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INTRODUCTION

It is a matter of public record that long term forecast trajectories characterizing the
dynamic behavior of many accounting time series in tarms of conventional economic forecasting
models have diverged from the ex post facto realizations of the accounting time series in
question since 1973. Peak loads, kWh sales, revenues generated from sales, fuel costs,
construction costs, the consumer price index (CPI), service area population, service area
income, etc. are all accounting time series. Without reliable forecasts of such magnitudes, the
rational design and implementation of economic plans or poiicies, including generating system
expansion plans or demand management policies or proceduras, are ex ante exercises in
wishful thinking that may turn out to be costly errors ex post facto.

Conventional models of growth in market demand project trajectories of growth which are
deductively equivalent to linaar or nonlinear transtormations of a set ot linear or exponential
trends. In practice, most conventional forecast trajectories are explicitly expressed as projecting

~ growth at a constant percentage rate per year. Constant percentage rate of growth trajectories,
or exponential growth trajectories, are divergent trajectories. That is, as time increases, the size
of the trajectory grows without an upper bound. The characterization of growth in finite systems
in terms of divergent growth trajectories is bound to lead to a divergence between projections
and observations sooner or later. A clear demonstration of this fact is provided in exhibit 1
which contrasts the consolidated ten year peak load growth forecasts of the U.S. electric
utilities, produced between 1974 and 1989, against the actual growth in U.S. peak load.

The methodology developed by PUCO, Division of Forecasting, to analyze the forecast
demographic, economic and energy systems is based upon a system theoretical framework
within which the Von Bertalanffy class of "S" curve models (PUCO, 19813 & 1991b) are applied -
to the characterization of time path trajectories of accounting time series. Constraining growth
in accounting time series to a class of "S" curve functions is, in part, a matter of logical
necessity. This is because no finite system can grow indefinitely at a constant percentage rate
of growth. All growth on a finite planet has to converge to some finite upper bound. Al "S"
curve growth functions do converge to finite upper bounds. The magnitude of an "S* curve
growth function’s upper bound is generally an explicit parameter in the mathematical formulation
of the function. The merits and the comparative forecasting performance of the PUCO
methodology may be observed in exhibit 2.

THE GENERALIZED VON BERTALANFFY GROWTH MODEL

Analyses of historical accounting time series indicate that many macroeconomic
accounting magnitudes, such as population, gross national product, and consumer price index,
as well as many microeconomic magnitudes, such as per customer sales and per customer
revenues, follow rather smooth S-shaped growth patterns over most of the course of their
respective life cycles. The smooth growth patterns are altered, however, at a limited number of

significant points such as the onset or the end of the Great Depression, World War il, and the
OPEC price increases.
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A general methodology for measuring and incorporating the impact of historical or future -
catastrophes on the life cycle trajectories of empirical economic systems was developed by
Feyzioglu (Feyzioglu, 1983). This methodology identifies and quantifies the impact of systemic
catastrophes in tarms of a finite set of points in the domain of time at which the relevant time
path trajectories are nondifferentiable and the corresponding first order time derivatives are
discontinous.

in order to simulate the growth patterns in empirical economic systems, the Von
Bertalanffy growth model has been revised to incorporate historical and future calamities or
breakthroughs that have influenced or may infiuence such a system over time (Feyzioglu and
Choueiki, 1989). The result is called the Generalized Von Bertalanffy growth model. Itis a
nonlinear spline function of the form:

L
W(r)=[a"" - Be 7', where a is the limiting size of growth, f = a®~™ - W(0)* ™ is a measure of
the difference between the limiting size of the growth and the initial size of growth, and

= 1
PI=a-m'"=, where Plis the ordinate of the point of inflaction and m> 1. f(1)= 21 k.t is alinear

spline function if { > 1, indicating the existence of -1 points of nondifferentiability along the
functional time path trajectory. Thet, c =1, .., are transformations of the domain of time
indicating the duration of the cth systemic "catastrophe” at a given point in the domain of time.
k. measures the marginal impact on the time rate of change of f(t) of the cth systemic

“catastrophe®, where af(¢)ot = }'.'. k.Dum.and Dum, = Q if time is iess than or equal to the time of
e=}

incidence of the cth systemic “catastrophe”, else Dum, = 1. We have found that the model
identification and estimation phases are greatly enhanced if the parameters to be estimated are
specified as Pl, W(0), {(W(t.), c=1,2, . ., I}, where W(t,) is the magnitude of the time path
equation at the time of incidence of the cth systemic catastrophe; and o and k. are then
calculated using definitional identities.

