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ABSTRACT

The te m p e ra tu re  d ep en d en cy  o f  e l e c t r i c a l  pow er demand, 

i . e . ,  l o a d ,  was s t a t i s t i c a l l y  a n a ly z e d  and  a  s e t  o f  te m p e ra ­

t u r e  v e r s u s  demand c h a r a c t e r i s t i c s  w ere u sed  to  d e v e lo p  a  de­

mand f o r e c a s t i n g  m odel.

In  t h i s  r e s e a r c h  a  s t a t i s t i c a l  d i s t r i b u t i o n  a n a l y s i s  o f  

a  te m p e r a tu r e  d e p e n d e n t demand c h a r a c t e r i s t i c  w as m ade. The 

c o n d i t i o n a l  d i s t r i b u t i o n s  o f  lo a d  and  te m p e ra tu re  w ere  d e ­

te r m in e d .  These w ere  a p p l i e d  i n  t h e  e s t i m a t i o n  o f  th e  p ro b ­

a b i l i t y  o f  o c c u r re n c e  o f  a  lo a d .  The r e s u l t s  show t h a t  th e  

b a s i c  demand c h a r a c t e r i s t i c  o f  o ne  u t i l i t y  may b e  r e p r e s e n ­

t a t i v e  o f  th e  c h a r a c t e r i s t i c s  o f  s e v e r a l  o th e r  e l e c t r i c  

u t i l i t y  sy s tem s  i n  th e  r e g io n  s t u d i e d .  T h is  sp an n e d  Oklahoma, 

T e x a s , an d  L o u is ia n a ,  w h ich  e x p e r ie n c e  summer p e a k s .

A ls o , a  sy s te m  demand f o r e c a s t i n g  m odel w as d e v e lo p e d . 

A nnual sy s te m  p eak  lo a d s  w e re  p r e d i c t e d  u s in g  t h e  m o d e l, as  

t h e  u l t i m a t e  g o a l .  A p p l i c a t io n  may be made from  one sy s te m  

t o  a n o th e r  f o r  r e g io n s  w i th  th e  b a s i c  demand c h a r a c t e r i s t i c  

d e s c r i b e d .  A te m p e ra tu re  d e p e n d e n t c h a r a c t e r i s t i c ,  b a s e d  

on te m p e r a tu r e s  o c c u r r in g  i n  th e  s p r i n g ,  summer, and  f a l l  

s e a s o n s ,  was u se d  i n  th e  d e te r m in a t io n  o f  th e  f o r e c a s t i n g  

m o d e l. The d e v e lo p e d  m odel i s  a com prom ise b e tw ee n  th e

i i :



c u r r e n t  m ethods t h a t  use c o n v e n tio n a l  te m p e r a tu r e  d e p e n d e n t 

f o r e c a s t i n g ,  and t im e  s e r i e s  a n a l y s i s  a p p ro a c h . An e x p l i c i t  

te m p e r a tu r e  d e p e n d e n t f o r e c a s t i n g  m odel was d e v e lo p e d  by 

u t i l i z i n g  t im e  s e r i e s  a n a ly s i s  b a se d  on B o x - J e n k in s ' m o d e ls . 

R e a l sy s te m  demand d a ta ,  c o m p ris in g  p eak  t e m p e r a t u r e s ,  w ere  

u s e d  to  i l l u s t r a t e  th e  m e th o d o lo g y . The d a ta  was d iv id e d  

i n t o  two m ain  p a r t s . The f i r s t  p a r t  was u s e d  to  e s t im a te  

t h e  p a ra m e te r s  o f  t h e  f o r e c a s t i n g  m o d e l. The f o r e c a s t s  w ere 

t h e n  com pared  t o  t h e  second p a r t  o f  th e  d a t a .  The r e l a t i v e  

e r r o r s ,  c a l c u l a t e d  a s  a p e r c e n ta g e  o f  th e  a c t u a l  dem and, w ere 

s m a l l ;  l e s s  th a n  5% fo r  t h e  sy stem  i n  a  s i x - y e a r  f o r e c a s t  

h o r i z o n .

The r e s u l t s  show t h a t  th e  d e v e lo p e d  m odel i s  a  p ro m is ­

in g  t o o l  t h a t  c an  b e  used  by r e s e a r c h e r s  and  o t h e r s  i n  lo n g  

r a n g e  c a p i t a l  an d  o p e r a t i o n a l  p la n n in g ,  and  i n  t h e  a d v an ce ­

m en t o f  f o r e c a s t i n g  m ethodo logy .
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A TEMPERATUEE DEPENDENT STOCHASTIC MODEL 

FOR POWER SYSTEMS DEMAND FORECASTING

CHAPTER 1 

ELECTRIC POWER DEMAND MODELING

A. I n t r o d u c t i o n

The n e c e s s i t y  o f  a  pow er sy s te m  demand m odel h a s  b een  

e v id e n t  t o  sy s te m  p la n n e r s  f o r  y e a r s .  H ow ever, i t  i s  o n ly  

r e c e n t l y  t h a t  q u a n t i t a t i v e  s p e c i f i c a t i o n s  f o r  su c h  a m odel 

have  b e e n  needed  a s  p la n n in g  te c h n iq u e s  have  becom e m ore so ­

p h i s t i c a t e d .  The p u rp o se  o f  t h i s  r e s e a r c h  w as: 1) to  d e ­

te rm in e  th e  p a ra m e te rs  o f  a sy s te m  demand m o d e l, 2 ) t o  d e ­

te rm in e  t h e  s t a t i s t i c a l  d i s t r i b u t i o n s  o f  th e  m o d e l, and 3) to  

fo r m u la te  a n o rm a liz e d  m odel f o r  i n d i v i d u a l ,  u t i l i t y  and  r e ­

g io n a l  a p p l i c a t i o n .

The m a jo r a p p l i c a t i o n  o f  su ch  a  m odel i s  i n  t h e  a r e a  

o f  demand f o r e c a s t i n g .  I t  w i l l  b e  shown how su c h  a m odel may 

be so  a p p l i e d .  T h e re  a r e  s e v e r a l  f o r e c a s t i n g  t e c h n iq u e s  [18] 

and  c o m p le te ly  s p e c i f i e d  demand m odels  w i l l  g r e a t l y  a id  i n  

c o n s o l i d a t in g  and  im p ro v in g  a c c u ra c y  and  c o n f id e n c e  i n  t h e i r  

u s e .

The need  f o r  more a c c u r a te  and  r e l i a b l e  f o r e c a s t s  by



e l e c t r i c  pow er sy s te m  p la n n e r s  assum ed h ig h e r  p r o p o r t io n s  in  

t h e  p e r io d  a f t e r  t h e  o i l  b o y c o t t  o f  1973 and su b se q u e n t 

fo r m a t io n  o f  th e  i n t e r n a t i o n a l  o i l  c a r t e l ,  w h ich  h a s  r a i s e d  

th e  p r i c e  o f  p e tro le u m  f u e l  to  l e v e l s  c o n s id e re d  i n t o l e r a b l e  

a  few y e a r s  ag o . I t  i s  n o te w o r th y  t h a t  s e v e r a l  i n s t i t u t i o n s  

and  a g e n c ie s  a r e  com ing up w i th  f o r e c a s t s  o f  t o t a l  e n e rg y  r e ­

q u ire m e n ts  t h a t  i n d i c a t e  s h o r t f a l l s  in  su p p ly  o f  f u e l  in  th e  

s h o r t  te r m . M ost o f  th e s e  f o r e c a s t s  h a v e , i n  many c a s e s ,  n o t  

had th e  im p a c t th e y  d e s e r v e ,  due  p a r t l y  to  th e  in c o m p le te  

s p e c i f i c a t i o n s  o f  th e  m odels upon w hich th e y  a r e  b a s e d .

T h e ir  s t a t i s t i c a l  d i s t r i b u t i o n s  may n o t  be  s p e c i f i e d ,  and 

th e  d a t a  b a s e  may b e  q u e s t i o n a b le .

H ow ever, f o r e c a s t i n g  m e th o d o lo g y  i s  becom ing m ore im­

p o r t a n t  du e  to  t h e  g row ing  c o m p le x ity  o f  pow er sy s te m s  and 

th e  dem ands o f  u t i l i t y  r e g u l a t i n g  a g e n c ie s .  V a r ia b le s  t h a t  

p r e v io u s ly  w ere  n o t  im p o r ta n t  h av e  in c r e a s i n g l y  had  m ore i n ­

f lu e n c e  l a t e l y  and  w i l l  h av e  much m ore i n  t h e  f u t u r e .  Some 

o th e r  a r e a s  t h a t  depend  on a  demand model a r e  re v ie w e d  b e ­

lo w . [18 ]

1) Econom ic d i s p a t c h in g  and  u n i t  com m itm ent 

depend  on a demand m odel u sed  in  a  s h o r t  

te rm  f o r e c a s t i n g  m o d e l. Knowledge o f  th e  

demand c h a r a c t e r i s t i c  i s  n eeded  t o  s c h e d u le  

g e n e r a t i o n  o r  i n t e r - a r e a  power ex ch an g e .

O n - l in e  c o n t r o l  p ro g ram s f o r  co m p u te r c o n t r o l  

o f  s c h e d u l in g  a r e  b a s e d  on a demand m o d e l.



2) S p in n in g  r e s e r v e  and o th e r  sy s te m  r e s e r v e s  

a r e  p la n n e d  b a s e d  on  f o r e c a s t s  r e a c h e d  u s in g  

a  demand m o d e l. An a c c u r a te  e s t i m a t i o n  o f  

r e s e r v e  i s  im p o r ta n t  i n  p la n n in g  m a in te n ­

ance , f u t u r e  c a p i t a l  e x p e n d i tu r e s  i n  th e  

sy s te m , a s  w e l l  a s  k e e p in g  w i th in  r e l i a b i l ­

i t y  l i m i t s  s e t  by  th e  a p p r o p r i a t e  r e l i a b i l ­

i t y  c o u n c i l s .

3) S e v e ra l  s t u d i e s  su c h  a s  lo a d  f lo w , r e l i a b i l ­

i t y  and  s t a b i l i t y  s t u d i e s  a r e  d e p e n d e n t on

a  lo a d  m odel to  some e x t e n t .

4) G e n e ra t io n  and t r a n s m is s io n  a r e  m a jo r  a r e a s  

o f  t h e  pow er sy s te m  w here a good demand 

m odel i s  i n d i s p e n s a b le .  The p re s e n c e  o f

a lo a d  t o  be  s e r v e d  o r  th e  a n t i c i p a t i o n  o r  

d e v e lo p m en t o f  lo a d  i s  th e  m ain  m o t iv a t io n  

f o r  e x p a n s io n .

T h ere  a r e  r e q u i r e m e n ts  f o r  c a p i t a l ,  eq u ip m e n t o r d e r s ,  

r i g h t  o f  w ay, sy s te m  optim um  o p e r a t io n ,  e t c . ,  t h a t  d ep en d  on 

a demand m odel. I n  r e c e n t  y e a r s ,  pow er p l a n t s  h a v e  becom e 

i n c r e a s i n g l y  l a r g e r  w i th  r e s u l t a n t  c o m p le x ity  i n  d e s ig n  and 

h ig h  c o s t .  The c o s t  o f  an  i n s t a l l e d  k i lo w a t t  e x c e e d s  a b o u t 

$ 5 0 0 .0 0  f o r  c o a l  an d  n u c le a r  pow er p l a n t s .  When th e  c o s t s  

o f  t r a n s m is s io n  and  d i s t r i b u t i o n  a r e  a c c o u n te d  f o r ,  t h e  d e ­

c i s i o n  to  b u i ld  a  new p l a n t  assum es p ro fo u n d  p r o p o r t i o n s ,  

n o t  to  m e n tio n  th e  r e q u i r e m e n ts  o f  s t a t e  and n a t i o n a l



r e g u l a t o r y  a g e n c ie s  a s  w e l l  a s  h ig h l y  v o c a l  e n v iro n m e n ta l  

g ro u p s . An e r r o r  i n  f o r e c a s t i n g  demand a n d  c a p i t a l  a c q u i s i ­

t i o n  can  be  f i n a n c i a l l y  v e ry  e x p e n s iv e ,  c o n s i d e r i n g  th e  lo n g  

l e a d  t im e s  o f  t h e  o r d e r  o f  e ig h t  t o  tw e lv e  y e a r s .

F o r e c a s t in g  e l e c t r i c  pow er demand r e q u i r e s  a g r e a t  

d e a l  o f  s u b j e c t i v e  ju d g m e n t. P la n n e r s  know v e ry  w e l l  th e  

d i f f i c u l t y  an d  u n c e r t a i n t y  in v o lv in g  a  f o r e c a s t .  I n  th e  

p e r io d  b e f o r e  1 9 5 0 , m ost u t i l i t i e s  f o r e c a s t e d  demand b a se d  

s o l e l y  on ju d g m en t by " e y e b a i l in g "  th e  a v a i l a b l e  d a t a  to  ob­

t a i n  a " b a l l  p a rk "  f o r e c a s t .  T h is  m ethod was s u f f i c i e n t  so  

f a r  a s  th e  demand was d e p e n d e n t on  p r e d i c t a b l e  p a ra m e te r s  

and i n s e n s i t i v e  t o  w e a th e r  and  f l u c t u a t i o n s  i n  t h e  econom y. 

T h e re  w ere  no  i n d i c a t i o n s  o f  any p r i c e  e l a s t i c i t y  in  dem and.

In  t h e  p e r io d  o f  1950 th ro u g h  1 9 7 2 , t h e r e  was a  

s h a r p  and d i v e r s i f i e d  i n c r e a s e  i n  t h e  u s e  o f  e l e c t r i c i t y .  

H o u seh o ld  a p p l i a n c e s ,  i n c lu d in g  a i r  c o n d i t i o n in g  e q u ip m e n t, 

g a in e d  w id e sp re a d  u s e .  The c o m b in a tio n  o f  u n i t s  and  t h e i r  

d u ty  c y c le s  a t  any  tim e  v a r i e d  w id e ly  fro m  one c u s to m e r  to  

a n o th e r .  T h is  c r e a t e d  a  d i v e r s i t y  w i th in  t h e  demand f o r  pow­

e r  t h a t  i n c r e a s e d  th e  u n c e r t a i n t y  o f  a  f o r e c a s t .  S t a t i s t i ­

c a l  m ethods [ 1 2 ] o f  d a ta  a n a l y s i s  fo u n d  a p p l i c a t i o n s  i n  d e ­

mand m o d e lin g  d u r in g  t h i s  p e r io d .  The in c r e a s e d  c a p a b i l i t y  

o f  t h e  e l e c t r o n i c  c o m p u te r g r e a t l y  f a c i l i t a t e d  s t a t i s t i c a l  

a p p l i c a t i o n s .  T h e re  w ere  num erous t e c h n i c a l  p a p e r s  p u b l i s h e d  

d u r in g  t h i s  t im e  i n  t h e  a r e a  o f  f o r e c a s t i n g .

The f o l lo w in g  i s  a  m ore fo rm a l b u t  v e r y  b r i e f  re v ie w



o f  t h e  p a s t  l i t e r a t u r e .

B. R eview  o f  t h e  L i t e r a t u r e  and  P ro b lem  D evelopm ent

The im p o r ta n c e  o f  demand f o r e c a s t i n g  in  th e  power 

i n d u s t r y  was f i r s t  r e c o r d e d  by Reyneau [1 9 ] i n  1918 . Load 

d e n s i t i e s  w ere  th e n  q u i t e  low  and m o st i n d u s t r i e s  w ere c o a l  

o r  o i l  f i r e d .  From 1918 to  1944 t h e r e  w ere  o n ly  few  p u b l i c a ­

t i o n s  o n  e l e c t r i c  demand f o r e c a s t i n g ,  when D ry a r [5 ] showed 

th e  e f f e c t s  o f  w e a th e r  on  sy s te m  lo a d .  He d e m o n s tra te d  t h e  

f o r e c a s t  te c h n iq u e  o f  s e p a r a t i n g  demand i n t o  a b a s e  lo a d  and 

w e a th e r  s e n s i t i v e  co m p o n en ts . T h e re  have  b e e n  num erous pub­

l i c a t i o n s  i n v e s t i g a t i n g  v a r io u s  a s p e c t s  o f  t h i s  te c h n iq u e .

The a d v a n ta g e  o f  t h e  m ethod  was i t s  l a r g e  d a ta  b a s e  t h a t  gave  

m ore m ean ing  s t a t i s t i c a l l y  t o  t h e  r e s u l t s .  The u n d e r ly in g  

m a th e m a tic a l  f o r e c a s t  t o o l  i n  m o s t o f  t h e s e  m ethods was l i n e a r  

l e a s t  s q u a r e s  r e g r e s s i o n .

Latham  and Nordman [12] e x te n d e d  D r y a r 's  te c h n iq u e  f u r ­

t h e r  t o  in c lu d e  a  m ethod  o f  p r o b a b i l i t y  e s t i m a t i o n  o f  f o r e ­

c a s t s .  P r o b a b i l i t i e s  o f  lo a d  o c c u r r e n c e  w e re  e s t im a te d  by 

c a l c u l a t i n g  th e  e m p i r ic a l  d i s c r e t e  d e n s i t y  f u n c t io n  o f  lo a d ,  

ta k e n  o v e r  th e  y e a r s .  The w e a th e r  f u n c t io n  was f u r t h e r  u se d  

by  S ta n to n  [22] in  a  m ethod  f o r  f o r e c a s t i n g  th e  w e a th e r  s e n s i ­

t i v e  co m p o n en t, and com bines w ith  th e  b a se  lo a d  f o r e c a s t  

t o  o b t a i n  t o t a l  sy s te m  demand f o r e c a s t .  T he m ethod  c o n s i s t e d  

o f  c u rv e  f i t t i n g  th e  w e a th e r  s e n s i t i v e  com ponent w i th  a  

s t r a i g h t  l i n e ;  th e  s lo p e  o f  th e  l i n e  m e asu re d  i n  m eg aw atts  

p e r  d e g re e  o f  te m p e ra tu re  c a l c u l a t e d  f o r  e a c h  y e a r  in  th e



d a ta  s e t .  The s lo p e  o f  t h e  w e a th e r  s e n s i t i v e  com ponent i s  

p r e d ic t e d  by r e g r e s s i o n .  T h e re  a r e  num erous v a r i a t i o n s  on  

th e s e  te c h n iq u e s  i n  t h e  l i t e r a t u r e .  In  e a c h  c a s e  an  a t te m p t  

was b e in g  made t o  overcom e th e  draw back  o f  h a v in g  to  u s e  o n ly  

one d a t a  p o i n t ,  t h e  a n n u a l p e a k , p e r  y e a r .  The m eth o d s u s e  

l a r g e  am ounts o f  d a t a .  However, t h i s  draw back re m a in ed  

th o u g h  th e  f o r e c a s t s  c o n t in u e d  t o  im p ro v e . A n a ly s is  o f  

lo a d  a g a i n s t  t e m p e r a tu r e  i s  m ade, b u t  th e  f o r e c a s t s  a r e  tim e  

d e p e n d e n t.

S e v e r a l  r e s e a r c h e r s ,  su ch  a s  C h r i s t i a a n s e  [ 2 ] ,  G upta 

[ 7 ] ,  K eyhan i [ 1 1 ] ,  V em uri [25] lo o k e d  i n t o  th e  u s e  o f  tim e  as  

an in d e p e n d e n t v a r i a b l e  f o r  p r e d i c t i n g  f u t u r e  l o a d s .  The a p ­

p l i c a t i o n  o f  tim e  s e r i e s  m odels [ 2 5 , 2 9 ] ,  u s in g  th e  m ethods 

known a s  t h e  B o x -J e n k in s  m odels  [ 2 6 ] ,  by some o f  t h e s e  a u th o r s  

to  u t i l i t y  f o r e c a s t i n g  f u r t h e r  w idened  th e  scope  f o r  th e  m e th ­

ods c u r r e n t l y  a v a i l a b l e .

