19.97
62 126058 7970 15.92 57.14 3134. 400. 38.00
63 118217 7970 14.83 50.48 6445. 125. 26.53
64 116848 7 78 14.66 48.09 6277 75. 46.73
65 122391 797 15.36 46.3 C 6542. 118. 35.06
61 1154840 8053 14.26 J3-61 45146. 40

122381 8053 15.20 01.37 1925. 693:
68 139628 853 17-34 :. 771. 2022. 36.
69 141253 8053 17.54 41:63 269. 3 8 14
70 16257 4 8053 20.19 79.06 76. 5391. 39.16
71 170613 8053 21.19 78.75 112. 5303. 39.00
72 162377 8114 20.01 74.96 183. 3852. 35.66
73 138573 8114 17:0 !?.:77 15,1g: 12j7: 23.14

74 130198 8114 16. 17 3. 285 3.82
75 125164 7959 15.3 48.62 6387. 68. 19.02
76 125325 7959 15.75 43.76 6996. 11. 18.65
77 119399 7959 15.00 50.56 4449. 130. 32.25
78 125I4874 7959 15.69 5.21 3926. 162. 1:2
79 1349 7959 16.96 65.1 1,01. 1231.
80 136590 7959 17.16 18.12 876. 1814. 41.36
81 162782 7959 20.45 687 469 4523. 45.56
82 169488 7959 2133 78.61 549. 5196. 49.80
83 1665547 79 920.93 76.99 F43. 4553. 61.29
84 158653 7959 19.93 72.31 507. 2955. 22.80

r 9

2 9



1. CURULATIV PROBABILITIES OF STIDARD NORIAL DISTRIBUIOI
Envyaisrem I -zundardw sundad acmal=wgfrm -co to(A -a)

M .00 .0 . .02 .03 .04 .05 .06 .07 .06 .09

.0 .5Mo .5 0 .3M .5120 .160 .199 .5"9 .5M .5319 .5359

.1 .539 .5438 .3478 .3S17 .33S7 .59 .3636 .5675 .5714 .5753

.2 .5793 .5832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141

.3 .6179 .6217 .253 .6293 .6331 .A .640 .6443 .6480 .6517

.4 .6554 .6591 .6628 .6664 .6700 .6736 AM77 .680 .6844 .6879

.5 .6915 .0 .6995 .7019 .7054 .708 .7123 .7157 .7190 .7224

.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7517 .7549

.7 .7580 .7611 .7642 .7673 .7704 .7734 .7764 .7794 .7823 .7852

.8 .7881 .7910 .7939 .7967 .7995 .3023 .8051 .8078 .8106 .8133

.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389

1.0' .8413 .8438 .8461 .8485 .8508 .8531 .8354 .8577 .8599 .8621
1.1 .8643 .8665 .8686 .8706 .879 .8749 .8770 .8790 .8810 .A30
1.2 .3849 .889 .888 .3907 .8M .8 9 .82 .898 .8997 .9015
1.3 .9032 .9049 .9066 .9082, .9099 .9115 .9131 .9147 .9162 .9177
1.4 .9192 .9207 .92 .9236 .9251 .9265 .9279 .9292 .9306 .9319

1.5 .933 .9345 .9357 .9370 .9382 .9394 .9406 .9418 .9429 .9441
1.6 .9452 .9463 .9474 .9484 .9495 .9505 .95,5 .9525 .9535 .9545
1.7 .9554 .9564 .93n .9S82 .9591 .9599 .9608 .9616 .9625 .933
1.8 .9641 .9649 .965 .9664 .9671 .A78 .9686 .9693 .9699 .9706
1.9 .9713 .9719 .9726 .9732 .9738 .9744 .9750 .9736 .9761 .9767

2.0 .9772 .9778 .9783 .978 .9793 .9796 .9603 .9806 .9812 .9817
2.1 .9821 .9826 .9830 .9634 .98 .9642 .9646 .9830 .954 .9837
2.2 .9861 .964 .A .71 .9875 .9878 .M .934 .987 .98
2.3 .9893 .9696 .9396 .9901 .9904 .9"06 .9909 .9911 ."13 .9916
2.4 .991 .9920 .9922 .9923 .9927 .9929 .9931 .9932 .9934 .9936

