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A B S T R A C T

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

h a s   b e e n   of   g r e a t   i n t e r e s t   in   C o l o r a d o   t h r o u g h o u t   its   e n t i r e  

h is t o r y .   H i g h e r   p r i c e s   for   t h e s e   m e t a l s   a nd   the   c o r r e s p o n d -

ing   r e s u r g e   in   interest,  as   w e l l   as   t h e   c u r r e n t   l a c k   of   a n y  

i n d i g e n o u s   s m e l t e r   to   t r e a t   b a s e   a n d   p r e c i o u s   m e t a l   ores,  p r o -

v i d e d   t he   s t i m u l u s   to   q u a n t i f y   t h e   p o t e n t i a l   i m p a c t   o f   a   no n -  

f e r r o u s   s m e l t e r   o n   t he   C o l o r a d o   ec o no m y .   A n   i n p u t - o u t p u t  

model,  d e s c r i b i n g   th e   i n t e r r e l a t i o n s h i p s   of   t he   v a r i o u s   i n -

d u s t r i a l   a c t i v i t i e s   in   t h e   C o l o r a d o   economy,  w a s   u t i l i z e d   to  

m e a s u r e   t he   s m e l t e r ' s   i m p a c t   o n   t h e   h o u s e h o l d   i n c o m e   a n d  

t o t a l   o u t p u t   of   e a c h   p r o c e s s   i n d u s t r y   i n c l u d e d   in   t h e   i n p ut -  

o u t p u t   a n a l ys is .   T h i s   a n a l y s i s   is   e x p r e s s e d   i n   t h e   f o r m   of  

a   t r a n s a c t i o n   m a t r i x   w h i c h   is   m a t h e m a t i c a l l y   m a n i p u l a t e d   to  

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

e c o n o m i c   i m p a c t   of   a n y   i n d e p e n d e n t   c h a n g e   in   th e   e c o n o m y  

s u c h   as   t he   i n t r o d u c t i o n   of   a   n e w   i n d u s t r y   l i k e   a   n o n - f e r r o u s  

c h e m i c a l   sm elt e r .   By   i n c l u d i n g   a   t h o r o u g h   d e s c r i p t i o n   of  

e a c h   s t a g e   o f   t h e   m o d e l 1s   d e v e l o p m e n t   a n d   t h e   m e t h o d o l o g y   of  

its   u s e   fo r   c a l c u l a t i n g   e c o n o m i c   imp act,   t hi s   T h e s i s   n o t

iii





T - 1 6 1 5

T A B L E   O F   C O N T E N T S

P a g e

C h a p t e r   1:   I n t r o d u c t i o n--------- ;-----------------------1

C h a p t e r   2:   R e g i o n   of   A n a l y s i s  ------------------------   6
G e o g r a p h i c   a n d   E c o n o m i c   C h a r a c t e r i s t i c s  ---------   6
C o l o r a d o ' s   M i n e r a l   I n d u s t r y  ---------------------- 13

C h a p t e r   3:   E l e m e n t s   of   I n p u t - O u t p u t   A n a l y s i s  -------- 19
I n p u t - O u t p u t   A c c o u n t i n g   S y s t e m------- -— :--------- 20
U t i l i z a t i o n   of   t he   1-0   M a t r i x--------------------25

T e c h n i c a l   c o e f f i c i e n t s--------------   25
O u t p u t   m u l t i p l i e r s---------     28
I n c o m e   m u l t i p l i e r s  -------------------------- 30

C h a p t e r   4:   E c o n o m i c   M o d e l   of   t he   S t a t e   of  C o l o r a d o   — 34
M e t h o d o l o g y--------------------------------------- 34

D i s a g g r e g a t i o n   of   t h e   C o l o r a d o   e c o n o m y------ 34
A c c o u n t i n g   c o n v e n t i o n s--------------  — ------37
D a t a   c o l l e c t i o n   a n d   c o m p i l a t i o n------     39

T r a n s a c t i o n   M a t r i x------------------------------- 45
M u l t i p l i e r   A n a l y s i s-------     48

C h a p t e r   5:   D e s c r i p t i o n   o f   I m p a c t   S e c t o r---------------67
P l a n t   P r o c e s s e s   —--------------------------------- 68
P l a n t   E c o n o m i c s----------------------------------- 73

C a p i t a l   i n v e s t m e n t  ----     74
O p e r a t i n g   e x p e n d i t u r e s---------------------- 74

C h a p t e r   6:   E c o n o m i c   I m p a c t   of   a   N o n - f e r r o u s
C h e m i c a l   S m e l t e r   o n   t h e   C o l o r a d o   E c o n o m y--  ----------83

E c o n o m i c   I m p a c t   C o n c e p t s------------------------- 83
E c o n o m i c - b a s e   ty pe   s t u d i e s  ---       85
I n p u t - o u t p u t   t y p e   s t u d i e s  -------------------86

M e a s u r e m e n t   of   E c o n o m i c   I m p a c t---------------     86
E c o n o m i c   I m p a c t   of   S m e l t e r   on   C o l o r a d o  E c o n o m y   92

C a p i t a l   e x p e n d i t u r e s------------------- — --- 92
P r o c e s s i n g   s e c t o r   p u r c h a s e  ------------------95
E m p l o y m e n t   —  --------------------- .--------- 104
T o t a l   e c o n o m i c   i m p a c t  -------   106

v



T - 1 6 1 5

T A B L E   OF   C O N T E N T S   ( Cont. )

P a g e

C h a p t e r   7  :   C o n c l u s i o n s    ----------------------------110

A p p e n d i x   A:   C o m p u t e r   P r o g r a m s  ------------------   115

A p p e n d i x   B:   D e s c r i p t i o n   of   I n d u s t r y   S e c t o r s  ----------121

A p p e n d i x   C:   T r a n s a c t i o n   M a t r i x------------------------131

L i t e r a t u r e   C i t e d  ----------------------------------133

v i



T - 1 6 1 5

C O t o ̂ 4 J D ̂ f!Û
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A C K N O W L E D G E M E N T S

I   a m  v e r y   g r a t e f u l   to   t h e   m a n y   i n d i v i d u a l s   w h o   a i d e d  

m e   w i t h   t hi s   Th esis.   In   p a r t i c u l a r ,   I   w o u l d   like   to   a c k -

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

i n c l u d e   B r u c e   S c h i l l e r   w h o   a i d e d   m e   in   w r i t i n g   t h e   c o m p u t e r  

p r o g r a m s   t h a t   w e r e   u t i l i z e d   to   f a c i l i t a t e   t h e   m a n y   c a l c u -

l a t i o n s   in   t h i s   T h e s i s  ;   K a r e n   S c h i l l e r   w h o   w a s   a   g r a c i o u s  

h o s t e s s   d u r i n g   m y   v i s i t s   to   De n ver ;   a n d   G e o r g e   D a B a i   w h o  

c h e c k e d   d a t a   for   a c c u r a c y .   I   w o u l d   a l s o   l i k e   t o   t h a n k  

t h e   m e m b e r s   of   m y   T h e s i s   c o m m i t t e e   a n d   in   p a r t i c u l a r  

Dr.   J o h n   A.   P e d e r s o n   w h o s e   aid,   e n c o u r a g e m e n t ,   a nd   p a t i e n c e  

m a d e   t h i s   T h e s i s   p o s s i b l e .   In   a d d it i o n,   I   w o u l d   l i ke   to  

a c k n o w l e d g e   the   U. S.   B u r e a u   of   M i n e s   a n d   Mr.   H a r o l d   B a l l a r d  

o f   t he   M i n i n g   I n d u s t r i a l   B o a r d   for   p r o v i d i n g   t h e   i n c e n t i v e  

a n d   t h e   m e a n s   b y  w h i c h   I   c o u l d   i m p l e m e n t   t hi s   study.
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C H A P T E R   1:   I N T R O D U C T I O N

The   U n i t e d   S t a t e s   is   c u r r e n t l y   in   a   p e r i o d   in   w h i c h   the  

f o r m u l a t i o n   of   an   e f f e c t i v e   m i n e r a l   p o l i c y   is   of   p a r a m o u n t  

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

w h i c h   w i l l   i n s u r e   a   v ia b le ,   d o m e s t i c   m i n e r a l   i n d u s t r y   ha s  

n e v e r   b e e n   m o r e   a p p a r e n t   t h a n   d u r i n g   the   la s t   year.   The  

A r a b   o i l   e m b a r g o   a nd   t h e   t h r e a t   of   o t h e r   c a r t e l   s i t u a t i o n s  

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

of   r e l y i n g   o n   f o r e i g n   s o u r c e s   f or   e s s e n t i a l   r a w   m a t e r i a l s .

U n f o r t u n a t e l y ,   the   e x p a n s i o n   o f   o u r   d o m e s t i c   m i n e r a l  

i n d u s t r y   to   m e e t   the   i n c r e m e n t a l   d e m a n d   for   m i n e r a l   c o m m o d -

it i e s   a l s o   i n v o l v e s   th e   d e g r a d a t i o n   o f   o u r   n a t u r a l   e n v i r o n -

ment.   W h e t h e r   a   p o t e n t i a l   p r o j e c t   i n v o l v e s   the   a c t u a l  

s e v e r a n c e   o f   t he   m i n e r a l   f r o m   t he   g r o u n d   o r   its   p r o c e s s i n g ,  

th e   r e a l i z a t i o n   of   a n y   m i n e r a l   p r o j e c t   w i l l   c o n s u m e   some  

p o r t i o n   o f   t h a t   a b s t r a c t   c o m m o d i t y   w h i c h   is   k n o w n   as   the  

" q u a l i t y   of   life".   W i t h i n   t h e   p a s t   fe w   yea rs ,   m a n y   h a v e  

b e g u n   to   q u e s t i o n   th e   v a l u e   o f   e c o n o m i c   g r o w t h   a g a i n s t   the  

v a l u e   of   o u r   e n v i r o n m e n t   ( i. e. ,   t h e   q u a l i t y   o f   life) .

O t h e r s   h a v e   f o r e s e e n   the   n e e d   to   d e v e l o p   a d d i t i o n a l   m i n e r a l  

p r o d u c t i o n ,   b u t   h a v e   a c c e p t e d   t h e   "not   in   m y   b a c k y a r d "
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p h i l o s o p h y ,   f e a r i n g   the   s o c i a l   a n d   e n v i r o n m e n t a l   p r o b l e m s  

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

In   a d d i t i o n   to   the   c o n c e r n   for   the   e n v i r o n m e n t ,   the  

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

lan d   a n d   wa t er ,   m u s t   be   c o n s i d e r e d   i n   t h e   e v a l u a t i o n   o f   a ny  

m i n e r a l   pr o j e c t .   T h e s e   t w o   r e s o u r c e s   ar e   l i m i t e d   a n d   the  

d e m a n d s   p l a c e d   u p o n   t h e m   for   h u m a n   c o n s u m p t i o n   a n d   a g r i c u l -

t u ra l   u s e s   p r e s e n t   s e v e r e   r e s t r i c t i o n s   to   m i n e r a l   p r o d u c e r s  

in   c e r t a i n   a r e a s   o f   the   U n i t e d   States.

The   p r e s e r v a t i o n   o f   o u r   e n v i r o n m e n t ,   the   m o s t   b e n e f i -

cial   use   o f   o u r   n a t u r a l   r e s o u r c e s ,   a nd   th e   n e e d   fo r   e c o n o m i c  

g r o w t h   are   the   c r i t e r i a   for   th e   e v a l u a t i o n   o f   a n y   m i n e r a l  

pr oj ec t .   Th e   d e v e l o p m e n t   o f   a   m e a n s   b y   w h i c h   t h e s e   c r i t e r i a  

c a n   b e   m e a s u r e d   a n d   c o m p a r e d   is   e s s e n t i a l   to   e f f e c t i v e  

m i n e r a l   r e s o u r c e   m a n a g e m e n t .   T h e   p u r p o s e   o f   th i s   T h e s i s   is  

to   q u a n t i f y   o n e   of   t h e s e   c r i t e ri a ,   e c o n o m i c   grow th.   Thi s  

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

e c o n o m i c   i m p a c t   of   a   m i n e r a l   p r o j e c t   o n   a   r e g i o n a l   ec o n o m y .  

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

c r i t e r i a   is   l e f t   to   o t h e r s   w h o   h a v e   m o r e   e x p e r t i s e   in   t h o s e  

fields. .

S i n c e   t he   g r e a t e s t   i m p a c t   o f   i n d u s t r i a l   d e v e l o p m e n t   is  

o n   t h e   a r e a   o f   c l o s e   p r o x i m i t y   to   th e   p r o j e c t ,   t h is   s t u d y  

e n c o m p a s s e s   a   r e l a t i v e l y   s m a l l   area,   a n   i n d i v i d u a l   s t a t e .

T he   s t u d y   r e g i o n   c h o s e n  w a s   th e   S t a t e   o f   C o l o r a d o   b e c a u s e
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t he   m i n e r a l   i n d u s t r y   is   an   i m p o r t a n t   e n t i t y   in   its   e c o n o m y ,  

b e c a u s e   C o l o r a d o   a b o u n d s   in   n a t u r a l   b e a u t y   w h i c h   c o u l d   be  

d a m a g e d   b y   i n c r e a s e d   m i n e r a l   p r o d u c t i o n ,   a n d   b e c a u s e   the  

S t a t e   faces   s e r i o u s   w a t e r - a v a i l a b i l i t y   a n d   l a n d - u s e   p r o b l e m s  

w h i c h   are   a s s o c i a t e d   w i t h   its   u r b a n   s p r a w l   a nd   h i g h   p o p u l a -

t i o n   g r o w t h   rate.   It   p r o v i d e s   a n   i d e a l   s e t t i n g   i n  w h i c h   to  

b e g i n   to   s t u d y   the   p o t e n t i a l   i m p a c t   of   m i n e r a l   d e v e l o p m e n t .

T he   m e a n s   b y   w h i c h   th e   e c o n o m i c   i m p a c t   is   c a l c u l a t e d  

i n v o l v e s   i n p u t - o u t p u t   an a l y s i s .   S u c h   an   a n a l y s i s   p r o v i d e s  

a   q u a n t i t a t i v e   m e a s u r e m e n t   o f   the   i m p a c t   o f   i n d e p e n d e n t  

c h a n g e s   o n   a   r e g i o n a l   e c o n o m y .   It   a l s o   s h o w s   t he   i n t e r r e l a -

t i o n s h i p s   t h a t   e x i s t   b e t w e e n   v a r i o u s   m i n e r a l   i n d u s t r i e s   a n d  

b e t w e e n   t he   m i n e r a l   i n d u s t r i e s   a n d   o t h e r   e c o n o m i c   a c t i v i t i e s  

in   an   ec on o my .   T h e r e   is   c o n s i d e r a b l e   p r e c e d e n t   for   a p p l y i n g  

an   i n p u t - o u t p u t   m o d e l   for   e c o n o m i c   i m p a c t - a n a l y s i s   of  

m i n e r a l   d e v e l o p m e n t .   1 . 1 / ,   1 . 2 / ,   1 . 3 / ,   1 . 4 / .

In   a d d i t i o n   to   a p p l y i n g   an   i n p u t - o u t p u t   m o d e l   to   the  

C o l o r a d o   e c o n o m y   a n d   u t i l i z i n g   th i s   m o d e l   to   m e a s u r e   t he  

i m p a c t   o f   a   s p e c i f i c   m i n e r a l   p r oj e ct ,   the   d e v e l o p m e n t   o f   a  

n o n - f e r r o u s   c h e m i c a l   smelt er ,   a   d i s c u s s i o n   o f   t h e   p r o b l e m s  

a s s o c i a t e d   w i t h   t he   f o r m u l a t i o n   a n d   u s e   o f   t h e   m o d e l   h as  

b e e n   i n c l u d e d  w h e r e   a p p r o p r i a t e .

Th e   c h o i c e   o f   s u b j e c t   m a t t e r   for   t h i s   T h e s i s   w a s   to  

s o me   d e g r e e   a f f e c t e d   b y   the   c o m p l e t i o n   o f   a   r e c e n t   s t u d y   of  

the   m i n e r a l   i n d u s t r y   in   C o l o r a d o   o n   w h i c h   t h i s   a u t h o r   a l s o
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w o r k e d .   1 . 5 /   Thi s   s t u d y   p r o v i d e d   r e a s o n a b l y   a c c u r a t e ,   u p -  

t o - d a t e   d a t a   fo r   the   m i n e r a l   i n d u s t r y   w h i c h   e l i m i n a t e d   m a n y  

o f   the   d a t a - a v a i l a b i l i t y   p r o b l e m s   t ha t   p l a g u e   m o s t   i n p u t -  

o u t p u t   studie s.   S u p p o r t i n g   t h i s   s i t u a t i o n   is   t h e   l a r g e ,  

r a p i d   p r i c e   i n c r e a s e   of   b a s e   a n d   p r e c i o u s   m e t a l s   a n d   the  

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

in   C o l o r a d o .