C o n c u r re n t w i th  th e  d ev e lo p m en t o f  f o r e c a s t i n g  m eth­

o d o lo g y  as  o u t l i n e d ,  t h e r e  w ere  o t h e r  m ethods d e v e lo p e d  t h a t  

w ere econom ic in  n a t u r e .  One su ch  m ethod i s  th e  m ethod  o f  

la n d  u se  d e s c r ib e d  by  L a z z a r i  [1 3 ] .  The s e r v i c e  a r e a  i s  d i v ­

id e d  i n t o  one  m i le  s q u a r e s  o r  s m a l l e r .  P o p u la t io n  g ro w th  i s  

f o r e c a s t ,  and  th e  a r e a s  l i k e l y  t o  r e c e iv e  th e  i n c r e a s e  in  

p o p u la t io n  d e te r m in e d . I t  i s  th e n  p o s s i b l e  to  d e te rm in e  

f o r  each, s q u a re  a r e a  th e  l i k e l y  c u s to m e r dem and, an d  th u s  

c u m u la t iv e ly  a r r i v e  a t  a  sy stem  f o r e c a s t .  The w e a th e r  r e ­

l a t i o n  was b ro u g h t  i n t o  t h e  fo re g ro u n d  by D ry a r , H einem an [9 ],



Nordman [ 1 2 ] ,  S ta n to n ,  Davey [ 4 ] ,  and  o t h e r s .  The o th e r  

m a jo r  ap p ro a ch  h a s  t im e  o r  a  c o m b in a tio n  o f  tim e  an d  w e a th e r ,  

i n  a  r e g r e s s io n  m o d e l, a s  t h e  im p o r ta n t  f a c t o r  o f  c o n s id e r a ­

t i o n ,  d e s c r ib e d  by C h r i s t i a a n s e ,  G u p ta , V em uri, M a b e r t ,

L i je n s e n  [ 1 4 ] ,  Toyoda [ 2 4 ] ,  and  o t h e r s .

The o b j e c t i v e s  o f  t h i s  r e s e a r c h  w ere  s t a t e d  a t  th e  

b e g in n in g  o f  t h i s  c h a p te r .  I n  th e  l i g h t  o f  d i s c u s s i o n  t h a t  

in c lu d e d  th e  m e r i t s  o f  w e a th e r  and  t im e  r e l a t e d  f o r e c a s t i n g  

r e s p e c t i v e l y ,  f u r t h e r  e x p la n a t io n  o f  th o s e  o b j e c t i v e s  f o l lo w . 

The peak  lo a d ,  f o r  m o s t e l e c t r i c  u t i l i t y  com p an ies  shows 

m arked  w e a th e r  d e p en d e n c y  p a r t i c u l a r l y  te m p e r a tu r e  d ep en d en ce .

A te m p e r a tu r e  d e p e n d e n t demand c h a r a c t e r i s t i c  w i l l  b e  d e s ­

c r i b e d .

In  t h i s  r e s e a r c h ,  a  m odel w i l l  b e  d e v e lo p e d  f o r  tim e  

s e r i e s  a n a l y s i s  t h a t  i s  i m p l i c i t l y  te m p e r a tu r e  d e p e n d e n t .

I t  w i l l  th u s  be a  com prom ise b e tw een  t h e  two m a jo r  te c h n iq u e s  

p r e s e n t l y  i n  u s e .  C o n s id e ra b le  a t t e n t i o n  w i l l  be  g iv e n  to  

t h e  d ev e lo p m en t o f  s t a t i s t i c a l  d i s t r i b u t i o n s  o f  t h e  d a ta  s e t  

u sed  as  a m eans o f  c a r r y in g  in f o r m a t io n  a b o u t th e  d a ta  s e t  

i n t o  th e  f u t u r e .

C. The D ata  B ase

In  o r d e r  t o  g e n e r a l i z e  t h e  r e s u l t s  o f  t h i s  r e s e a r c h ,  

a r a t h e r  l a r g e  am ount o f  d a t a  w ere c o l l e c t e d  from  s e v e r a l  

u t i l i t i e s  s e r v i c i n g  a r e l a t i v e l y  l a r g e  g e o g r a p h ic a l  a r e a .

H ence, th e  d a ta  a n a l y s i s  and  m od e ls  d e r iv e d  w ere in te n d e d  to  

have  a  r e g io n a l  a p p l i c a t i o n .  The g e o g r a p h ic a l  a r e a  u n d e r  s tu d y



h a s  t h e  c h a r a c t e r i s t i c  t h a t  p eak  demand f o r  e l e c t r i c  pow er 

o c c u r s  d u r in g  th e  summer. T h is  a r e a  (se e  A ppendix  B) i n c lu d e s  

m o st o f  O klahom a, T exas and  L o u i s ia n a ,  s e l e c t e d  s o l e l y  f o r  

a v a i l a b i l i t y  o f  t h e i r  sy s te m  d a ta  f o r  s tu d y . T h ere  a r e  s e v ­

e r a l  o t h e r  s t a t e s  w i th  a  p re d o m in a n t summer p e a k , h o w ev er, 

d a ta  from  t h e s e  a r e a s  w ere  i n a c c e s s i b l e .  S p e c i f i c  in fo rm a ­

t i o n  a b o u t  th e  s o u rc e s  o f  p eak  demand d a ta  w i l l  b e  h e ld  in  

c o n f id e n c e .  R ea l sy s te m  d a t a  w e re  u s e d  in  a l l  a n a l y s i s ,  u n ­

l e s s  n o te d  o th e r w is e .  The d a t a  o b ta in e d  c o n s i s t  o f  

1 ) d a i l y  sy s tem  p eak  demand in  m e g a w a tts , and 2 ) d a i l y  p eak  

te m p e r a tu r e  i n  o f  a  m a jo r  lo a d  c e n t e r  w i th in  t h e  s e r v i c e  

a r e a  f o r  th e  p e r io d  1967 th ro u g h  1 9 7 6 , w here a v a i l a b l e .

D. T e m p e ra tu re  D ata

The o n ly  in d e p e n d e n t  v a r i a b l e  u sed  i s  te m p e r a tu r e ,  

[ 3 , 1 0 , 2 3 ]  w h ich  i s  a d e q u a te  to  d e m o n s tra te  th e  m odel, and 

p o s s i b l e  e x te n s io n s  t o  s e v e r a l  v a r i a b l e s .  E very  sy s te m  p l a n ­

n in g  e n g in e e r  o r  r e s e a r c h e r  i s  aw are  o f  th e  p ro b lem  o f  u s in g  

one  te m p e ra tu re  v a lu e  ta k e n  a t  o ne  l o c a t i o n ,  su ch  a s  th e  g e o ­

g r a p h ic a l  lo a d  c e n te r  w h ich  i s  a  h y p o th e t i c a l  l o c a t i o n  t h a t  

may b e  f a r  from  any r e a l  c o n c e n t r a t i o n  o f  l o a d .  S in c e  sy s te m  

lo a d  i s  a w id e ly  d i s t r i b u t e d  f u n c t i o n ,  th e  a s s o c i a t e d  te m p e r­

a t u r e  f u n c t io n  w i l l  b e  d i s t r i b u t e d  a l s o ,  b e c a u se  t h e  te m p e ra ­

t u r e  i s  u s u a l l y  d i f f e r e n t  from  one l o c a t i o n  to  a n o th e r  w i t h i n  

th e  s e r v i c e  a r e a .  H ow ever, i t  i s  im m e d ia te ly  c l e a r  t h a t  t h i s  

i s  an  i n f e a s i b l e  p r o p o s i t i o n ,  s in c e  t h e r e  i s  an  i n f i n i t e



num ber o f  sam p le  p o i n t s .  I n  t h i s  s tu d y ,  te m p e r a tu r e s  w ere 

ta k e n  from  th e  m o st d o m in a n t lo a d  c e n t e r  w i th in  th e  s e r v ic e  

a r e a .  T h is  showed s t r o n g  c o r r e l a t i o n  w i th  sy s tem  p eak  demand. 

In  t h e  a r e a  u n d e r  s tu d y ,  d a i l y  lo a d  c u rv e s  show a r i s e  in  d e ­

mand w ith  i n c r e a s i n g  te m p e r a tu r e  t h a t  i s  p r e d i c t a b l e .  How­

e v e r ,  w in te r  te m p e r a tu r e s  h av e  n o t  b e en  fo u n d  to  hav e  th e  

same s t r o n g  e f f e c t  on dem and a s  do summer t e m p e r a t u r e s . The 

g r e a t e r  i n t e r e s t  i n  t h e  a n n u a l peak  o c c u r r in g  d u r in g  th e  sum­

m er i s  s u f f i c i e n t  r e a s o n  t o  u s e  peak  d a i l y  t e m p e r a tu r e s  a s  an 

in p u t  v a r i a b l e  o f  t h i s  m o d e l.

The d a ta  (peak  d a i l y  lo a d s  and te m p e ra tu re s  a r ra n g e d  by 

d a t e ) , w ere k e y -p u n c h e d  w h ere  n o t  s u p p l ie d  on m a g n e tic  t a p e .

To f a c i l i t a t e  a c c e s s in g ,  a l l  th e  d a ta  w ere  lo a d e d  t o  com pu ter 

d i s k  f i l e s .  The d is k  f i l e  sy s te m  i s  on  l i n e  when th e  com­

p u t e r  i s  u p . T h e re  i s  a  f i l e  f o r  each  d a ta  s e t  from  each  

u t i l i t y ,  and a c o m p o s ite  f i l e  c o n ta in in g  d a ta  f o r  t h e  r e g io n .  

Each r e c o r d  i n  a  f i l e  h a s  a  date,m axim um  te m p e r a tu r e  and 

peak  lo a d . F u l l  d o c u m e n ta t io n  to  a c c e s s  e ac h  f i l e  i s  g iv e n  

i n  A ppendix  A.



CHAPTER 2 

CHARACTERISTICS OF THE MODEL

A. I n t r o d u c t i o n

One o f  th e  o b j e c t i v e s  o f  t h i s  s tu d y  i s  to  d e te rm in e  

t h e  s t a t i s t i c a l  d i s t r i b u t i o n s  o f  a  demand m odel. In  t h i s  

c h a p t e r ,  th e  b a s i c  form  o f  a  demand c h a r a c t e r i s t i c  i s  d e s ­

c r i b e d  and  t h e  c o n d i t i o n a l  d i s t r i b u t i o n  o f  dem and, a t  a  g iv ­

en  te m p e r a tu r e ,  i s  show n. U l t im a te ly ,  th e  s t a t i s t i c a l  d i s ­

t r i b u t i o n s  and  th e  demand m odel w i l l  be  u sed  to  e s t im a te  

t h e  p r o b a b i l i t y  o f  lo a d  o c c u r r e n c e s  when th e  m odel i s  u sed  

i n  f o r e c a s t i n g  f u tu r e  dem and. The te m p e ra tu re  and  demand 

d a t a  u se d  a r e  i n  co m p u te r d a ta  s t o r a g e .

3 .  The B a s ic  Demand C h a r a c t e r i s t i c

A p l o t  o f  demand i n  m e g aw a tts  (Ml*?) v e rs u s  te m p e ra tu re  

i n  d e g re e s  F a h r e n h e i t  (^F) y i e l d e d  th e  c h a r a c t e r i s t i c  shown 

i n  F ig u r e  2 .1 .  T h is  c h a r a c t e r i s t i c  i n d i c a t e s  th r e e  b ro a d  

r e g io n s  d i s c u s s e d  b e lo w .

R eg ion  I  o f  t h e  p l o t  shown i n  F ig u re  2 .1  shows a 

f a i r l y  c o n s t a n t  r e g io n ,  w h ere  t h e  demand i s  in d e p e n d e n t o f  

te m p e r a tu r e . T h is  r e g io n  c o n ta i n s  d a ta  m a in ly  from  th e  

s p r i n g  and  f a l l  s e a s o n s ,  d u r in g  w h ich  tim e  te m p e ra tu re s  a r e
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F ig u r e  2 . 1 .  Demand V e rsu s  T em p era tu re  C h a r a c t e r i s t i c

m i ld  and c o m f o r t a b l e .  I t  i s  a  " c o m fo r t  r e g io n "  o r  b a s e lo a d  

r e g io n  o f  d a i l y  maximum dem ands. I t  i s  bounded  by a b o u t  

6 G°F on t h e  low s i d e  and  a b o u t  75°F on t h e  h ig h  s i d e .  These  

bounds a r e  a p p r o x im a te ,  an d  t h e r e  may b e  v a r i a t i o n s  o f  +5°F 

i n  some c a s e s .  I n  t h i s  r e g i o n ,  most h e a t  s e n s i t i v e  e q u ip ­

m ents  s t a y  o f f ,  o r  on a  minimum o f  t h e  t im e .

H ea t  s e n s i t i v e  e q u ip m e n t ,  a s  used  h e r e ,  r e f e r s  t o  

r e s i d e n t i a l ,  co m m erc ia l  o r  i n d u s t r i a l  w e a t h e r  m o d i f i c a t i o n  

d e v ic e s  s u c h  a s  a i r  c o n d i t i o n i n g  p l a n t s ,  b o th  h e a t i n g  and 

c o o l in g .  A g r i c u l t u r a l  w a t e r  pumping e q u ip m e n ts  t h a t  a r e  

t h e r m a l l y  c o n t r o l l e d  a r e  a l s o  in c lu d e d  i n  t h i s  d e s c r i p t i o n  

o f  t e m p e r a tu r e  s e n s i t i v e  e q u ip m en t.

R egion  I I  o f  F ig u r e  2 . 1 ,  shows a  m arked t e m p e r a tu r e  

d e p en d en ce .  I t  i s  f a i r l y  d e f i n e d  f o r  e a c h  y e a r ' s  d a t a
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p l o t t e d .  Most h e a t  s e n s i t i v e  e q u ip m en t w i l l  c y c l e  on  and  o f f  

i n  a  s t e a d y  s t a t e  mode f o r  any  g iv e n  t e m p e r a t u r e .  The h i g h e r  

t h e  t e m p e r a t u r e ,  t h e  h i g h e r  t h e  r a t e  o f  c y c l i n g  and  th e  

l o n g e r  t h e  d u r a t i o n  o f  t h e  on c y c l e .  T h is  r e g i o n  e x te n d s  

a p p r o x im a te ly  from  75°F t o  9 5 °F . The s lo p e  o f  t h i s  r e g i o n  

o f  t h e  c h a r a c t e r i s t i c  d e p en d s  on th e  d e n s i t y  o f  h e a t  s e n s i ­

t i v e  eq u ip m en t w i t h i n  t h e  g e o g r a p h i c a l  s e r v i c e  a r e a .  F o r  

e x am p le ,  a  h ig h  u se  o f  a i r  c o n d i t i o n i n g  eq u ipm en t i n  a s e r ­

v i c e  a r e a  c a u s e s  a  l a r g e  number o f  e q u ip m e n ts  t o  c y c l e  on  

when a r i s e  i n  t e m p e r a t u r e  o c c u r s .  H ence , t h e  lo a d  on  t h e  

power s y s te m  i n c r e a s e s  w i th  r i s i n g  t e m p e r a t u r e .

Beyond 1 0 0 °F , t h e  e f f e c t s  o f  s a t u r a t i o n  become n o t i c e ­

a b l e .  T h i s  i s  R egion  I I I ,  w h e re  t e m p e r a t u r e s  r e a c h  su ch  h ig h  

v a l u e s  t h a t  m o s t  h e a t  s e n s i t i v e  e q u ip m e n ts  t e n d  t o  s t a y  on  

m o s t  o f  t h e  t im e .  The d i v e r s i t y  i n  eq u ip m en t u se  h a s  

b e e n  c o m p le te ly  e l i m i n a t e d ,  h e n c e ,  demand r e a c h e s  an a p p ro x ­

i m a t e l y  c o n s t a n t  v a lu e  a g a i n ,  t h i s  t im e  i n  w e a th e r  c o n d i ­

t i o n s  g e n e r a l l y  a c c e p te d  a s  h o t  .

H ence, t h e r e  i s  a  r e g i o n  o f  minimum s e n s i t i v i t y  f o l ­

low ed  b y  a  r e g i o n  o f  d e p e n d e n c e ,  w here  s e n s i t i v i t y  i s  a 

s t e a d y  s t a t e  v a lu e  g iv e n  a s t a t e  o f  t h e  in d e p e n d e n t  v a r i a b l e .  

F i n a l l y ,  t h e r e  i s  a  r e g i o n  o f  s a t u r a t i o n  where f u r t h e r  i n ­

c r e a s e s  i n  th e  in d e p e n d e n t  v a r i a b l e  do n o t  p ro d u ce  a p p r e c i ­

a b l e  c o r r e s p o n d i n g  i n c r e a s e s  i n  demand.

I t  i s  a p p r o p r i a t e  to  r e s t a t e  h e r e  t h a t  m os t o f  t h e  

a n a l y s i s  w i l l  b e  d i r e c t e d  a t  summer l o a d .  T h i s  i s  im p o r t a n t
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b e c a u s e  i t  i s  t h e  p e r i o d  d u r i n g  w h ich  t h e  sy s te m  peak  lo a d  

o c c u r s .  The g e o g r a p h i c a l  r e g i o n  s e l e c t e d  f o r  s tu d y  d o e s  n o t  

g e n e r a l l y  e x p e r i e n c e  v e r y  s e v e r e  w i n t e r  w e a t h e r  c o n d i t i o n s .  

O th e r  s o u r c e s  o f  w i n t e r  h e a t i n g ,  o t h e r  t h a n  e l e c t r i c i t y ,  s u c h  

a s  g a s ,  wood an d  o i l  a r e  r e a d i l y  a v a i l a b l e .  Heavy c l o t h i n g  

worn d u r in g  t h e  w i n t e r  s e a s o n  i s  one  m ore f a c t o r  t o  c o n s i d e r .  

H ence , t h e  w i n t e r  l o a d  i s  much more d i f f i c u l t  t o  c h a r a c t e r i z e  

i n  t h o s e  s t a t e s  w here  w i n t e r s  a r e  m i l d .

C. S t a t i s t i c a l  A n a ly s i s  [28]

The c o n d i t i o n a l  d i s t r i b u t i o n  o f  t h e  l o a d  a t  any g iv e n  

t e m p e r a t u r e ,  may be  d e f i n e d  a s

F(X/T) = (2 .1 )

w here  X i s  t h e  lo a d  o r  d e p e n d e n t  v a r i a b l e  an d  T i s  te m p e ra ­

t u r e  o r  in d e p e n d e n t  v a r i a b l e .  H ence,

F(XHT} = F(X/T) • f(T) (2 .2 )

The c a l c u l a t i o n  o f  t h i s  r e q u i r e s  a  k n o w led g e  o f  t h e  d e n s i t y  

f u n c t i o n  f(T )  and  o f  F (X /T ) .  E s t i m a t i o n  o f  f (T )  w i l l  

b e  shown in  a  l a t e r  c h a p t e r .  The d i s t r i b u t i o n  f u n c t i o n  o f  

F (X/T) i s  t h e  o b j e c t  o f  t h i s  c h a p t e r .  F i g u r e  2 .2  shows a 

p l o t  o f  lo a d  and  t e m p e r a t u r e  d a t a  p o i n t s ,  s i m i l a r  t o  F ig u r e

2 . 1 .  The d i s t r i b u t i o n  f u n c t i o n  F (X/T) i s  shown h e r e  a s  a 

n o rm a l d i s t r i b u t i o n ,  w h ich  i s  a ssum ed , a n d  w i l l  b e  v e r i f i e d  

t r u e  o r  f a l s e .  F ig u r e  2 .2  i s  f o r  t h e  p u r p o s e  o f  i l l u s t r a ­

t i o n  o n ly .
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F ig u r e  2 . 2 .  Normal C o n d i t io n a l  D e n s i ty  F u n c t io n

S t a t i s t i c a l  p a r a m e t e r s  su ch  a s  mean and  s t a n d a r d  d e ­

v i a t i o n  w i l l  b e  c a l c u l a t e d  w here  n e c e s s a r y  i n  t h e  d e s c r i p t i o n  

o f  t h e  d a t a  s e t s .  The  d i s t r i b u t i o n  o f  l o a d ,  a t  a  g i v e n  tem­

p e r a t u r e ,  w i l l  be c a l c u l a t e d  f o r  s e v e r a l  y e a r s '  d a t a  o v e r  

t h e  t e s t  g e o g r a p h i c a l  r e g i o n  i n  an a t t e m p t  t o  d e s c r i b e  t h e i r  

d i s t r i b u t i o n  f u n c t i o n s .  S e v e r a l  t e s t s  o f  t h e  d a t a  w i l l  be  

m ade, t h e  b a s i c s  o f  w h ic h  a r e  d e s c r i b e d  p r e s e n t l y .  Mean and 

s t a n d a r d  d e v i a t i o n s  a r e  c a l c u l a t e d  a s  e x p l a i n e d  b e lo w .