2.5 .938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 ."$51 .9952
2.6 .9953 .9953 ."956 ."957 ."95 .9960 .9961 .9962 .9963 .9964
2.7 .9963 .9966 .9967 .998 .9969 .9970 .9971 .9972 .9973 .974

82. .94 .9975 .M7 .99"7..9977 .9978 .999 .79 .IM .",1
2.9 1 2 M.99 .9983 .9"4 .9N4 .M . S .9986 9M6

3.0 .9M .9997 .9987 .9M .998 .9969 .99 .9969 .9990 .9990
3.1 .999 .999t .9991 .991 .9S92 ,, 3. -9IM .9992 ."93 .9993
3.2 .9993 .9993 .9994 .994 .9994 .9994 .999 .9995 .9995 .9995
3.3 .9995 .9995 .9995 .996 .9996 .9996 .9996 .9996 .999 .9997
3.4 .97 .9997 .997 .9997 .997 .997 .9997 .9997 .9998

Souico: lNetor John and Vilo;rnan, W111lant Aa,,.Ja kiliam
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B. PERCENTILES OF THE t-DrSTRIBUTION

Eny is t(l - a; v) whe P{t() <t( - ;v)- I -

i ~ -a

. .5 .60 .65 .70 .75 .80 .85

1 0.158 0.325 O.S10 0.727 1.000 1.376 1.963
2 0.142 0.289 0.445 0.617 0.816 1.061 1.386
3 0.137 0.277 0.424 0.584 0.765 0.978 1.250
4 0.134 0.271 0.414 0.569 0.741 0.941 1.190
5 0.132 0.267 0.408 0.59 0.727 0.920 1.156

6 0.131 0.265 0.404 0.553 0.718 0.906 1.134
7 0.130 0.263 0.402 0.549 0.711 0.896 1.119
8 0.130 0.262 0.399 0.546 0.706 0.889 1.108
9 0.129 0.261 0.398 0.543 0.703 0.883 1.100

10 0.129 0.260 0.397 0.542 0.700 0.879 1.093

II 0.129 0.260 0.396 0.540 0.697 0.876 1.088
12 0.128 0.259 0.395 0.539 0.695 0.873 1.083
13 0.128 0.259 0.394 0.538 0.694 0.870 1.079
14 0.128 0.258 0.393 0.537 0.692 0.868 1.076
15 0.1 0.25 0.393 0.536 0.691 0.86 1.074

16 0.128 0.258 0.392 0.535 0.690 0.865 1.071
17 0.128 0.257 0.392 0.534 0.699 0.863 1.069
18 0.127 0.257 0.392 0.534 0.689 0.862 1.067
19 0.127 0.257 0.391 0.533 0.688 0.861 1.066
20 0.127 0.27 0.391 0.533 0.687 0.860 1.064

21 0.127 0.257 0.391 0.532 0.686 0.859 1.063
22 0.127 0.256 0.390 0.532 0.686 0.858 1.063
23 0.127 0.256 0.390 0.532 0.685 0.858 1.060
2 0.127 0.256 0.390 0.531 0.685 0.857 1.059
25 0.127 0.256 0.390 0.531 0.684 0.856 1.058

26 0.127 0.256 0.390 0.531 0.684 0.856 1.058
27 0.127 0.256 0.389 0.531 0.684 0.855 1.057
28 0.127 0.256 0.389 0.530 0.683 0.855 1.056
29 0.127 0.256 0.389 0.530 0.683 0.854 1.055
30 0.127 0.256 0.389 0.530 0.683 0.854 1.055

40 0.126 0.255 0.388 0.329 0.681 0.851 3.050
60 0.126 0.254 0.387 0.527 0.679 0.848 1.046
120. 0.126 0.254 0316" 0.526 0.677 0.84 1.041
, 0.126 0.253 0.385 0.524 0.674 0.842 1.036

sourlo: ,,jt,=.ohn ad .a rmane 11 11am, kuip i
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C. PERCENTILES OF THE F-DISTRIBUTION

Vt

1 I- I 2 3 4 5 6 7 8 9

1 .50 1.00 130 1.71 1.82 1.89 1.94 1.98 2.00 2.03
.90 39.9 49.5 -'"- 55.8 57.2 58.2 58.9 59.4 59.9
.95 161 200 216 223 230 234 237 239 241
.975 648 800 864 900 922 937 948 957 963
.99 4,052 5,000 5,403 5,625 5.764 5,859 5,928 5,981 6.022
.995 16,211 20,000 21,615 22,00 23,056 23,437 23,715 23.925 24,091
.99 405,280 500000 540,380 562,500 576,400 585,940 592,870 598,140 602,280