The   e c o n o m i c   i m p a c t   a n a l y s i s   w h i c h   f o l l o w s   c a n   be   s p l i t  

in t o   t h r e e   areas:   1)   d e f i n i t i o n   o f   th e   s t u d y   r e g i o n ,   2)

p r e s e n t a t i o n   o f   the   i m p a c t   s e c t o r ,   a n d   3)   c a l c u l a t i o n   o f  

e c o n o m i c   impact.   Th e   d e f i n i t i o n   o f   the   s t u d y   r e g i o n   i n -

c l u d e s   C h a p t e r s   2,   3,   a n d   4.   A   b r i e f   d e s c r i p t i o n   o f   C o l o -

r a d o ' s   g e o g r a p h i c   a n d   e c o n o m i c   c h a r a c t e r i s t i c s   as   w e l l   as   a  

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

s t u d y   r e g i o n   ar e   p r e s e n t e d   i n   C h a p t e r   2.   C h a p t e r   3   d e -

s c r i b e s   the   c o n v e n t i o n s   of   i n p u t - o u t p u t   a n a l y s i s   a n d   C h a p t e r  

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

an   e c o n o m i c   m o d e l   of   t he   C o l o r a d o   eco no my .   C h a p t e r   4   a l s o  

i n c l u d e s   t he   m o d e l   a n d   its   a s s o c i a t e d   i n p u t - o u t p u t   c a l c u l a -

t i o n s  .

The   i m p a c t   sector,   th e   n o n - f e r r o u s   c h e m i c a l   s m el t er ,   is  

p r e s e n t e d   in   C h a p t e r   5.   The   p h y s i c a l   a n d   e c o n o m i c   c h a r a c -

t e r i s t i c s   o f   the   p l a n t   a re   d e s c r i b e d .   The   m e t h o d o l o g y   of  

e s t i m a t i n g   t he   p l a n t ' s   c a p i t a l   a n d   o p e r a t i n g   c o s t s   a n d   th e  

i n c o r p o r a t i o n   o f   t h e s e   e s t i m a t e s   i n t o   the   i n p u t - o u t p u t  

m o d e l   is   a l s o   d i s c us s ed .
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T he   e c o n o m i c   i m p a c t   of   t he   c h e m i c a l   s m e l t e r   o n   the  

C o l o r a d o   e c o n o m y   is   c a l c u l a t e d   in   C h a p t e r   6.   T he   p r e s e n t a -

t i o n   is   d i v i d e d   to   s h o w   b o t h   th e   i m p a c t   of   c a p i t a l   e x p e n d i -

t u r es   a n d   the   i m p a c t   o f   o p e r a t i n g   e x p e n d i t u r e s .   Th e   o p e r a -

t i n g   e x p e n d i t u r e s   are   d i v i d e d   f u r t h e r   a c c o r d i n g   to   th e   i m -

p a c t   r e s u l t i n g   f r o m   t he   s m e l t e r 1s   e m p l o y m e n t   a n d   the   i m p a c t  

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

i n d u s t r i e s   in   th e   r e g i o n a l   ec on om y .   P a r t i c u l a r   e m p h a s i s   is  

p l a c e d   o n   th e   s m e l t e r ' s   p o t e n t i a l   i m p a c t   o n   b a s e   an d   p r e -

ci ou s   m e t a l   m i n i n g   a n d   t he   s u b s e q u e n t   i m p a c t   o n   th e   e n t i r e  

e c o n o m y •

The   f i n al   c h a p t e r   is   d e v o t e d   to   a   g e n e r a l   d i s c u s s i o n   of  

e c o n o m i c   m o d e l i n g   a n d   to   a   d i s c u s s i o n   o f   t h e   l i m i t a t i o n s   of  

the   m o d e l   p r e s e n t e d   in   th i s   Thes is.   Here,   h o w e v er ,   this  

a u t h o r  w o u l d   li k e   to   n o t e   t h a t   the   f o l l o w i n g   e c o n o m i c   m o d e l  

a n d   i m p a c t   c a l c u l a t i o n   p r o v i d e   o n l y   a   si mple,   c r u d e   a p p r o x -

i m a t i o n   o f   the   r e a l - w o r l d   s i t u a ti o n.   A l t h o u g h   e v e r y   a t t e m p t  

h a s   b e e n   m a d e   to   a c h i e v e   an   a c c u r a t e   r e p r e s e n t a t i o n ,   d i f f e r -

e n c e s   w i l l   no   d o u b t   o c c u r   b e t w e e n   t h e   r e a l - w o r l d   i m p a c t   a n d  

the   i m p a c t   e s t i m a t e d   f r o m   t he   i n p u t - o u t p u t   mo de l .

L a s tl y ,   it   s h o u l d   be   n o t e d   t h a t   t h e   f o l l o w i n g   e c o n o m i c  

a n a l y s i s   is   b a s e d   o n   1972   data.   In   o t h e r   w o r d s ,   t he   i n p u t -  

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

d u r i n g   1972.   S i m i l a r l y ,   t h e   e s t i m a t e s   of   t h e   s m e l t e r ' s   c a p i t a l  

a n d   o p e r a t i n g   c o s t s   h a v e   a l s o   b e e n   e x p r e s s e d   in   1972   d o l l a rs .
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C H A P T E R   2:   R E G I O N   OF   A N A L Y S I S

T h e   f o r m u l a t i o n   a n d   s u b s e q u e n t   u t i l i z a t i o n   of   a n y   m o d e l  

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

t h e   r e g i o n   of   a n a l y s i s .   T h e   p u r p o s e   o f   t h i s   c h a p t e r   is   to  

d e s c r i b e   t he   g e o g r a p h i c a l   s e t t i n g   of   th is   T h e s i s ,   t he   S t a t e  

of   Co l o r a d o .   A   b r i e f   r e v i e w   of   the   S t a t e ' s   g e o g r a p h i c a l   and  

e c o n o m i c   c h a r a c t e r i s t i c s   w i l l   b r i n g   t h e   s p a t i a l   a s p e c t s   of  

t hi s   e c o n o m i c   i m p a c t   a n a l y s i s   into   p e r s p e c t i v e   f or   t h e   reader.  

In   ad d i t i o n ,   a . d e s c r i p t i o n   of   C o l o r a d o ' s   m i n e r a l   i n d u s t r y   is  

i n c l u d e d   s i n c e   this   T h e s i s   d e a l s   w i t h   o n e   a s p e c t   of   the   m i n e r a l  

in du st r y,   a   c h e m i c a l   sme lte r.

G e o g r a p h i c   a n d   E c o n o m i c   C h a r a c t e r i s t i c s

B e f o r e   t h e   c h a r a c t e r i s t i c s   of   the   s t u d y   r e g i o n   a r e   d i s -

cu s se d ,   h o w e v er ,   t he   p r o b l e m   of   d a t a   a v a i l a b i l i t y   s h o u l d   be  

m e n t i o n e d .   In   d e t e r m i n i n g   t h e   g e o g r a p h i c a l   l i m i t a t i o n s   of  

t h e   s t u d y   reg io n,   t h e   a n a l y s t   m u s t   t a k e   in to   a c c o u n t   t h e   p r o -

b l e m   of   d a t a   a v a i l a b i l i t y .   E c o n o m i c   d a t a   m a y   be   o b t a i n e d  

f r o m   s e c o n d a r y   a n d   p r i m a r y   s o u r c e s .   S e c o n d a r y   s o u r c e s   r e f e r  

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

a c t u a l   c o n t a c t   w i t h   i n d i v i d u a l s   a nd   fi r ms   in   th e   f i e l d   s u c h  

as   p e r s o n a l   i n t e r v i e w s   o r   s u rv e ys .   A l t h o u g h   p r i m a r y   d a t a

6
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s o u r c e s   a l l o w   t he   a n a l y s t   g r e a t e r   f r e e d o m   in   d e f i n i n g   t h e  

s t u d y   re gion,   e f f o r t   to   s e c u r e   it   is   g r e a t e r   t h a n   w i t h   s e c o n -

d a r y   sources.

C o l o r a d o   is   a   h i g h - a l t i t u d e   s t a te   w i t h   a n   a v e r a g e   e l e -

v a t i o n   o f   6, 800   feet.   It' s   c l i m a t e   is   c l a s s i f i e d   as   s e m i a r i d  

w i t h   an   a v e r a g e   p r e c i p i t a t i o n   of   a b o u t   17   inches.   D u e   to  

t h e   p r o n o u n c e d   d i f f e r e n c e s   in   C o l o r a d o ' s   t o p o g r a p h y ,   h o w -

ever,   e l e v a t i o n   a nd   c l i m a t i c   c o n d i t i o n s   v a r y   g r e a t l y   a c r o s s  

t h e   S t a t e .

C o l o r a d o ' s   g e o g r a p h y   is   m a d e   u p   of   t h r e e   t o p o g r a p h i c  

z o n e s  :   1)   m o u n t a i n ,   2)   pl ai n s,   a n d   3)   p l a t ea u s.   T h e   m o u n -

t a i n   zon e   r u n s   n o r t h   a n d   s o u t h   t h r o u g h   t h e   m i d d l e   of   t he  

s t a t e   a n d   c o n s i s t s   of   a   c o m p l e x   s y s t e m   of   r a n g e s  :   t h e   F r o n t

range .   P a r k   range,   S a w a t c h   r a n g e ,   E l k   m o u n t a i n s ,   a n d   S a n  

J u a n   m o u n t a i n s .   T h e   m o u n t a i n s   a r e   C o l o r a d o ' s   m o s t   d o m i n a n t  

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

w e a l t h .   T h e   p l a i n s   zon e   is   a   s e m i ar i d,   t r e e l e s s   r e g i o n   s t r e t c h -

ing   e a s t w a r d   f r o m   t h e   b a s e   o f   t h e   R o c k y  M o u n t a i n s .   T h e   p l a t e a u  

zo n e   lies   in   the.  w e s t e r n   p a r t   o f   th e   s t a t e   a n d   c o n s i s t s   o f   a  

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

t h e   S t a t e ' s   w e s t e r n   b o r d e r .

C o l o r a d o   is   s p a r s e l y   p o p u l a t e d   in   r e l a t i o n   to   t he   w h o l e  

U n i t e d   Sta tes .   T h e   p o p u l a t i o n   p e r   s q u a r e   m i l e   in   197 3   w a s  

23. 8   as   c o m p a r e d   w i t h   58. 0   f or   t h e   U. S.   M o s t   of   th e   p o p u -

l a t i o n   is   u r b a n   a n d   is   c o n c e n t r a t e d   a l o n g   th e   b a s e   o f   t he
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F r o n t   r a n g e   in   th e   t h r e e   m e t r o p o l i t a n   a r e a s   of   C o l o r a d o  

S p r i n g s ,   P u eb lo,   a n d   D e n v e r   ( see   F i g u r e   2-1) .   A l m o s t   75  

p e r c e n t   of   t h e   S t a t e ' s   p o p u l a t i o n   is   l o c a t e d   in   t h e s e   t h r e e  

m e t r o p o l i t a n   areas.   T h e   p o p u l a t i o n   of   C o l o r a d o   has   b e e n   i n -

c r e a s i n g   a t   a l m o s t   t h r e e   t i m e s   the   n a t i o n a l   a v e ra g e .   F o r  

t h e   p a s t   de c ad e ,   t h e   n a t i o n a l   p o p u l a t i o n   g r o w t h   r a t e   has  

a v e r a g e d   a b o u t   1. 2   pe r ce n t ,   w h i l e   C o l o r a d o ' s   g r o w t h   r a t e  

s i n c e   1967   ha s   a v e r a g e d   n e a r   4. 0   p e r c e n t   ( see   T a b l e   2-1) .

T h e   h i g h   r a t e   o f   g r o w t h   is   d u e   t o   i m m i g r a t i o n   t o   C o l o r a d o .

It   a p p e a r s   t h a t   C o l o r a d o ' s   f a v o r a b l e   c l i m a t e ,   n a t u r a l   b e a u t y ,  

a n d   e c o n o m i c   s t r e n g t h   h a v e   d r a w n   m a n y   p e o p l e   to   m o v e   to   the  

state.

C o l o r a d o ' s   g r o w i n g   p o p u l a t i o n   a n d   o v e r a l l   e c o n o m i c   h e a l t h  

h a v e   le a d   t h e   w a y   for   s i g n i f i c a n t   i n c r e a s e s   in   e m p l o y m e n t .  

N o n a g r i c u l t u r a l   w a g e   a nd   s a l a r y   e m p l o y m e n t   i n c r e a s e d   b y   4. 4  

p e r c e n t   d u r i n g   1973.   T h i s   i n c r e a s e   is   m a t c h e d   b y   C o l o r a d o ' s  

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

fo r   s e v e r a l   y ear s.   D u r i n g   1973,   C o l o r a d o ' s   r a t e   w a s   a b o u t

3. 1   p e r c e n t   w h i l e   t h e   N a t i o n a l   a v e r a g e   w a s   4. 8   p e r c e nt .   A  

b r e a k d o w n   o f   C o l o r a d o ' s   l a b o r   f o r c e   is   s h o w n   in   T a b l e   2-2.

A s   o n e   m a y   g a t h e r   f r o m   T a b l e   2-2,   C o l o r a d o ' s   e c o n o m y  

is   v e r y   b r o a d - b a s e d .   T h e   a g r i c u l t u r a l   i n d u s t r y   e n c o m p a s s e s  

t h e   p r o d u c t i o n   of   fruit,   grains,  a n d   v e g e t a b l e s   a n d   t h e   r a i s i n g  

o f   l i v e s t o c k   w h i c h   i n c l u d e   c at tle ,   po u l t r y ,   sheep,   a nd   hogs.
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T A B L E   2-1

T o t a l   Po p u l a t i o n ,   C o l o r a d o   an d   U n i t e d   St a t e s   2. 1 /

( As   of   J u l y   1,   of   e a c h   year)  

1940   -   1973

B a s e   Y e a r   =   1960

Y e a r Ind ex
C o l o r a d o
P o p u l a t i o n In d ex

U n i t e d   S t a t e s  
P o p u l a t i o n

1940 64 1 , 1 2 3 , 2 9 6 73 1 3 2 , 5 9 4 , 0 0 0
1950 75 1 , 3 2 5 , 0 8 9 84 1 5 2 , 2 7 1 , 0 0 0
1960 100 1 , 7 6 8 , 0 0 0 100 1 8 0 , 6 6 7 , 0 0 0
1961 104 1 , 8 3 6 , 0 0 0 102 1 8 3 , 6 7 2 , 0 0 0
1962 107 1 , 8 8 6 , 0 0 0 103 1 8 6 , 5 0 4 , 0 0 0
1963 108 1 , 9 1 6 , 0 0 0 105 1 8 9 , 1 9 7 , 0 0 0
1964 110 1 , 9 4 4 , 0 0 0 106 1 9 1 , 8 3 3 , 0 0 0
1965 110 1 , 9 5 3 , 0 0 0 108 1 9 4 , 2 3 7 , 0 0 0
1966 111 1 , 9 6 9 , 0 0 0 109 1 9 6 , 4 8 5 , 0 0 0
1967 114 2 , 0 0 8 , 0 0 0 110 1 9 8 , 6 2 9 , 0 0 0
1968 117 2 , 0 6 7 , 0 0 0 111 2 0 0 , 6 1 9 , 0 0 0
1969 12  0 2 , 1 3 0 , 0 0 0 112 2 0 2 , 5 9 9 , 0 0 0
1970 125 2 , 2 1 6 , 3 9 3 113 2 0 4 , 8 0 0 , 0 0 0
1971 129 2 , 2 7 7 , 0 0 0 115 2 0 7 , 0 0 6 , 0 0 0
1972 134 2 , 3 7 6 , 0 0 0 * 116 2 0 9 , 1 8 1 , 0 0 0 *
1973 140 2 , 4 7 6 , 0 0 0 * 117 2 1 1 , 5 3 0 , 0 0 0 *

*  E s t i m a t e d
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T A B L E   2-2

C o l o r a d o   L a b o r   F o r c e   S u m m a r y   1 9 6 9 - 1 9 7 3   2. 2/  
( in   th ou s an d s)