D. Mean

T h is  i s  e s t i m a t e d  a s  t h e  sam ple  mean o f  d a t a  a t  a 

g iv e n  t e m p e r a t u r e ,  o r  a  b an d  o f  t e m p e r a t u r e s .  The p a r t i c u l a r  

c a s e  w i l l  b e  s p e c i f i e d .  R e f e r r i n g  t o  F i g u r e  2 . 2 ,  t h e  sam ple  

mean X i s  c a l c u l a t e d  a s
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n

x = (2.3)n

w h ere  i s  t h e  d a i l y  p eak  demand a t  T^. ° F ,  n t h e  number o f

o c c u r r e n c e s  o f  X ^ ' s .

E. S ta n d a r d  D e v i a t i o n

The sam p le  s t a n d a r d  d e v i a t i o n  o f  t h e  d a t a  a t  a g iv e n  

t e m p e r a t u r e  o r  b an d  o f  t e m p e r a t u r e s  i s  c a l c u l a t e d  a s

I  (X. -  X)2

s ' -

w h ere  S i s  t h e  sam p le  s t a n d a r d  d e v i a t i o n ,  X i s  t h e  sam ple  

mean a s  c a l c u l a t e d  a b o v e ,  X^ i s  demand o c c u r r e n c e  a t  T-^F 

and n i s  t h e  sam ple  s i z e ;  number o f  X ^ 's .

S e v e r a l  s t a t i s t i c a l  d i s t r i b u t i o n  f u n c t i o n s  w ere  s e l ­

e c t e d  f o r  t e s t i n g .  The t e s t  p r o c e d u r e  u sed  i s  t h e  Kolm ogor- 

o v -S m irn o v  t e s t  o f  g o o d n e ss  o f  f i t .

F .  K o lm ogorov-S m irnov  T e s t  o f  Goodness o f  F i t  [28]

T h i s  i s  a  n o n - p a r a m e t r i c  s t a t i s t i c a l  t e s t .  I t  do es  

n o t  d e p en d  on  an y  p a r t i c u l a r  d i s t r i b u t i o n .  I t  com pares  t h e  

e m p i r i c a l  c u m u la t i v e  d i s t r i b u t i o n  o f  t h e  d a t a  s e t  b e i n g  t e s t ­

ed  t o  t h a t  o f  a n  assum ed d i s t r i b u t i o n  by com paring  t h e  d e v i ­

a t i o n  a t  a l l  p o i n t s  o f  t h e  two d i s t r i b u t i o n s  a g a i n s t  an  a c ­

c e p t a n c e  l i m i t .  T h i s  t e s t  was s e l e c t e d  o v e r  o t h e r  t e s t s

b e c a u s e  o f  i t s  pow er t o  d e t e c t  d i f f e r e n c e s  i n  c u m u la t iv e  d i s ­

t r i b u t i o n s .  Most s t a t i s t i c a l  t e s t s  r e q u i r e  l a r g e  sam ple
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s i z e s  f o r  any c o n c l u s i v e  d e s c r i p t i o n s  o f  t h e i r  n a t u r e .  How­

e v e r ,  t h e  K olm ogorov-Sm irnov  t e s t  re m a in s  v a l i d  f o r  s m a l l  

sam ple  s i z e s .  I n  a  t e s t  o f  h y p o t h e s i s ,  t h e  Kolm ogorov- 

Sm irnov t e s t  p r o v i d e s  g ro u n d s  f o r  r e j e c t i n g  o r  n o t  r e j e c t i n g  

t h e  assumed d i s t r i b u t i o n .  A n o n - r e j e c t i o n  r e g i o n ,  how ever 

i m p l i e s  a c c e p ta n c e  o f  t h e  assum ed d i s t r i b u t i o n  o n ly  t o  t h e  

e x t e n t  t h a t  o t h e r  d i s t r i b u t i o n s  m ig h t  e q u a l l y  d e s c r i b e  t h e  

same d a t a  s e t .  The t e s t  h e l p s  t o  n a rro w  down t h e  number o f  

t r i a l  d i s t r i b u t i o n s ,  w h ich  may th e n  b e  more e x p l i c i t l y  t e s t e d .  

The f o l l o w in g  and  f i g u r e  2 .3  i l l u s t r a t e  t h e  t e s t  p r o c e d u r e .

FIX)

c
0•H
■P
3
J3•HU
■P
tn
•HQ H(X)

3(X)

H
5
E3
U

Random V a r i a b l e  X

F ig u r e  2 , 3 .  C u m u la t iv e  D i s t r i b u t i o n  f o r  Comparing 
Assumed D i s t r i b u t i o n  t o  E m p i r i c a l  D i s t r i b u t i o n
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F ig u r e  2 .3  shows a  p l o t  o f  t h e  e m p i r i c a l  c u m u la t iv e  

d i s t r i b u t i o n  f u n c t i o n ,  ( c d f ) , G(x) and t h e  assumed c d f  H ( x ) , 

w h ich  i s  assum ed t o  d e s c r i b e  t h e  sam p le .  The d e v i a t i o n s  a t  

a l l  t h e  b r e a k p o i n t s  o f  t h e  e m p i r i c a l  c d f  a r e  com puted. I n  t h e  

f o l l o w i n g  t e s t  o f  h y p o t h e s i s ;  sup r e p r e s e n t s  l e a s t  u p p e r  bound.

H r e j e c t  n o r m a l i t y  i f  sup | |  > D

H
1 " a c c e p t  n o r m a l i t y  i f  sup

ao

D. I < D 
1 ' ao

(2 .5 )

w here  su p |D ^[ > i s  t h e  minimum v a lu e  i n  t h e  s e t  {Cr} t h a t

e x c e e d s  Dao

?able  2 . 1 .  K olm ogorov-Sm irnov T e s t ,  Assuming 
Norm al D i s t r i b u t i o n  f o r  D ata  S e t

1 2 3 4 5 6 7

n n X.-X
i X.

1
G (X) =  ̂

i = l
s -  1

G
F (X )= 0(z ) ° i

1 744 1 0 .0 7 7 -1 .5 6 0 .0 5 9 0 .059
2 787 2 0 .1 5 4 -1 .2 4 0 .1 0 8 0 .0 4 6
3 803 3 0 .2 3 1 - 1 . 1 2 0 .1 3 1 0 . 1 0 0

4 858 4 0 .3 0 8 -0 .7 0 0 .2 4 2 0 .066
5 860 5 0 .3 8 5 -0 .6 9 0 .2 4 5 0.140
6 922 6 0 .4 6 0 -0 .2 3 0 .4 0 9 0 .051
7 958 7 0 .5 3 8 0 .04 0 .4 8 4 0 .0 5 4
8 1 0 0 2 8 0 .6 1 5 0 .3 7 0 .6 4 4 0 .106
9 1051 9 0 .6 9 2 0 .74 0 .7 7 0 0 .155

1 0 1054 10 0 .7 6 9 0 .76 0 .7 7 6 0 .0 8 4
1 1 1077 11 0 .8 4 6 0 .93 0 .8 2 4 0 .0 5 5
1 2 1123 1 2 0 .9 2 3 1 .2 8 0 .9 0 0 0 .0 5 4
13 1142 13 1 . 0 0 0 1 .4 2

__________
0 .9 2 2 0 .078
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Column 1 i s  a  row in d e x  o f  a  m o n o to n ic a l l y  i n c r e a s i n g  d a t a  

s e t  in  Column 2 . Column 3 i s  t h e  c u m u la t iv e  f r e q u e n c y  o f  

o c c u r r e n c e .  T h e re  may be  m ore th a n  o n e  e n t r y  i n  an y  row i .  

Column 4 i s  t h e  e m p i r i c a l  c u m u la t iv e  d i s t r i b u t i o n  f u n c t i o n  

o f  t h e  d a t a  s e t .  The c u m u la t iv e  d i s t r i b u t i o n  f u n c t i o n  o f  

t h e  d a t a  s e t ,  a ssu m in g  a  no rm al d i s t r i b u t i o n  a s  shown i n  

Column 6 , i s  d e r i v e d  by  u s in g  Column 5 and  s t a n d a r d  no rm a l 

c d f  t a b l e s .  H e re ,  i s  t h e  c a l c u l a t e d  d e v i a t i o n  a t  p o i n t  

i  and  Da^ i s  t h e  K olm ogorov-Sm irnov  a c c e p t a n c e  l i m i t  a t  a  

s i g n i f i c a n c e  l e v e l  o f  f o r  t h e  d a t a  sam ple  s i z e .

t e d  a s

R e f e r r in g  t o  F ig u r e  2 . 3 ,  t h e  d e v i a t i o n  i s  c a l c u l a -

D. = G^(X) -  F \(X ) (2 .6 )

However, t h e  d e v i a t i o n  a t  i  h a s  two v a l u e s  d u e  to  t h e  

d i s c o n t i n u i t y  a t  i .  H ence , t h e  d e v i a t i o n  i s  s t a t e d  a s

D. = max |G .^(X ) -  F \ ( X ) |  , |G ._(X ) -  F \ ( X ) |  (2 .7 )

Some o f  t h e  d i s t r i b u t i o n s  assum ed f o r  t e s t i n g  a r e  r e ­

v ie w ed  be low , and  sam ple  t e s t s  f o l l o w .

G. The Normal D i s t r i b u t i o n

T h is  i s  a  c o n t in u o u s  d i s t r i b u t i o n  f u n c t i o n .  I t  i s  d e ­

s c r i b e d  by th e  g e n e r a l  d e n s i t y  f u n c t i o n  g iv e n  by

2
f  (X) = — -  ■ exp -  h 

^ 2 mo2

X-U ( 2 . 8 )

A p l o t  o f  t h e  no rm al d i s t r i b u t i o n  i s  t h e  f a m i l i a r  b e l l  

sh ap e d  f i g u r e  shown be lo w .

18



F(X)f(X) "

SampleSample

F ig u r e  2 .4 .  Normal D e n s i ty  F ig u r e  2 . 5 .  Normal Cumu- 
F u n c t io n  l a t i v e  D i s t r i b u t i o n

F u n c t io n

The c u m u la t iv e  d i s t r i b u t i o n  o f  th e  n o rm a l  d e n s i t y  

f u n c t i o n  i s  shown i n  F i g u r e  2 . 5 .

The d i f f e r e n c e  b e tw e e n  th e  e m p i r i c a l  c d f  and th e

assum ed n o rm a l c d f  i s  c a l c u l a t e d  and e n t e r e d  i n  Column 7 , o f

t a b l e  2 .1 .  The m ethod o f  c a l c u l a t i o n  i s  by E q u a t io n  2 . 7 .

The t e s t  r e q u i r e m e n t  i s  t h a t  t h e  assum ed  d i s t r i b u t i o n  

i s  a c c e p t a b l e  i f

D (n) < sup  |D . |
“ a l l  X 1

w here n i s  t h e  sam p le  s i z e .

I n  T a b le  2 . 1 ,  n=13, w h ich  y i e l d s  an  a c c e p t a n c e  l i m i t  

f o r  t h e  K olm ogorov-Sm irnov  t e s t  o f  g o o d n ess  o f  f i t  a t  5 p e r ­

c e n t  s i g n i f i c a n c e  l e v e l  as  D gg(13) = 0 .3 6 1 .  H ence , no
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e n t r y  i n  Column 7 may e x c e e d  t h i s  v a l u e  i f  t h e  norm al d i s t r i ­

b u t i o n  i s  t o  b e  i n c l u d e d  i n  t h e  c l a s s  o f  a c c e p t a b l e  d i s t r i ­

b u t i o n s .  I n  T a b le  2 . 1 ,  Column 7,  a l l  e n t r i e s  a r e  l e s s  th a n  

D g g ( 1 3 ) . H e n ce ,  t h e  n o rm a l d i s t r i b u t i o n  h a s  been  a c c e p te d .

The n e x t  d i s t r i b u t i o n  f u n c t i o n  assum ed i s  t h e  u n ifo rm  

d i s t r i b u t i o n .  The r e s u l t s  a r e  shown i n  T a b le  2 .2 .

F i g u r e  2 .6  shows t h e  a p p l i c a t i o n  o f  t h e  u n ifo rm  den­

s i t y  f u n c t i o n  t o  t h e  g iv e n  d a t a  s e t .

MW

•H
f(X /T  )

I---*
I

oTemoer a t u r e

F ig u r e  2 . 6 .  U n ifo rm  C o n d i t i o n a l  D e n s i ty  F u n c t io n  

f(X)

■p
•H

n - a

Random V a r i a b l e  X 

F i g u r e  2 . 7 a .  U niform  D e n s i ty  F u n c t io n
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The p l o t ,  w h ich  i s  s i m i l a r  t o  F i g u r e  2.1,  i s  now assum ed t o  

be  a u n i fo r m  d i s t r i b u t i o n .  The d e n s i t y  f u n c t io n  i s  g iv e n  by

Xf(X /T ) = b - a

H ence , t h e  c u m u la t iv e  d i s t r i b u t i o n  f u n c t io n  i s  g iv e n  by

F (X/T) = x - a
b - a a < X < b

w here a and  b a r e  t h e  e x t r e m i t i e s  o f  t h e  f u n c t io n  a s  shown i n  

F ig u r e s  2 .7 a  and 2 .7 b .  A l l  o t h e r  d e f i n i t i o n s  re m a in  a s  b e ­

f o r e .
F(X)

Random V a r i a b l e  X 
F ig u r e  2 .7 b .  U n ifo rm  C u m u la t iv e  D i s t r i b u t i o n  F u n c t io n

The c r i t e r i o n  o f  a c c e p ta n c e  re m a in s  a t  D gg(13) =

0 .3 6 1 .  H ence , t h e  u n i fo r m  d i s t r i b u t i o n  i s  a l s o  a c c e p t a b l e  t o  

d e s c r i b e  t h e  d a t a  s e t .  No e n t r y  i n  Column 6 o f  T a b le  2 .2  i s  

g r e a t e r  t h a n  .3 5 1 .  F u r t h e r  t e s t i n g  o f  d a ta  s e t s  from  th e  pop­

u l a t i o n  a r e  r e q u i r e d .  T a b le s  2. 3a and  2 . 3b show a d a t a  s e t  t e s t ­

ed  on norm al and u n i f o r m  d i s t r i b u t i o n s .  Table  2 .3 a  t e s t s  

a g a i n s t  n o r m a l i t y .  The l i m i t  o f  a c c e p ta n c e  D Q ^ d S )  = . 323 i s  

b a r e l y  s a t i s f i e d  a t  i  = 1 0 , f o r  a c c e p ta n c e  o f  n o r m a l i t y .
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"a b le  2 . 2 .  K olm ogorov-Sm irnov t e s t  
Assuming Uniform D e n s i ty  F u n c t io n  

For D a ta  S e t

(1 ) (2 ) (3) (4) ( 6 ) (7)

i ^ i

n n

p /V \—̂
F(X^) ° i

1 744 1 0 .0 7 7 0 . 0 0 0 0 .0 7 7

2 787 2 0 .1 5 4 0 .108 0 .0 4 6

3 803 3 0 .2 3 1 0 .148 0 .0 8 3

4 858 4 0 .3 0 8 0 .3 6 2 0 .1 3 1

5 860 5 0 .3 8 5 0 .2 9 1 0 .0 9 4

6 922 6 0 .450 0 .447 0 .0 6 2

7 958 7 0 .5 3 8 0 .5 3 8 0 .0 7 8

8 1 0 0 2 8 0 .6 1 5 0 .648 0 . 1 1 0

9 1051 9 0 .5 9 2 0 .7 7 1 0 .1 5 6

1 0 1054 1 0 0 .7 6 9 0 .779 0 .0 8 7

1 1 1077 1 1 0 .8 4 6 0 .8 3 7 0 .0 6 8

1 2 1123 1 2 0 .9 2 3 0 .9 5 2 0 .1 0 6

13 1142 13 1 . 0 0 0 1 . 0 0 0 0 .0 7 7
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T a b le  2 . 3 a .  K o lm o g o ro v -S m irn o v  T e s t  F o r
M a r g i n a l  A c c e p ta n c e  o f  N o r m a l i t y

i X.
1

n

n

X^-y
F(X) =0(X) OiG IX) n a

1 577 1 0 .0625 - 0 .9 3 0 .1762 0 .1762

2 578 2 0 .1250 - 0 .9 2 0 .1788 0.1163

3 599 3 0 .1 8 7 5 - 0 .7 0 0 .2 4 2 0 0.1170

4 503 4 0 .2500 —0 . 6  6 0 .2546 0 .0671

5 606 5 0 .3 1 2 5 - 0 .6 3 0 .2643 0 .0482

6 611 6 0 .3750 - 0 .5 8 0 .2 8 1 0 0.0940

7 616 7 0 .4 3 7 5 - 0 . 5 2 0 .3015 0.1360

8 622 8 0 .5000 —0 .4 6 0 .3 2 2 8 0 .1772

9 625 9 0 .5 6 2 5 - 0 .4 3 0 .3 3 3 6 0 .2289

1 0 633 10 0 .6250 - 0 .3 5 0 .3 6 3 2 0 .2618

1 1 6 6 6 1 1 0 .6 8 7 5 0 . 0 0 0 .5 0 0 0 0.8750

1 2 706 12 0 .7 5 0 0 0 .4 2 0 .6628 0 .0872

13 735 13 0 .8 1 2 5 0 .7 2 0 .7 6 4 2 0 .0483

14 756 14 0 .8 7 5 0 0 .9 4 0 .8 2 6 4 0 .0486

15 800 15 0 .9375 1 .4 0 0 .9 1 9 2 0 .0442

16 924 16 1 . 0 0 0 0 2 .70 0 .9 9 6 5 0.0590
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T a b le  2 . 3 b • K o lm o g o ro v -S m irn o v  T e s t  f o r
R e j e c t i o n  o f  U n ifo rm  D i s t r i b u t i o n .

i ^ i

n
G(X) F(X) D.

1

1 577 1 0 .0 6 2 5 0 . 0 0 0 0 0 .0 6 2 5

2 528 2 0 .1250 0 .0029 0 . 1 2 2 1

3 599 3 0 .1 8 7 5 0 .0 6 3 4 0 .1 2 4 1

4 603 4 0 .2500 0 .0749 0 .1 7 5 1

5 606 5 0 .3125 0 .0836 0 .2 2 8 9

6 611 6 0 .3750 0.0980 0 .2 7 7 0

7 616 7 0 .4375 0.1124 0 .3 2 5 1

8 622 8 0 .5000 0.1297 0 .3 7 0 3

9 625 9 0.5625 0.1383 0 .4 2 4 2

1 0 633 1 0 0 .6250 0.1614 0 .4 6 3 6

1 1 6 6 6 1 1 0.6875 0 .2565 0 .4 3 1 0

1 2 706 12 0 .7500 0 .3718 0 .3 7 8 2

13 735 13 0 .8125 0.4553 0 .3 5 7 2

14 756 14 0 .8750 0.5158 0 .3 5 9 2

15 800 15 0 .9375 0 .6390 0 .2 9 8 5

16 924 16 1 . 0 0 0 0 1 . 0 0 0 0 0 .0 6 2 5
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However, i n  th e  t e s t  a g a i n s t  t h e  u n ifo rm  d i s t r i b u t i o n  shown 

i n  T a b le  2 .3 b ,  th e  a c c e p ta n c e  l i m i t  D ^^(16) i s  e x c e e d e d  a t  

t h e  p o i n t s  i n d i c a t e d  by an a s t e r i s k .  Hence, f o r  t h i s  d a t a  

s e t ,  t h e  u n i fo rm  d i s t r i b u t i o n  h a s  b e en  r e j e c t e d .  N o rm a l i ty  

c o n t i n u e s  t o  be a c c e p t e d .