2 .50 0.667 1.00 1.13 1.21 1.25 1.28 1.30 1.32 1.33
.90 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
.95 18.5 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4
.975 38.5 39.0 39.2 39.2 39.3 39.3 39.4 39.4 39.4
.99 98.5 99.0 99.2 99.2 99.3 99.3 99A 99.4 99.4
.995 199 199 199 199 199 199 199 199 199

.999 998.5 999.0 999.2 999.2 999.3 999.3 999.4 999.4 999.4

3 .50 0.585 0.881 1.00 1.06 1.10 1.13 1.15 1.16 1.17
.90 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
.95 10.1 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
.975 17.4 16.0 15.4 15.1 14.9 14.7 14.6 14.5 14.5
.99 34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3
.995 55.6 49.8 47.5 46.2 45.4 44.8 44.4 44.1 43.9
.999 167.0 148.5 141.1 137.1 134.6 132.8 131.6 130.6 129.9

4 .30 0.49 0.828 0.941 1.00 1.04 1.06 1,08 1.09 1.10

.90 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94

.95 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
.975 12.2 10.6 9.98 9.60 9.36 9.20 9.07 8.98 8.90
.99 21.2 18.0 16.7 16.0 15.5 15.2 15.0 14.8 14.7
.995 31.3 26.3 24.3 23.2 22.5 22.0 21.6 21.4 21.1
.999 74.1 61.2 56.2 534 $1.7 50.5 49.7 49.0 48.5

5 .50 0.52 0.799 0.907 0.965 1.00 1.02 1.04 1.05 1.06
.90 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
.95 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
.975 10.0 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68
.99 16.3 13.3 12.1 I 1.4 11.0 10.7 10.5 10.3 10.2
.995 22.8 18.3 16.5 15.6 14.9 14.5 14.2 14.0 13.8
.99 47.2 37.1 33.2 31.1 29.8 28.8 28.2 27.6 27.2

6 .0 0.515 0.780 0.886 0.942 0.977 1.00 1.02 1.03 1.04
.90 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
.95 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10
.975 5.81 7.26 6.60 6.23 S.99 5.82 5.70 5.60 .5.2
.99 13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98
.995 18.6 14.5 !2.9 12.0 1I.$ I1.1 10.8 10.6 10.4
.999 35.5 27.0 23.7 21.9 20.8 20.0 19.5 19.0 18.7

7 .3O 0.56 0.767 0.87! 0.926 0.960 0.983 1.00 1.0! 1.02
.90 3.59 3.26 3.07 .96 2.88 2.83 2.78 2.75 2.72
.95 5.59 4.74 4.35,, • .4.12 3.97 3.87 3.79 3.73 3.68
.975 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82
.99 12.2 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72
.995 16.2 12.4 10.9 10.1 9.52 9.16 8.89 8.68 8.51
."99 29.2 21.7 18.8 17.2 16.2 15.5 15.0 14.6 14.3
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* . "-PERCEITILES OF THE F DISTRIBUTION

V1

va I - c 10 12 15 20 24 30 60 120 w

1 .50 2.04 2.07 2.09 2.12 2.13 2.15 2.17 2.18 2.20
.90 60.2 60.7 61.2 61.7 62.0 62.3 62.8 63.1 63.3
.95 242 244 246 248 249 250 252 253 254
.975 969 977 985 993 997 1,001 1,010 1,414 1,018
.99 6,056 6,106 6,157 6,209 6,235 6.261 6,313 6.339 6,366
.995 24,224 24,426 24,630 24,836 24.940 25,044 25,253 25,359 25,464
.999 605,620 610,670 615,760 620,910 623,500 626,100 631.340 633,970 636,620

2 .50 1.34 1.36 1.38 1.39 1.40 1.41 1.43 1.43 1.44
.90 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.48 9.49
.95 19.4 19.4 19.4 19.4 19.5 19.5 19.5 19.5 19.5
.975 39.4 39.4 39.4 39.4 39.5 39.5 39.5 39.5 39.5
.99 99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5
.995 199 199 199 199 199 199 199 199 200
.999 999.4 999.4 999.4 999.4 999.5 999.5 999.5 999.5 999.5