1969

T o t a l   L a b o r   F o r c e 882. 2

Unemp.   &   L a b o r   Dis. 26. 4

U n e m p l o y m e n t   Ra t e 3. 0

L a b o r   F o r c e   Part.   Rate 41. 4

T o t a l   E m p l o y m e n t 855. 8

A g r i c u l t u r e 52. 9

N o n a g r i c u l t u r a l 802. 9

A l l   o t h e r 89. 7

W a g e   &   S a l a r i e d 713. 2

M i n i n g 13. 5

C o n s t r u c t i o n 38 . 1

M a n u f a c t u r i n g 114 . 6

Transp .   &   P. U. 50. 8

T r a d e 1 68. 8

F i n . I n s.   &  R. E. 37. 8

S e r v i c e s 124. 3

G o v e r n m e n t 165. 3

E s t i m a t e d

1970 1971 197 2* 1973*

919. 6 950. 7 989. 3 1 , 0 28 . 0

31. 0 32. 0 31. 3 31. 9

3. 3 3. 3 3. 1 3. 1

41. 5 41. 8 41. 6 41. 5

888. 6 918. 7 958 . 0 996. 1

54. 1 49. 9 48. 0 47. 5

8 34. 5 868. 8 910 . 0 948. 6

91. 8 96. 3 99. 0 101. 8

742. 7 77 2. 5 811 . 0 846. 8

14. 0 13. 4 14. 0 14. 1

41. 1 45. 0 48. 8 48. 5

117. 5 11 7. 7 12 1 . 7 126. 5

51. 3 52. 5 53. 3 55. 1

173. 4 180. 8 19 0. 0 198. 8

39. 6 41. 4 43. 0 45. 0

130. 3 134. 7 14 0. 0 145. 2

17 5. 5 187 . 0 2 0 0 . 1 213. 6
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T h e   m a j o r   t r a d e   a nd   i n d u s t r i a l   g r o u p s   are   w h o l e s a l e   a n d   r e -

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

i c a t i o n   a n d   p u b l i c   u t i l i t i e s #   a n d   c o n s t r u c t i o n .   T h e   p r i n c i -

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

f o o d   a n d   k i n d r e d   p r o d u c t s ,   p r i m a r y  m e t a l   p r o d u c t s ,   a n d   e l e c -

t r i c a l   m a c h i n e r y .   T h e   s e r v i c e   i n d u s t r i e s   a re   e x t r e m e l y  

varied,  e n c o m p a s s i n g   m a n y   e d u c a t i o n a l ,   m e d i c a l ,   financial,  

a n d   t e c h n i c a l   fields.   O n e   s e r v i c e   i n du s tr y ,   t o u ri s m,   is  

t h e   S t a t e ' s   m a j o r   e c o n o m i c   a c t i v i t y .   T h e   g o v e r n m e n t   a l s o  

has*   a   s i g n i f i c a n t   i m p a c t   o n   t h e   ec on om y .   In   t e r m s   o f   e m -

p l o y m e n t   the   g o v e r n m e n t   is   t h e   m o s t   i m p o r t a n t   s e c t o r   in  

t h e   State.   T h e   m i n e r a l   i n d u s t r y   is   a n o t h e r   i m p o r t a n t   s e g -

m e n t   of   C o l o r a d o ' s   ec ono my.   It   w i l l   b e   d i s c u s s e d   in   g r e a t e r  

d e t a i l   l a t e r   in   t h i s   ch a pt e r.

C o l o r a d o ' s   e c o n o m y   is   v e r y   co mpl e x.   It   e n c o m p a s s e s   a  

w i d e   v a r i e t y   of   e c o n o m i c   a n d   g o v e r n m e n t a l   a c t i v i t i e s .   Its  

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

m a n y   firm s   a n d   g o v e r n m e n t   a g e n c i e s   i n to   t h e   State.   M a n y  

fi rms   h a v e   l o c a t e d   c e n t r a l   or   d i s t r i c t   o f f i c e s   i n   the   g r e a t e r  

D e n v e r   m e t r o p o l i t a n   area.   T h e   f e d e r a l   g o v e r n m e n t   h as   l o c a t e d  

m a n y   re s e a r c h ,   a d m i n i s t r a t i v e ,   a n d   a r m e d   s e r v i c e s   a g e n c i e s  

in   th e   State.   T h e   D e n v e r   a r e a   is   a l s o   a   c e n t e r   for   m a j o r   road,  

rail,   a n d   a i r   t r a n s p o r t a t i o n   sys tem s.   In   a   sense,   C o l o r a d o   is  

a   " m i n i - c o u n t r y "   w h i c h   e n c o m p a s s e s   a l m o s t   t h e   e n t i r e   s p e c t r u m
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of   e c o n o m i c   a n d   g o v e r n m e n t a l   a c t i v i t i e s ,   a n d   thu s   s e r v e s

as   an   e x c e l l e n t   e x a m p l e   for   r e g i o n a l   e c o n o m i c   i m p a c t   a n a l y s i s .

C o l o r a d o 1s   M i n e r a l   I n d u s t r y

A  m o r e   d e t a i l e d   d e s c r i p t i o n   of   C o l o r a d o ' s   m i n e r a l   i n -

d u s t r y   is   w a r r a n t e d   h e r e   s i n c e   the   p r i m a r y   e m p h a s i s   of   this  

T h e s i s   c o n c e r n s   the   e c o n o m i c   i m p o r t a n c e   of   the   m i n e r a l   i n -

d u s t r y   o n   th e   r e g i o n ' s   e c o n o m y .   In   th i s   T h e s i s ,   t h e   t e r m  

" m i n er a l   i n d u s t r y "   e n c o m p a s s e s   a   w i d e r   r a n g e   of   a c t i v i t i e s  

t h a n   has   b e e n   t r a d i t i o n a l l y   i n c l u d e d   in   t he   S t a n d a r d   I n d u s -

t r i a l   C l a s s i f i c a t i o n   M a n u a l   2 . 3 / ,   ( S. I. C. )   w h i c h   d e f i n e s   th e  

m i n e r a l   i n d u s t r y   as:

. . . e s t a b l i s h m e n t s   p r i m a r i l y   e n g a g e d   in   m i n i n g .  
M i n i n g   is   h e r e   u s e d   in   t he   b r o a d   s e n s e   to   i n c l u d e  
t he   e x t r a c t i o n   of   minerals'   o c c u r i n g   n a t u r a l l y  :   s o l i d s ,
s u c h   as   c o a l   a n d   ores;   l i q u i d s ,   s u c h   as   c r u d e   p e t r o -
leum;   a n d   g a s e s ,   s u c h   as   n a t u r a l   gas.   T h e   t e r m   "mi nin g"  
is   a l s o   u s e d   in   th e   b r o a d   s e n s e   to   i n c l u d e   q u a r r y i n g ,  
w e l l   o p e r a t i o n ,   m i l l i n g   ( crushing,   s cr e e n i n g ,   w a s h i n g ,  
f lo t at i on ,   etc. ) ,   a n d   o t h e r   p r e p a r a t i o n   n e e d e d   to  
r e n d e r   the   m a t e r i a l   m a r k e t a b l e .   E x p l o r a t i o n   a nd  
d e v e l o p m e n t   of   m i n e r a l   p r o p e r t i e s   ar e   i n c l u d e d .   S e r -
v i c e s   p e r f o r m e d   o n   a   co n t r a c t ,   fee,   or   o t h e r   b a s i s  
in   the   d e v e l o p m e n t   or   o p e r a t i o n   o f   m i n e r a l   p r o p e r t i e s  
a r e   c l a s s i f i e d   s e p a r a t e l y   b u t   w i t h i n   th i s   di v i s i o n .

T h e   c o n c e p t   of   the   m i n e r a l   i n d u s t r y   u t i l i z e d   in   this   t h e s i s  

is   b a s e d   on   t h e   b r o a d e r   v i e w   d e v e l o p e d   by   K u n g - L e e   W a n g   2 . 4 / ,  

w h o   d e f i n e d   th e   m i n e r a l   i n d u s t r y   as   follow s:
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. . . " m i n e r a l   i n d u s t r i e s "   i n c l u d e   all   m i n i n g  
i n d u s t r i e s   a n d   b a s i c   m i n e r a l   p r o c e s s i n g   i n d u s -
tries.   " M i n in g   i n d u s t r i e s "   i n c l u d e s   al l   the
2 - d i g i t   S t a n d a r d   I n d u s t r i a l   C l a s s i f i c a t i o n s  
f or   all   m i n i n g   a c t i v i t i e s — m e t a l   m i n i n g ,   c o a l  
m i n i n g ,   o i l   and   gas   e x t r a c t i o n ,   a nd   n o n - m e t a l  
m i n i n g .   "Bas ic   m i n e r a l   p r o c e s s i n g   i n d u s t r i e s "  
i n c l u d e s   al l   th e   b a s i c   m i n e r a l   p r o c e s s i n g   i n -
d u s t r i e s   (1)   t ha t   u s e   th e   o u t p u t   of   t he   SIC -  
d e f i n e d   m i n i n g   i n d u s t r i e s   as   t h e i r   p r i m a r y   r a w  
m a t e r i a l   for   v a l u e - a d d e d ,   a n d   (2)   w h o s e   o u t p u t s  
a re   g e n e r a l l y   u s e d   b y   t h e   o t h e r   p r o d u c i n g   i n -
d u s t r i e s   as   t h e i r   r e s p e c t i v e   e s s e n t i a l   r a w  
m a t e r i a l .

T h i s   b r o a d e r   v i e w   of   the   m i n e r a l   i n d u s t r y   w a s   d e v e l o p e d  

f u r t h e r   in   a   r e c e n t   s t u d y   c o n d u c t e d   at   t h e   C o l o r a d o   S c h o o l  

of   M i n e s   2 . 5 / .   T he   d e f i n i t i o n   d e v e l o p e d   in   t h i s   s t u d y   and  

u t i l i z e d   in   thi s   T h e s i s   is   s h o w n   in   b l o c k - d i a g r a m   f o r m   in  

F i g u r e   2-2.   T h i s   d i a g r a m   a l s o   sh ow s   t h e   g e n e r a l   f l o w   of  

c o m m o d i t i e s   b e t w e e n   the   n i n e   m i n e r a l   i n d u s t r y   s e c t o r s   a nd  

t h e   r e s t   of   t he   econo my .   T h e   m i n e r a l   i n d u s t r y   in   C o l o r a d o  

e n c o m p a s s e s   e v e r y   s e c t o r   s h o w n   in   F i g u r e   2-2.

F r o m   t h e   e a r l y   g o l d   a n d   s i l v e r   d a y s   of   t he   1880' s,  

C o l o r a d o 1s   i n h e r e n t   m i n e r a l   w e a l t h   has   i n s u r e d   a   v i a b l e  

m i n e r a l   industry*.   T o t a l   o u t p u t   f r o m   the   i n d u s t r y   a p p r o a c h e s  

1. 25   b i l l i o n   d o l l a r s   an d  e n c o m p a s s e s  n e a r l y   e v e r y   c o u n t y   in  

t he   State.   M i n i n g   a c t i v i t i e s   i n c l u d e   the   p r o d u c t i o n   of   iron;  

t he   f e r r o u s   a l l o y s - m o l y b d e n u m ,   v a n a d i u m ,   a n d   t u n g s t e n f   the  

p r e c i o u s   m e t a l s - g o l d   a n d   silver:   th e   b a s e   m e t a l s - z i n c ,   l e a d ,  

copp er,   an d   ca d m i u m ,   o t h e r   m e t a l s   s u c h   as   tin,  a n d   b e r y l l i u m ,
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p e t r o l e u m
r e f i n i n g

p i p e l i n e
t r a n s p o r t a t i o n

n a t u r a l   gas   p r o c e s s i n g

I
a n d   o t h e r   m a r k e t s

coa l   m i n i n g e l e c t r i c   p o w e r  
g e n e r a t i o n

al l
s e c t o r s

m e t a l   m i n i n g s t e e l   m a k i n g  
c o k e   p r o d u c t i o n ,  
n o n - f e r r o u s   m e t a l   s me lti ng,  
a n d   ref in in g ,   an d   t h e   r e -
c y c l i n g   of   m e t a l   s c r a p

*  f a b r i c a t i o n

m i n e r a l   i n d u s t r y  
s e r v i c e s

m a r k e t
&

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

F I G U R E   2-2  

M i n e r a l   I n d u s t r y   G r o u p s
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th e   n o n m e t a l l i e s - s a n d ,   gr av el ,   l i m e s t o n e ,   f lu o r sp a r,   stone,  

clay,   do l o m i t e ,   v o l c a n i c   scoria,   gy psum,   peat,   p e r li t e,  

feld s p ar ,   mica,   a n d   silica;   a n d   the   m i n e r a l   f u e l s - c r u d e  

oil,   n a t u r a l   g a s , a n d   coal.   P r o c e s s i n g   a c t i v i t i e s   i n c l u d e  

e l e c t r i c   p o w e r   g e n e r a t i o n ;   u r a n i u m   and   v a n a d i u m   p r o c e s s i n g ;  

iron,   steel,  a n d   c o k e   p r o d u c t i o n ;   r e c y c l i n g   o f   f e r r o u s   an d  

n o n - f e r r o u s   m e t a l s ;   p e t r o l e u m   r e f i n i n g   a nd   n a t u r a l   gas   p r o -

ces si ng;   c e m e n t   p r o d u c t i o n ;   a n d   t h e   p r o c e s s i n g   of   v a r i o u s  

r a r e   m et a ls .   In   a d d it io n ,   t h e r e   are   a   w i d e   v a r i e t y   of   firms  

p r o v i d i n g   t e c h n o l o g i c a l   a nd   e n g i n e e r i n g   s e r v i c e s   to   e x p l o r -

ation,   mi n i n g ,   a n d   p r o c e s s i n g   o p e r a t i o n s .

No   a t t e m p t   w i l l   b e   m a d e   h e r e   to   f u l l y   d e s c r i b e   C o l o r a d o ' s  

m i n e r a l   i n d u s t r y   s i n c e   other,   m o r e   c o m p r e h e n s i v e   st u d i e s  

e x i s t   2 . 6 / .   Rather,   t h i s   a u t h o r   w i l l   c o n c e r n   h i m s e l f   w i t h  

t h e   b a s e   a nd   p r e c i o u s   m e t a l s   p r o d u c t i o n   w i t h i n   t h e   State.

T h e   d e v e l o p m e n t   of   a   v i a b l e   b a s e   a nd   p r e c i o u s   m e t a l s  

s m e l t e r   w i t h i n   C o l o r a d o   is   d e p e n d e n t   o n   b o t h   the   q u a l i t y   an d  

q u a n t i t y   of   a v a i l a b l e   r a w   m a t e r i a l s .   An y   p o t e n t i a l   s m e l t e r  

m u s t   be   a b le   to   t r e a t   c o m p l e x   m e t a l   s u l f i d e   o re s   or   c o n c e n -

trates.   M o s t   of   the   c o n c e n t r a t e s   p r o d u c e d   in   C o l o r a d o   a re  

of   a   v e r y   c o m p l e x   n a t u r e , o f t e n   c o n s i s t i n g   of   lead,   zinc,  

c o p p e r ,   g o l d , a n d   silver.   A   t y p i c a l   m e t a l   c o n c e n t r a t e   m a y  

a s s a y   23   p e r c e n t   lead,   5   p e r c e n t   cop per,   33   p e r c e n t   zinc,

13   oz   s i l v e r   p e r   ton,   a n d   . 16   oz   g o l d   p e r   ton.   S o m e   m i n e s  

are   s m a l l   v o l u m e   o p e r a t i o n s   a nd   do   n o t   u p g r a d e   t h e i r   o re
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to   a   c o n c e n t r a t e .   A   s m e l t e r   s h o u l d   thus   i n c l u d e   a   p r o c e s s i n g  

mi l l,   p r o b a b l y   a   s u l f i d e   f l o t a t i o n   m i l l .

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

C o l o r a d o   a re   s h o w n   in   F i g u r e   2-3.   The   c o l l e c t i v e   p r o d u c t i o n  

f r o m   the   f ou r   a r e as   a m o u n t s   to   a b o u t   3 5 , 0 0 0   to n s   of   zinc,

2 5 , 00 0   ton s   of   lead,   5, 000   t o n s   of   cop per,   1. 4   m i l l i o n   oz.  

of   silver,   a n d   17 , 0 00   oz.   of   g o l d   p er   year.   C o l l e c t i v e   r e -

s o u r c e s   of   lead,   zinc,   an d   c o p p e r   a re   e s t i m a t e d   b y   th e   U. S.  

B u r e a u   of   M i n e s   to   be   3 , 0 4 0 , 6 1 7   ton s   2 . 7 / .   A l m o s t   54   p e r c e n t  

of   t h e s e   r e s o u r c e s   a re   l o c a t e d   in   ar e a   #4.   H e r e   r e s o u r c e s  

r e f e r   to   all   m e a s u r e d ,   i n d i c a t e d   or   i n f e r r e d   o r e   t h a t   is  

or   m a y   b e   p r o f i t a b l e   to   min e.   C u r r e n t   m i n e   p r o d u c t i o n   is  

m o r e   t h a n   a d e q u a t e   to   p r o v i d e   t he   n e c e s s a r y   fe ed   fo r   a   smelt er .  