F ig u r e  2 .3  shows a  c o m p a r iso n  o f  t h e  e m p i r i c a l  c d f  and 

th e  a s s u m p t io n  o f  n o r m a l i t y  on t h e  d a t a  s e t  i n  column 2  o f  

T a b le  2 . 1 .  The two c u r v e s  show a  c l o s e  f i t  f o r  t h e  amount 

o f  d a t a  a t  h an d . I n  c o n c l u s i o n ,  t h e  c o n d i t i o n a l  d e n s i t y  

f u n c t i o n  o f  t h e  l o a d ,  a t  a  g iv e n  t e m p e r a t u r e ,  may be  d e s ­

c r i b e d  by a norm al d e n s i t y  f u n c t i o n .

c
0-r4
JJ

1 -1

cn

0
>•H

s
3
u

1. 0

. 8

. 6
( 1)

.4

. 2

0
1200500 800 1000 1400

Demand (tlW)
F ig u r e  2 .8 .  (1) E m p i r i c a l  C u m u la t iv e  D i s t r i b u t i o n ,

(2) Norm al C u m u la t iv e  D i s t r i b u t i o n
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CHAPTER 3 

TEMPERATURE DISTRIBUTION

A. I n t r o d u c t i o n

In  C h a p te r  2,  a d i s t r i b u t i o n  o f  t e m p e r a t u r e  f(T) was 

d e s c r i b e d  i n  E q u a t io n  2 . 2 .  I n  d e r i v i n g  t h i s  d i s t r i b u t i o n ,  

an a s s u m p t io n  h a d  t o  be made a b o u t  t h e  n a t u r e  o f  f (T )  from 

y e a r  t o  y e a r .  I n  t h i s  s t u d y ,  i t  w i l l  b e  assum ed t h a t  th e  

e a r t h ' s  a tm o s p h e re  i s  n e i t h e r  c o o l i n g  n o r  warm ing a p p re c ia b ly .  

Hence a  t im e  s t a t i o n a r y  d i s t r i b u t i o n ,  i s  a ssu m ed .

S e v e r a l  d e f i n i t i o n s  o f  f (T )  may b e  m ade, e a c h  r e q u i r ­

in g  a  d i f f e r e n t  d a t a  s e t .  Each d e f i n i t i o n  d e p en d s  on th e  

t im e  fram e  b e in g  c o n s i d e r e d .  I f  t h e  t e m p e r a t u r e  d a t a  s e t  i s  

t h e  s e t  o f  d a i l y  maximum t e m p e r a t u r e s ,  t h e n  f (T )  d e s c r ib e s  

t h e  p r o b a b i l i t y  o f  T b e in g  th e  d a i l y  maximum te m p e r a tu r e .

I f  t h e  d a t a  s e t  i s  t h e  s e t  o f  a l l  a n n u a l  p e ak  te m p e r a tu r e s ,  

f(T ) d e s c r i b e s  t h e  p r o b a b i l i t y  o f  T b e i n g  th e  y e a r l y  maximum 

t e m p e r a t u r e .  D a i ly  maximum te m p e r a t u r e  d a t a  f ro m  1962 

th ro u g h  1976 w ere  u sed .

T a b le  3 .1  shows f o r  a r e a  1 ,  ( s e e  a p p e n d ix  B) a l l  p o s ­

i t i v e  t e m p e r a t u r e s  b e tw e e n  Q and  11Q°F. The t a b l e  i s  s e l f -  

e x p l a n a t o r y .  The column a r e  a s  d e f i n e d  p r e v i o u s l y  i n  Chap­

t e r  2 . The t a b l e  shown h e r e  may b e  t e s t e d  f o r  n o rm a l i ty .
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T a b le  3 . 1 .  T e s t  o f  N o r m a l i ty  o f  E m p i r ic a l  
T e m p e ra tu re  D i s t r i b u t i o n

i n.
1

i = 2 2
h

n

X.-X
f7 — ^ è(Z^) ° ii  s

1 0 -  5 0 0 0 . 0 0 0 0 - 3 .1 8 0.0007 .0007
2 6 - 1 0 0 0 0 . 0 0 0 0 - 3 .1 8 0.0007 .0007
3 11-15 9 9 0 .0016 - 2 .9 3 0.0017 .0017
4 16-20 17 26 0 .0047 - 2 .6 7 0.0038 . 0 0 2 2

5 21-25 32 58 0 .0106 - 2 .4 2 0.0078 .0031
6 26-30 54 1 1 2 0 .0204 - 2 .1 7 0.0150 .0054
7 31-35 1 0 1 213 0 .0388 - 1 .9 2 0.0274 .0114
8 36-40 173 386 0 .0704 - 1 .6 7 0.0475 .0229*
9 41-45 209 595 0.1085 - 1 .4 2 0.0778 .0307*

1 0 46-50 283 878 0 .1602 - 1 .1 7 0 . 1 2 1 0 .0591*
1 1 51-55 340 1218 0 . 2 2 2 1 - 0 .9 2 0.1788 .0433*
1 2 56-60 378 1596 0 .2911 —0 . 6 6 0.2545 .0365*
13 61-65 377 1973 0 .3598 - 0 .4 1 0.3409 .0498*
14 66-70 481 2454 0 .4 4 6 7 - 0 .1 6 0.4364 .0766*
15 71-75 483 2942 0 .5366 0 .09 0.5359 .0892*

16 76-80 460 3402 0 .6205 0.34 0.6331 .0965*

17 81-85 586 3988 0 .7 2 7 3 0 .59 0 .7224 .1019*

18 86-90 584 4572 0 .8 3 3 9 0.84 0.7996 .0723*
19 91-95 520 5092 0 .9 2 8 7 1 .0 9 0 .8621 .0666*
2 0 96-100 300 5367 0 .9 7 8 8 1 .3 5 0 .9082 .0706*
2 1 101-105 106 5473 0 .9 9 8 2 1 .60 0 .9452 .053*
2 2 106-110 1 0 5483 1 . 0 0 0 0 1 .8 5 0 .9678 .0322*

The a c c e p ta n c e  l i m i t  a t  a  s i g n i f i c a n c e  l e v e l  o f  0 .0 5  i s  D gg 

= .0 1 8 4 ,  w hich  i s  e x c e e d e d  a t  i  = 8 and  a l l  a s t e r i s k e d  p o i n t s .  

H ence , n o r m a l i t y  i s  r e j e c t e d .  Such a  s t a t i s t i c a l  t e s t
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d e te r m in e d  t h a t  t h e  d a t a  s e t  may n o t  be  d e s c r i b e d  u n d e r  a 

norm al d i s t r i b u t i o n .  F u r t h e r  a n a l y s i s ,  a s  shown i n  F ig u r e

3 .1 ,  r e v e a l e d  t h a t  a  n o rm a l  d i s t r i b u t i o n  i s  a v e r y  p o o r  f i t  

t o  t h e  e m p i r i c a l  d i s t r i b u t i o n ,  l e a v i n g  room f o r  f u r t h e r  im­

p ro v e m e n t .  However, t h e  s h a p e  o f  t h e  b o u n d a ry  o f  t h e  d e n s i t y  

f u n c t i o n  f(T )  i n d i c a t e d  p o s s i b l e  f i t  u s i n g  w e l l - d e f i n e d  s t a n ­

d a rd  s t a t i s t i c a l  f u n c t i o n s .  The d e n s i t i e s  i n  F ig u r e  3 .1  show 

a skew ness  to  th e  l e f t .

Upon c o m p a r iso n  w i t h  s e v e r a l  s t a n d a r d  s t a t i s t i c a l  

f u n c t i o n s ,  t h e  b e t a  f u n c t i o n  was s e l e c t e d  f o r  t r i a l .  S e l e c ­

t i o n  was b a se d  on t h e  f a c t  t h a t  t h e  same l e f t - h a n d e d  skew - 

new o f  F ig u r e  3 .1  c a n  be  a p p ro x im a te d  by t h e  b e t a  f u n c t i o n .  

The f o l l o w i n g  i s  a  b r i e f  r e v ie w  o f  t h e  b e t a  d e n s i t y  f u n c ­

t i o n .

B. B e ta  D e n s i ty  F u n c t io n

The b e t a  d e n s i t y  f u n c t i o n  i s  g iv e n  by

w here B (a ,g )  = ^ c o n s t a n t  f o r  a g iv e n  a ,  and  S;

and w here  F i s  a  gamma n o t a t i o n ,  and  a and 6 a r e  p a r a m e t e r s  

o f  t h e  b e t a  d e n s i t y  f u n c t i o n .

The sh ap e  o f  t h e  d e n s i t y  f u n c t i o n  d ep en d s  on  t h e  

c h o ic e  o f  a and 3- F o r  e x am p le ,  when a = 3 = 1 ,  t h e n  f(X) = 

1 , a  c o n s t a n t ,  w h ich  i s  t h e  u n i fo rm  d e n s i t y  f u n c t i o n .
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The mean, u, and  v a r a n c e ,  V a r(X ) ,  o f  t h e  b e t a  d e n s i t y  

f u n c t i o n  w ere found  u s i n g  t h e  moment g e n e r a t i n g  f u n c t i o n ,  t h u s

y = a + S 

Var(X) = aS

(a + 3) (a + B + 1)

A c h o ic e  o f  a > 6 > 1 y i e l d s  a l e f t  skewed b e t a  den­

s i t y  f u n c t i o n  o f  t h e  fo rm  shown i n  F ig u r e  3 .2 ,

f ( x )

-H

0 X X 1
.X

Sample X

F ig u r e  3 .2 .  A T y p i c a l  B e ta  F u n c t io n  f o r  a > 3 > 1 .
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The p o i n t  o f  maximum d e n s i t y  i s  g iv e n  by

X = ^ ^m a + 3 -  2

and i s  t o  t h e  r i g h t  o f  t h e  mean v a lu e  X.

The d e n s i t y  f u n c t i o n  shown i n  F ig u r e  3 . 1 ,  was approx­

im a te d  u s in g  a t r i a l  and e r r o r  m ethod i n  t h e  s e l e c t i o n  o f

v a l u e s  f o r  a  and B. The sm ooth  c u rv e  shows t h i s  approxim a­

t i o n ,  u s in g  a  = 4 and 3 = 2 .  T h e se  v a l u e s  f o r  a and  3 y i e l d  

a  d e n s i t y  f u n c t i o n  g iv e n  by

f(X) = 20 X^ (1 -  X) 0 < X < 1

S in c e  t h e  b e t a  f u n c t i o n  l i e s  b e tw ee n  0 and 1 , a  t r a n s f o r m a ­

t i o n  o f  v a r i a b l e s  h a s  t o  be made i n  o r d e r  t o  s a t i s f y  t h e  

b o u n d a ry  c o n d i t i o n s .  I n  t h i s  ex am p le ,  t h e  t r a n s f o r m a t i o n  

u s e d  i s  g iv e n  by

X = ÎXÔ 0 < T < U O

w here  T i s  t e m p e r a t u r e  i n  °F .

H aving  d e f in e d  t h e  d e n s i t y  f u n c t i o n  by an  a p p ro x im a te  

c u rv e  f i t ,  t h e  c u m u la t iv e  d i s t r i b u t i o n  f u n c t i o n  F(T) i s  eas­

i l y  c a l c u l a t e d  as

_T

F(T) = 20Z^(1 -  Z)dZ

4m 4T
-  ( ï î ô )  • (5 -  ï ï ô )
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o r  F(T) = (5 -  4X)

w h ere  X i s  as  d e f in e d  p r e v i o u s l y .

The above exam ple was done  u s i n g  d a t a  from one  o f  t h e  

a r e a s  u n d e r  s t u d y .  F i g u r e s  3 .3  th ro u g h  F i g u r e s  3 .6  show t h e  

t e m p e r a t u r e  d e n s i t y  f u n c t i o n s  f o r  t h e  o t h e r  a r e a s .  F ig u r e  

3 .7  shows an  o v e r l a y ,  o r  c o m p o s i te  d e n s i t y  d i s t r i b u t i o n  f u n c ­

t i o n ,  w h ich  i s  an  a v e r a g e  o f  a l l  t h e  a r e a s  t o g e t h e r .  I t  i s  

a  h y p o t h e t i c a l  d i s t r i b u t i o n  f u n c t i o n .  The e s t i m a t i o n  o f  f (T ) ,  

u s i n g  an a p p r o p r i a t e  c u rv e  f i t  a s  d e m o n s t r a t e d  above, com­

p l e t e s  t h e  c a l c u l a t i o n  o f  t h e  r i g h t - h a n d  s i d e  o f  th e  e q u a t io n ,

F (P /1  T) = F (P /T ) • f(T )

w h ere  P i s  demand i n  m eg aw a tts  and  T i s  t e m p e r a t u r e ,  d e s ­

c r i b e d  i n  C h a p te r  2.

The o b j e c t i v e  t o  t h i s  p o i n t  h as  b e en  t o  d e f in e  t h e  

n a t u r e s  o f  F ( P / T ) , t h e  c o n d i t i o n a l  d i s t r i b u t i o n  o f  a lo a d  

l e v e l  P , a t  a g iv e n  t e m p e r a t u r e  T, and o f  f ( T ) , t h e  d i s t r i ­

b u t i o n  f u n c t i o n  o f  t e m p e r a t u r e  T . H ence , t h e  d i s t r i b u t i o n  

f u n c t i o n  o f  lo a d  P and t e m p e r a t u r e  T i s  known.

F ( P /1  T) may b e  c a l c u l a t e d  a t  t e m p e r a t u r e s  T^ t o  T ^ , 

a s  shown i n  F ig u r e  3 . 8 .

The p r o b a b i l i t y  o f  r e a c h i n g  and e x c e e d in g  lo a d  l e v e l  

P m e g aw a tts  i s  th u s  g iv e n  by

T=Tn
F(P) = I F ( P n  T)

T=To
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To T , . . . T  . .T

T e m p e ra tu re  ( F)

i'n

F ig u r e  3 .8 .  Sample P o i n t s  fo r  th e  C a l c u l a t i o n  o f  F (P il T) . 

T=T n
o r  F(P) = I F (P /T )  • f(T)

T=To

The p r o b a b i l i t y  d e n s i t i e s  o f  t e m p e r a t u r e  f(T )  and th e  

a v e r a g e  lo a d s  o r  f o r e c a s t s  f o r  t h e  y e a r  b e in g  s t u d i e d ,  w ere 

d e te r m in e d  and s t o r e d  on  d i s k .  T h ese  w ere  u s e d  i n  t h e  com­

p u t e r  p rog ram  l i s t e d  i n  Appendix A t o  c a l c u l a t e  t h e  p r o b a b i l ­

i t i e s  o f  lo a d  o c c u r r e n c e ,  a ssum ing  t h e  s t a n d a r d  n o rm a l d i s ­

t r i b u t i o n  p r e v i o u s l y  a c c e p t e d .  F o r  ex am p le ,  l e t  t h e  peak  

demand f o r e c a s t  f o r  1970 be  2163 2 # . The p ro g ram  c a l c u l a t i o n  

showed t h a t  t h i s  l e v e l  o f  l o a d  h a s  a  p r o b a b i l i t y  o f  0 .0 1 5 7  o f  

b e in g  r e a c h e d  o r  e x ce e d ed  i n  t h a t  y e a r .  T h i s  l e v e l  o f  l o a d
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h a s  a  low ch an ce  o f  o c c u r r e n c e ,  and t h e  s u p p ly  s i t u a t i o n  i s  

t h e  c r i t e r i o n  f o r  a c c e p t a n c e  o f  t h i s  l o a d  l e v e l  f o r  p l a n n in g  

p u r p o s e s .

F a c to r s  su ch  a s  t h e  a v a i l a b i l i t y  o f  a d e q u a te  e x t e r n a l  

s u p p l i e s  when n e e d e d ,  and  t h e  c o s t  o f  c a p i t a l  w i l l  a i d  i n  th e  

d e t e r m i n a t i o n  o f  t h e  m o s t  f e a s i b l e  s u p p ly  o p t i o n .  T h u s ,  t h e  

p r o b a b i l i t y  l e v e l s  a r e  m e a su re s  o f  r i s k ,  a s  w e l l  a s  a n  in d e x  

t o  c a p i t a l  e x p e n d i t u r e s .
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CHAPTER 4

MULTI-AREA DEMAND CHARACTERISTICS

A. I n t r o d u c t i o n

I n  t h i s  c h a p t e r ,  d a t a  f rom  eac h  a r e a  u n d e r  s t u d y  a r e  

d i s c u s s e d  i n  g r e a t e r  d e t a i l . An a t t e m p t  i s  t h e n  made t o  

s t a t e ,  i n  b r o a d  t e r m s , w ha t t h e  c h a r a c t e r i s t i c s  o f  m o s t  u t i l ­

i t i e s  i n  s i m i l a r  a r e a s  can  b e  e x p e c te d  t o  b e .  F i n a l l y ,  a 

co m p o s i te  c h a r a c t e r i s t i c  o f  a l l  r e g i o n s  i s  d e v e lo p e d ,  and i t s  

s t a t i s t i c a l  p a r a m e te r s  c a l c u l a t e d  and ch eck ed  f o r  c o n f o r m i ty  

w i t h  t h e  r e s u l t s  o f  C h a p te r  2.

F ig u r e s  4 .1  th r o u g h  4 .5  a r e  r e p r e s e n t a t i v e  p l o t s  o f  

peak  d a i l y  l o a d  v e r s u s  peak  d a i l y  t e m p e r a t u r e  f o r  g e o g ra p h ­

i c a l  a r e a s  1 t h r o u g h  5 w h ich  a r e  c l i m a t i c a l l y  v e r y  s i m i l a r  

g e o g r a p h ic a l  a r e a s .  A rea  1 and  2 i n t e r l e a v e ,  a s  do a r e a s  3 

and 4 . A rea  5 h a s  a  warmer w e a th e r  sy s te m  d u r i n g  m ost 

o f  t h e  y e a r .  D e s c r i p t i o n s  o f  t h e  c h a r a c t e r i s t i c s  o f  t h e s e  

p l o t s  a r e  a s  s t a t e d  a t  t h e  b e g in n in g  o f  C h a p te r  2 . S e c t io n s  

o f  b a s e  l o a d ,  t e m p e r a t u r e  d ep en d en ce  an d  s a t u r a t i o n  a r e  e v i ­

d e n t  on m o s t  o f  t h e s e  p l o t s .

C o m p o s i te s  o f  t h e s e  p l o t s  w i l l  b e  b u i l t  i n  s t a g e s .

Two a p p ro a c h e s  may b e  u s e d  i n  t h e  c o m b in a t io n  o f  t h e  d a i l y  

d a t a  p o i n t s  t o  y i e l d  a  t o t a l  m u l t i - a r e a  demand.
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B. Suïïimation by  T e m p e ra tu re

P l o t s / su ch  a s  th o s e  shown i n  F ig u r e  4 . 1  and F ig u r e

4 -2  f o r  t h e  same y e a r ,  a r e  o v e r l a i d .  Such a n  o v e r l a y  i s  

shown i n  F i g u r e  4 . 6 .  The p o i n t s  o f  m atch  i n  t h e  o v e r l a y  a r e  

t e m p e r a t u r e s = The demand o b t a i n e d  i n  t h i s  c a s e  i s  n o t  t h e  

sum o f  t h e  demands i n  t h e  two a r e a s ,  b u t  an a v e r a g e  demand 

f o r  b o th  a r e a s .  I t  i s  o b v io u s  t h a t  t h i s  a p p ro a c h  i s  u s e f u l  

o n ly  when t h e  demands and  w e a th e r  s e n s i t i v i t y  o f  t h e  demand 

i n  t h e  two a r e a s  a r e  q u i t e  s i m i l a r .  I f  t h i s  c o n d i t i o n  i s  n o t  

m et p l o t s  o f  t h e  d a t a  p o i n t s  w i l l  be so w id e ly  s p re a d  o u t  

t h a t  no m e a n in g f u l  t r e n d s  w i l l  b e  n o t i c e a b l e .  An a d v a n ta g e  

o f  t h i s  m ethod i s  t h a t  t h e  number o f  d a t a  p o i n t s  a t  each  tem ­

p e r a t u r e  i s  s i g n i f i c a n t l y  i n c r e a s e d ,  g iv in g  a  more s o l i d  

b a s e  f o r  s t a t i s t i c a l  a n a l y s i s .