Finally in the case of the Gompertz model, which is the limiting form of the Von Bertalanffy
model as m — 1, the parameter m does not occur and the functional form of the model is given

by W(t)=at- ™,
THE SAS PROGRAM

Modular programs in SAS macro language* which apply PROC NLIN* to obtain weighted
least squares estimates of parameters in generalized Von Bertalanffy or Generalized Gompertz
growth models, with up to 18 points of nondifferentiability, were deveioped by Galip Feyzioglu.
The statements within each program are arranged so that a number of smaller macros are
nested within one large macro called EXOGVONB which executes the entire program (For an
example of the SAS code of the program, refer to exhibit 3). The user selects the type of mode!
to be used (Von Bertalanffy or Gompertz), the location of the discontinuities within the time path
trajectory, the point of inflection, (and m in the case of Von Bertalanffy), and the theoretical
percent error. The program calculates the partial derivatives of all of the parameters that are
estimated within the NLIN procedure. It also defines the parameter dependencies and the
parameter bounds to be used by the Gauss-Newton iterative search method, and generates
forecasted values with 95% confidance levels.
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The program is designed to investigate the magnitude, timing and existence of systemic
catastrophies in a model identification phase. The output of the model includes tests of

observed errors and observed error ratios against expected error limits and expected error
ratios.

AN APPLICATION OF THE GENERALIZED GOMPERTZ MODEL TO THE U.S. POPULATION
GROWTH TRAJECTORY

A three-variable, i.e. two catastrophe, Generalized Gompertz growth model is utilized to
describe the U.S. population growth trajectory within a standard error of the estimate of .45% of
observations. The two catastrophes, occur in 1929 and 1946. Clearly, the technical use of the
term catastrophe, i.e. a point of nondifferentiability in the time path tra;ectory is not the same as
the historical usage of the term. In 1929, the technical catastrophe is obviously the onsst of the
Great Depression. In 1948, the technical catastrophe is the end of WWIL. The high in
employment rates during the Depression, and the intensive overseas military involvement
during WWIi, along with restrictive immigration policies, limited the formation of new families
and kept the size of the existing families down through voluntary or involuntary restrictions on
new births. Whereas at the end of WWII U.S. emerged as the victorious leader of a new world
order, and the economic lessons leamed from the Depression and the war, he!ped drop the
U.S. economy into a refatively uninterrupted growth trajectory. The economic and the military
constraints having been eliminated, both family formation rates, and new birth rates rebounded
from the slump of the Depression and war years. In the absence of another Great Depression
or another World War, we project the prevailing trajectory into 2010 without further modification.
Some of the program outputs are presented in exhibits 4-5.
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EXHIBIT 1.
NERC SUMMER PEAK LOAD PROJECTIONS
COMPARISON OF ANNUAL TEN-YEAR FORECASTS, U.S.
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EXHIBIT 2

UNITED STATES SUMMER PEAK LOAD
AS PROJECTED BY THE GOMPERTZ GROWTH MODEL
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Source: EE! Statstica! Yearbaok and PUCO, Division of Forecasting.
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EXHIBIT 3.
SAMPLE PROGRAM OF A THREE VARIABLE GOMPERTZ MODEL

DATA EXQG 89,
MERGE GF.P_USEXOG GF.RHS_1890;

BY YEAR:
IF YEARLT 1890 OR YEAR GT 2010 THEN DELETE;

%MACRO EXOGVONSB;

'/ THREE VARIABLE GOMPERTZ MODEL */

%LMAGRO GOMPAT{LHS = ALTa XX=OH,Y0=1890, m.zom
YN=1989,YF=2010, S YN, 1890, START-i STOP
INCLUDE=0,51x.035,522.035 ALPHA=4, ADJUST-O
CFP=0,CFO=D,LO PI-,Ao Pi=U0_Pl=,P0_Y1i=
WPO_1=,P0_Y2=P0_2 22T L1= UNIT=, scEnmsoao
D_SCENAR=O, HHS-'T&iO Tall T2i2,10=37,11=,121,