In   a dd i t io n ,   r e s e r v e s   a p p e a r   to   be   a d e q u a t e   to   i n s u r e   c o n -

t i n u e d   m i n e   p r o d u c t i o n   for   30   y e a r s   at   t h e   c u r r e n t   p r o d u c t i o n  

rate.   It   m a y   be   t h a t   a   s m e l t e r   w o u l d   s t i m u l a t e   i n c r e a s e d  

p r o d u c t i o n   a nd   e x p l o r a t i o n ,   s i n c e   u n d e r   e x i s t i n g   c o n d i t i o n s  

all   of   the   or e   an d   c o n c e n t r a t e   p r o d u c e d   m u s t   b e   e x p o r t e d   f r o m  

t h e   State.   T h e   h i g h   t r a n s p o r t a t i o n   c o s t s   r e n d e r   m a n y   sma l l  

o p e r a t i o n s   u n e c o n o m i c .

A  m o r e   t h o r o u g h   a n a l y s i s   of   the   C o l o r a d o   e c o n o m y   is   p r o -

v i d e d   in   C h a p t e r   4   of   t h i s   The sis .   T h e   i n p u t - o u t p u t   m o d e l  

d e v e l o p e d   in   t h a t   c h a p t e r   w i l l   s h o w   the   i n t e r r e l a t i o n s h i p s  

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

r o l e   of   the   m i n e r a l   i n d u s t r y   in   th e   e n t i r e   ec o no m y.
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5

F I G U R E   2-3

M a j o r   P r o d u c i n g   A r e a s   of   B a s e   a n d   P r e c i o u s   Metal

in   C o l o r a d o
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C H A P T E R   3:   E L E M E N T S   OF   I N P U T - O U T P U T   A N A L Y S I S

E v e r y   r e g i o n ' s   e c o n o m y   is   m a d e   up   of   m a n y   s e p a r a t e   i n -

d u s t r i a l   a c t i v i t i e s   or   s e c t o r s   w h i c h   e n g a g e   in   c o m m e r c i a l  

t r a n s a c t i o n s   b o t h   in   a nd   o u t   of   the   reg ion.   A n   i n p u t - o u t p u t  

m o d e l   a t t e m p t s   to   d e s c r i b e   b o t h   the   i n t e r d e p e n d e n c e   of   the  

s e c t o r s   w i t h i n   the   r e g i o n   ( i n t r a - r e g i o n a l   t r a n s a c t i o n s )   a nd  

the   f l o w   of   g o o d s   in   a n d   o u t   of   the   r e g i o n   ( imports   an d   e x -

ports)  .   It   is   a   b a l a n c e d ,   s t a t i c   m o d e l   w h i c h   sho ws   t he   f lo w  

of   g o o d s   a nd   s e r v i c e s   at   a   g i v e n   p o i n t   in   time.

T h e   i n t e r d e p e n d e n c e   o f   s e c t o r s   w i t h i n   a   r e g i o n a l   e c o -

n o m y   ha s   b e e n   a   s u b j e c t   of   c o n s i d e r a b l e   i n t e r e s t   for   m a n y  

years.   Th e   f i r s t   e f f o r t s   w e r e   m a d e   by  F r a n c o i s  Q u e s n a y   in

1 7 5 8 . 3. 1   /   In   h is   T a b l e a u   E c o n o m i q u e ,   Q u e s n a y   d e v e l o p e d   a  

c r u d e   i n p u t - o u t p u t   m o d e l   w h i c h   d e s c r i b e d   t he   fl o w   of   g o o d s  

a m o n g   t h r e e   e c o n o m i c   cl ass es.   O t h e r   p i o n e e r s   i n c l u d e d   L e o n  

W a l r as ,   G u s t a v   Cass el,   a n d   V i l f r a d o   Pa reto.   3. 2/

M o r e   t h a n   a n y   o t h e r   i n di v i d u a l ,   h o we v e r ,   it   is   W a s s i l y  

L e o n t i e f   w h o   is   r e s p o n s i b l e   for   the   i n p u t - o u t p u t  m o d e l   as  

w e   k n o w   it   today.   His   w o r k   c l i m a x e d   in   1941   w i t h   the   p u b -

l i c a t i o n   of   the   i n p u t - o u t p u t   m o d e l s   for   1919   a n d   1929   for

19
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t he   U n i t e d   States.   3. 3/

H a v i n g   d i s c u s s e d   t he   s t u d y   r e g i o n   p r e v i o u s l y ,   t h i s   c h a p -

t e r   w i l l   d e s c r i b e   the   e l e m e n t s   o f   t he   i n p u t - o u t p u t   m o d e l .

In   o t h e r   w o r d s,   t h i s   c h a p t e r   w i l l   s h o w   h o w   t h i s   m o d e l   is   d e -

v e l o p e d   a n d   u t i l i z e d   to   d e s c r i b e   the   e c o n o m y   o f   a   re g ion .

I n p u t - O u t p u t   A c c o u n t i n g   S y s t e m

In   a n y   e co n om y ,   a n   i n d u s t r y   m a y   sell   so me   of   t h e   p r o d u c t  

to   i t s e l f   t h r o u g h   i n t r a - i n d u s t r y   sales,   to   o t h e r   i n d u s t r i e s  

t h r o u g h   i n t e r - i n d u s t r y   sales,   a n d   to   t h e   fi nal   c o n s u m i n g  

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

lation,   a n d   r e g i o n a l   ex por ts.   In   o r d e r   to   p r o d u c e   its   p r o -

duct,   t he   i n d u s t r y  m u s t   p u r c h a s e   i n t e r m e d i a t e   i n p u t s   f r o m  

o t h e r   i n d u s t r i e s   a n d   p r i m a r y   i n p u t s   f r o m   h o u s e h o l d s ,   g o v e r n -

me n t ,   c a p i t a l   a c c u m u l a t i o n ,   a n d   r e g i o n a l   i m p o r t s   ( i. e.   la n d  

p r o d u c t s ,   labor,   cap it al ,   a n d   m a n a g e m e n t ) .

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

i n d u s t r i e s   in   a   r e g i o n a l   e c o n o m y   is   d e s c r i b e d   in   th e   t r a n s -

a c t i o n   table.   A   g e n e r a l i z e d   t r a n s a c t i o n   t a b l e   is   p r o v i d e d  

in   F i g u r e   3-1   for   a   f o u r - i n d u s t r y   r e g i o n a l   e c o no m y.   In   F i g u r e

3-1,   "I"   r e p r e s e n t s   th e   i n t e r m e d i a t e   p u r c h a s e s   a n d   sa les   b e -

t w e e n   t he   f o u r   i n d u s t r i e s .   "F"   r e p r e s e n t s   s a le s   to   t he   final  

c o n s u m i n g   s e c t o r s   ( final   demand)   a n d   "H"   r e p r e s e n t s   p u r c h a s e s  

o f   t h e   p r i m a r y   i n p ut s   ( value   a d d e d ) .   T h e   t a b l e   is   b a l a n c e d  

so   t h a t   th e   s u m   of   e a c h   r o w   ( total   pr o du c ti o n )   e q u a l s   th e
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su m   of   e a c h   c o l u m n   ( total   p u r c h a s e s   o r   o u t l a y s ) .   F o r   e x a m p l e ,  

t h e   sum,   of   t h e   f i n a l   d e m a n d   col umn ,   " F " ,   is   e q u a l   to   the  

p r i m a r y   i n p u t   or   v a l u e   a d d e d   row,   " H " ,   w h i c h   is   a l s o   e q u a l  

to   t h e   g r o s s   r e g i o n a l   p r o du c t,   GRP.   T h e   t r a n s a c t i o n   t a b l e  

m a y   b e   e x p r e s s e d   b y   t he   e q u a t i o n   below:

n
X.   =   S   I . .  +   F.
1   j=l  3  1

w h e r e   =   t o t a l   g r o s s   o u t p u t ,

I . .   =   i n t e r m e d i a t e   p u r c h a s e s   o r   s a l e s   b y   a   sector,
•̂3
n   =   n u m b e r   of   i n d u s t r i e s ,  

a n d   F^   =   fin al   d em an d.

C o n s i d e r i n g   a   m o r e   s p e c i f i c   e x a m pl e ,   a   t r a n s a c t i o n  

t a b l e   fo r   a   t h r e e   i n d u s t r y   e c o n o m y   is   g i v e n   in   F i g u r e   3-2.  

A p p l y i n g   t h e   g e n e r a l   e q u a t i o n   g i v e n   a b o v e   to   t h e   f a r m i n g  

sector,   t o t a l   p r o d u c t i o n   (1200)   is   e q u a l   to   f i n a l   d e m a n d  

(600   =   100   +  500)   plu s   a l l   i n t e r m e d i a t e  sal e s   (600   =   100   +

200   +   300)  .   S i m i l a r l y ,   t o t a l   p u r c h a s e s  or   o u t l a y s   (1200)

a r e   e q u a l   to   t he   p u r c h a s e   of   p r i m a r y   i n p u t s   (700   =   600   +

100)   p l u s   the   p u r c h a s e   of   all   i n t e r m e d i a t e   i n p ut s   (500   =

150   +   250   +   100) .   In   o t h e r   w o r d s ,   e a c h   e n t r y   of   t he   t r a n s -

a c t i o n   t a b l e   r e p r e s e n t s   a   s a l e s   b y   t h e   r o w   s e c t o r   to   t he  

c o l u m n   s e c t o r   a nd   a   p u r c h a s e   b y   t h e   c o l u m n   s e c t o r   f r o m   th e  

r o w   sector.   F o r   e xa m pl e ,   t he   f a r m i n g   s e c t o r s   se ll s   200   u n i t s
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of   its   o u t p u t   to   t h e   m a n u f a c t u r i n g   sector.   S i m i l a r l y ,   th e  

m a n u f a c t u r i n g   s e c t o r   p u r c h a s e s   200   of   th e   f a r m i n g   s e c t o r ' s  

o u t p u t .

To   c l a r i f y   t hi s   t r a n s a c a t i o n   t a b l e   in   F i g u r e   3-2,   it   s h o u l d  

b e   n o t e d   t h a t   t h e   c o l u m n   la be l ed ,   " o t h er   p a y m e n t s "   i n c l u d e s  

t h e   f o l l o w i n g   fi na l   c o n s u m i n g   s e c t o r s  :   g r o s s   i n v e n t o r y   a c c u -

m u l a t i o n ,   exp or ts ,   g o v e r n m e n t   p u r c h a s e s ,   a n d   g r o s s   p r i v a t e  

c a p i t a l   f or m at i on .   T h e   r o w   la bel e d ,   " o t he r   p a y m e n t s "   i n c l u d e s  

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

i n v e n t o r y   d e p l e t i o n ,   i m p o r t s ,   p a y m e n t s   to   g o v e r n m e n t   ( t a x e s ) ,  

a n d   d e p r e c i a t i o n   al l o w a n c e s .

A c t u a l l y ,   t h e   t r a n s a c t i o n   table,   a l s o   k n o w n   as   t h e   i n p ut -  

o u t p u t   t a b l e   o r   1-0   m a t r i x ,   m a y   be   d i v i d e d   i n t o   f ou r   q u a d r a n t s  ,  

as   a l s o   s h o w n   in   F i g u r e   3-2.   3 . 4 /   Q u a d r a n t   I   s h o w s   t he   i n t e r -

m e d i a t e   p u r c h a s e s   a nd   sa le s   of   g o o d s   a n d   s e r v i c e s   a m o n g   the  

p r o d u c i n g   or   p r o c e s s i n g   sec to rs .   Q u a d r a n t   II   s h o w s   the   sal e s  

b y   th e   p r o d u c i n g   s e c t o r s   to   t h e   fi na l   c o n s u m i n g   s e c t o r s .

Thus,   Q u a d r a n t s   I   an d   II   t o g e t h e r   d e s c r i b e   t h e   a l l o c a t i o n  

of   t h e   o u t p u t   o f . e v e r y   s e c t o r   in   th e   r e g i o n a l   eco no my .   Q u a d -

r a n t   III   s h o w s   t he   p u r c h a s e   of   p r i m a r y   i n p u t s   o r   v a l u e   a d d e d  

of   e a c h   sector.   Q u a n d r a n t s   I   a n d   III   s h o w   t h e   d i s t r i b u t i o n  

of   i n p u t s   r e q u i r e d   f o r   p r o d u c t i o n   b y   e a c h   sec to r.   Q u a d r a n t  

IV   s h ow s   i m p o r t a n t   a c c o u n t i n g   t o t a l s   s u c h   as   g r o s s   r e g i o n a l  

p r o d u c t s ,   G R P .
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U t i l i z a t i o n   of   the   1 - 0  M a t r i x

On c e   the   1-0  m a t r i x   ha s   b e e n   f o r m u la t ed ,   it   c a n   be   u s e d  

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

th e   i n t e r d e p e n d e n c e   of   th e   s e c t o r s   in   th e   r e g i o n a l   ec ono m y .

T h e   c a l c u l a t i o n   of   t h e s e   v a l u e s   is   a   p r e r e q u i s i t e   to   m e a s u r i n g  

e c o n o m i c   impact.   T h e   c a l c u l a t i o n   an d   u s e   of   the   t h r e e   g r o u p s  

of   n u m e r i c a l   v a l u e s   w i l l   be   d i s c u s s e d   b e l o w   u n d e r   t h e   f o l -

l o w i n g   h e a d in gs :   (1)   t e c h n i c a l   c o e f f i c i e n t s ,   (2)   o u t p u t

m u l t i p l i e r s ,   a n d   (3)   i n c o m e   m u l t i p l i e r s .

T e c h n i c a l   C o e f f i c i e n t s .   Q u a d r a n t   I   is   the   m o s t   i m p o r -

t a n t   a s p e c t   of   the   1-0  m a t r i x   s i nc e   it   sho w s   all   i n t e r m e d i a t e  

p u r c h a s e s   a n d   sales.   It   m a y   be   e x p r e s s e d   in   a   m o r e   s i m p l i -

fie d   form,   how ev er ,   by   c a l c u l a t i n g   the   t e c h n i c a l   c o e f f i c i e n t s .  

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

t h a t   t he   c o n s u m p t i o n   of   i n p u t s   is   a   l i n e a r   f u n c t i o n   of   tot a l  

o u t p u t   for   e a c h   c o n s u m i n g   in du str y.   T he   c o n s t a n c y   of   the  

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

c h a n g e   in   the   p r o d u c t i o n   p r o ce ss .   S i nc e   t e c h n o l o g i c a l   c h a n g e  

is   a l w a y s   p re s en t ,   th e   u s e   of   the   c o e f f i c i e n t s   is   q u e s t i o n -

able.   Yet,   it   is   a   c o n s t r a i n t   o f   i n p u t - o u t p u t   a n a l y s i s   t h a t  

t h e   a n a l y s t  m u s t   li ve   with.

T h e   t e c h n i c a l   c o e f f i c i e n t   m a y   be   c a l c u l a t e d   b y   d i v i d i n g  

e a c h   c o l u m n   e l e m e n t   of   the   1 - 0  m a t r i x   b y   t h e   c o l u m n ' s   r e s -

p e c t i v e   t o t a l   g r o s s   o u t p u t   as   s h o w n   below:
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T A B L E   3-1

T e c h n i c a l   C o e f f i c i e n t s   o r   D i r e c t   R e q u i r e m e n t s   T a b l e

f o r   P r o c e s s i n g   S e c t o r s

F a r m i n g   M a n u f a c t u r i n g   T r a d e

F a r m i n g
M a n u f a c t u r i n g
T r a d e

. 0. 0833
0. 20 8 3
0. 1 25 0

0 . 1 333
0. 33 3 3
0. 13 3 3

0. 2 14 3
0 . 0 7 1 4
0. 2 14 3

T A B L E   3-2

T e c h n i c a l   C o e f f i c i e n t s   o r   D i r e c t   R e q u i r e m e n t s   T a b l e  

for   P r o c e s s i n g   Sectors,  w i t h   H o u s e h o l d s   I n c l u d e d

F a r m i n g
M a n u f a c t u r i n g
T r a d e
H o u s e h o l d s

^Farming   M a n u f a c t u r i n g   T r a d e   H o u s e h o l d s

0. 08 3 3
0 . 2 0 83
0 . 1 250
0 . 0 873

0 . 1 33 3
0. 333 3
0 . 1 33 3
0 . 1 66 7

0 . 2 1 4 3
0. 07 1 4
0. 21 4 3
0 . 0 7 1 4

0. 1 53 8
0. 1 53 8
0 . 38 46
0. 0769
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If   the   p u r c h a s e s   of   th e   p r i m a r y   i n p u t s   ar e   i n c l u d e d   in  

th e   d i r e c t   r e q u i r e m e n t s   table,   t he   r e s u l t i n g   t e c h n i c a l   c o -

e f f i c i e n t s   of   e a c h   c o l u m n   s u m   to   u n i t y   a n d   thu s   d e f i n e   a  

s o r t   of   u n i t   p r o d u c t i o n   f u n c t i o n   as   s h o w n   below:  

n

1   =   . Z_a ij   +   a iH H   +   a iop  
3=1

w h e r e   n   =  t o t al   n u m b e r   of   s e c t o r s ,

a ij   =  t e c h n i c a l   c o e f f i c i e n t s   of   i n t e r m e d i a t e  sales,

a ̂ HH   =  h o u s e h o l d   t e c h n i c a l   c o e f f i c i e n t ,

a n d   a ̂ 0 p   =  t e c h n i c a l   c o e f f i c i e n t   of   o t h e r   p r i m a r y  inputs.