3 .50 1.18 1.20 1.21 1.23 1.23 1.24 1.25 1.26 1.27
.90 5.23 5.22 5.20 5.18 5.18 5.17 5.15 5.14 5.13
.95 8.79 8.74 8.70 8.66 8.64 8.62 8.57 8.55 8.53
.975 14.4 14.3 14.3 14.2 14.1 14.1 14.0 13.9 13.9
.99 27.2 27.1 26.9 26.7 26.6 26.5 26.3 26.2 26.1
.995 43.7 43.4 43.1 42,8 42.6 42.5 42.1 42.0 41.8
.999 129.2 128.3 127.4 126.4 125.9 125.4 124.5 124.0 123.5

4 .50 1.11 1.13 1.14 1.15 1.16 1.16 1.18 1.18 1.19
.90 3.92 3.90 3.87 3.84 3.83 3.82 3.79 3.78 3.76
.95 5.96 5.91 5.86 5.80 5.77 5.75 5.69 5.66 5.63
.975 8.84 8.75 8.66 8.56 8.51 8.46 8.36 8.31 8.26
.99 14.5 14.4 14.2 14.0 13.9 13.8 13.7 13.6 13.5
.995 21.0 20.7 20.4 20.2 20.0 19.9 19.6 19.5 19.3
.999 48.1 47.4 46.8 46.1 45.8 45.4 44.7 44.4 44.1

S .50 1.07 1.09 1.10 1.11 1.12 1.12 1.14 1.14 1.15
.90 3.30 3.27 3.24 3.21 3.19 3.17 3.14 3.12 3.11
.95 4.74 4.68 4.62 4.56 4.53 4.50 4.43 4.40 4.37
.975 6.62 6.52 6.43 6.33 6.28 6.23 6.12 6.07 6.02
.99 10.1 9.89 9.72 9.55 9.47 9.38 9.20 9.11 9.02
.995 13.6 13.4 13.1 12.9 12.8 12.7 12.4 12.3 12.1
.999 26.9 26.4 25.9 2.4 25.1 24.9 24.3 24.1 23.8

6 .50 1.05 1.06 1.07 1.06 1.09 1.10 1.11 1.12 1.12
.90 2.94 2.90 2.37 2.84 2.82 2.80 2.76 2.74 2.72
.95 4.06 4.00 3.94 3.87 3.84 3.81 3.74 3.70 3.67
.975 5.46 5.37 5.27 5.17 5.12 5.07 4.96 4.90 4.85
.99 7.87 7.72 7.56 7.40 7.31 7.23 7.06 6.97 6.88
.99S 10.2 10.0 9.81 9.59 9.47 9.36 9.12 9.00 8.88
.999 18.4 18.0 17.6 17.1 16.9 16.7 16.2 16.0 15.7

7 .50 1.03 1.04 1.05 1.07 I.0-.. J.108 1.09 1.10 1.10
.90 2.70 2.67 2.63 2.59 2.58 2.56 2.51 2.49 2.47
.95 3.64 3.57 3.51 3.44 3.41 3.38 3.30 3.27 3.23
.975 4.76 4.67 4.57 4.47 4.42 4.36 4.25 4.20 4.14
.99 6.62 6.47 6.31 6.16 6.07 5.99 5.82 5.14 5.65
.995 8.38 3.18 7.97 7.75 7.65 7.53 7.31 7.19 7.06
.999 14.1 13.7 13.3 12.9 12.7 12.5 12.1 11.9 11.7
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PERCENTILES OF THE F-DISTRIBUTION

1z - I 2 3 4 5 6 7 8 9

8 .50 0.499 0.757 0.860 0.915 0.948 0.971 0.988 1.00 1.01
.90 3.46 311 -2l.9a- 2.81 2.73 2.67 2.62 2.59 2.56
.95 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39
.975 7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36
.99 11.3 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91
.995 14.7 11.0 9.60 8.81 8.30 7.95 7.69 7.50 7.34
.999 25.4 18.5 15.8 14.4 13.5 12.9 12.4 12.0 11.8

9 .50 0.494 0.749 0.852 0.906 0.939 0.962 0.978 0.990 1.00
.90 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44
.95 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18
.975 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03
.99 10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35
.995 13.6 10.1 8.72 7.96 7.47 7.13 6.88 6.69 6.54
.999 22.9 16.4 13.9 12.6 11.7 11.1 10.7 10.4 10.1