C . Summation by  D ate  o f  O c cu rren c e

In  t h i s  c a s e ,  t h e  number o f  d a t a  p o i n t s  s t a y s  th e

same f o r  any g iv e n  y e a r .  However, t h e  o r d i n a t e  o f  th e  g ra o h  

i s  t h e  sum o f  demands i n  t h e  two a r e a s  on any  g iv e n  d a t e .

The p ro b lem  h e r e  i s  t h a t  two t e m p e r a t u r e  v a l u e s ,  one f o r  e a c h  

a r e a ,  a r e  now t o  b e  c o n s i d e r e d .  A d i r e c t  o v e r l a y  o f  p l o t s  

i s  n o t  p o s s i b l e .  A new te m p e r a t u r e  f o r  th e  c o m p o s i te  

lo a d  h a s  t o  b e  c a l c u l a t e d  and  w e ig h te d  t o  a c c o u n t  f o r  d i f ­

f e r e n c e s  i n  t h e  s i z e  o f  t h e  l o a d s .  I t  has  b e e n  n o te d  b e f o r e  

t h a t  t h e  t o t a l  a r e a  sy s te m  lo a d  h a s  a  b a se  l o a d  and h e a t  s e n ­

s i t i v e  com ponent e x p r e s s i b l e  as
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p = B + H(T) (4 .1 )

w here  P i s  t h e  t o t a l  a r e a  l o a d ,  B i s  t h e  b a s e  l o a d ,  H(T) i s  

th e  t e m p e r a t u r e  s e n s i t i v e  com ponent and T i s  t h e  t e m p e r a t u r e  

i n  ° F .

I n  d e r i v i n g  t h e  t e m p e r a t u r e  to  u s e ,  o n ly  t h e  h e a t  s e n ­

s i t i v e  com ponent w i l l  b e  u s e d .  The p a ra m e te r s  t h a t  d e te r m in e  

t h e  l e v e l  o f  b a s e  l o a d  a r e  l a r g e l y  in d e p e n d e n t  o f  t e m p e r a t u r e  

o r  w e a th e r .  I n  t h e  c a l c u l a t i o n  o f  the  r e s u l t a n t  t e m p e r a t u r e  

f o r  t h e  two a r e a s ,  i t  i s  n e c e s s a r y  to  g i v e  more w e ig h t  to  t h e  

a r e a  w i th  t h e  h i g h e r  t e m p e r a t u r e  s e n s i t i v e  dem and. G iven  a 

d a t e  and two a r e a s ,  1  and  2 , t h e  tw o -a re a  t e m p e r a t u r e  i s  

c a l c u l a t e d  a s

H, ( T J  • Tt + H_(T_) • T-
m =  ±_____^ ^______£ fd 2)

H^(T^) + H 2 (T2 )  ̂ ’

The r e s u l t a n t  t e m p e r a t u r e  T, is  w e ig h te d  i n  t h e  d i r e c ­

t i o n  o f  th e  a r e a  w i t h  t h e  h i g h e r  h e a t  s e n s i t i v e  com ponent, i n  

t h e  t r a n s f o r m a t i o n  w h ic h  may a l s o  be u sed  to  o b t a i n  a  te m p e r ­

a t u r e ,  such  a s  T^ o r  T2 , f o r  an a r e a  u s i n g  dem ands and te m p e r­

a t u r e s  from s u b - a r e a s  on  a  d i s t r i b u t e d  b a s i s .

The t o t a l  demand i s  r e t r i e v e d  as

P = B^ + B2 + H^(T^) + H2 (T2 ) (4 .3 )

P = P^ + P 2 (4 .4 )

U sing  t h e  d a t a  s e t s  o f  F ig u r e  4 .1  and F i g u r e  4 . 2 ,  t h e
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r e s u l t a n t  t w o - a r e a  demand i s  shown p l o t t e d  i n  F ig u r e  4 . 7 .

A c o m p a r iso n  o f  F i g u r e  4 .7  to  F ig u r e s  4 .1  and 4 .2  

shows a  s t r o n g  s i m i l a r i t y  i n  c h a r a c t e r i s t i c s .  These  f i g u r e s  

show s e c t i o n s  o f  b a s e  l o a d  f o l l o w e d  by l i n e a r  d e p e n d e n c e .

T h i s  c h a r a c t e r i s t i c  d e s c r i b e s  t h e  combined demand w i t h i n  t h e  

two s e r v i c e  a r e a s  t a k e n  a s  o n e .  I n  o r d e r  t o  v e r i f y  t h e  h y ­

p o t h e s i s  t h a t  a  n o rm a l d i s t r i b u t i o n  f u n c t i o n  c a n  b e  u s e d  t o  

d e s c r i b e  t h e  d a t a  s e t  o f  a  g i v e n  t e m p e r a t u r e ,  a  K olm ogorov- 

Sm irnov  t e s t  was made and  t h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b le  

4 .1  f o r  a g iv e n  ex am p le .  F u r t h e r  a n a l y s i s  on  p r o b a b i l i t y  

g r a p h  p a p e r  y i e l d e d  an  a p p ro x im a te  s t r a i g h t  l i n e ,  a s  shown 

i n  F ig u r e  4 . 8 ,  w h ich  r e i n f o r c e d  t h e  t e s t  r e s u l t s  o f  T a b le  4 .1 .  

The c o m p o s i te  model i s  t h u s  d e r i v e d  from i t s  co m p o n en ts .

The above  a n a l y s i s  was r e p e a t e d ,  u s in g  d a t a  from  a r e a s  

3 a n d  4 ,  w h ich  a r e  a d j a c e n t  t o  e a c h  o t h e r ,  and  s e r v e  a s i m i ­

l a r  c u s to m er  m ix . F i g u r e  4 .9  i s  a  p l o t  o f  t h e  c o m p o s i te  tw o- 

a r e a  model f o r  a r e a s  3 and  4 . A g a in ,  t h e r e  i s  an  e v i d e n t  

s i m i l a r i t y  i n  c h a r a c t e r i s t i c s  ( s e e  Appendix  C) . F i n a l l y ,  a l l  

f i v e  a r e a s  w ere  com bined t o  p ro d u c e  a  f i v e - a r e a  c o m p o s i te  d e ­

mand c h a r a c t e r i s t i c ,  shown i n  F i g u r e  4 .1 0 .  T o t a l  demand con­

t i n u e d  t o  con fo rm  t o  t h e  s e p a r a t e  demands f o r  e a c h  u t i l i t y .  

F i g u r e  4 .1 0  shows a f i v e - a r e a  c o m p o s i te  c h a r a c t e r i s t i c .  M eth­

od s  d e v e lo p e d  f o r  t h e  a n a l y s i s  o f  t h e  s e p a r a t e  demands c a n ,  

t h e r e f o r e ,  b e  a p p l i e d  t o  t h e  c o m p o s i te  model w i t h o u t  l o s s  o f  

g e n e r a l i t y .

T h is  y i e l d s  an e f f e c t i v e  t o o l  f o r  s y s te m  p l a n n e r s  on
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TABLE 4 .1
K olm ogorov-Sia irnov T e s t  o f  C om posite  D ata  S e t

C r i t i c a l  a c c e p ta n c e  l i m i t  a t  5% 
s i g n i f i c a n c e  l e v e l  i s  0 .3 9 1 .

i X.
1 ^ i

n= 1 0

n

z.=Xi-X
(p(Ẑ |D|n a

1 1790 1 1 0 .0 9 1 - 1 .1 9 3 0 .117 0 .1 1 7

2 1848 1 2 0 .182 - 0 .8 6 4 0 .1 9 5 0 .104

3 1878 1 3 0 .2 7 3 - 0 .6 9 3 0 .2 4 5 0 .063

4 1885 1 4 0 .364 - 0 .6 5 3 0 .2 5 8 0 .106

5 1941 1 5 0 .4 5 5 - 0 .3 3 5 0 .367 0 .088

6 1969 2 7 0 .636 - 0 .1 7 6 0 .4 3 3 0 .2 0 3

7 2014 1 8 0 .7 2 7 0 .0 7 9 0 .528 0 .1 9 9

8 2026 1 9 0 .3 1 8 0 .148 0 .5 6 0 0 .2 5 8

9 2310 1 1 0 0 .909 1.760 0 .961 0 .143

10 2335 1 1 1 1 . 0 0 0 1.900 0 .971

L -  - - -

0 .0 6 2
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a r e g i o n a l  b a s i s .  A lth o u g h  u t i l i t i e s  u s u a l l y  do n o t  p la n  on 

a r e g i o n a l  b a s i s ,  t h e y  a r e  a l l  members o f  pow er r e l i a b i l i t y  

p o o l s ,  w here  some d e g r e e  o f  r e g i o n a l  p la n n in g  i s  d o n e .  The 

c o m p o s i te  demand o f  any  g iv e n  power p o o l  w i t h  t h e  c h a r a c t e r ­

i s t i c s  d e s c r i b e d  f o r  t h e  f i v e - a r e a  c o m p o s i te  m ode l,  d e s c r i b e d  

ab o v e , can  be s i m i l a r l y  a n a ly z e d .  The e v e r  i n c r e a s i n g  s i z e  

o f  g e n e r a t i n g  p l a n t s  and  t r a n s m i s s i o n  v o l t a g e s ,  and t h e  m ount­

in g  p r e s s u r e s  o f  e n v i r o n m e n ta l  g ro u p s  w i l l  make r e g i o n a l  p l a n ­

n in g  n e c e s s a r y  i n  t h e  f u t u r e .
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CHAPTER 5 

THE FORECASTING MODEL

A. I n t r o d u c t i o n

The m o d e lin g  t e c h n i q u e  u se d  i s  d e s c r i b e d  i n  t h i s  c h a p ­

t e r .  A d a t a  s e r i e s  i s  d e v e lo p e d  u s i n g  th e  demand c h a r a c t e r ­

i s t i c s  p r e v i o u s l y  d i s c u s s e d  and t h e  th e o r y  o f  t im e  s e r i e s  

a n a l y s i s ,  p a r t i c u l a r l y  B o x - J e n k in s  m o d e ls ,  a p p l i e d  t o  f o r e ­

c a s t i n g .  Most f o r e c a s t i n g  m ethods  e x t r a c t  o n ly  one  c o o r d i n ­

a t e  p o i n t  f o r  e ac h  y e a r ' s  d a t a  s e t ,  t h u s  l o s i n g  i n f o r m a t io n  

a v a i l a b l e  i n  th e  e n t i r e  c h a r a c t e r i s t i c .

B. Model Development

I n  p r e v io u s  c h a p t e r s  t h e  form  o f  t h e  demand c h a r a c ­

t e r i s t i c  was d i s c u s s e d .  I f  t h e  p l o t s  o f  demand v e r s u s  tem ­

p e r a t u r e  a r e  p l a c e d  s i d e  by  s i d e ,  i n  s u c c e s s i o n ,  th e  s e r i e s  

shown i n  F ig u r e  5 .1  r e s u l t s .  A x is  number 1 h a s  t e m p e r a t u r e  a s  

t h e  in d e p e n d e n t  v a r i a b l e  e x t e n d i n g  from  60°F t o  110°F f o r  e ac h  

y e a r ' s  d a t a  s e t .  Time s e r i e s  a n a l y s i s  i s  a p p l i c a b l e  o n ly  t o  

a m o n o to n ic a l ly  i n c r e a s i n g  a x i s .  A x is  number 2 t r a n s f o r m s  

a x i s  number 1 t o  a m o n o to n ic a l l y  i n c r e a s i n g  a x i s ,  w i t h  e a c h  

y e a r  s p a n n in g  a p e r i o d  in d e x  o f  50 u n i t s .

A m a th e m a t ic a l  m odel w i l l  be  f o r m u la t e d  f o r  t h i s
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F i g u r e  5 . 1 .  Sam ple S e r i e s

s e r i e s  t h a t  p e r m i t s  t h e  f o r e c a s t  o f  t h e  n e x t  an n u a l  demand 

c h a r a c t e r i s t i c .

A t im e  s e r i e s  may be  r e p r e s e n t e d  by t h e  l i n e a r  f i l t e r  

form  g iv e n  a s

Zf = 0 + ,j,^u^ + + ^ 2 ^ - 2  + • • •  + ' ^ j V j

o r

J - O

[5 .1b)

w h ich  i s  a  d i s c r e t e  l i n e a r  s t o c h a s t i c  p r o c e s s ,  where 5 i s

t h e  mean o f  t h e  s e r i e s ,  ip. a r e  w e ig h t s  a s s o c i a t e d  w i t h  u . ;
J

i n d e p e n d e n t  random  n o i s e  com ponen ts  o f  t h e  s e r i e s .

Hence t h e  v a lu e  o f  t h e  f u n c t i o n  a t  t im e  t  i s  e q u a l  

t o  t h e  mean o f  t h e  f u n c t i o n  and  a sum o f  f r a c t i o n s  i*) ,̂ o f  d e ­

v i a t i o n s ,  u ^ _ j , from a mean 6 , a t  j  p r e c e d in g  t im e p e r i o d s .

In  t h e  a n a l y s i s  2^ i s  a  t im e  s e r i e s  whose p a ra m e te r s  

w i l l  be  i d e n t i f i e d  t o  o b t a i n  a  demand m ode l.  The method
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u s e d  was i n i t i a l l y  d e v e lo p e d  by  B o x -J e n k in s  [2 6 ] .  The 

m ethod c o n s i s t s  o f  t h r e e  m a in  p a r t s ,  nam ely

1 . i d e n t i f i c a t i o n  o f  t h e  n a t u r e  o f  t h e  tim e s e r i e s ,

i t s  c o m p o n e n ts ,a n d  t h e  o r d e r  o f  t h e  com ponen ts .

2". e s t i m a t i o n  o f  t h e  m odel p a r a m e te r s  t o  c o m p le t e ly

d e s c r i b e  Z^.

3. d i a g n o s t i c  c h e c k in g  o f  t h e  model f o r  goodness

o f  f i t ,  a g a i n s t  t h e  a c t n a l  d a t a  u s e d ,  f o r  a c c e p ­

ta n c e  o r  r e j e c t i o n .

The model o b t a i n e d  on a c c e p t a n c e  may th e n  be  used  t o  f o r e ­

c a s t .

C. A u to c o v a r ia n c e  and A u t o c o r r e l a t i o n  [2 6 ,3 0 ,3 1 ]

These a r e  s t a t i s t i c a l  p a r a m e te r s  n e c e s s a r y  i n  t h e  

i d e n t i f i c a t i o n  p h a se  o f  t h e  m o d e l .  The p r e f i x  "au to "  i s  

u se d  t o  s i g n i f y  t h e  c o v a r i a n c e  o r  c o r r e l a t i o n  betw een o b s e r ­

v a t i o n s  a t  d i f f e r e n t  p o i n t s  i n  t h e  same s e r i e s ,  fo r  exam p le ,  

t h e  c o v a r i a n c e  o r  c o r r e l a t i o n  b e tw een  Z^, Z^_^, or Z ^ , .

A u to c o v a r ia n c e  i s  d e f i n e d  by

Yj = S[Z^ -  E(Z^) ][Z^_^j -  E (Z ^ ^ j)  ] (5 .2 a )

w here

= E [ (Z ^  -  p) -  y) ] (5 .2 b )

P = E[ (Z ^] ,

t h e  p o p u l a t i o n  mean o f  t h e  f u n c t i o n .

The a u to c o v a r i a n c e  d e p e n d s  o n ly  on  t h e  span, j ,  b e ­

tw een  t h e  two o b s e r v a t i o n s .  Yj i s  c a l l e d  t h e  a u to c o v a r i a n c e
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o f  t h e  s e r i e s  a t  l a g  j .  V a r ia n c e  i s  a  m easu re  o f  d i s p e r s i o n ,  

and  f o r  t h e  a n a l y s i s  o f  s e r i e s ,  i s  more u s e f u l  when r e f e r r e d  

t o  a  r e f e r e n c e ,  i s  made t h e  r e f e r e n c e ,  w here  y^ i s  g iv e n  

by

Yo = E [ ( Z t  -  li) (Z f -  y) ] i . e . ,  j  = 0 (5 .3 )

A u t o c o r r e l a t i o n  i s  d e f i n e d  a s

E [(Z  -  y) (Z, , . -  y ) ]
= ---------------  ^ ---- (5 .4 )

E[ (Z^ -  y )^ ]

A p l o t  o f  t h e  a u t o c o r r e l a t i o n  f u n c t i o n  i s  c a l l e d  a  

c o r r e lo g r a m .

S in c e  y = E(Z^) may n o t  b e  e a s i l y  o b t a i n e d  due  to  

l i m i t a t i o n s  o f  sam p le  s i z e ,  t h e  sam ple  a v e r a g e  i s  u s e d .

'  ■ I j A
and t h e  sam ple  a u t o c o r r e l a t i o n  i s  g iv e n  by

=

- 2 )

f o r  j  = 0 , 1 , . . .K

w here  K _< N/4

F u r t h e r  i n f o r m a t i o n  may b e  o b t a i n e d  by d e c o u p l i n g  t h e  a u t o ­

c o r r e l a t i o n  f u n c t i o n  i n t o  p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n ,  

b e tw e e n  Z^ and w i t h  a l l  o b s e r v a t i o n s  bounded  by Z^ and
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^ t+ k  ^ G g le c te d .  The p a r t i a l  a u t o c o r r e l a t i o n  f u n c t i o n  i s  

g iv e n  by

<P11 = Pi

k -1

' kk k -1

j

k - i (5 .6 )

♦k j  '  V i , j  •  »kk • V i , k - j  :  = 1 , 2 , . . . k - 1

(5 .7 )

^ thw here i s  j  c o e f f i c i e n t  i n  an  a u t o r e g r e s s i v e  p r o c e s s  o f

o r d e r  k .  i s  t h e  a u t o c o r r e l a t i o n  e s t i m a t e .

M ost t im e  s e r i e s  may b e  r e p r e s e n t e d  by a u t o r e g r e s s i v e  

p r o c e s s e s ,  moving a v e r a g e  p r o c e s s e s  o r  c o m b in a t io n s  o f  t h e  

tw o . The f o l l o w i n g  i s  a  b r i e f  d i s c u s s i o n  o f  t h e  two p r o c e s ­

s e s .

D. A u t o r e g r e s s i v e  P r o c e s s e s

An a u t o r e g r e s s i v e  p r o c e s s  i s  g iv e n  b y  a n  e q u a t i o n  o f  

t h e  form

(5 .8)

where 5, a r e  p a r a m e te r s  o f  t h e  a u t o r e g r e s s i v e  p r o c e s s .

Z, a r e  v a l u e s  o f  t h e  f u n c t i o n  a t  t im e  l a g s  p .  Thet - p  ^

v a lu e  o f  t h e  f u n c t i o n  a t  t  d ep en d s  on  p r e v io u s  v a l u e s  o f  t h e

f u n c t i o n  a t  t im e  l a g s  p . i s  t h e  e r r o r  a t  t .
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E q u a t io n  5 .8  may be  w r i t t e n  a s

= Ô + (ç^B + $2 ^^ + . . .  o r

( 1  -  9 ^B -  4̂ 8 ^ -  . . .  -  0 pB^)Z^ = 6 +

* (B)Z^ = 6 + £^ (5 .9 )

w here  4^(B) = 1 -  ({î B -  -  . . .  -  p^B^ and  B i s  t h e  b a c k ­

s h i f t  o p e r a t o r  s u c h  t h a t  = BZ^.