O u t p u t   M u l t i p l i e r s .   T he   t e c h n i c a l   c o e f f i c i e n t s   c a n  

be   u s e d   to   m e a s u r e   the   d i r e c t   i m p a c t   o n   th e   lev e l   o f   p u r -

c h a s e s   t h a t   r e s u l t s   f r o m   a   o n e   d o l l a r   c h a n g e   in   the   o u t p u t  

o f   a n y   o n e   indu str y.   T h i s   is   o f   l i m i t e d   use,   h ow e v e r ,   s i nc e  

th e   t o t a l   e f f e c t   on   the   e c o n o m y   i n c l u d e s   m a n y   i n d i r e c t   ef fec t s.  

W h e n   the   o u t p u t   of   o ne   i n d u s t r y   i n c r e a s e s   b y   o n e   d o l la r ,   its  

p u r c h a s e s   i n c r e a s e   b y   t he   c o r r e s p o n d i n g   a m o u n t s   as   g i v e n   b y  

th e   i n d u s t r y ' s   t e c h n i c a l   c o e f f i c i e n t s .   T hi s   sets   in   m o t i o n  

a   s e r i e s   of   i n t e r a c t i o n s   a n d   r e a c t i o n s   t h r o u g h o u t   t h e   w h o l e  

1 -0  m a t r i x   s i n c e   an   a d d i t i o n a l   p u r c h a s e   by   o ne   i n d u s t r y   is  

an   a d d i t i o n a l   sale   ( increase   in   output)   b y   a n o t h e r   in dus t ry .

A   c o m p l i c a t e d   pr oc e ss ,   u t i l i z a t i n g   m a t r i x   al g eb r a,   c a n   be   u s e d  

to   c a l c u l a t e   t he   t o t a l   d i r e c t   a n d   i n d i r e c t   i m p a c t   of   thi s
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c h a n g e .   In   o t h e r   w o r d s ,   the   i m p a c t   is   a c t u a l l y   m e a s u r e d  

a c r o s s   t wo   s t a t i c   or   e q u i l i b r i u m   poin ts,   i. e.   b e f o r e   a n d  

a f t e r   t he   o ne   d o l l a r   ch ange.

T h e   se r i e s   of   e q u a t i o n s   b e l o w   d e m o n s t r a t e s   th e   m e t h o d  

o f   c a l c u l a t i n g   t he   t o t a l   d i r e c t   a n d   i n d i r e c t   impact.   In  

t h e s e   e q u a t i o n s   t he   n o t a t i o n   w h e r e   M   is   s o m e   m a t r i x ,

s i g n i f i e s   t h e   i n v e r s e   o f   m a t r i x   M   a n d   th e   n o t a t i o n ,   M T ,   s i g -

n i f i e s   t he   t r a n s p o s i t i o n   of   m a t r i x   M   ( i. e.   e x c h a n g i n g   c o r r e s -

p o n d i n g   ro w s   a n d   c o l u m n s ) .

1   -   A   =   L,

(I   -   A ) ~ l   =   L - 1 ,  

a n d   [  (I   -  A ) - 1 ]t  =   ( L"1 ) T

w h e r e   I   =   i d e n t i t y   m a t r i x ,

A   =  m a t r i x   of   t e c h n i c a l   c o e f f i c i e n t s   of  
o r i g i n a l   p r o c e s s i n g   s e c t o r

a n d   L   =   L e o n t i e f   m a t r i x   ( input   r e q u i r e m e n t s
m at ri x)

U s i n g   t h e   a b o v e   e q u a t i o n s   a n d   the   p r e v i o u s   ex am pl e .   T a b l e  

3-3   w a s   c o n s t r u c t e d .

T A B L E   3-3

D i r e c t   a n d   I n d i r e c t   R e q u i r e m e n t s   p e r   D o l l a r   o f

F i n a l   D e m a n d  

F a r m i n g   M a n u f a c t u r i n g   T r a d e   T o t a l

F a r m i n g   1 . 2 1 1   0. 406   0. 262   1. 8 79
M a n u f a c t u r i n g   0. 314   1. 633   0. 32 7   2. 274
T r a d e   0. 359   0. 259   1. 37 4   1. 99 2
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E a c h   r o w   e n t r y   o f   T a b l e   3-3,   s i g n i f i e d   b y   th e   n o t a t i o n

j ,   r e p r e s e n t s   t h e   t o t a l   d o l l a r   p r o d u c t i o n   d i r e c t l y   a n d

i n d i r e c t l y   r e q u i r e d   b y   the   r o w   i n d u s t r y   f r o m   t h e   c o l u m n

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

d o l l a r   of   its   o u t p u t   to   f i na l   dem an d.   T h e   s u m   o f   a   r o w  
n
£   E ..,   is   k n o w n   as   an   o u t p u t   m u l t i p l i e r   a n d   r e p r e s e n t s  

j=l   1 3
t he   t o t a l   i n c r e a s e   in   t h e   o u t p u t   of   a l l   i n d u s t r i e s   d i r e c t l y  

a n d   i n d i r e c t l y   r e q u i r e d   b y   t he   r o w   i n d u s t r y   to   d e l i v e r   o ne  

m o r e   d o l l a r   to   f i na l   de m an d .   F o r   e x a m p l e ,   if   t h e   f a r m i n g  

s e c t o r   d e l i v e r s   o n e   m o r e   d o l l a r   to   final   d e m a n d ,   t h e   m a n u -

f a c t u r i n g   s e c t o r   w i l l   i n c r e a s e   the   o u t p u t   b y   $ 0 , 4 0 6   a n d   th e  

t r a d e   s e c t o r   w i l l   i n c r e a s e   its   o u t p u t   b y   $0, 262.   T h e   f a r m i n g  

s e c t o r   w i l l   i n c r e a s e   its   o u t p u t   b y   $1, 211;   $1. 00   is   d e l i v e r e d  

to   f i n al   d e m a n d   a n d   $0 , 2 1 1   is   a c c o u n t e d   for   b y   d i r e c t   a n d   i n -

d i r e c t   effects .   T h e   f a r m i n g   s e c t o r ' s   o u t p u t   m u l t i p l i e r   sho ws  

t h a t   if   t h e   s e c t o r   d e l i v e r s   o n e   m o r e   d o l l a r   of   its   o u t p u t   to  

f i na l   d e m a n d ,   the   o u t p u t   b y   all   i n d u s t r i e s   w i l l   i n c r e a s e   b y  

$1, 879.

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

l a t e d   in   a   m a n n e r   s i m i l a r   t o   t h e   o u t p u t   m u l t i p l i e r s .   F i r s t ,  

h ow e ve r ,   the   p r o c e s s i n g   se c to r .   Q u a d r a n t   I,   m u s t   b e   e x p a n d e d  

t o   i n c l u d e   t h e   h o u s e h o l d   s ec to r.   T h a t   is,   w e   m u s t   i n c l u d e  

o n e   a d d i t i o n a l   r o w   a n d   o n e   a d d i t i o n a l   co lum n.   T h e   t e c h n i c a l
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c o e f f i c i e n t   t a b l e   is   t h e n   c a l c u l a t e d   as   w a s   d o n e   in   T a b l e  

3-2.   U s i n g   t h e   sam e   m a t r i x   a l g e b r a   as   d e s c r i b e d   e a r li e r,  

t h e   di r ec t ,   indirect,  a n d   i n d u c e d   r e q u i r e m e n t s   t a b l e   is  

c a l c u l a t e d   as   s h o w n   in   T a b l e   3-4.

T A B L E   3-4

Di r e ct ,   Indirect,  a n d   I n d u c e d   R e q u i r e m e n t s   p e r   D o l l a r

o f   F i n a l   D e m a n d  

M a n u f a c -
H o u s e h o l d sF a r m i n g t u r i n g T r a d e

F a r m i n g 1. 3 0 1 0. 506 0 . 4 11
M a n u f a c t u r i n g 0. 468 1. 804 0 . 583
T r a d e 0. 4 41 0. 350 1 . 51 0
H o u s e h o l d s 0. 478 0. 531 0 . 7 9 5

0 . 2 4 1
0 . 4 13
0 . 2 2 0
1. 284

E a c h   r o w   e n t r y   o f   T a b l e   3-4   r e p r e s e n t s   t h e   t o t a l   d o l l a r   i n -

c r e a s e   in   t he   c o l u m n   i n d u s t r y ' s   p r o d u c t i o n   w h e n   t he   r o w   i n -

d u s t r y   d e l i v e r s   an   a d d i t i o n a l   d o l l a r   to   fi n al   d em an d.   T h i s  

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

i n c r e a s e d   s p e n d i n g   b y   t he   h o u s e h o l d   se ctor.

T h i s   t a b l e   c a n   b e   u s e d   w i t h   o t h e r   r e q u i r e m e n t s   t a b l e s  

p r e v i o u s l y   c a l c u l a t e d   to   d e t e r m i n e   t w o   t y p e s   of   m u l t i p l i e r s  

3 . 5 / .   In   o r d e r   to   c a l c u l a t e   t h e   i n c o m e   m u l t i p l i e r s ,   th e  

d i r ec t ,   in d ir e c t,   a n d   i n d u c e d   i n c o m e   e f f e c t s   m u s t   b e   s e p a r -

ated.   T h e   d i r e c t   i n c o m e   e f f e c t   is   g i v e n   b y   th e   h o u s e h o l d  

r o w   of   T a b l e   3-3,   t he   d i r e c t   r e q u i r e m e n t s   t a b l e   w i t h   t he  

h o u s e h o l d s   s e c t o r   i n c l u d e d   in   t he   p r o c e s s i n g   s ect or s.   T h e  

t o t a l   d i r e c t   a n d   i n d i r e c t   i n c o m e   e f f e c t   is   e q u a l   to   t h e   s u m
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of   t he   p r o d u c t s   of   e a c h   r o w   e n t r y   o f   T a b l e   3-3,   t he   d i r e c t  

a n d   i n d i r e c t   r e q u i r e m e n t s   table,   times   t h e   h o u s e h o l d   c o e f f i -

c i e n t   of   the   c o r r e s p o n d i n g   c o l u m n   in   T a b l e   3-2.   T h e   T y p e   I  

i n c o m e   m u l t i p l i e r   is   e q u a l   to   t h e   s u m   of   t he   d i r e c t   a n d   i n -

d i r e c t   i n c o m e   e f f e c t s   d i v i d e d   b y   the   d i r e c t   i n c o m e   effect.  

T h e   m u l t i p l i e r   r e p r e s e n t s   t h e   d i r e c t   a n d   i n d i r e c t   i m p a c t   on  

i n c o m e   t h a t   r e s u l t s   w h e n   a   s e c t o r   d e l i v e r s   a n   a d d i t i o n a l  

d o l l a r   of   its   o u t p u t   to   fi na l   dem an d.   It   is   k n o w n   as   t he  

i n t e r i n d u s t r y   i n c o m e   m u l t i p l i e r .

T A B L E   3-5  

T y p e   I   I n c o m e   M u l t i p l i e r

D i r e c t   a n d   T y p e   I
D i r e c t   I n c o m e   I n d i r e c t   In-   I n c o m e

I n d u s t r y   E f f e c t   c o m e   E f f e c t   M u l t i p l i e r
(1)   (2)   (3)  =  (2)  /  (1)

F a r m i n g   0. 08   0. 19   2. 25
M a n u f a c t u r i n g   0. 17   0. 32   1. 93
T r a d e   0. 07   0. 17   2. 40

T h e   s e c o n d   t y p e   of   i n c o m e   m u l t i p l i e r .   T y p e   II   is   k n o w n  

as   t h e   t o t a l   i n c o m e   m u l t i p l i e r   a n d   is   e q u a l   to   t h e   s u m   of  

t h e   di re ct,   in di r e ct ,   a n d   i n d u c e d   i n c o m e   e f f e c t s   d i v i d e d   b y  

t h e   d i r e c t   i n c o m e   effect.   T h e   d i r e c t ,   indirect,  a n d   i n d u c e d  

i n c o m e   e f f e c t   is   g i v e n   b y   t he   h o u s e h o l d   c o l u m n   of   T a b l e   3-4.  

T h i s   i n c o m e   m u l t i p l i e r   s h o w s   "the   c h a i n   r e a c t i o n   o f   i n t e r -

i n d u s t r y   r e a c t i o n s   in   in c ome ,   o u t p u t ,   a n d   o n c e   m o r e   o n   c o n -

s u m e r   e x p e n d i t u r e s "   3 . 6 / .   T h e   c a l c u l a t i o n   o f   t h e   T y p e   II

i n c o m e   m u l t i p l i e r   is   s h o w n   in   T a b l e   3-6.
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T A B L E   3-6

T y p e   II   I n c o m e   M u l t i p l i e r

I n d u s t r y
D i r e c t   In co m e  

E f f e c t

Dir ec t,   I n d i r e c t  
an d   In d u c e d  
I n c om e   E f f e c t

T y p e   II  
I n c o m e  
M u l t i p l i e r  
(  3  )  =  (  2  )  /  (  1  )

F a r m i n g
M a n u f a c t u r i n g
T r a d e

0. 17
0. 07

(2 )
0. 24
0. 41
0 . 2 2

2. 89
2. 48
3. 08

T h e r e   a re   s e v e r a l   o t h e r   t y pe s   of   m u l t i p l i e r s   w h i c h   o n e  

m a y   c a l c u l a t e   s u c h   as   the   e m p l o y m e n t   m u l t i p l i e r s   d e s c r i b e d  

b y   M i e r n y k   a n d   o t h e r s   3 . 7 / ,   3 . 8 / ,   3 . 9 / ,   a nd   t he   c o n s u m p t i o n  

m u l t i p l i e r   d e s c r i b e d   b y   Wang.   3 . 1 0 /   No   a t t e m p t   has   b e e n  

m a d e   in   thi s   Thesis,   h o we v er ,   to   c a l c u l a t e   t h e s e   a d d i t i o n a l  

m u l t i p l i e r s   and,   this   a u t h o r   r e f e r s   the   r e a d e r   to   the   a b o v e  

n o t e d   w o r k s   for   a d d i t i o n a l   i n f o r m a t i o n .

T h e   a b o v e   d e s c r i p t i o n   of   i n p u t - o u t p u t   a n a l y s i s   is   a  

s u m m a r y   of   m a n y   i n d i v i d u a l s   work.   Th i s   a u t h o r   r e f e r s   the  

r e a d e r   to   w o r k s   of   M i e r n y k   3 . 1 1 / ,   G e e h a n   3 . 1 2 / ,   Y a n   3 . 1 3 / ,  

a n d   C h e n e r y   a n d   C l a r k   3 . 1 4 /   fo r   f u r t h e r   i n f o r m a t i o n .   In  

p a r t i c u l a r ,   the   w o r k   of   G e e h a n   i n c l u d e s   a   v e r y   c l e a r   and  

c o n c i s e   d e s c r i p t i o n   of   i n p u t - o u t p u t   an al ys is.
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C H A P T E R   4:   E C O N O M I C   M O D E L   OF   T H E   S T A T E   OF   C O L O R A D O

H a v i n g   d i s c u s s e d   the   e l e m e n t s   of   i n p u t - o u t p u t   a n a l y s i s ,  

the   C o l o r a d o   e c o n o m y   c a n   n o w   b e   i n c o r p o r a t e d   in to   the   i n pu t -  

o u t p u t   m o d e l .   T h e   p u r p o s e   of   t hi s   c h a p t e r   is   t wo - f o l d :   1)

t o   d e s c r i b e   h o w   th e   m o d e l   w a s   f o r m u l a t e d   a n d   2)   to   p r e s e n t  

the   r a w   d a t a   w h i c h   w i l l   be  jised   l a t e r   in   t hi s   T h e s i s   to   m e a -

s u r e   e c o n o m i c   impact.