10 .50 0.490 0.743 0.845 0.899 0.932 0.954 0.971 0.983 0.992
.90 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35
.95 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02
.975 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78
.99 10.0 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94
.995 12.8 9.43 8.08 7.34 6.87 6.54 6.30 6.12 5.97
.999 21.0 14.9 12.6 11.3 10.5 9,93 9.52 9.20 8.96

12 .50 0.484 0.735 0.835 0.888 0.921 0.943 0.959 0.972 0.981
.90 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21
.95 4.75 3.89 3.49 3.26 3.11 3.00 2.91 2.85 2.80
.975 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44
.99 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39
.995 11.8 8.51 7.23 6.52 6.07 5.76 5.52 5.35 5.20
.999 18.6 13.0 10.8 9.63 8.89 8.38 8.00 7.71 7.48

I .50 0.478 0.726 0.826 0.878 0.911 0.933 0.949 0.960 0.970
.90 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09
.95 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59
.975 6.20 4.77 4.15 3.80 3.53 3.41 3.29 3.20 3.12
,99 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.39
.995 10.8 7.70 6.48 5.80 5.37 5.07 4.85 4.67 4.54
.999 16.6 11.3 9.34 8.25 7.57 7.09 6.74 6.47 6.26

20 .50 0.472 0.718 0.816 0.868 0.900 0.922 0.938 0.950 0.959
.90 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96
.95 4.35 3.49" 3.10 2.87 2.71 2.60 2.51 2.45 2.39
.975 5.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.84
.99 8.10 5.85 4,94 4.43 4.10 3.87 3.70 3.56 3.46
.995 9.94 6.99 5.82 5.17 4.76 4.47 4.26 4.09 3.96
.999 14.8 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24

24 .50 0.469 0.714 0.812 0.863 0.895 0.917 0.932 0.944 0.953
.90 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91
.95 4.26 3.40 3.o .. 2.78 2.62 2.51 2.42 2.36 2.30
.975 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70
.99 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26
.995 9.55 6.66 5.52 4.89 4.49 4.20 3.99 3.83 3.69
.999 14.0 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80
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PERCENTILES OF THE DISTRIBUTION

-I - 10 12 15 20 24 30 60 120 o

8 .50 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.08 1.09
.90 2.54 2.50 2.46 2.42 2.40 2.38 2.34 2.32 2.29
.95 3.35 3.28 3.22 3.15 3.12 3.08 3.01 2.97 2.93
.975 4.30 4.20 4.10 4.00 3.95 3.89 3.78 3.73 3.67
.99 5.81 5.67 5.52 5.36 5.28 5.20 5,03 4.95 4.86
.995 7.21 7.01 6.81 6.61 6.50 6.40 6.18 6.06 5.95
.999 11.5 11.2 10.8 10.5 10.3 10.1 9.73 9.53 9.33

9 .50 1.01 1.02 1.03 1.04 1.05 1.05 1.07 1.07 1.08
.90 2.42 2.38 2.34 2.30 2.28 2.25 2.21 2.18 2.16
.95 3.14 3.07 3.01 2.94 2.90 2.86 2.79 2.75 2.71
.975 3.96 3.87 3.77 3.67 3.61 3.56 3.45 3.39 3.33
.99 5.26 5.11 4.96 4.81 4.73 4.65 4.48 4.40 4.31
.995 6.42 6.23 6.03 5.83 5.73 5.62 5.41 5.30 5.19
.999 9.89 9.57 9.24 8.90 8.72 8.55 8.19 8.00 7.81

10 .50 1.00 1.01 1.02 1.03 1.04 1.05 1.06 1.06 1.07
.90 2.32 2.28 2.24 2.20 2.18 2.16 2.11 2.08 2.06
.95 2.98 2.91 2.84 2.77 2.74 2.70 2.62 2.58 2.54
.975 3.72 3.62 3.52 3.42 3.37 3.31 3.20 3.14 3.08
.99 4.85 4.71 4.56 4.41 4.33 4.25 4.08 4.00 3.91
.99s 5.85 5.66 5.47 5.27 5.17 5.07 4.86 4.75 4.64
.999 8.75 8.45 8.13 7.80 7.64 7.47 7.12 6.94 6.76