13288 W0=,W1=W2=W3=, WX=, H1=&L PI<&ALT Pl<8U_PI,
R2=aL_I<EALT.I<8U I R3u3L_11<BALTI1<U_I1,
R4=AL[2<2ALT 12<&U_|2,A5=8L,_|3<AALT. 13U _I3);

DATA.SET.  FDATASETY
%COVAR

%LIM_G3

%STEPW_GV

PROC NLIN;

TITLEY "THE TIME PATH TRAJECTORY OF";
TITLE2 "&LL1"

TITLES "FROM &Y0 TO &YF";

TITLE4 "AS DESCRIBED 8Y":

TITLES "THE GENERALIZED GOMPERTZ GROWTH MODEL™";
TITLES "A"EXP({-B"EXP(- (K'T&GD+D'T&I1+E'T&I2)))'
TITLE7 "ERROR RATIO = &S1 IF YEAR LT &YM"
TITLEB "ERROR FlATIO 852 IF YEAR GE 8YM';
TITLES "UNITS = SUNIT";

PARMS &LHS.Ple1 &LHS.| =1 &LHS.11=1
&LHS.|12a1 &LHS.|3=1;

iF _iTER_=0 THEN IF _N_=1 THEN DO;

&LAS Pl=&LHS.PO;

ELHS 1 =&LHSAI0;

&LHS 11=&LHS&IT;

&LHS.I12=4LHSEIZ;

SLHS.13=3LHS&I3;

BOUNDS &R1,&R2,4R3,4R4,&R5;

%FUNN_GO
%FUNN_GY
%FUNN_G2
%FUNN_G3
%CF_

&LHS.XP=81 HS K'T810+&LHS.D*T&(1+&LHS.E* TAI2;
DXP_DPl«DK_DPI*TA10+DD_DPI*T&I1+DE DPI*T&IZ:
DXP DI =DK DI*T&I0+DD_OT*TAI1+DE_DI"T&I2;
DXP D11=DK_DI1"T&I0+DD_DI1°T&I1+DE DI1"i‘&|2
DXP_DI2=0 +DD_DI2°T&I11+DE_Di2*TaI2;
DXP_DI2=0 +0 +DE_DIa*T&i2;

U=EXP(-ALHS.B*EX E)!‘&LHS XP}B
DU opP :EB DPI*EXP(-&LHS.XP)+{-4LHS.8*(-DXP_DPI)

13
DU_DI ={-DB DI'EXB -§ LHS. XP)+{-8LHS B*(-DXP_Di
EXA -SLHS.XP > *U; . ¢ )

DU DI1 =4LHS.B" DI 1*EXP(-&LHS . XP
22-8LHS B" z -DXP_Di2*EXP(-&LHS. XPﬁ
DU"DIG-&LHS B*(-DXP_DI3"EXP(-8LHS XP))*

MODEL ALHSBXX=8LHS.A

DER.3LHS.Pl«DA DPl’U+DU DPI'&LHS.A
DER.ALHS.| =DU DI*ALHSA;

DER.&LHS11=DU_DI1*&LHSA;

DER &LHS.12-DU_DI2*&LHS A;

DER.4LHS 13DU_DIF"3LHS A;

WEIGHT aW_ALHS;
QUTPU Gu ZAXXSALT P=P_BALT =R A
PAnms.muLT SALT_1 118ALT I28ALT IE&ALT

DATAT BALT:SET AXXSALT: ./ DATASET™
%AECON_GV

Qi3ALT=LOG{I1 S8ALT/ALHS. A);
Q28ALT=LOG(I2&ALT/ALHS. _, A
Q38ALT=LOG(I38ALT/ALHS.