M e t h o d o l o g y

T h e   m e t h o d o l o g y   of   d e v e l o p i n g   an   e c o n o m i c   m o d e l   c o n -

s i s ts   o f   d i s a g g r e g a t i n g   th e   e c o n o m y   in to   s e p a r a t e   i n d u s t r i a l  

a c t i v i t i e s   o r   s e c t o r s ,   d e f i n i n g   a   set   o f   c o n v e n t i o n s   u p o n  

w h i c h   t h e   d a t a   is   c o l l e c t e d   a n d   c o m p i l e d ,   a n d   o b t a i n i n g   t he  

n e c e s s a r y   d a t a   to   f o r m u l a t e   the   m o d e l .

D i s a g g r e g a t i o n   of   the   C o l o r a d o   E c o n o m y .   T h e   fir st  

s t e p   t o w a r d s   d e v e l o p i n g   an   e c o n o m i c   m o d e l   i n v o l v e s   th e   o r -

g a n i z a t i o n   of   t he   e c o n o m y   int o   d i s c r e t e   sector s.   E a c h   s e c -

t o r   r e p r e s e n t s   a   g r o u p   o f   fi rms   or   i n d u s t r i e s   w h i c h   h a v e  

c e r t a i n   s i m i l a r i t i e s .   T h e   o r g a n i z a t i o n   of   a   r e g i o n a l   e c o n o m y

34
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C o l o r a d o   E c o n o m y

M i n e r a l   I n d u s t r y   N o n - M i n e r a l   I n d u s t r y

1) P e t r o l e u m   p r o d u c t i o n   an d 1) A g r i c u l t u r e
n a t u r a l   gas   p r o c e s s i n g 2) F o o d   a n d   k i n d r e d   p r o -

2) C o a l   m i n i n g d u c t s
3) M e t a l   m i n i n g 3) F a b r i c a t e d   m e t a l
4) I n d u s t r i a l   m i n e r a l s   ( mining 4) C h e m i c a l   i n d u s t r i e s

a n d   p r o c e s s i n g ) 5) P r i n t i n g   a nd   p u b l i s h i n g
5) . Industrial   s er v i c e s 6) A l l   o t h e r   m a n u f a c t u r i n g
6) P i p e l i n e   t r a n s p o r t a t i o n 7) R e t a i l   a n d   w h o l e s a l e
7) P e t r o l e u m   r e f i n i n g t r a d e
8) E l e c t r i c   p o w e r   g e n e r a t i o n 8) C o n s t r u c t i o n
9) M e t a l   p r o c e s s i n g 9) A l l   o t h e r   t r a n s p o r t a t i o n

10) C o m m u n i c a t i o n s   a n d
p u b l i c   u t i l i t i e s

11) I n s u r an c e,   fi na nce .
r e a l   es tate,   a n d  
g e n e r a l   s e r v i c e s

F I G U R E   4-1  

P r o c e s s i n g   S e c t o r s   in   C o l o r a d o   E c o n o m y
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s s ® .
a g g r e g a t e d   in   c o m p a r i s o n   to   o t h e r   st udi es.   T h e   K a n s a s   m o d e l  

w a s   m a d e   u p   of   69   p r o c e s s i n g   se cto rs,   w h i l e   t he   1963   In p ut -  

O u t p u t   S t r u c t u r e   o f   the   U. S.   E c o n o m y   u t i l i z e d   370   sector s.

A s   such,   t he   m o d e l   d o e s   n o t   f u l l y   d e s c r i b e   t he   c o m p l e x   n a t u r e  

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

i t i e s   in   the   e c o n o m y .   It   does,   h ow e v e r ,   s h o w   th e   r e l a t i o n -

s h i ps   b e t w e e n   i n d i v i d u a l   i n d u s t r i a l   a c t i v i t i e s   in   t h e   eco no my .  

In   ad d i t i o n ,   t he   m o d e l   is   a d e q u a t e   for   m e a s u r i n g   a g g r e g a t e d  

e c o n o m i c   i m p a c t   on   b r o a d   a r e a s   of   t he   r e g i o n a l   ec on om y .   T h e s e  

a r e   th e   tw o   m a j o r   p o i n t s   o f   e m p h a s i s   of   th i s   study.   A l t h o u g h  

it   is   v e r y   f a v o r a b l e   to   o b t a i n   a   h i g h   d e g r e e   of   d i s a g g r e g a t i o n ,  

it   w a s   n o t   of   p r i m a r y   i m p o r t a n c e   in   t h i s   study.

A c c o u n t i n g   C o n v e n t i o n s .   B e f o r e   the   d a t a   a re   p r e s e n t e d ,  

t he   v a r i o u s   a c c o u n t i n g   c o n v e n t i o n s   u t i l i z e d   in   c o l l e c t i n g  

a n d   c o m p i l i n g   t h e   d a t a   s h o u l d   b e   e x p l a i n e d   in   o r d e r   to   c l a r i f y  

t h e   i n t e r p r e t a t i o n   of   the   o v e r a l l   m o d e l .

Firs t,   t h e   c o m m o d i t y   f l ow s   g i v e n   in   t h e   t r a n s a c t i o n  

m a t r i x   a r e   e x p r e s s e d   in   t e r m s   of   1972   d o l l a r s   a n d   r e p r e s e n t ,  

f or   e a c h   s e c t o r  i n   t h e   S t a t e ,   p u r c h a s e s   f r o m   a n d   s a l e s   to   o t h e r  

s e c t o r s .

S ec ond ,   t h e   d o l l a r   v a l u e s   of   i n t e r i n d u s t r y   t r a n s a c t i o n s  

a r e   b a s e d   on   p r o d u c e r   p r i c e s   r a t h e r   t h a n   p u r c h a s e r   or   c o n s u m e r  

pri ces .   T h e   d i f f e r e n c e   b e t w e e n   t h e s e   t w o   p r i c e   s y s t e m s   is  

t h a t   t he   l a t t e r   i n c l u d e s   m a r k e t i n g   c o s t s   s u c h   as   t r a n s p o r -

t a t i o n   a n d   r e t a i l   a n d   w h o l e s a l e   trade.   T h e s e  m a r k e t i n g
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c o s t s   h a v e   b e e n   e x p r e s s e d   as   a   d i r e c t   p u r c h a s e   f r o m   th e  

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

t h a n   as   p a r t   of   t h e   c o s t   of   t h e   c o m m o d i t y   p u r c h a s e d   f r o m   o n e  

of   t h e   o t h e r   p r o c e s s i n g   se cto rs.

T hi rd,   the   t r a n s a c t i o n s   of   th e   r e t a i l   a n d   w h o l e s a l e  

s e c t o r   w i t h   o t h e r   p r o c e s s i n g   s e c t o r s   ar e   e x p r e s s e d   o n   a   g r os s  

m a r g i n   b a s i s   of   o p e r a t i n g   c o s t s   a n d   n et   r e v e n u e   w h i c h   is  

a p p r o x i m a t e l y   e q u a l   to   g r o s s   sa l es   m i n u s   t h e   c o s t   of   g o od s  

sold.   In   eff ec t,   t h e   r e t a i l   a n d   w h o l e s a l e   t r a d e   s e c t o r   do es  

n o t   p u r c h a s e   an y   c o m m o d i t i e s   f o r   resale.   I nst ead ,   t h e s e  

c o m m o d i t i e s   are   s h o w n   as   d i r e c t   p u r c h a s e s   b y   th e   c o n s u m i n g  

sector.   A l t h o u g h   thi s   p r o c e d u r e   is   i n c o n g r u o u s   w i t h   t he   re al  

wo rl d,   t h e   f l o w   o f   c o m m o d i t i e s   b e t w e e n   p r o d u c i n g   a n d   c o n s u m i n g  

s e c t o r s   is   m o r e   c l e a r l y   r e p r e s e n t e d   t h a n   if   a ll   c o m m o d i t i e s  

f l o w e d   to   the   t r a d e   s e c t o r   a n d   t h e n   to   t h e   f i n a l   c o n s u m e r s .

Fo u rt h ,   t h e   c o m m o d i t y   f l o w s   e x p r e s s e d   b y   th e   t r a n s a c t i o n  

m a t r i x   i n c l u d e   o n l y   m a t e r i a l s   u s e d   in   t he   p r o d u c t i v e   p r o c e s s  

a n d   e x c l u d e   c a p i t a l   e x p e n d i t u r e s .   C a p i t a l   t h a t   is   c o n s u m e d  

is   e x p r e s s e d   as   d e p r e c i a t i o n   u n d e r   " ot her   p a y m e n t s "   in   the  

v a l u e   a d d e d   sectors.   S a l e s   of   c a p i t a l   g o o d s   o r   c a p i t a l   i n -

v e s t m e n t   is   s h o w n   u n d e r   " o t h e r   p a y m e n t s "   in   t h e   f i na l   d e m a n d  

se ct ors .

F if th,   t h e   o u t p u t   o f   s e c o n d a r y   p r o d u c t s   w a s   i n c l u d e d  

in   t h e   o u t p u t   of   t he   s e c t o r ' s   p r i m a r y   o u t p ut .   T h e   t r e a t m e n t
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of   s e c o n d a r y   p r o d u c t s   p r e s e n t e d   no   p r o b l e m   in   th i s   s t u d y  

s i n c e   t h e   e c o n o m y   is   h i g h l y   a g g r e g a t e d   i n t o   o n l y   20   secto rs.

Sixth,   it   w a s   a s s u m e d   th a t   i n v e n t o r y   d r a w - d o w n   a n d  

b u i l d - u p   w a s   in   b a l a n c e   for   e a c h   sector.   N o   a t t e m p t   w a s  

m a d e   to   s h o w   c h a n g e s   in   i n v e n t o r y   s i n c e   this   t y p e   of   d a t a  

w a s   n o t   a v a i l a b l e   on   a   s e c t o r - b y - s e c t o r   basis.

T h e   s ix   c o n v e n t i o n s   d e s c r i b e d   a b o v e   a re   s t a n d a r d   p r a c -

t i c e   for   i n p u t - o u t p u t   studi es.   T h e s e   c o n v e n t i o n s   w e r e   u s e d  

in   t he   g o v e r n m e n t   s t u d y   of   the   U. S.   e c o n o m y   4 . 3 / ,   t h e   K a n s a s  

s t u d y   4 . 4 / ,   a n d   b y   o t h e r s   w h o   h a v e   s t u d i e d   t he   m i n e r a l   i n d u s -

t r y   b y   i n p u t - o u t p u t   a n a l y s is .   4. 5/

D a t a   C o l l e c t i o n   a nd   C o m p i l a t i o n .   A l l   of   t he   d a t a   c o l -

l e c t e d   to   f o r m u l a t e   the   t r a n s a c t i o n   m a t r i x   w e r e   o b t a i n e d   f r o m  

s e c o n d a r y   s o u r c e s   of   i n f o r m a t i o n .   B o t h   the   so u r c e s   o f   i n f o r -

m a t i o n   a n d   t he   m a n n e r   in   w h i c h   t h e y  w e r e   u s e d   fal l   i n t o   two  

c a t e g o r i e s :   t h e   d a t a   for   the   m i n e r a l   i n d u s t r y   s e c t o r s   a n d

t h e   d a t a   for   t h e   n o n - m i n e r a l   i n d u s t r y   se cto rs.

A l l   of   t he   n e c e s s a r y   d a t a   for   th e   m i n e r a l   i n d u s t r y  

s e c t o r s   w e r e   o b t a i n e d   d i r e c t l y   f r o m   a   r e c e n t   s t u d y   of   th e  

m i n e r a l   i n d u s t r y   in   C o l o r a d o   4 . 6 / .   T h i s   study,   w h i c h   w a s  

c o n d u c t e d   at   t h e   C o l o r a d o   S c h o o l   of   M i n e s ,   w a s   b a s e d   p r i -

m a r i l y   o n   d i r e c t   i n d u s t r y   i n f o r m a t i o n   a n d   p r o v i d e d   d a t a   for  

t o t a l   o u t p u t,   i n t e r i n d u s t r y   p u r c h a s e s   a n d   sales,   e l e m e n t s  

of   v a l u e   added,   a n d   sa l e s   to   t h e   fi na l   d e m a n d   sec to rs .   T h e
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d a t a  w e r e   e a s i l y   i m p l e m e n t e d   in t o   th e   m o d e l   w i t h   v e r y   l i t t l e  

ad j u s t m e n t .

T h e   c o l l e c t i o n   an d   c o m p i l a t i o n   o f   d a t a   f or   the   n o n -

m i n e r a l   i n d u s t r y   sector s,   h o w e v e r ,   w e r e   m o r e   d i f f i c u l t .   First ,  

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

e i t h e r   o b t a i n e d   o r   e s t i m a t e d   f r o m   a   s u r v e y   of   th e   C o l o r a d o  

e c o n o m y   4 . 7 / .   Next,   an   a g g r e g a t e d   t e c h n i c a l   c o e f f i c i e n t s  

t a b l e   w a s   c a l c u l a t e d   f r o m   a n   i n p u t - o u t p u t   a n a l y s i s   o f   t he  

K a n s a s   e c o n o m y   4 . 8 / .   T h e   K a n s a s   s t u d y  w a s   m a d e   u p   of   69  

i n d u s t r y   secto rs ;   thus,   t hi s   a u t h o r   a g g r e g a t e d   t he   s e c t o r s  

so   t h a t   the   K a n s a s   m o d e l   w a s   in   the   sa m e   f o r m   as   t he   m o d e l  

d e v e l o p e d   in   t hi s   Th e sis .   A   c o m p a r i s o n   of   t he   K a n s a s   m o d e l  

a n d   t he   i n p u t - o u t p u t   m o d e l   d e v e l o p e d   h e r e   is   p r o v i d e d   in   the  

ap pen d ix .

E a c h   e l e m e n t   of   an   i n d u s t r y   c o l u m n   i n c l u d e d   in   th e   t e c h -

n i c a l   c o e f f i c i e n t   t a b l e   w a s   m u l t i p l i e d   t i me s   the   c o r r e s p o n d -

ing   i n d u s t r y ' s   t o t a l   g r o s s   o u t pu t .   T h i s   p r o c e d u r e   y i e l d e d  

t h e   imp ort s,   i n t e r i n d u s t r y   p u r c h a s e s ,   a n d   e l e m e n t s   o f   v a l u e  

a d d e d   for   e a c h   c o l u m n   s e c t o r   ( i. e.   all   p r o c e s s i n g   s e c t o r s ) .

B y   r e p e a t i n g   th i s   p r o c e d u r e   for   e a c h   c o l u m n   sect or,   q u a d r a n t s  

I   a n d   III   of   th e   t r a n s a c t i o n   t a b l e   w e r e   f o r m u l at e d .   H e r e   it  

s h o u l d   b e   n o t e d   t h a t   th e   u s e   of   t he   K a n s a s   s t u d y   is   b a s e d   on  

t h e   a s s u m p t i o n   t h a t   C o l o r a d o ' s   i n pu t   p a t t e r n s   ar e   i d e n t i c a l  

to   K a n s a s   i n p u t   p a t t e r n s .   In   a d d i t i o n ,   it   a s s u m e s   t h a t   t h e
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t e c h n i c a l   c o e f f i c i e n t s   or   lev e l   of   t e c h n o l o g y   has   n o t   c h a n g e d  

o v e r   time.   B o t h   of   t h e s e   a s s u m p t i o n s   i n t r o d u c e   a   g r e a t   a m o u n t  

of   e r r o r   in to   t he   m o d e l   a n d   b e c a u s e   of   t h i s ,   t h e y   w i l l   be  

d i s c u s s e d   at   g r e a t e r   l e n g t h   in   t he   c o n c l u d i n g   c h a p t e r   of  

thi s   Thesis.