12 .50 0.989 1.00 1.01 1.02 1.03 1.03 1.05 1.05 1.06
.90 2.19 2.15 2.10 2.06 2.04 2.01 1.96 1.93 1.90
.95 2.75 2.69 2.62 2.54 2.51 2.47 2.38 2.34 2.30
.975 3.37 3.28 3.18 3.07 3.02 2.96 2.85 2.79 2.72
.99 4.30 4.16 4.01 3.86 3.78 3.70 3.54 3.45 3.36
.995 5.09 4.91 4.72 4.53 4.43 4.33 4.12 4.01 3.90
.999 7.29 7.00 6.71 6.40 6.25 6.09 5.76 5.59 5.42

15 .50 0.977 0.989 1.00 1.01 1.02 1.02 1.03 1.04 1.05
.90 2.06 2.02 1.97 1.92 1.90 1.87 1.82 1.79 1.76
.95 2.54 2.48 2.40 2.33 2.29 2.25 2.16 2.11 2.07
.975 3.06 2.96 2.86 2.76 2.70 2.64 2.52 2.46 2.40
.99 3.80 3.67 3.52 3.37 3.29 3.21 3.05 2.96 2.87
.995 4.42 4.25 4.07 3.88 3.79 3.69 3.48 3.37 3.26
.999 6.08 5.81 5.54 5.25 5.10 4.95 4.64 4.48 4.31

20 .50 0.966 0.977 0.989 1.00 1.01 1.01 1.02 1.03 1.03
.90 1.94 1.89 1.84 1.79 1.77 1.74 1.68 1.64 1.61
.95 2.35 2.28 2.20 2.12 2.08 2.04 1.95 1.90 1.84
.975 2.77 2.68 2.57 2.46 2.41 2.35 2.22 2.16 2.09
.99 3.37 3.23 3.09 2.94 2.86 2.78 2.61 2.52 2.42
.995 3.85 3.68 3.50 3.32 3.22 3.12 2.92 2.81 2.69
.999 5.08 4.82 4.56 4.29 4.15 4.00 3.70 3.54 3.38

24 .50 0.961 0.972 0.983 0.994 +.1 @- 1.01 1.02 1.02 1.03
.90 1.88 1.83 1.78 1.73 1.70 1.67 1.61 1.57 1.53
.95 2.25 2.18 2.11 2.03 1.98 1.94 1.84 1.79 1.73
.975 2.64 2.54 2.44 2.33 2.27 2.21 2.08 2.01 1.94
.99 3.17 3.03 2.89 2.74 2.66 2.58 2.40 2.31 2.21
.995 3.59 3.42 3.25 3.06 2.97 2.87 2.66 2.55 2.43
.999 4.64 4.39 4.14 3.87 3.74 3.59 3.29 3.14 2.97
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PERCENTILES OF THE F DISTRIBUTION

13 i- I .2 -3- 4 S 6 7 8 9

30 .50 0.466 0.709 0.807 0.353 0.390 0.912 0.927 0.939 0.943
.90 2.88 2.49 2.28 2.14 . 2.05 1.98 1.93 1.88 1.35
.95 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21
.975 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57

7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07
.995 9.18 6.35 5.24 4.62 4.23 3.95 3.74 3.58 3A5
.999 13.3 3.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39

60 .50 0.461 0.701 0.798 0.49 0.880 0.901 0.917 0.928 0.937
.90 2.79 2.39 2.18 2.04 1.95 1.87 1,82 1.77 1.74
.95 4.00 3.15 2.76 2." 2.37 2.25 2.17 2.10 2.04
.975 5.29 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33
.99 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72
.99s 8.49 5.80 4.73 4.14 3.76 3.49 3.29 3.13 3.01
.999 12.0 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69

120.50 0.458 0.697 0.793 0.844 0.875 0.896 0.912 0.923 0.932
.90 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68.95 3.92 3.07 2.68 2.45 2.29 2.18 2.09 2.02 1.96
.975 5.15 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.22
.99 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56
.995 8.18 5.54 4.50 3.92 3.55 3.28 3.09 2.93 2.8f
.999 11.4 7.32 5.78 4.95 4.42 4.04 3.77 3.55 3.38