The f i r s t  o r d e r  a u t o r e g r e s s i v e  p r o c e s s ,  AR(1) i s  g iv e n  

by  e q u a t i o n  5 .9

w i th  p = 1

d^(B )Z ^  = Ô +

(1 -  4 ^B)Z^ = Ô + £^

= G + ^ ^ t  (5 .10)

By s u c c e s s i v e  a p p l i c a t i o n  o f  e q u a t i o n  5 .1 0  i t  can  be  shown 

t h a t

+ h ' h - 2  * h ^ t - i  + " t

-  S + + Ài^Zt-3 + h ^ \ - 2  + " - t

o r  i n  g e n e r a l

N-1 . N-1 . .

'  . l ^ h  + '^1 ^ t-H  "

F o r  t h e  s e r i e s  t o  c o n v e rg e  i t  i s  r e q u i r e d  t h a t

NNow b ,  Z, 00 a s  N  ^  00
1 t-N
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and
. t» . .

Z = û • I  4 , ]  + e. '  I  (5 .11)
j =0  j = 0

The mean o f  t h e  s e r i e s  may b e  o b t a i n e d  by t a k i n g  th e  e x p e c ­

t a t i o n  o f  E q u a t io n  5 .1 1 ,  g iv e n  by

y = E[Z ] = E [6  • % + E. ' I
j= o  j=o

o r

y = (S • I + E (£^) • I
j = 0  j = 0

Now E (e^ )  = 0 s i n c e  i s  random n o i s e  a b o u t  t h e  mean.

CO• » r  , i'  '  y  =  0 ^
j = 0

;  '  <5.121

The v a r i a n c e  o f  t h e  s e r i e s  may b e  fo u n d  by t h e  p ro c e d u re  o u t ­

l i n e d  a s  f o l l o w s .

Z -  E(Z ) = [Ô I 4 ,^  + E. Î  -  5 I (5 .13)
j = 0  ^ ^ j = 0  ^ j =0  ^

= I <P;L^S^e 
j = 0  ^

The v a r i a n c e  i s  g iv e n  by th e  e x p e c t a t i o n  o f  t h e  s q u a re  o f  

e q u a t i o n  1 3 .

E[Z -  E(Z ) ]2 = E[ I o ,^B ^e ,
^ ^ i = 0  ^ t

6 2



2 2 2 4 2
= E [£^  +(j)  ̂ E ^t-2  ■ ' ■ • • • +  c r o s s  p r o d u c t s ]

(5 .1 4 )
1 -

2 i 2
w h ere  cr  ̂ = E(B-’e^ )

w h ic h  i s  t h e  v a r i a n c e  o f  t h e  s e r i e s . Thus t h e  a u to c o v a r ­

i a n c e  a t  l a g  k i s  g iv e n  by

h "  2Y. = ----- ^  • a /  (5 .1 5 )
*  1 -  ^

The a u t o c o r r e l a t i o n  f u n c t i o n  o f  t h e  f i r s t  o r d e r  a u t o r e g r e s ­

s i v e  p r o c e s s  i s  g iv e n  by  t h e  r a t i o  o f

Y

pk = r  = (5 -16 )

s i n c e  < 1 , t h e  a u t o c o r r e l a t i o n  f u n c t i o n  o f  t h e  f i r s t

o r d e r  a u t o r e g r e s s i v e  p r o c e s s  d e c a y s  e x p o n e n t i a l l y  f o r  

i n c r e a s i n g  l a g s  as shown i n  e q u a t i o n  1 6 . T h is  i s  i m p o r t a n t  

i n  t h e  i d e n t i f i c a t i o n  o f  a n  a u t o r e g r e s s i v e  p r o c e s s .

E. Moving A verage P r o c e s s e s

A moving a v e ra g e  p r o c e s s  i s  g iv e n  by an e q u a t io n  o f  

t h e  form

^ t  ^ t  ” ® l ^ t - l  ■ ® 2^ t-2  “ • • •  “ (5 .1 7 )

w h e re  ]i, 9^ a r e  p a r a m e te r s  o f  t h e  m oving a v e r a g e  p r o c e s s .

i s  random n o i s e  o r  e r r o r .
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T he v a l u e  o f  t h e  f u n c t i o n  a t  t i m e  t  d e p e n d s  o n  p r e v i o u s

e r r o r s .

The f i r s t  o r d e r  m oving a v e r a g e  p r o c e s s  MA(1) i s  g iv e n

by

= y + 6 p (B )e ^  w here

e„(B) = 1  -  ELB -  e_B^ -  . . .  -  6 B^P 1 2  p

w i th  p = 1

= y + (5 .1 8 )

The mean o f  t h e  s e r i e s  i s  g iv e n  by 

E(Z^) = y

S in c e  i s  d i s t r i b u t e d  ra n d o m ly .  The a u t o c o v a r i a n c e  a t  l a g  

j  i s  c a l c u l a t e d  from

= E {[Z^ -  E ( Z ^ ) ] [ Z ^ _ j  -  E (Z ^ ) ]}

= S [ ( £ ^  -  ® i^ t - l^  ^ ^ t - j  "  ® l ^ t - j - l ^ ^

Yj = E -  " i ^ f ^ t ^ t - j - 1 ^  “  ^ l ^ ^ ^ t - l ^ t - j ]

®1 ^ ^ ^ t - l ^ t - j - 1 ^  (5 .1 9 )

A t j  = 1, Ŷ  = - e ^ a ^

]-
2

w here  = E [e ^ £ ^ ]  =

and  0 = E [£^£^_^]  = E [£ ^_^£^]

The a u t o c o r r e l a t i o n  a t  l a g  1 i s  g iv e n  by
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1 +

=  0

f o r  j  = 1

f o r  j  > 1

(5 -21 )

The a u t o c o r r e l a t i o n  f u n c t i o n  i n  a  f i r s t  o r d e r  m oving a v e r a g e  

p r o c e s s  c u t s  o f f  a t  l a g  1 .  The f u n c t i o n  c o n v e rg e s  f o r  any  

v a lu e  o f  9^.

F. Mixed Models

The f o r e g o in g  a n a l y s i s  d e s c r i b e s  s t a t i o n a r y  s e r i e s .  

However m ost r e a l  s e r i e s ,  such  a s  t h e  d a t a  u sed  i n  t h i s  r e ­

s e a r c h  a r e  n o n - s t a t i o n a r y .  I t  i s  n e c e s s a r y  t o  t r a n s f o r m  t h e  

n o n - s t a t i o n a r y  s e r i e s  t o  a  s t a t i o n a r y  o n e .  Time s e r i e s  

a n a l y s i s  may t h e n  be  a p p l i e d  t o  c h a r a c t e r i z e  t h e  s e r i e s .

Most r e a l  s e r i e s  a r e  a  m ix  o f  a u t o r e g r e s s i v e  and m oving a v e r ­

age p r o c e s s e s  o f  t h e  fo rm

(5 .2 1 )

The f i r s t  o r d e r  mixed a u t o r e g r e s s i v e  and  moving a v e r a g e  p r o ­

c e s s  ARMA(1 ,1 )  i s  e x p r e s s e d  a s

‘̂ l ^ t  ~ ^ ®1 ^ t

o r

(5 .2 2 )

As an  exam p le ,  th e  s e r i e s  shown i n  F ig u r e  5 .2 a  be low  i s  n o n -  

s t a t i o n a r y .  The v a lu e  o f  t h e  f u n c t i o n  i s  n o t  s t a t i o n a r y
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a b o u t  some c o n s t a n t  mean. Most s e r i e s  b e g in  t o  show s t a t i o n ­

a r y  c h a r a c t e r i s t i c s ,  su ch  a s  t h e  s im p le  s e r i e s  shown i n  F ig ­

u r e  5 .2 b ,  upon  s u c c e s s i v e  d i f f e r e n c i n g ,  g iv e n  by

(5 .2 3 )

The o r d e r  o f  d i f f e r e n c i n g  may be in t r o d u c e d  i n t o  th e  model

= S t  -  % t - l

e q u a t i o n  a s  shown b e lo w

6g(B) • (1 -  B )^Z^ = U + 5^(B)£^ 

w here  d i s  t h e  o r d e r  o f  d i f f e r e n c i n g .

M ost raw  s e r i e s  t e n d  t o  e x h i b i t  a s e a s o n a l  c h a r a c t e r ­

i s t i c  w h ic h  may be i n t r o d u c e d  i n t o  th e  model e q u a t i o n  as

(5 .24 )
y L

where S i s  t h e  s e a s o n a l  l e n g t h .

The d e t e r m i n a t i o n  o f  v a l u e s  f o r  p ,  d ,  q and  S com­

p l e t e s  t h e  i d e n t i f i c a t i o n  p r o c e s s .  T h is  i s  t h e  m ost c r i t i ­

c a l  p h a s e  o f  t h e  m o d e l in g  p r o c e s s .  The minimum v a l u e s  f o r  

p , d ,  q and S t h a t  a d e q u a t e l y  d e s c r i b e  t h e  s e r i e s  a re

* ( B ) ' ( l  -  B ) " ( l  -  B ^ ) Z ^  = y + 8 p ( B ) E ^
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s e l e c t e d .  The aim i s  t o  d e v e lo p  p a r s im o n io u s  m o d e ls .

G. I d e n t i f i c a t i o n  o f  t h e  D a ta  S e r i e s

F i g u r e  5 .3  shows a  p l o t  o f  t h e  raw  d a t a ,  e x t e n d i n g  from  

1969 th r o u g h  1976; m e g a w a t ts  demand v e r s u s  a  m o n o to n ic a l ly  

i n c r e a s i n g  in d e x  t .  The s e r i e s  shows a  p e r i o d i c  c h a r a c t e r ­

i s t i c .  However, t h e r e  i s  a  g ro w th  f a c t o r  t h a t  may b e  d e t e r ­

m in ed . The t h r e e  r e g i o n s  o f  b a se  l o a d ,  t e m p e r a t u r e  d ep en ­

d e n t  load ,^and  s a t u r a t i o n ,  a r e  e a s i l y  d e f i n e d  f o r  e a c h  segm en t 

o f  t h e  s e r i e s .  The f o l l o w i n g  d e s c r i b e s  an  a p p l i c a t i o n  o f  

t im e  s e r i e s  a n a l y s i s  t o  t h e  raw  s e r i e s  i n  F ig u r e  5 . 3 .  The 

a n a l y s i s  i s  a id e d  by u s e  o f  co m p u te r  p ro g ram s  PDQ, ESTIMATE, 

and  FORECAST [3 1 ] ,  a v a i l a b l e  i n  t h e  U n i v e r s i t y  o f  Oklahoma 

IBM 370 c o m p u te r  s y s te m  l i b r a r y .

I n  p h a s e  one o f  t h e  a n a l y s i s ,  v a l u e s  o f  p , d , q  and S 

d e s c r i b e d  a s  i n  e q u a t i o n  24, w i l l  be  fo u n d .  The raw s e r i e s  

as shown i n  f i g u r e  5 . 3 ,  i s  n o n - s t a t i o n a r y .  Hence, d i f f e r e n c ­

in g  i s  r e q u i r e d  t o  a c h i e v e  a  s t a t i o n a r y  s e r i e s .

(1 = 2 ^ .^

The ab o v e  e q u a t i o n  c a l l e d  a f i r s t  o r d e r  d i f f e r e n c e  e q u a t i o n  

y i e l d e d  a  s e r i e s  t h a t  was s t a t i o n a r y .  F u r t h e r  d i f f e r e n c i n g  

i s  n o t  n e c e s s a r y ,  b e c a u s e  o n c e  s t a t i o n a r i t y  i s  r e a c h e d  more 

d i f f e r e n c i n g  c o n t in u e s  t o  y i e l d  s t a t i o n a r y  s e r i e s .  F ig u r e  

5 .4  shows f i r s t  o r d e r  d i f f e r e n c i n g  o f  t h e  raw  s e r i e s .  The 

a u t o c o r r e l a t i o n  f u n c t i o n  f o r  t h i s  s e r i e s .  F i g u r e  5 .5  shows 

s t r o n g  s p i k e s  a t  l a g  1 and  l a g  43 . A s e a s o n a l  component o f
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l e n g t h  4 3 , 44 o r  50 was s u s p e c t e d .  These v a lu e s  w e re  t r i e d  

f o r  th e  b e s t  c h o ic e .  S was s e t  a t  44 i n  t h e  f o l l o w i n g  e q u a ­

t i o n s  .

The m odel e q u a t i o n  i s  now
44

(Pp(B) (1 -  B) (1 -  B )Z^ = y + 8 (B)

The a u t o c o r r e l a t i o n  o f  t h e  s e r i e s  a f t e r  f i r s t  o r d e r  r e g u l a r  

and  s e a s o n a l  d i f f e r e n c i n g  shown i n  F ig u r e  5 .6  shows a  p r e ­

d o m in a n t ly  s t r o n g  s p i k e  a t  l a g  1 r e p e a t i n g  a t  l a g  4 4 .  Hence 

t h e  o r d e r  o f  t h e  moving a v e r a g e  component q i s  s e t  a t  u n i t y .  

E q u a t io n  24 th u s  becom es

44
0 ^(B) (1 -  B) (1 -  = U + 0^(B )e^

o r
44

(1 -  4)^B) (1 -  B) (1 -  B^^)Z^ = y + (1 -  6 ^B)£^ (5 .25 )

On ex p an d in g  e q u a t i o n  5 .25  t h e  f o l l o w in g  i s  o b t a i n e d

2^ = [ ( 1  + 0^)B -  9^B^ + B^  ̂-  (1 + !|)^)B^  ̂+ $^B^^]Z^ +

y + £ t  ~ ^ l ^ t - 1  (5 .2 6 )

o r  2 ^ = ( 1  + -  * i Z t . 2  + \ - 4 4  '  + '*’l > ^ - 4 5  +

* V + (5 .2 7 )

H. Model P a ra m e te r  E s t i m a t i o n

The o r d e r  o f  t h e  com ponents  o f  th e  t im e  s e r i e s  model 

h a s  b een  d e te r m in e d .  The n e x t  s t e p  i s  t h e  c a l c u l a t i o n  o f  

t h e  p a r a m e te r s  (j) ,̂ y and 9^ , f o r  t h e  a u t o r e g r e s s i v e  and
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moving a v e r a g e  com ponents  r e s p e c t i v e l y .  The r e f e r e n c e  equa­

t i o n  i s  g iv en  i n  5 .2 6 .  T h is  f u n c t i o n  i s  n o n - l i n e a r ,  and  hence 

t h e  e x a c t  m ethods  o f  l i n e a r  l e a s t  s q u a r e s  r e g r e s s i o n  may no t 

be  u s e d .  N o n - l i n e a r  r e g r e s s i o n  [27] i s  u s e d  t o  d e t e r m in e  th e  

p a r a m e te r s ,  f rom  t h e  a c t u a l  d a t a  s e r i e s .  I n i t i a l  e s t i m a t e s  

o f  t{) ,̂ y and 9^ a r e  m ade, and th e n  u sed  i t e r a t i v e l y .  The 

s q u a r e  o f  t h e  e r r o r  f u n c t i o n  i s  g iv e n  by

e^ = [Z^ -  Z ^]^  (5 .28)

w here  i s  t h e  a c t u a l  s e r i e s  v a l u e ,  and Z^, t h e  e s t i m a t e  of 

t h a t  v a lu e  a t  l a g  t ,  f o r  t h e  c u r r e n t  v a l u e s  o f  t h e  p a r a m e te r s .

The t o t a l  e r r o r  sum o f  s q u a r e s  i s  g iv e n  by 

N 2
ESS = > e . ;  N i s  t h e  number o f  d a t a  p o i n t s .

j = i  :

I t  i s  d e s i r e d  t o  f i n d  v a l u e s  o f  y and 9^ su ch  t h a t  t h e

e r r o r  sum o f  s q u a r e s  i s  m in im ize d .  The c o m p u te r  p ro g ram  

c a l l e d  ESTIMATE [31] i s  u sed  t o  d e te r m in e  t h e  optimum p a r ­

a m e te r  v a l u e s .  I t  u s e s  a m ethod  f i r s t  d e v e lo p e d  by D.W. 

M a rg u a rd t  [ 1 5 ] .  M a r g u a r d t 's  m ethod i s  a com prom ise b e tw een  

t h e  G auss-N ewton m e th o d ,  and t h e  m ethod o f  s t e e p e s t  d e s c e n t .  

G auss-Newton r e q u i r e s  good i n i t i a l  e s t i m a t e s ,  and  c o n v e rg e s  

q u i c k l y  t o  a  s o l u t i o n .  The m ethod o f  s t e e p e s t  d e s c e n t  may 

s t a r t  w i th  p o o r  i n i t i a l  p a ra m e te r  e s t i m a t e s  o f  t h e  o b j e c t i v e  

f u n c t i o n ,  b u t  c o n v e r g e s  r a t h e r  s lo w ly  t o  a s o l u t i o n .  Mar­

g u a r d t ' s  method b r i d g e s  th e  gap  be tw een  t h e  two m e th o d s .  A 

f a c t o r  o f  c o n v e rg e n c e  i s  i n t r o d u c e d  su ch  t h a t  p o o r  s t a r t i n g
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v a l u e s  may be  u s e d ,  a s  i n  s t e e p e s t  d e s c e n t  w h i l e  c o n v e rg e n c e

i s  r a p i d l y  a p p ro a c h e d  as  i n  G auss-N ewton.

The p a r a m e te r  s e t  i s  m o d if ie d  f o r  t r i a l  a t  e a c h  i t e r ­

a t i o n ,  and t h e  e r r o r  sum o f  s q u a r e s  c a l c u l a t e d .  C onvergence

i s  r e a c h e d  when t h e  r e l a t i v e  change be tw een  t h e  l a s t  v a lu e  

o f  t h e  o b j e c t i v e  f u n c t i o n  and i t s  im m ed ia te  p r e v i o u s  v a lu e  

i s  l e s s  t h a n  some d e s i a n a t e d  c o n s t a n t .