T h e   p r o c e s s   of   c a l c u l a t i n g   the   c o l u m n   e l e m e n t s   c a n   be  

e x p r e s s e d   m a t h e m a t i c a l l y   as   s h o w n   below:

=  i   =   li k   <T°i>

w h e r e   =   i m p o r t s   o f   g o o d s   b y   C o l o r a d o   in d u s t r y ' s ,

I.   =   im p o r t s   c o e f f i c i e n t   for   K a n s a s   s t u d y   ( i. e.  
v a l u e   of   i m p o r t s   d i v i d e d   to   t o t a l   o u t p u t ) ,

an d   TO.   =   t o t a l   o u t p u t   of   C o l o r a d o   i n d u s t r y   i ;

X il   =   A ilk  ( T ' Y  '

w h e r e   X.   =   i n t e r m e d i a t e   p u r c h a s e   b y   C o l o r a d o   s e c t o r   1  
1   f r o m   C o l o r a d o   s e c t o r   i,

A . ̂   =   t e c h n i c a l   c o e f f i c i e n t   of   s e c t o r   1   of   K a n s a s
s t u d y   ( i. e.   p u r c h a s e   b y   s e c t o r   1   f r o m   s e c t o r   1,  
d i v i d e d   by   t o t a l   o u t p u t   o f   s e c t o r   1),

a n d   T 0 ̂ =   t o t a l   o u t p u t   of   C o l o r a d o   s e c t o r   1;   a n d

V A ii   =   V A i i k   ( TOi )  '

w h e r e   V A ̂    =   v a l u e  a d d e d  e l e m e n t   i   of   C o l o r a d o  s e c t o r   1,

V A . _   =   v a l u e  a d d e d  c o e f f i c i e n t   o f   s e c t o r  1   of   K a n s a s
1   s t u d y   ( i. e.  v a l u e   a d d e d   e l e m e n t   i  of   s e c t o r   1,

d i v i d e d   by   t o t a l   g r o s s   o u t p u t   of   s e c t o r   1),

a n d   T O ̂   =   t o t a l   o u t p u t   of   C o l o r a d o   s e c t o r   1.
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Nex t,   t h e   s e c o n d   q u a d r a n t   of   t h e   t r a n s a c t i o n   m a t r i x  

w a s   f o r m u l a t e d   b y   c a l c u l a t i n g   t he   e l e m e n t   o f   fi n al   d e m a n d  

( sales   to   h o u s e h o l d s ,   g o v e r n m e n t ,   e x p or t s,   a n d   "o t h e r   p a y -

m en t s" )   b y   m u l t i p l y i n g   t h e   t o t a l   g r o s s   o u t p u t   of   e a c h   r o w  

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

c o r r e s p o n d i n g   i n d u s t r y   in   t he   K a n s a s   study.   Thi s   p r o c e d u r e  

is   e x p r e s s e d   m a t h e m a t i c a l l y   as   s h ow n   be low :

F D ii   =   f d iik   ( TOi ) *

w h e r e   =   f i na l   d e m a n d   e l e m e n t   i   o f   C o l o r a d o   s e c t o r   1,

fd.   =   f i na l   d e m a n d   c o e f f i c i e n t   o f   s e c t o r   1   of   K a n s a s  
*   s t u d y   ( i. e.   f i n al   d e m a n d   of   s e c t o r   1   d i v i d e d   b y  

t o t a l   o u t p u t   of   s e c t o r  1 ),

a n d   T O ̂   =   t o t a l   g r o s s   o u t p u t   of   C o l o r a d o   s e c t o r   1.

T h e   f i na l   ste p   of   d e v e l o p m e n t   c o n c e r n s   t he   b a l a n c i n g   of  

t h e   r o w s   a nd   c o l u m n s   of   the   t r a n s a c t i o n   table .   It   is   th e  

m o s t   c r i t i c a l   s t e p   in   f o r m u l a t i n g   an   a c c u r a t e   i n p u t - o u t p u t  

study.   T h e   b a l a n c i n g   of   r o w   a n d   c o l u m n   e l e m e n t s   so   t h a t   t h e y  

a d d   u p   to   t o t a l   g r o s s   o u t p u t   i n v o l v e s   th e   a d j u s t m e n t s   o f   i m -

p o r t   a n d   e x p o r t   va l ues .

T h e   e l e m e n t s   o f   e a c h   r o w   in   th e   t r a n s a c t i o n   t a b l e   m a y   be  

e x p r e s s e d   as   fol lo ws :

(3-1)

X H   +   x 1 2   +   . . .   +   X l i   +   ̂   +   G 1;   +  0;l  +   E l   =   T 0 1 ,
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w h e r e ,

=   sa le s   to   h o u s e h o l d s   b y   s e c t o r   1,

=   sa l es   to   g o v e r n m e n t   b y   s e c t o r   1,

0-   =   sa l es   to   o t h e r   p a y m e n t s   ( i. e.   c a p i t a l   f o r m a t i o n  
a n d   i n v e n t o r y   b u i l d - u p )   by   s e c t o r   1,

=   e x p o r t s   f r o m   r e g i o n   by   s e c t o r   1,

a n d   T O ̂   =   t o t a l   g r o s s   o u t p u t   o f   s e c t o r   1.

T h e   left   h a n d   si d e   of   e q u a t i o n   (3-1)   s h o u l d   e q u a l   t he   r i g h t -  

h a n d   si de   of   t he   e q u a t i o n ,   t h e   t o t a l   g r o s s   o u t p u t .   Ho w e v e r ,  

s i n c e   t he   i n t e r m e d i a t e   p u r c h a s e s   a nd   sal es   w e r e   c a l c u l a t e d  

i n d e p e n d e n t l y   f r o m   f i na l   d e m a n d ,   i n e q u a l i t i e s   i n v a r i a b l y  

o c c u r r e d .   W h e n   the   l e f t - h a n d   si de   of   t he   e q u a t i o n   w a s   less  

t h a n   t h e   t o t a l   g r o s s   o u t p ut ,   it   w a s   a s s u m e d   t h a t   t h e   s e c t o r  

h a d   m o r e   e x p o r t s   t h a n   h a d   b e e n   o r i g i n a l l y   c a l c u l a t e d .

T h e   v a l u e   for   e x p o r t s   w a s   t h e n   a d j u s t e d   so   t h a t   e q u a t i o n  

(3-1)   b a l a n c e d .   W h e n   t he   l e f t - h a n d   sid e   of   t h e   e q u a t i o n   w a s  

g r e a t e r   t h a n   t o t a l   g r o s s   o u t p u t ,   a   m o r e   c o m p l e x   a p p r o a c h  

w a s   n e e d e d   to   b a l a n c e   e q u a t i o n   (3-1).

F o r   t he   i m p o r t - c a s e ,   w h e n   the   l e f t - h a n d   si d e   o f   e q u a -

t i o n   (3-1)   w a s   g r e a t e r   t h a n   t o t a l   g r o s s   o u t p u t ,   e i t h e r   th e  

o r i g i n a l   v a l u e   c a l c u l a t e d   fo r   e x p o r t s   w a s   t o o   l a r g e   o r   the  

i n t e r i n d u s t r y   s a le s   o r i g i n a l l y   c a l c u l a t e d   w e r e   t o o   l a r g e   a n d  

t hu s   i n c l u d e d   a d d i t i o n a l   imp ort s.   T h e   m e t h o d   u s e d   to   d e t e r -

m i n e   w h i c h   c a s e   a p p l i e d   w a s   d e v e l o p e d   b y   S c h a f f e r   a n d   C h u   4 . 9 /  

a n d  w a s   a l s o   u s e d   in   a   s i m i l a r   i n p u t - o u t p u t   s t u d y   of   t h e
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m i n e r a l   i n d u s t r y   4 . 1 0 / .   T h i s   m e t h o d ,   w h i c h   has   b e e n   f o u n d

to   b e   v e r y   ac c u ra t e,   i n v o l v e s   t h e   u s e   of   l o c a t i o n   q u o t i e n t s  

w h i c h   c a n   b e   d e f i n e d   as:

T O p  2 / G R O
L Q     =   ,

1   T O N i / G N O

w h e r e   L Q ̂   =   l o c a t i o n   q u o t i e n t   of   s e c t o r   i,

T O r ̂   =   t o t a l  r e g i o n a l   o u t p u t   of   s e c t o r   i,

G R O   =   t o t a l  g r o s s   o u t p u t   of   a ll   r e g i o n a l   se cto r s,

TO N i   =   t o t a l  n a t i o n a l   o u t p u t   of   s e c t o r   i,

a n d   G N O   =   t o t a l  g r o s s   o u t p u t   o f   a l l   n a t i o n a l   s e c t o r s
w h i c h   e x i s t   in   t h e   reg ion .

W h e n   t h e   l o c a t i o n   q u o t i e n t   c a l c u l a t e d   as   s h o w n   a b o v e  

w a s   g r e a t e r   t h a n   o r   e q u a l   to   one,   the   v a l u e   of   e x p o r t s   o r i g i -

n a l l y   c a l c u l a t e d   w a s   r e d u c e d   so   t h a t   e q u a t i o n   (3-1)   w a s   in  

b a l a n c e   ( i. e.   t h a t   the   s u m   of   all   r o w   e l e m e n t s   e q u a l e d  

t o t a l   g r o s s   o u t p u t   of   s e c t o r   i ) .   W h e n   t h e   l o c a t i o n   q u o t i e n t  

w a s   less   t h a n   one,   e a c h   r o w   e l e m e n t   w a s   m u l t i p l i e d   b y   t h e  

qu o t i e n t ,   t h e r e b y   r e d u c i n g   it   a c c o r d i n g l y .   T h e   v a l u e   of   i m -

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

e q u a l   to   t he   s u m   of   the   m u l t i p l i c a t i o n   of   e a c h   r o w   e n t r y   of  

s e c t o r   i   t i m e s   t he   q u a n t i t y   o f   o n e   m i n u s   th e   l o c a t i o n   c o e f f i c i e n t .

W i t h   q u a d r a n t s   I,   II,   a n d   III   c o m p l e t e d ,   t he   f o u r t h   a n d  

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

f o r m u l a t e d .   T h e   v a l u e s   w e r e   d e r i v e d   b y   c a l c u l a t i n g   c o e f f i c i e n t s
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s i m i l a r   to   t h o s e   a l r e a d y   d i s c u s s e d   f r o m   t h e   K a n s a s   s t u d y .

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

b y   g o v e r n m e n t ,   e x p o r t s   a n d   i m p o r t s ,   a n d   l a s t l y   t he   "o th e r  

p a y m e n t s "   r o w   a n d   column.   It   s h o u l d   b e   m e n t i o n e d   t h a t   some  

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

a c c o u n t i n g   t o t a l s   so   t h a t   all   r o w s   a n d   c o l u m n s   b a l an c e .

T h e   d e s c r i p t i o n   a b o v e   m a y   h a v e   l e ft   t h e   r e a d e r   w i t h  

a   s i m p l i s t i c   v i e w   of   t he   m e t h o d o l o g y   of   d e v e l o p i n g   an   i n -

p u t - o u t p u t   m ode l.   In   p r a c t i c e ,   t h e   f o r m u l a t i o n   of   th e  

t r a n s a c t i o n  m a t r i x   is   a   t e d i o u s ,   s u b j e c t i v e ,   t r i a l   a nd  

e r r o r   p r o c e d u r e .   It   at   b e s t   y i e l d s   o n l y   a   c r u d e   a p p r o x i -

m a t i o n   of   th e   c o m p l e x   r e a l   w o rl d .   A  m o r e   t h o r o u g h   d i s c u s -

s i o n   of   t h e   p r o b l e m s   i n v o l v e d   in   d e v e l o p i n g   a n   i n p u t - o u t p u t  

m o d e l   w i l l   b e   i n c l u d e d   in   th e   l a s t   c h a p t e r   of   th i s   Th e si s .

T r a n s a c t i o n   M a t r i x

T h e   m e t h o d s   d e s c r i b e d   a b o v e   r e s u l t e d   in   t he   t r a n s a c t i o n  

m a t r i x   s h o w n   in   T a b l e   4-1.   Q u a d r a n t   I V   o f   t h i s   t a b l e   sh o w s  

i m p o r t a n t   a c c o u n t i n g   t o t a l s   w h i c h   d e s c r i b e   t he   o v e r a l l   C o l o -

r a d o   ec ono my.   T h e   t o t a l   o u t p u t   f r o m   t h e   h o u s e h o l d   sector,  

$10. 4   b i l l i o n ,   r e p r e s e n t s   t o t a l   p e r s o n a l   inc om e.   T h e   i n t e r -

s e c t i o n   of   th e   " i m p o r t   row"   w i t h   t h e   " e x p o r t   c o l um n ",   $243  

m i l l i o n ,   r e p r e s e n t s   n e t   ex p o rt s ,   i. e.   t h e   v a l u e   of   e x p o r t s  

m i n u s   i m p o r t s .   T h e   i n t e r s e c t i o n   of   the   " o t h e r   p a y m e n t s "   r o w  

a n d   co lum n,   $2. 5   b i l l i o n ,   r e p r e s e n t s   th e   t o t a l   v a l u e   of
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t r a n s f e r   p ay m e n t s .   T r a n s f e r   p a y m e n t s   i n c l u d e   p a y m e n t s   m a d e   b y  

o n e   s e c t o r   to   a n o t h e r   for   w h i c h   no   s e r v i c e s   a re   p e r f o r m e d   a n d  

g o v e r n m e n t   debt.   P r i v a t e   t r a n s f e r   p a y m e n t s   i n c l u d e   p a y m e n t s  

for   o l d   p r o d u c t s   ( resale)   a n d   gift s.   T h e   v a l u e   of   t r a n s f e r  

p a y m e n t s   in   C o l o r a d o   w a s   e s t i m a t e d   f r o m   n a t i o n a l   d a t a   4 . 1 2 / .

A n o t h e r   v a l u e   w h i c h   c a n   b e   c a l c u l a t e d   f r o m   t h e   t r a n s -

a c t i o n   t a b l e   is   g r o s s   r e g i o n a l   pr o d u c t ,   GRP.   T h e   s u m   of   th e  

t o t a l   o u t p u t s   of   the   h o u s e h o l d ,   gover nme nt,  a n d   " o t he r   p a y m e n t s  

s e c t o r s   less   t r a n s f e r   p a y m e n t s   is   eq ua l   to   t he   g r o s s   r e g i o n a l  

p r o d u c t .   T h e   c a l c u l a t i o n   of   th e   g r o s s   C o l o r a d o   P r o d u c t   ( GCP)  

is   as   f o l l o w s  :

G C P   =   T 0h  +  T 0g  +   T 0q  -   T R P ,

w h e r e   G CP   =   g r o s s  C o l o r a d o   p r o d u c t   ( $1 3 , 6 2 2 , 3 9 4 , 0 0 0 ) ,

T Or  =   t o t a l  o u t p u t   of  h o u s e h o l d s   s e c t o r   ( $ 10, 4 00 , 00 0 , 00 0 )

TO -   =   t o t a l  o u t p u t   of   " o t h er  p a y m e n t s "   s e c t o r
U   ( $1 , 0 61 , 69 2 , 00 0 ) ,

a n d   T R P   =   t r a n s f e r   p a y m e n t s   ( $ 2, 5 0 8, 1 0 4, 0 00 ) .

T h e   a b o v e   m e t h o d   for   c a l c u l t i n g   G R P   is   t he   sa m e   as   t h a t   u s e d  

in   t h e   K a n s a s   study.   T h e   r e s u l t i n g   G C P   v a l u e   c o m p a r e s   f a v o r -

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

GC P   o u t   of   t o t a l   U. S.   G N P   o n   th e   b a s i s   of   p o p u l a t i o n   or   p e r -

s o n a l   i n c o m e   4 . 1 3 / .   S u c h   e s t i m a t e s   v a r y   b e t w e e n   $12. 8   a nd  

$ 1 3 . 1   b i l li o n .
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T h e   g r o s s   r e g i o n a l   p r o d u c t   is   a l s o   r e l a t e d   to   v a l u e  

a d d e d   w h i c h   is   e q u a l   to   t he   v a l u e   of   t o t a l   o u t p u t   m i n u s   th e  

c o s t   of   g o o d s   a n d   s e r v i c e s   c o n s u m e d   in   t h e   p r o d u c t i v e   p ro c es s .  

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

in   T a b l e   4-2   b y   s u m m i n g   th e   h o u s e h o l d ,   g o v e r n m e n t , a n d   " ot her  

p a y m e n t s "   c o l u m n   e n t r i e s   for   e a c h   p r o c e s s i n g   sector.   O n  

t he   b a s i s   of   v a l u e   a d d e d ,   r e t a i l   a n d  w h o l e s a l e   t r a d e   a n d  

s e r v i c e s   ar e   t h e   two   l a r g e s t   s e c t o r s   in   C o l o r a d o .   C o l o r a d o ' s  

e c o n o m y   is   b a s i c l y   a   s e r v i c e   e c o n o m y   in   w h i c h   l a b o r   is   t he  

m o s t   i m p o r t a n t   c o m m od it y .   W a g e s   a n d   s a l a r i e s   r e p r e s e n t   t h e  

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

a r e   l a b o r   in t en s iv e .   T h e   v a l u e   a d d e d   o f   all   of   the   m i n e r a l  

i n d u s t r y   s e c t o r s   a m o u n t s   to   o n l y   $ 6 3 3 . 5 4   m i l l i o n   or   7. 2   p e r c e n t  

o f   th e   v a l u e   a d d e d   of   al l   p r o c e s s i n g   sec to rs .   O n   t h e   a v e r a g e ,  

v a l u e   a d d e d   r e p r e s e n t s   53. 7   p e r c e n t   of   t he   t o t a l   v a l u e   of   p r o -

d u c t i o n   f r o m   e a c h   p r o c e s s i n g   s e c t o r   in   C o l o r a d o .