L18ALT= Q18ALT/Q0&A

L28ALT=LOG QZ&ALT!QO&AL :
LIZALT=LOG(QISALT/QOBALT);
&ALTLTI;i-(LL’((&H -800°DUM I1)~(&|0-900'DUM 101))

SALT. m-g/[uz-(m-eoo'num 1)
1; T+{&I12-(810-900°DUM lo& 6
SALT E--n lé&ls-&lzz?'(Ls&ALT g&m—soﬁ' UM_I0Y)
1-800°DUM_|1))*8ALT. D);
xn&;aﬂu K* 810+&ALT._DT& l+&AL’f TRI2
XD&ALT=8ALT. K'DUM&I0+&ALT _D*DUMS&I1+8ALT._E
*DUMAI2+&D_SCENAR;

T GO %PRESENT
%lEN[TGOMPST v

%IF Y EVAL{RSYSUS=YES) %THEN

% GOMP3T(LHS=PP ALT=PP XX=US, vo=1sso u=sso

§1=.0045 52,0045 ALPHA=4, STOP=1,.0_P|=122,

AO_P1=130,U0_P1=138,P0_Y1=&!1,P0_1=1,WP0 1=4W1,

PO_Y2=&I2 PO_2=2 WPO_2=&W2,LL1=U.S. POPULATION,
UNIT=10~8 PERSONS, 10=890,11=28,12=45,13:89

%wgﬁsg 056, W1 =120.508,W2=139.928, W3=248.780, WX=2W3)

%IF %EVAL(ASYSOH=YES) % THEN
%GOMPZT(LHS=PP ALT=PP XX=OH, vo.1930 YM.1954 11=30,
$1=.0130,S2=.0030 ALPHA=4,STOP=6,L0_Pl=4.0

AO Pl=50,U0 Pi=5.5,P0_Y1=410,P0_1-0,WPO_1=3W0,
PO_Y2=411,P0 21, WPO_2=8WA, LLT=OHIO PGPULATION,
UNTT=106 PERSONS, |3=44,11=67,12=89,

woaa 839,W1=10.748 W2=10.907, WX =8W2)

%MEND EXOGVONSB,;

%LET SYSOH=NO;
%LET SYSUS-YES

............................
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EXHIBIT 4,

THE TIME PATH TRAJECTORY OF
U.S. POPULATION

FROM 1880 TO 2010

AS DESCRIBED By

THE GENERALIZED GOMPERTZ GROWTH MODEL:

AsEXP(-B*EXP( - {K2T880+D*T284E*T4S)))

ERROR RATIO = .0045 IF YEAR LT 2010

ERROR RATIO = .0045 IF YEAR GE 2010
UNITS = 1098 PERSONS

NON-LINEAR LEAST SQUARES SUMMARY STATISTICS DEPENDENT VARIABLE PPUS

SOURCE OF  WEIGHTED SS WEIGHTED MS
REGRESSION S  2808088.8359 701217.7880
RESIDUAL sa 83.9908 1.2727
UNCORRECTED TOTAL 71 3508172.8395
(CORRECTED TOTAL) 70 210784.23453
PARAMETER ESTIMATE  ASYMPTOTIC ASYMPTOTIC 9% %
STD. ERROR CONFIDENCE INTERVAL
LOWER UPPER
PPPI 132.35€0881 2.5688174892 127,22857052 137.48840859
PRI 82.48388000 1.8895883443 59, 15805381 85.82194039
PPI1 120, 194856823 0.2343392888 119.72884220 120.682470358
PP12 138.60838000 0.2338810772 135.20170080 139. 13548940
PPI3 247.3033299 0.4432718049 248.47830831 248._24825144
EXHIBIT 5.
TIME PATH TRAJECTORY OF U.S. POPULATION
FROM 1880 TO 2010
(GENERALIZED GOMPERTZ GROWTH MODEL)
MILLION PERSCNS
300
1]
=
m ol sessac s et RacRsEReEREEEIPRREY e EsBEEBEES
m Wl et e s E T I PP PSRRI BRI bbshdoonadbosunittncnogfidencone sebedwssenams
1“ i Vit tboddosnsennoesnsnsrRIRESY srrme s (EXEETIEET RN YT
1w o ssdechasvnsncengllecngras eswsemasspvane
m L} |1 L} i 1 T | B 1 | 4 ) ] L
1800 1000 1910 18520 1830 1540 1950 1980 19 1900 1900 2000 2010
YEAR

Proceedings of MWSUG 91 Forecasting and Optimization

237