E S S . , -  ESS. 
1+1 1

ESS. < C

w here  i  i s  t h e  i t e r a t i o n  c o u n t  and C i s  th e  c r i t e r i o n  o f

-5co n v e rg en c e ,  i n  t h e  p rog ram  ESTIMATE e = 10 . T a b le  5 .1  shows

an i t e r a t i v e  p r o g r e s s i o n  t o  a s o l u t i o n .  The l a s t  row i n  Ta­

b l e  5 .1  shows t h e  v a l u e s  o f  th e  p a r a m e te r s  t h a t  m in im iz e  th e  

o b j e c t i v e  e r r o r  sum o f  s q u a r e s  f u n c t i o n :

= .2 9 4 6 ;  9^ = .6 2 8 9 ;  6 = - .4 7 6 7

Hence e q u a t i o n  6 .2 6  becom es

Z. = 1 .2 0 4 6 2 ^  , -  0 .20462^  _ + 2^ -  1 .2 0 4 6 2 ,  _  +t  t - 1  t - 2  t - 4 4  t - 4 5

0 .2 0 4 6 2 ^  -  .4767 + e. -  .6 7 8 9 s^  , (5 .29 )t - 4 b z  t —1

I .  D ia g n o s t i c  C h eck in g

A f t e r  t h e  i d e n t i f i c a t i o n  and p a r a m e te r s  e s t i m a t i o n  

p h a s e s  o f  t h e  m o d e l in g  p r o c e s s ,  i t  i s  n e c e s s a r y  t o  ch ec k  th e  

ad eq u acy  o f  t h e  m odel o b t a i n e d .  T h i s  i s  done b y  s t a t i s t i c a l  

a n a l y s i s  o f  t h e  e r r o r  f u n c t i o n .
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T a b le  5 . 1 .  Model P a ra m e te r  E s t im a te s

I t e r a t i o n

Count

P a r a m e te r  E s t im a te s ESS

XIO^

&ESS

=̂ 1 ®1 y ESS

0 -0 .1 0 5 3 .0775 3 .7 1 1 2 .1 2 7 0 0 0
1 -0 .1 1 6 4 .2558 - 2 .3 0 0 2 .0 7 2 9 3 0 0.054383
2 0 .0203 .4438 -0 .9 4 6 1 1.996629 0.010349
3 0 .0690 .4996 -0 .8 8 3 6 1 .994213 0 . 0 0 1 2 1 1

4 0 .0999 .5306 -0 .7 5 9 7 1 .993397 0.000409
5 0 .1 2 1 3 .5513 -0 .7 1 9 6 1 .993016 0.000191
6 0 .1370 .5663 -0 .5 5 4 6 1.992814 0 . 0 0 0 1 0 1

7 0 .1495 .5781 - 0 .9 3 0 8 1 .992710 0.000052
8 0 .1600 .5878 -0 .5 9 4 5 1 .992622 0.000044
9 0 .1689 .5961 -0 .7 0 0 5 1.992570 0 .000026

1 0 0 .1764 .6030 - 0 .5 4 0 0 1.992526 0 . 0 0 0 0 2 2

1 1 0 .1 8 3 1 .6093 - 0 .6 5 3 4 1.992515 0 . 000006
1 2 0 .1 8 9 2 .6 1 4 8 - 0 .5 2 8 5 1 .992498 0 .000009
13 0 .1947 .6198 - 0 .5 2 5 4 1 .992488 0.000005
14 0 .1998 .6245 - 0 .5 9 1 5 1 .992480 0.000004
15 0 .2046 .6289 - 0 .4 7 6 7 1 .992478 0.000004

The e r r o r  f u n c t i o n  i s  exam ined  f o r  random b e h a v i o r .

A t e s t  o f  a  t im e  s e r i e s  m odel i s  t h a t  i t s  e r r o r s  a r e  random ly  

d i s t r i b u t e d ,  and h e n c e  t h e  e x p e c t a t i o n  o f  t h e  e r r o r s  i s  z e r o ;  

E [e^ ]  = 0 . One m ethod  o f  t e s t i n g  f o r  random b e h a v i o r  i s  t o  

c a l c u l a t e  t h e  a u t o c o r r e l a t i o n  o f  t h e  e r r o r  f u n c t i o n ,  p ^ ( e ) .

A C h i - s q u a r e  t e s t  o f  t h e  r e s i d u e  a u t o c o r r e l a t i o n s  w i l l  r e ­

v e a l  g ro u n d s  f o r  r e j e c t i o n  o r  a c c e p ta n c e  o f  t h e  m o d e l .
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The t e s t  s t a t i s t i c  i s  g iv e n  by

K
I

K=1
Q(K) = (N -  b) • I p j ( e ) (5 .30)

Q(K) < X (\) ,a ) (5 .31)

w here  Q(K) i s  t h e  c a l c u l a t e d  s t a t i s t i c ,  K i s  t h e  number c f
2

a u t o c o r r e l a t i o n s ;  e  i s  th e  e r r o r  a t  l a g  K; x  (v ,a )  i s  t h e  

C h i - s q u a r e  s t a t i s t i c  from t a b l e s ,  o f  v d e g r e e s  o f  f reedom  and  

a l e v e l  o f  s i g n i f i c a n c e .  N i s  t h e  number o f  d a t a  p o i n t s  i n  

t h e  s e r i e s ,  b i s  t h e  h i g h e s t  o r d e r  i n  back  s h i f t  o p e r a t i o n  i n  

t h e  m ode l.  T a b le  5 .2  shows t h e  sam ple  a u t o c o r r e l a t i o n s  o f  

r e s i d u a l s  f o r  36 l a g s .

T a b le  5 . 2 .  Sample A u t o c o r r e l a t i o n  o f  R e s i d u a l s .

Lag
K »k'®> k P ^(e) k p^(e) k P ^(a)

1 0 . 0 0 10 - 0 . 0 1 19 - 0 .0 6 28 - 0 . 0 0

2 0 .0 6 11 - 0 .0 4 20 0 . 0 0 29
!

0 . 0 1

3 0 . 0 2 12 - 0 . 0 1 2 1 - 0 .0 5 30 - 0 . 0 2

4 0 . 0 2 13 - 0 .0 4 2 2 - 0 . 0 2 31 - 0 .0 7

5 - 0 . 1 7 14 0 .0 4 23 0 . 0 0 32 0 . 0 0

6 0 . 0 1 15 - 0 .0 5 24 - 0 .0 7 33 - 0 . 0 2

7 —0 .0 9 16 0 .0 4 25 0.04 34 - 0 .0 3

8 - 0 . 0 6 17 - 0 .0 4 25 -0 .0 6 35 0 .0 8

9 - 0 . 0 8 18 0 .0 7 27 0 . 0 1 36 - 0 . 0 1
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The o n ly  a u t o c o r r e l a t i o n  o f  s i g n i f i c a n c e  o c c u r s  a t  l a g  5 .

The number o f  d e g re e s  o f  f r ee d o m  v = k  -  p -  d -  q ; v = 33. 

From m a th e m a t i c a l  t a b l e s

X ^ (3 3 , .0 5 )  = 5 0 .2 2  a t  5% s i g n i f i c a n c e  l e v e l

X ^ ( 3 3 , . l )  = 4 7 .1 1  a t  10% s i g n i f i c a n c e  l e v e l

From T a b le  5 .3  and e q u a t i o n  5 .3 0 ,

Q(36) = 2 8 .7 1

Hence t h e  i n e q u a l i t y  5 .3 1  i s  s a t i s f i e d .  The t e s t  g i v e s  no 

re a s o n  f o r  r e j e c t i o n  o f  t h e  m o d e l .  A l t e r n a t i v e  m odels  w ere  

t r i e d  b e f o r e  an  a c c e p t a b l e  m odel c o u ld  be  fo u n d .  T h is  p h a se  

o f  th e  m o d e l in g  p r o c e s s  en d s  w i th  i n f o r m a t i o n  f o r  t h e  model 

sum m arized a s  f o l l o w s  .

O rd e r  o f  a u t o r e g r e s s i v e  co m ponen t,  p = 1 

O rd e r  o f  moving a v e r a g e  com ponen t,  q = 1 

D egree  o f  r e g u l a r  d i f f e r e n c i n g ,  d = 1 

Degree o f  s e a s o n a l  d i f f e r e n c i n g ,  s = 1 

L en g th  o f  s e a s o n a l  d i f f e r e n c i n g ,  S = 44

A u t o r e g r e s s i v e  p a r a m e te r  = .2046 

Moving a v e r a g e  p a r a m e te r  9^ = .6289 

C o n s ta n t  o f  model y = 0 .4757

and th e  m odel i s  a s  s t a t e d  i n  e q u a t i o n  5 .2 9 .  The s t a n d a r d  

e r r o r s  an d  95% c o n f id e n c e  l i m i t s  on  t h e  e s t i m a t e d  v a l u e s  a r e  

sum m arized  i n  T a b le  5 . 3 .
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T a b le  5 . 3 .  Summary o f  S ta n d a r d  E r r o r s  and  95% 
C o n f id e n ce  L im i t s  on t h e  E s t im a te d  P a r a m e te r  V a lu es

Model P a ra m e te r  E s t i m a t e s
‘*>1 « 1 U

E s t im a te d  V alue  

S ta n d a rd  E r r o r  

Upper C o n f id e n ce  L im i t  

Lower C o n f id e n ce  L i m i t

0 .2 0 4 6

0 .1140

0 .4 3 2 7

- 0 .0 2 3 4

0.6289

0.0904

0 .8097

0.4480

-0 0 .4 7 6 7

05 .7010

10 .9300

-1 1 .8 8 0 0

The o u t p u t  o f  p rog ram  ESTIMATE p ro d u c e s  a  c o m p re h e n s iv e  l i s t ­

i n g  o f  s t a t i s t i c a l  d a t a  a b o u t  t h e  d a t a  s e r i e s .  The model may 

now be  u sed  i n  f o r e c a s t i n g .

J .  The F o r e c a s t

The main p u rp o se  o f  any f o r e c a s t i n g  m o d e l  i s  t o  e s t i ­

m ate  f u t u r e  v a l u e s  o f  t h e  d a t a  s e r i e s ,  w i th  t h e  l e a s t  p o s ­

s i b l e  e r r o r  m a rg in .  S u b j e c t i v e  ju d g m en t c a n n o t  b e  c o m p le te ly  

e l i m i n a t e d ,  due t o  c h a n g in g  c o n d i t i o n s  w hich  i n t r o d u c e  new 

v a r i a b l e s  f o r  w h ich  h i s t o r i c a l  p r e c e d e n t s  may n o t  b e  e a s i l y  

a v a i l a b l e .  However, a  h ig h  d e g r e e  o f  o b j e c t i v i t y  g r e a t l y  

im p ro v es  any a p p l i e d  s u b j e c t i v e  ju d g m e n t .  The f o l l o w i n g  

shows r e s u l t s  o f  t h e  m ethod d i s c u s s e d  p r e v i o u s l y .

The f o r e c a s t  m edel i s  s t a t e d  i n  e q u a t i o n  5 .2 9 .  A 

f o r e c a s t  may be made f o r  £ s t e p s  a h e a d ,  w i th  t h e  o r i g i n  a t  

t h e  p r e s e n t  in d e x  t ,  a s  shown i n  e q u a t i o n  5 .3 2 .

E q u a t io n  5 .3 3  i s  t h e  m odel f o r m u l a t i o n  f o r  t h e  h i s t o r ­

i c a l  d a t a  s e t  from  1969 th r o u g h  1976 . U sing  t h e  same
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a p p ro a c h  and h i s t o r i c a l  d a t a  from  1962 th ro u g h . 1969, t h e  mod­

e l  i s  d e s c r i b e d  by  e q u a t i o n  5 .3 2  be low .

^ t + i  1.7668Z^^jg^_]^ -

1.7668Z^_^^_^g + . 7 6 6 8 Z ^ ^ ^ _ ,g  + . 0 7 5 7  + -  .9936s^_^^

C5.32}

^t+2 = ^'^046Z^^^_^ -  .2046Z^^^_2 + ^-Hjl-44 

1 - 2 0 4 6 2 ^ + , +  '2046Z^+^_^g -  . 4 7 6 7  +

^ t+ £  " "6289E^_^^_i C5.33)

F i g u r e  5 .7  shows t h e  raw  s e r i e s  and  a  f o r e c a s t  o f  t h e  s e r i e s  

u s i n g  e q u a t i o n  5 . 3 2 .  The f o r e c a s t  t r a c k s  t h e  a c t u a l  s e r i e s  

c l o s e l y .  The p e a k  v a lu e s  o f  t h e  f o r e c a s t  c h a r a c t e r i s t i c s  

a r e  d e te r m in e d  and t a b u l a t e d  i n  T able  5 . 4 .  The t a b l e  shows 

p e ak  f o r e c a s t s  o b t a i n e d  by f o r e c a s t i n g  190 s t e p s  ah ea d .  T h is  

c o v e r s  a p e r i o d  o f  a b o u t  4 y e a r s ,  from 1970 t o  1973, u s in g  

d a t a  from  1962 t o  1959 a s  h i s t o r i c a l  d a t a .

T a b le  5 . 4 .  Maximum Demand F o r e c a s t s  f o r  1970 th ro u g h  1973.

----------

Y ear
Maximum Demand (M eg aw atts )

.......
P e r  Cent

E r r o rPeak  Annual 
F o r e c a s t

A c tu a l E r r o r

1970 2163 2 2 1 0 -  47 - 2 .1 3

1971 2390 2360 30 1 .2 7

1972 2637 2645 -  8 - 0 .3 0

1973 2896 2775 1 2 1 4 .3 6

79



00
o

4 5 0 0 -

3 0 0 0 -

• «
1 5 0 0 -

20 4 0 6 0 8 0 100 1 4 01 2 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0

F i g u r e  5 . 7 .  S a m p l e  A c t u a l  Raw S e r i e s  a n d  F o r e c a s t .

•  r e p r e s e n t s  a c t u a l ,  a r e p r e s e n t s  f o r e c a s t  
« u p p e r  95% c o n f i d e n c e  l i m i t  

l o w e r  95% c o n f i d e n c e  l i m i t



The f o r e c a s t s  shown i n  T a b le  5 .4  w ere  p low ed  b ack  i n t o  

t h e  h i s t o r i c a l  d a t a  s e t  and f o r e c a s t s  w ere  t h e n  made f o r  1974 

t o  1975 , u s in g  th e  same model p a r a m e te r  v a l u e s ,  shown i n  

e q u a t i o n  5 .3 2 .  T h ese  f o r e c a s t s  a r e  shown be low  i n  T a b le  5 .5 .

T a b le  5 . 5 .  Maximum Demand F o r e c a s t s  f o r  1970 th r o u g h  1976.

Maximum Demand (M egawatts) P e r  C en t

Y ear Peak  Annual 
F o r e c a s t

A c tu a l E r r o r E r r o r

1970 2163 2 2 1 0 -  47 - 0 2 .1 3

1971 2390 2360 30 0 1 .2 7

1972 2637 2645 -  8 - 0 0 .3 0

1973 2896 2775 1 2 1 0 4 .3 6

1974 3165 3140 25 0 0 .8 0

1975 3452 3187 265 0 8 .3 0

1976 3747 3335 416 1 2 .4 7

The e r r o r s  f o r  t h e  f i r s t  5 y e a r s  o f  f o r e c a s t s ,  1970 th ro u g h  

1974 a r e  be lo w  5% o f  t h e  a c t u a l  demand. However i n  1975 and 

1976 t h e  e r r o r s  w ere  3 .3  and 1 2 .4 7  p e r  c e n t ,  r e s p e c t i v e l y ,  

i n d i c a t i n g  t h a t  t h e  f o r e c a s t  h o r i z o n  i s  l i m i t e d  a t  a b o u t  5 

y e a r s  f o r  a  g iv e n  s e t  o f  m odel p a r a m e te r  e s t i m a t e s .  The 

p a r a m e te r s  w ere  now r e - e s t i m a t e d  and  t h e  f o r e c a s t s  r e p e a t e d .  

T a b le  5 .6  shows u p d a te d  f o r e c a s t s  f o r  1974 t h r o u g h  1976 .

The e r r o r s  a r e  n o t i c e a b l y  be low  5%. F o r e c a s t s  f o r  1977 

t h r o u g h  1980 a r e  a l s o  shown, u s in g  m odel e q u a t i o n  5 .3 3 ,
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d e r i v e d  from  h i s t o r i c a l  d a t a  up t o  1976. The s m a l l  s i z e s  o f  

t h e  e r r o r s  and p e r  c e n t  e r r o r s  show t h e  s t r e n g t h  o f  t h e  

m o d e l in g  t e c h n i q u e  i n  f o r e c a s t i n g .

T a b le  5 . 6 .  Maximum Demand F o r e c a s t s  f o r  1970 th r o u g h  1980,

Y ear
Maximum Demand (M egawatts) P e r  C en t 

E r r o r
Peak  A nnual 

F o r e c a s t
A c tu a l E r r o r

1970 2163 2 2 1 0 -  47 - 2 . 1 3

1971 2390 2360 30 1 .2 7

1972 2637 2545 -  8 - 0 .3 0

1973 2896 2775 1 2 1 4 .3 6

1974 3055 3140 25 0 .8 0

1975 3225 3187 265 8 .3 0

1975 3369 3335 416 1 2 .4 7

1977 3536 3650 -114 - 3 .1 2

1978 3781 3805 -  24 - 0 .6 3

1979 4000 --- —— ---

1980 4192 — — — —
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CONCLUSION

The f o r e c a s t s  o f  maximum demand, t a b u l a t e d  i n  t h e  p r e ­

v i o u s  c h a p t e r ,  d e m o n s t r a t e d  t h e  e f f e c t i v e n e s s  o f  t h e  m e th o ­

d o lo g y  d e v e lo p e d .  The m ethod  i s  a  com prom ise  b e tw een  m e th ­

o d s  t h a t  assume c o n v e n t i o n a l  t e m p e r a tu r e  d e p e n d e n c e ,  and 

t im e  s e r i e s  a n a l y s i s .  The peak  lo a d  f o r  m o s t  u t i l i t i e s  i s  

t e m p e r a tu r e  d e p e n d e n t ,  h e n ce  a t e m p e r a t u r e  r e l a t e d  c h a r a c t e r ­

i s t i c  seemed a  m o s t  l i k e l y  b a s i s  f o r  t h e  e x t r a c t i o n  o f  f u t u r e  

p e a k  lo a d s .  F o r e c a s t s  w e re  o b t a in e d  by c a r r y i n g  t h e  w hole  

t e m p e r a tu r e  d e p e n d e n t  c h a r a c t e r i s t i c  i n t o  t h e  f u t u r e .  A 

p se u d o  s e r i e s  was d e v e lo p e d  u s in g  t h e  b a s i c  t e m p e r a t u r e  d e ­

p e n d e n t  demand c h a r a c t e r i s t i c .  T h is  s e r i e s  was a l s o  t im e  

d e p e n d e n t .  A m a th e m a t i c a l  model was found  u s i n g  B o x -J e n k in s  

m o d e ls  and u s e d  t o  f o r e c a s t  demand. Peak a n n u a l  demand f o r e ­

c a s t s  w ere  w i t h i n  5% o f  t h e  a c t u a l  peak  demands t h a t  o c c u r e d ,  

w i t h  a 5 y e a r  f o r e c a s t  h o r i z o n  f o r  a g iv e n  m odel and  param ­

e t e r  e s t i m a t e s .

F o r e c a s t s  w e re  a s s o c i a t e d  w i t h  p o s s i b l e  e r r o r s ,  a  95% 

c o n f id e n c e  r e g i o n ,  o r  a  p r o b a b i l i t y  o f  o c c u r r e n c e .  The tem p­

e r a t u r e  d i s t r i b u t i o n  was a l e f t - s k e w e d  b e t a  d e n s i t y  f u n c t i o n ,  

and  th e  c o n d i t i o n a l  d i s t r i b u t i o n  o f  lo a d  f o r  a g iv e n  te m p e r ­

a t u r e  was a p p ro x im a te d  by  a  norm al d e n s i t y  f u n c t i o n .  T h ese
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s t a t i s t i c a l  d e n s i t i e s  w ere  u s e d  i n  t h e  c a l c u l a t i o n  o f  a p r o b ­

a b i l i t y  o f  l o a d  o c c u r r e n c e .  The f o r e c a s t i n g  m ethod and 

p r o b a b i l i t y  c a l c u l a t i o n s  may b e  a p p l i e d  t o  d a t a  c o l l e c t e d  

f rom  g e o g r a p h i c a l  a r e a s  s i m i l a r  t o  t h o s e  s t u d i e d .

The a p p a r e n t  d raw back  i s  t h e  t im e  and e f f o r t  i t  t a k e s  

t o  a n a l y z e  t h e  t im e  s e r i e s  r e s u l t s  t o  d e te r m in e  t h e  n a t u r e  

o f  t h e  m odel and i t s  p a r a m e t e r s .  However, a  s t e p  by  s t e p  

a p p ro a c h  o f  i d e n t i f i c a t i o n ,  e s t i m a t i o n  and d i a g n o s t i c  ch eck ­

i n g  w i l l  y i e l d  a m odel t h a t  may be  a c c e p te d  o r  r e j e c t e d .