0 .50 0.455 0.693 0.789 0.839 0.870 0.891 0.907 0.918 0.927
.90 2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63
.95 3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.38
.975 5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 .11
.99 6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41
.995 7.88 5.30 4.28 3.72 3.35 3.09 2.90 2.74 2.62
.999 10.8 6.91 5.42 4.62 4.10 3.74 3.47 3.27 3.10
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UPRCN IILES OF THE P DISTRIBUTION

raefm to. og'ma of Femdomn for Numuoawc (V1l)
09noffla-
to(612) I 2 3 4 6 7 6 9 10 11 12 14 16 20 24 30 40 50 71 100

29 424 326 2.99 216 2.6 2.49 2.41 234 2.26 224 2.20 216 2.11 206 2.00 1.9 192 187 164 160 1 77 1 74
77" SS7 4W ,1i 3.88 3.3 3.46 332 321 313 3.09 2.99 I.N 201 2.70 262 2.94 2.49 2.40 2.32 229 223

26 422 337 2.99 2.74 2.39 2.47 239 232 2.27 222 2.18 215 2.10 201 199 19S 190 16S 142 176 176 172
772 553 4.64 414 3.82 3.51 3.42 3.29 317 30

I  
302 .9 29 2.77 2.08 2.58 2.50 2.41 2.3 228 225 219

27 421 331 296 2.73 2s7 . 2.37 230 221 2.20 216 213 206 203 197 193 16 14 160 17 I 174 171
7.6 S,49 4.96 411 3.79 3.5 3.39 3.2 3.14 3.062. 253 2.93 2.74 2.3 259 247 2.39 233 225 221 216

29 420 334 296 271 2S6 2.44 236 229 224 219 21S 212 206 202 196 191 167 111 176 1 7 172 169
7.4 5.45 4.57 4.07 379 3.53 336 3.23 311 3.03 2.9S 2.90 2.00 271 2.01 2 2.44 2.35 230 222 278 213

29 410 333 293 270 214 243 2.35 2.26 222 218 214 210 206 2.00 194 190 16S 160 177 173 171 16G
760 5.52 4.94 404 3.7 30 .33 20 .06 30 292 28 2.77 206 2.57 .49 241 232 227 219 279 270

30 417 3.32 2.92 269 2.13 242 2.34 227 221 216 212 209 2.04 1 ,99 193 1N 14 179 176 172 19 G I.
7 6 9IP 4.5I 4.02 370 347 330 3.17 308 2O ZO 28d 274 296 2.59 2.47 2.9 22 2.24 2 .13 207

32 411 330 290 267 251 2.40 232 22S 2.19 214 210 207 202 197 191 16S 162 176 174 166 167 164
750 5.34 44 3.7 3I 3.42 3.28 372 3.01 294 29 280 270 2.62 297 2.42 234 2.2 120 212 206 2.02

34 413 328 268 261 241 2.36 230 223 217 212 208 20S 2.00 196 169 184 180 174 171 167 164 161
74' S29 442 393 3.9 3.3 321 306 297 299 292 Z76 296 2 S 2.47 239 230 2.27 2 . 2.06 204 ISO

39 411 326 26S 263 2.40 236 2.28 221 215 210 206 203 189 1 93 187 162 176 172 169 166 162 1.9
739 529 436 39 359O 3.3 318 304 294 29S 278 2.72 262 254 243 2.35 229 217 272 204 200 794

3 410 321 2 66' 262 2.46 235 2.26 219 214 209 201 202 196 192 16i 10 176 171 167 163 160 1 ST
735 5.21 434 3.88 3.54 332 3.15 3.02 291 .82 2.75 2.69 2.51 2S7 240 232 2.22 2.74 2.0 2.00 197 ?s0

40 406 323 2.64 2.61 246 2.34 221 218 212 207 204 200 191 190 164 179 174 169 16U 161 19 ISS
731 5.19 4.31 393 3.S 3.29 3.12 299 2.96 280 273 26 2.59 249 2.37 229 220 21 205 797 194 F81

42 407 3.22 2.83 2.59 2.44 232 2.24 217 211 206 202 199 194 166 182 178 173 166 164 1 O 117 14
727 5.759429 3.90 3.49 326 3.70 2 9f 2.88 2.77 2.70 2,64 254 2.49 2.35 2.26 2.17 2.06 202 794 797 185~

44 406 321 282 256 243 2.31 223 2.16 2.10 201 201 196 192 16S 161 176 1.72 16G 163 IS$ 1.14 152
724 5.12 429 3.78 346 3.24 307 294 284 2.75 2.6 262 2.52 2.44 2.32 2.24 25 2w8 2.00 192 81 12.