A re a s  f o r  F u r t h e r  R e s e a rc h

The m odel u s e d  i s  b a s e d  on  t h e  t o t a l  sy s te m  c o i n c i d e n t  

d a i l y  p e a k s .  System  l o a d  may be b ro k e n  down i n t o  c l a s s i f i c a ­

t i o n s ,  su ch  a s  r e s i d e n t i a l ,  c o m m e rc ia l ,  i n d u s t r i a l ,  and a g r i ­

c u l t u r a l  demand. T h e re  a r e  s e c t i o n s  o f  each  o f  t h e s e  c l a s ­

s i f i c a t i o n s  t h a t  a r e  d e p e n d e n t  on  o n ly  c e r t a i n  v a r i a b l e s ,  

su ch  a s  w e a t h e r ,  t h e  econom y, p o p u l a t i o n ,  and so o n .  I d e n ­

t i f i c a t i o n  o f  t h e s e  v a r i a b l e s  and t h e  s e c t i o n s  o f  s y s te m  de­

mand t h a t  a r e  a f f e c t e d  w i l l  g r e a t l y  en h an ce  f o r e c a s t i n g .

An a l t e r n a t i v e  a p p ro a c h  w i l l  b e  to  f i n d  m a th e m a t ic a l  

f o r m u l a t i o n s  f o r  e ach  t e m p e r a t u r e  d e p e n d e n t  c h a r a c t e r i s t i c  

f o r  e a c h  y e a r  o f  h i s t o r i c a l  d a t a .  The p a r a m e te r s  o f  t h e s e  

f o r m u l a t i o n s  may th e n  be  exam ined  f o r  r e l a t i o n s h i p s .  F o re ­

c a s t s  w i l l  t h e n  be made o f  t h e  p a r a m e te r s  i n  o r d e r  t o  f o r e ­

c a s t  a p o i n t  on t h e  demand c h a r a c t e r i s t i c .  The f o r e c a s t  

p o i n t s  c a n  b e  u se d  t o  g e n e r a t e  a b a s i c  t e m p e r a t u r e  d e p e n d e n t
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c h a r a c t e r i s t i c  f o r  e ac h  y e a r .  T h is  may a l s o  s e r v e  a s  a  d a t a  

p r e p a r a t i o n  s t a g e  f o r  t h e  a p p l i c a t i o n  o f  tim e s e r i e s  a n a l y ­

s i s .
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APPENDIX A

Sample Computer P rog ram s  f o r  C a l c u l a t i n g  
P r o b a b i l i t i e s  o f  O c c u r r e n c e  o f  Load and D a ta  H an d l in g ,
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APPENDIX A

C
C
C THIS COMPUTER PROGRAM CALCULATES THE PROBABILITY OF LOAD OCCURENCE 
C INPUT REOUIEREMENTS ARE AS FOLLOWS.
C DEM...............THE AVERAGE DEMAND CHARACTERISTIC I S READ
C TE MP. . . . STOR E TEMPERATURE DATA
C S D . . . . . . S T A N D A R D  DEVIATION DATA ARE STORED IN DATA BELOW
C TPROB. . .CUMULATIVE TEMPERATURE DATA ARE READ FROM AREA FILE
C TAP...............DENSITY FUNCTION OF TEMP READ FROM AREA FILE
C B A S E . . . . B A S E  LOAD FOR THE YEAR
C BIG.............. THE PEAK LOAD WHOSE PROBABILITY IS NEEDED.

DIMENSION DEM( 5 0 ) , TEMP( 5 0 ) , SD( 5 0 > , TPRÛB( 1 1 0 ) , TAP( 1 1 0 )
DATA B A S E , B I G / 1 3 0 0 . , 2 2 0 0 . /
DATA S D / . 1 7 8 0 , . 1 6 4 0 , . 1 5 6 , . 1 4 9 0 , . 1 4 3 , . 1 3 6 , . 1 3 1 , . 1 2 4 , . 1 1 2 , . 1 0 6

1 . . 0 9 9 . . 0 9 4 . . 0 0 8 . . 0 3 4 . . 0 8 . . 0 7 6 . . 0 7 2 . . 0 6 9 . . 0 6 6 . . 0 6 3 . . 0 6 . . 0 5 8 . . 0 5 6
2 . . 0 5 5 . . 0 5 3 . . 0 5 2 . . 0 5 1 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 . . 0 5 ,
3 . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . . 0 . /

J=1
TPROB(J>=0.
DO 1 0  1 = 2 , 1 1 1  
K = I - 1

C
C
C ALLOCATE THE TEMP DENSITY FILE TO TUBE ' F T 1 4 F 0 0 1 '

READ( 1 4 , 2 0 0 ) DENS 
2 00  F 0R HA T( 1 5X , E1 5 . 7>

TPROB(I) = T PR 0 B (I - 1 ) + D EN S  
TAP(K)=DENS 

10 CONTINUE
W R I T E ( 6 , l ) T P R O B ( l l l )

1 F 0 RM A T( l O X ,F 1 0 . 4 )
W R I T E ( 6 , 6 0 0 )

600  FORMAT(1H1,10X, 'LOAD LEVEL' , l O X , ' PROB' )
PROB=0.
CPROB=0.
STEP=5.
DO 5  1 = 1 , 5 0
I F ( I  .GE.  2 9 ) S B ( I ) = . 0 5

C
C
C ALLOCATE THE AVE. DEMAND CHAR. TO ' F T 1 3F 0 01 '

READ( 1 3 , 3 0 0 , END=6) DEM( I )
300 F ORMAT(24X,F10 .1)

I F ( T E M P ( I )  .EQ.  9 9 9 9 . ) GO TO 6 
K=I

5 CONTINUE
6 DO SO 1 = 1 , 5 0 0  

C0=O.
X=I
DO 2 0  J = 1 , K
TEMP<J)=60+K
J J=T EHP (J )
I F ( S r K J )  .EQ.  0 .  )GD TO 2 0
T = - ( BIG-XYSTEP-DEM( J ) ) / ( BASE*SD( J ) )
I F ( T  . L E .  - 3 .  .OR.  T .GE.  3 . > 6 0  TO 2 0  
CO=CO+1.
Y=BIG-XTSTEP.
P R 0B =E P F C ( T ) / 2 .
PR0 B= 1. - PR 0B
PROB=PROB*TAP(JJ)
CPROB=CPROB+PROB 

20 CONTINUE
IF(CO . E Q.  0 . )G0 TO 8 0  
WRITE(6,400)Y,PROB,CPROB  

40 0 F O R M A T ( 1 0 X , F 1 0 . 2 , 1 0 X , 2 E 1 5 . 7 )
80 CONTINUE 

STOP 
END

END OF DATA
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c
c
c THIS COMPUTER PROGRAM HOES MOST OF THE DATA HANDLING
C REQUIRED TO ADD AREA DEMANDS rSETS UP DATA FOR THE BOX-
C JENKINS LIBRARY RUOTINES.IT MAY ALSO BE EASILY MODIFIED
C TO SET UP DATA FOR THE PROBABILITY CALCULATION PHASE.
C BASICALLY IT READS THE LOAD DATA SETS AND WRITES IT IN THE
C FORM REQUIRED BY FORMAT SETTING.
C
/ /AGALL JOB NOlNOZITr'ANNAN'rCLASS=JrNOTIFY=LOGONID
AÜACCT PASS=N01N02IT
/*JOBPARM D=RMT:l
/ /  EXEC FORTGCLG
/ / F O R T .  SYS IN DD Mc

DIMENSION I Y R ( 3 6 6 ) , MON( 3 6 6 ) , N D A ( 3 6 6 ) , M H 0 T ( 3 6 6 ) , N C 0 L ( 3 6 6 )  
DIMENSION IDAY( 3 6 6 ) , LOAD( 3 6 6 ) , ITER( 1 0 0 ) , LOADl( 3 6 6 ) , LOAD:( 3 6 6 )  
DIMENSION D E M ( 5 1 , 1 0 0 ) , I P T ( 1 1 0 )

C
C CONSTANTS INITIALISED  
C

DO 1 0 0  I 0 C = 1 3 , 1 3
DO 1 0 0  I Y S = 7 6 , 7 6
L I S = 1
NUM=0
J =0
DO 6  K=1 , 1 0 0  
ITER ( 1 0 = 0  
DO 6  KK=1,S1  
DEM (KK, 1 0 = 0  

6 CONTINUE 
10 J = J + 1

C
C TASK . . . T O  COMBINE LOADS BY DATA AS EXPLAINED IN CHAP. 4 .
C
C

3 READ( 1 3 , 1 0 0 0 , END=70) NUM, l YR( J ) , MON( J ) , NDA( J ) ,MHOT(J) ,
INCOL( J ) , IDAY( J ) , LOADl( J )

top= l o a d i ( j );kmhot(J )
TY=L0AD1(J)
READ( I4 , 1 0 0 0 , END=70) NUM, IYR( J ) , MON( J ) , NDA( J ) ,MHOT(J) ,

1NCOL( J ) , IDAY( J ) , L0AD2( J )
1 0 0 0  FORMAT( 8 ( I 5 , 2 X ) )

TDP=T0P+L0AD2(J):KMH0T(J)
TY=TY+LQAD2(J)
READ < 1 5 , 1 0 0 0 , END=70) NUM, IYR( J ) , MON( J ) , NDA( J ) , MHOT( J ) ,

INCOL': J ) ,  IDAY ( J ) ,  LOADl ( J )
T0P=TDP+L0AD1( J ) *MHOT( J )
TY=TY+L0AD1(J)
READ( 1 6 , 1 0 0 0 , END=70) NUM, IYR( J ) , MON( J ) , NDA( J ) , MHOT( J ) ,

I N C O L ( J ) , I D A Y ( J ) , L 0 A D 2 ( J )
T0P=T0P+L0AD2( J)*MHOT( J )
TY=TY+L0AD2(J)
R E A D ( 1 7 , 1 0 0 0 , E N D = 7 0 ) N U M , I Y R ( J ) , M 0 N ( J ) , N D A ( J ) , M H O T ( J ) ,

I N C O L ( J ) , I D A Y ( J ) , LOADl(J)
TOF-TOP+LOAD1 ( J ) *MH0T( J )
TY=TY+L0AD1(J)
MHOT(J)=TOP/TY
LOAD(J)=TY
I F ( I Y R ( J )  . L T .  IYS)GO TO 3 
I F ( I Y R ( J )  . GT.  IYS)GO TO 70  
I F ( J  . L T .  2 ) G 0  TO 40  
J 0 = J - 1
I F ( N D A ( J ) - N D A ( J O ) ) 3 0 , 2 0 , 3 0  

3 0  JP=J- '>
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I F ( J P  . LE.  0)GO TO 40  
I F ( N D A ( J ) - N D A ( J P ) ) 4 0 t2 0 » 4 0  

20  J = J - 1  
GO TO 10  

4 0  N = « H 0 T ( J ) - 5 9
C
C SORT LOADS READ BY TEMP.
C
C

I F d D A Y ( J )  . GE.  7 .OR. IDAY(J)  . EQ.  DGO TO 10  
IF<N . LE.  0 ) G 0  TO 50  
ITER(N) = I T E R ( N ) H  
L=ITER(N)
DEM(N,L)=LOAD(

5 0  IF<MOH<J) . EQ.  12 .AND. NDA(J)  . EQ.  3 D G 0  TO 7 0  
GO TO 10  

7 0  I F <L IS  .EQ.  0) G0  TO 91  
DO 9 0 N1-=1tS 1 
NTEMP=Nl+59 
TEMF-NTEMP 
L=ITER(N1)
DO 9 0  L 1 = 1 , L  
LIS =LI S+ 1
IF(DEH<N1 tL1)  .LE.  0 . ) G 0  TO 9 0  
WRITE( 9.1100)TEMP,DEM(N1, L1)

1 1 0 0  FORMAT(2E15.7 , 50X)
9 0  CONTINUE 

END FILE 9  
S T 0 = 9 9 9 9 .
W R I T E ( 6 , 1 1 1 0 ) L I S  
U R I T E ( c f 1 3 0 0 )

1 3 0 0  FORMATdOXr'IN ORDER OF . . .YEAR,TEMP,AVE.LOAD,SIGMA') 
1 1 1 0  FORMATdOX, 'NUM. OF ENTRIES = d I 4 )

91 DO 130 K = l f 5 1  
G=K+59 
SUM=0.
S = 0 .
3 U 1 - 0 .
L=ITER(K)
IF (I.  . LE.  0 )  GO TO 1 3 0  
DO 120 J = l r L  
SUM=SUM+DEM(K,J)
SUl=SUH-DEM(K,J)*DEM(NrJ)
S = S + 1 .

1 2 0  CONTINUE
DEM(KdOO)=SUM/S
VARR=( S Ü 1 / S ) - ( DEM( K d O O ) ^DEM( K » 1 0 0 ) )
SIGMA=SQRT(VARR)
WRI TE( 6, 1 2 0 0  ) I Y S , G , D E M ( K d O O ) ,  SIGMA 

1 2 0 0  FORMATdOX, 1 4 , 3 F 1 0 . 1 , 3 6 X )
1 3 0  CONTINUE 
100  CONTINUE 

STOP 
- END

/ / G 0 . F T 0 9 F 0 0 1  DD DSN=ZE0347. AGPS07. DATA, DISP-OLD 
/ / G O . F T 1 3 F 0 0 1  DD DSN=ZE0347. BSAL. DATA, DISP=SHR 
/ / G O . F T 1 4 F 0 0 1  DD DSN=ZE0347. BNEO. DATA, DISP=SHR 
/ / G 0 . F T 1 5 F 0 0 1  DD DSN=ZE0347. BTPL. DATA, DISP=SHR 
/ / G O . F T 1 6 F 0 0 1  DD DSN=ZE0347. BDPL. DATA, DISP=SHR 
/ / 6 0 . F T 1 7 F 0 0 1  DD DSN=ZE0347. BGOE. DATA, DISP=SHR 
/ /
/*
END OF DATA
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TEMP. DENSITY DATA

TEMP.(F) DENSITY
O.IOOOOOOE 01 0 . 0
0 .2 00 0 0GO E 01 0 . 0
0.30ÛOOOOE 01 0 . 0
O.4OC0OO0E 01 0 . 0
0 . 5 0 0 0 0 0 0 E 0 1 0 . 0
O.oOOOOOOE 01 0 . 0
0 . 7 0 0 0 0 0 0 E 01 0 . 0
0 . 8 0 0 0 0 0 0 E 01 0 . 0
0 . 9 0 0 0 0 0 0 E 01 0 . 0
O.IOOOOOOE 0 2 0 . 0
O.llGOOOOE 0 2 0 . 3 6 4 7 6 3 7 E - 0 3
0 . 1 2 0 0 0 0 0 E 0 2 0 . 1 8 2 3 8 1 9 E - 0 3
0 . 1 3 0 0 0 0 0 E 0 2 0 . 7 2 9 5 2 7 6 E - 0 3
O.IOOOOOOE 0 2 0 . 3 6 4 7 Ô 5 7 E - 0 3
0 . 1 5 0 0 0 0 0 E 0 2 0 . 0
O.1.6000Û0E 0 2 0 . 5 4 7 1 4 5 5 E - 0 3
0 . 1 70 0 00 0 E 0 2 0 . 5 4 7 1 4 5 5 E - 0 3
0 . 1 8 0 0 0 0 0 E 0 2 0 . 1 8 2 3 8 1 9 E - 0 3
0 . 1 9 0 0 0 0 0 E 0 2 0 . 5 4 7 1 4 5 5 E - 0 3
0 . 20 000 ÛO E 0 2 0 . 1 2 7 6 6 7 3 E - 0 2
0 . 2 1 0 0 0 0 0 E 0 2 0 . 9 1 1 9 0 9 4 E - 0 3
0 . 2 2 0 0 0 0 0 E 0 2 0 . 7 2 9 5 2 7 6 E - 0 3
0 . 2 3 0 0 0 0 0 E 0 2 0 . 1 0 9 4 2 9 1 E - 0 2
0.240ÛOOOE 0 2 0 . 1 4 5 9 0 5 5 E - 0 2
0 . 2 5 0 0 0 0 0 E 0 2 0 . 1 6 4 1 4 3 7 E - 0 2
O . 2 0 OOOOOE 0 2 0 . 1 3 2 3 S 1 9 E - 0 2
0.27GOOOOE 0 2 0 . 9 1 1 9 0 9 4 E - 0 3
0.2SOOOOOE 0 2 0. 29-181  l O E - 0 2
O.29OÛ0O0E 0 2 0 . 2 G 0 6 2 0 1 E - 0 2
O.oOOOOOOE 02. 0 . 2 1 8 3 5 8 3 E - 0 2
O.olOOOOOE 0 2 0 . 1 8 2 3 8 1 9 E - 0 2
0 . 3 2 0 0 0 0 ' ' E 0 2 0 . 2 9 1 3 1 l O E - 0 2
0 . 3 3 0 0 0 0 0 E 0 2 0 . 3 U 3 0 0 2 0 E - 0 2
0 . 3 4 0 0 0 0 0 E 0 2 0.4"’ 4 1 9 2 9 E - 0 2
0 . 3 5 0 0 0 0 0 E 0 2 0 . 5 1 0 6 6 9 1 E - 0 2
0 . 3 6 0 0 0 0 0 E 0 2 0 . 5 2 8 9 0 7 4 E - 0 2
0 . 3 7 0 0 0 0 0 E 0 2 0 . 5 8 3 6 2 1 9 E - 0 2
0 . 3 8 0 0 0 0 0 5 0 2 0 . 6 2 0 0 9 9 4 E - 0 2
0 . 3 9 0 0 0 0 0 E 0 2 0 . 7 2 9 S 2 7 3 E - 0 2
0 . 4 0 0 0 0 00 E 0 2 0 . 6 9 3 0 5 1 l E - 0 2
0 . 4 1 0 0 0 0 0 E 0 2 0 . 5 6 5 3 8 3 6 E - 0 2
Ü . 4 2 0 0 0 0 0 E 0 2 0 . 6 7 4 3 1 2 9 E - 0 2
0 . 4 3 0 0 0 0 0 E 0 2 0 . 8 5 7 1 9 4 9 E - 0 2
0 . 4 4 0 0 0 0 0 E 0 2 0 . 7 6 . 5 0 0 3 9 E - 0 2
0 . 4 5 0 0 0 0 0 E 0 2 0 . 9 4 3 3 8 5 9 E - 0 2
0 - . 4 6 0 0 0 0 0 E 0 2 0 . 9 3 0 1 4 7 6 E - 0 2
0 . 4 7 0 0 0 0 0 E 0 2 0 . . 1 0 7 6 0 5 3 E - 0 1
0 . 4 8 0 0 0 0 0 E 0 2 0 . 9 3 0 1 4 7 6 E - 0 2
0 . 4 9 0 0 0 0 0 E 0 2 0 . 8 9 3 6 7 1 1 E - 0 2
0 . 5 0 0 0 0 0 0 E 0 2 0 . 1 3 3 1 3 8 S E - 0 1
0 . 5 1 0 0 0 0 0 E 0 2 0 . 9 3 0 1 4 7 6 E - 0 2
0 . 5 2 0 0 0 0 0 E 0 2 0 . 1 4 0 4 3 4 1 E - 0 1
0 . 5 3 0 0 0 0 0 E 0 2 0 . 1 3 4 9 6 2 6 E - 0 1
0 . 5 4 0 0 0 0 0 E 0 2 0 . 1 2 9 4 9 1 1 E - 0 1
0 . 5 5 0 0 0 0 0 E 0 2 0 . 1 2 2 1 9 5 9 E - 0 1
0 . 5 6 0 0 0 0 0 E 0 2 0 . 1 5 3 2 0 0 8 E - 0 1
0 . 5 7 0 0 0 0 0 E 0 2 0 . 1 2 5 S 4 3 5 E - 0 1
o.seoooooE 0 2 0 . 1 2 4 0 1 9 7E- C1
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APPENDIX B

A Map o f  t h e  Area S t u d i e d .

A r e a s  1 and 2 r e p r e s e n t  Oklahoma 

A r e a s  3 and 4 r e p r e s e n t  Texas  

A r e a s  5 r e p r e s e n t s  L o u i s i a n a
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Map Showing Oklahoma, Texas  and  L o u i s i a n a .

A/6W
Mexico

Mexico
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APPENDIX C

R e g i o n a l  T e m p e r a t u r e  D ependen t  Demand C h a r a c t e r i s t i c s .
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