46 408 320 2.61 257 2.42 2.30 2.22 2.14 2.09 2.04 200 197 191 187 160 1.75 171 I6 162 197 1.54 I1l
7.21 5.70 4.24 376 3.44 3.22 3.0 2,.2 2.2 2.73 2.96 2. 2.0 1.42 230 2.22 2. 03 2.0 too 7 0 .8

Souce.- Yeter John and it *ruan, sillia &nP.Us.L k.u
=t2& 1 Irvin 302
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D. DUBI-VTSOI TEST BOUNDS

0*0. - -1211

9 4 4 4 ~ ~ 4, 4 4, 64

ft6 6 1A2 62 1.40 .71 1.61 ." IN 4 6 As
.96 124 .6 4.4 .76 1.M .64 I'm s3 2.03

17 l.01 1.2 so 1.10 .79 1.M .66 1.77 5? Is$
I1I 13 . 1 .26 3 1.40 A2 1111 72 . 1.74 $a 113
Is 1.06 116 N 1.41 In I.1 76 173 66 166
20 116 1.26 10 1.41 a6 16 .79 1.72 .1 IV,
It 1.10 1.20 1.01 1141 .32 144 62 1.36 73 1 P
22 1.12 1331 104 1.42 N" 1.14 .66 1.66 7? 1.62
23 1.14 1.22 1.06 1.4 .97 1.14 .66 1.67 6o to6
24 1.16 1.32 1.06 1.43 1.4a 1.64 1 I .66 83 .
as 1.18 1.34 1.10 1.43 it 1414 .4 1.66 86 1.7
302 1.19 126 1.12 L"1 .0 IOS & 1. 9 6 I.A A3 1.16
2V 121 1.26 1.12 1.4 1.06 114 66 1.64 gs 171
u9 12 1.2? 1.15 t.4 1.06 - 1.1 01 1.64 62 1.74
26 1.24 1.26 t.17 1.461 1.10 114 :06 1.03 ." IA
30 1.21 1.26 1.16 1.46 1.12 114 106l 1643 N9 173
31 1.26 1.3 1.20 1.47 1.13 1.64 17 1.63 100 1.72
It I.2M 1.40 1.21 1,4? 1.16 IM6 1.06 143 1.06 1.71
is IM2 1.41 1.2m 1.46 1.10 I 1. 16 1.61 1.04 1
so Ca . 1.41 1.24 1.4 1.17 16 It 1.12 :4 so$
35 128 1.42 1.29 1.40 1.191. 16 1.13 1.63 10? 1.10
96 1.21 1.43 1.26 1.40 1.20 1.6 1.16 1.63 1.0 110
37 1.22 1.43 1.27 1.4 1.21 1.64 1.16 1632 1.10 110

9 1.28 1.46 1.26 1.90 1.22 164* 1.1? 1621 112 1.70
fjo.2 1.44 1.29 1.00 1.24 1.6 1.1 1" .3:1 In

46 f.36 1.46 1.26 1.6f 1.26 1.S7 t.20 1623 1.1 'Al
46 1-.36 1.4 1.36 1.63 1.20 IM6 1.21 162 1.21 1 F
so 1.4 1.10 1.2 1.64 1.36 1.64 1:30 1.64 IZO in6
N6 1.4 1.6 1.41 1.0 1.37 1.40 1.23 1.64 1.'3010
of 1.4? 1.66 1." 1.67 1.40 1.61 127 .IM6 1 33 :6
4 .141 1.66 1.46 1.66 1.43 1.82 1.4 1.06 1.36 "a9

-76 1.61 1.67 1.46 1.60 1.46 1-63' 1.42 166 1 .39 1 ?o
1 1.12 1.66 IW 1.611 1.47 IM4 1.41 167 142 116I

40 1.64 66f 1.62 1.63 1.46 166 1.47 1.67 144 :10
S 0 16 1. 1.ip 1.82M 1.01 1.00 1.49 1.6 146 1.71

a6 1.6 1.61 1.1 1 .66 M 1.62 14 16 1.66 i's :1
a6 I.M 1.6 1.6 in 1.'" 1.67 1IM teW 130 1,7

166 M.6 1.82 IS? 1.66 1M 1.8? 1.62 1.70 1.1 1 72

irecajsrgU" iP*S1fi~? t i971 t owen C..
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