If   o n e   add s   t h e   v a l u e   a d d e d   f r o m   al l   p r o c e s s i n g   s e c t o r s  

($8. 78   bi lli on)   to   th e   v a l u e   a d d e d   b y   g o v e r n m e n t   ( $1, 885  

billio n)   a nd   h o u s e h o l d s   ( $. 485   b i l l i o n ) ,   G C P   c a n   b e   e s t i -

ma t e d.   V a l u e   a d d e d   b y   g o v e r n m e n t   i n c l u d e s   o n l y   w a g e s   a nd  

s a l a r i e s   for   g o v e r n m e n t   e m p l o ye e s .   It   is   i n t e r e s t i n g   to  

n o t e   t he   i m p o r t a n c e   of   g o v e r n m e n t   e m p l o y m e n t   in   C o l o r a d o  

w h i c h   is   v a l u e d   at   a l m o s t   $1. 9   b i l l i o n   a n d   r e p r e s e n t s   18. 1  

p e r c e n t   of   t o t a l   p e r s o n a l   income.   T h e   v a l u e   a d d e d   b y
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h o u s e h o l d s   i n c l u d e s   o n l y   t he   c o m p e n s a t i o n   of   s e r v a n t s   a n d  

o t h e r   h o u s e h o l d   e m p l o y e e s .   It   w a s   e s t i m a t e d   f r o m   n a t i o n a l  

d a t a   to   be   $485   m i l l i o n .   T h e   r e s u l t i n g   v a l u e   of   G C P   is  

$1 1. 1 5   b i l l i o n   an d   is   s o m e w h a t   l o w   in   c o m p a r i s o n   w i t h   o t h e r  

es ti ma t es .   T h i s   a u t h o r   felt,   h o w e v er ,   t h a t   all   e s t i m a t e s  

of   GC P   w e r e   w i t h i n   r e a s o n a b l e   limits,   c o n s i d e r i n g   t he   e r r o r  

i n v o l v e d   in   d e v e l o p i n g   th e   i n p u t - o u t p u t   mo de l.

M u l t i p l i e r   A n a l y s i s

F o l l o w i n g   t he   o u t l i n e   d e s c r i b e d   in   C h a p t e r   3,   t h e   v a r i o u s  

1 -0   m a t r i c e s   w e r e   c a l c u l a t e d .   By   d i v i d i n g   e a c h   c o l u m n   e n t r y  

b y   t he   c o l u m n   s e c t o r ' s   t o t a l   o u t p u t ,   t he   d i r e c t   r e q u i r e m e n t s  

o r   t e c h n i c a l   c o e f f i c i e n t   t a b l e   w a s   c a l c u l a t e d *   T h e   d i r e c t   r e -

q u i r e m e n t s   for   e a c h   p r o c e s s i n g   s e c t o r   a nd   th e   h o u s e h o l d   s e c t o r  

is   s h o w n   in   T a b l e   4-3.   E a c h   c o l u m n   e n t r y   o f   thi s   t a b l e   r e p r e -

sen t s   th e   d i r e c t   r e q u i r e m e n t s   b y   the   c o l u m n   s e c t o r   f r o m   t he  

r o w   s e c t o r   p e r   d o l l a r   of   f i n a l   dem and .

By   s u b t r a c t i n g   th e   p r o c e s s i n g   sector s'   d i r e c t   r e q u i r e -

m e n t   m a t r i x   f r o m   an   i d e n t i t y   m a t r i x   to   f o r m   t h e   L e o n t i e f  

m a t r i x   an d   t h e n   t r a n s p o s i n g   t h e   i n v e r s e   of   the   L e o n t i e f  

m a t r i x ,   th e   d i r e c t   a nd   i n d i r e c t  r e q u i r e m e n t s  m a t r i x   w a s   d e -

v e l o p e d   as   s h o w n   in   T a b l e   4-4.   E a c h   c o l u m n   e n t r y   of   this  

t a b l e   r e p r e s e n t s   the   t o t a l   d i r e c t   a n d   i n d i r e c t   r e q u i r e m e n t s  

b y   t h e   r o w   i n d u s t r y   f r o m   the   c o l u m n   i n d u s t r y   p e r   d o l l a r   of
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fi n al   de ma nd.   T h e   s u m   of   e a c h   r o w   of   T a b l e   4-4   is   th e  

o u t p u t   m u l t i p l i e r   a n d   r e p r e s e n t s   t he   c u m u l a t i v e   e f f e c t   on  

t h e   o u t p u t   o f   al l   s e c t o r s   if   t he   c o l u m n   s e c t o r   d e l i v e r s   an  

a d d i t i o n a l   d o l l a r   to   fi na l   de m and .

A   c o m p a r i s o n   of   t h e   o u t p u t   m u l t i p l i e r s   o f   a l l   p r o c e s -

s i n g   s e c t o r s   is   p r o v i d e d   in   T a b l e   4-5.   T h i s   m u l t i p l i e r   p r o -

v i d e s   a   g o o d   i n d i c a t i o n   of   t h e   d e p e n d e n c e   of   o n e   s e c t o r   on  

al l   o t h e r   sectors.   In   g e n e r a l ,   t he   g r e a t e r   t he   v a l u e   of  

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

s e c t o r   o n   i t s e l f   an d   al l   o t h e r   s e c to r s   for   its   in p u t s   to  

th e   p r o d u c t i v e   p ro c e ss .   C o n v e r s e l y ,   a   l o w   o u t p u t   m u l t i p l i e r  

i n d i c a t e s   t h a t   t h a t   s e c t o r   p u r c h a s e s   a   r e l a t i v e l y   s m al l   p o r -

t i o n   of   its   p r o d u c t i o n   i n p u t s   f r o m   o t h e r   s e c t o r s   in   t h e   r e -

gion.   T h e   o u t p u t   m u l t i p l i e r   m i n u s   on e   r e p r e s e n t s   th e   p u r -

c h a s e   o f   i np u t s   f r o m   o t h e r   r e g i o n a l   s ect ors .   R e f e r r i n g   to  

T a b l e   4-5,   it   is   i n t e r e s t i n g   t o   n o t e   t h a t   m a n y   o f   t h e   b a s e  

i n d u s t r i e s ,   w h i c h   i n c l u d e   so m e   of   th e   m i n e r a l   i n d u s t r y   s e c t o rs ,  

fo o d   a n d   a g r i c u l t u r a l   s ec t or s ,   an d   t he   c o n s t r u c t i o n   sect or,  

h a v e   r e l a t i v e l y   l a r ge   o u t p u t   m u l t i p l i e r s .   O n   t he   o t h e r  

hand,   the   l a b o r   i n t e n s i v e   s e c t o r s   s u c h   as   m i n e r a l   i n d u s t r y  

s e r v i ce s ,   g e n e r a l   s e r v i c e s , a n d   t h e   t r a d e   s e c t o r   h a v e   r e l a -

t i v e l y   s m a l l   o u t p u t   m u l t i p l i e r s .

B y   i n c l u d i n g   the   h o u s e h o l d   s e c t o r   in   t he   d i r e c t   r e -

q u i r e m e n t s   m a t r i x   a n d   u t i l i z i n g   t he   m a t r i x   a l g e b r a   d e s c r i b e d  

above,   the   di r e ct ,   i n d i r e c t   and,  i n d u c e d   r e q u i r e m e n t s   m a t r i x
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T A B L E   4-5

C o m p a r i s o n   of   O u t p u t   M u l t i p l i e r s   for   E a c h   S e c t o r

o f   C o l o r a d o   E c o n o m y
O u t p u t

S e c t o r M u l t i p l i e r

11. F o o d   &   K i n d r e d   Prod. 2 . 0 0 1 6 6 4
9. M e t a l   P r o c e s s i n g 1 . 8 9 1 5 4 3

10. A g r i c u l t u r e 1 . 7 7 9 3 6 3
19. C o m m u n i c a t i o n s   &   P u b l i c   U t i l i t i e s 1 . 7 7 2 0 6 1
17. C o n s t r u c t i o n 1 . 7 6 3 1 8 8
6. P i p e l i n e   T r a n s p o r t a t i o n 1 . 7 4 1 6 0 4
1. Pet.   Prod.   &   N G   Pr o c es s . 1 . 7 0 5 4 3 5
4. I n d u s t r i a l   M i n e r a l s 1 . 6 7 2 4 8 0
7. P e t r o l e u m   R e f i n i n g 1 . 6 1 7 2 4 1
8. E l e c t r i c   P o w e r   G e n e r a t i o n 1 . 5 6 8 6 9 9
3. M e t a l   M i n i n g 1 . 5 3 4 8 9 1

16. R e t a i l   &   W h o l e s a l e   T r a d e 1 . 5 0 3 9 7 4
13. C h e m i c a l   I n d u s t r i e s 1 . 4 2 0 6 7 3
12. F a b r i c a t e d   M e t a l 1 . 4 1 1 8 6 3
2. C o a l   M i n i n g 1 . 3 8 3 0 1 6

14. P r i n t i n g   &   P u b l i s h i n g 1 . 3 8 2 5 4 5
20. Ins. ,   F i n . ,   R. E. ,   &   Gen.   Svs. 1 . 3 0 0 5 4 7
18. A l l   O t h e r   T r a n s p o r t a t i o n 1 . 2 7 8 2 5 5
5. I n d u s t r i a l   S e r v i c e s 1 . 2 0 1 3 5 5

15. A l l   O t h e r   M a n u f a c t u r i n g 1 . 1 7 4 7 7 0
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ca n   be   d e v e l o p e d   as   s h o w n   in   T a b l e   4-6.   E a c h   c o l u m n   e n t r y  

of   th is   t a bl e   r e p r e s e n t s   t h e   t o t a l   di re ct ,   indirect,  an d  

i n d u c e d   r e q u i r e m e n t s   by   t h e   r o w   i n d u s t r y   f r o m   th e   c o l u m n  

i n d u s t r y   if   the   r o w   i n d u s t r y   d e l i v e r s   o n e   a d d i t i o n a l   d o l l a r  

to   f i na l   d e m a n d .   T h i s   m a t r i x   r e p r e s e n t s   th e   t o t a l   p o t e n t i a l  

i m p a c t   o n   all   sectors.   T h e   m a t r i x   i n c l u d e s   th e   i n d u c e d  

i m p a c t   w h i c h   is   d u e   to   t h e   i n c r e a s e d   s p e n d i n g   b y   t h e   h o u s e -

h o l d   sector.   T h i s   m a t r i x   c a n   be   u s e d   in   its   p r e s e n t   f o r m  

to   c a l c u l a t e   two   t y p e s   of   i n c o m e   m u l t i p l i e r s   as   w e l l   as  

s h o w   th e   v a r i o u s   i n c o m e   eff ect s.   A   c o m p a r i s o n   o f   i n c o m e  

m u l t i p l i e r s   a n d   th e   v a r i o u s   i n c o m e   e f f e c t s   fo r   all   of   the  

p r o c e s s i n g   s e c t o r s   is   p r o v i d e d   in   T a b l e   4-7.

T h e   i n c o m e  m u l t i p l i e r s   s h o w n   in   T a b l e   4-7   s h o w   t he  

d i f f e r e n t   a m o u n t s   of   i n c o m e   t h a t   are   g e n e r a t e d   w h e n   th e  

r e g i o n ' s   p r o c e s s i n g   s e c t o r s   i n c r e a s e   t h e i r   o u t p u t   b y   on e  

dol l a r.   T h e   T y p e - I   m u l t i p l i e r   r e v e a l s   o n l y   t h e   d i r e c t   a n d  

i n d i r e c t   i m p a c t   o n   i n c o m e   f r o m   a   c h a n g e   in   o ut pu t,   w h i l e  

t h e   T y p e - I I   m u l t i p l i e r   sh ow s   t h e   to ta l   i n t e r r e l a t i o n s h i p  

b e t w e e n   in come,   o u tp ut,   a n d   c o n s u m e r   spe nd in g .   T h e   g r e a t e r  

th e   d e g r e e   of   i n t e r d e p e n d e n c e   of   s e c t o r s   w i t h i n   th e   e c o n o m y  

o r   c o n v e r s e l y   t h e   s m a l l e r   the   d e p e n d e n c e   o n   im por ts,   the  

g r e a t e r   t he   d i r e c t   i n c o m e   effect.   T he   l a b o r   i n t e n s i v e  

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

c a p i t a l   i n t e n s i v e   sector.   T h e   s i t u a t i o n   is   o f t e n   r e v e r se d .
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h o w e v e r ,   w h e n   o n e   c o n s i d e r s   t h e   i n d i r e c t   i n c o m e   ef fec ts.

T h e   i n d i r e c t   i n c o m e   e f f e c t   a n d   thus   t h e   T y p e - I   m u l t i p l i e r  

is   o f t e n   l a r g e r   for   a   c a p i t a l   i n t e n s i v e   i n d u s t r y   t h a n   for  

a   l a b o r   i n t e n s i v e   in du st ry.   T h e   r e a s o n s   for   t h i s   has   b e e n  

a d e q u a t e l y   d e s c r i b e d   b y  M i e r n y k   4 . 1 4 / :

A n   i n d u s t r y   w h i c h   u s e s   a   g r e a t   d e a l   of  
la bo r   b u t   n o t   m a n y   o t h e r   in p ut s   w i l l   p r o b a b l y  
h a v e   f e w e r   i n t e r a c t i o n s   w i t h   o t h e r   i n d u s t r i e s  
t h a n   o ne   w h i c h   u t i l i z e s   a   c o n s i d e r a b l e   a m o u n t  
of   c a p i t a l   e qu i p m e n t .   W h e n   an   i n d u s t r y   w h i c h  
u s e s   a   g r e a t   de a l   of   c a p i t a l   e x p a n d s   its   o u t -
p ut   th e   "c hai n   r e a c t i o n "   this   sets   o f f   w i l l  
s p r e a d   t h r o u g h o u t   m a n y   se c t o r s   of   the   ec on om y .

T h e   s i t u a t i o n   d e s c r i b e d   a b o v e   h e l d   t r u e   for   thi s   i n pu t -  

o u t p u t   m o d e l   of   the   C o l o r a d o   economy.   T h e   l a b o r   i n t e n s i v e  

m i n e r a l   i n d u s t r y   s e r v i c e s   s e c t o r   y i e l d e d   t he   l a r g e s t   d i r e c t  

i n c o m e   e f f e c t   w h i l e   t h e   l a r g e s t   i n d i r e c t   i n c o m e   e f f e c t   w a s  

e x p e r i e n c e d   b y   the   c a p i t a l   i n t e n s i v e   p e t r o l e u m   p r o d u c t i o n  

a n d   n a t u r a l   gas   p r o c e s s i n g   sector.   T w o   o t h e r   c a p i t a l   i n -

t e n s i v e   sectors,   p i p e l i n e   t r a n s p o r t a t i o n   a nd   p e t r o l e u m   r e -

fi ning,   h a d   th e   l a r g e s t   T y p e - I   m u l t i p l i e r s .

T h e   v a r i o u s   1-0   m a t r i c e s   a n d   m u l t i p l i e r s   d i s c u s s e d   a b o v e  

p r o v i d e d   a   c o m p l e t e   d e s c r i p t i o n   of   t he   C o l o r a d o   ec on om y .

T h e s e   m a t r i c e s   a n d  m u l t i p l i e r s   w i l l   b e   u s e d   l a t e r   in   t h i s  

T h e s i s   to   c a l c u l a t e   th e   e c o n o m i c   i m p a c t   of   a   n e w   in d us t ry ,  

a   n o n - f e r r o u s   c h e m i c a l   sm el te r ,   w h i c h   w i l l   b e   d e s c r i b e d   in  

t h e   n e x t   chapt er.
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C H A P T E R   5:   D E S C R I P T I O N   OF   IM P AC T   S E C T O R

T h e   p o s s i b i l i t y   of   c o n s t r u c t i n g   a   .  n o n - f e r r o u s   s m e l t i n g  

or   r e f i n i n g   p l a n t   in   the   S t a t e   o f   C o l o r a d o   has   b e e n   a   s u b j e c t  

of   g r e a t   i n t e r e s t   for   s e v e r a l   y e a r s .   T h e   a d a p t a b i l i t y   of  

t he   I m p e r i a l   S m e l t e r   to   C o l o r a d o   or es   w a s   s t u d i e d   b y   t h e   C o l o -

r a d o   S c h o o l   of   M i n e s   R e s e a r c h   F o u n d a t i o n   in   1963.   5 . 1 /   T h e  

I m p e r i a l   S m e l t e r   w a s   f o u n d   i n f e a s i b l e ,   h o w e v e r ,   d u e   to   i n a d e -

q u a t e   r e s e r v e s   of   l ea d   a n d   zinc   ore s   w i t h i n   th e   State.   In  

1964,   a   p a p e r   titled,   "Why   N o t   a   C h e m i c a l   Sm e lt e r" ,   w a s   p r e -

s e n t e d   to   the   C o l o r a d o   M i n i n g   A s s o c i a t i o n .   5. 2 /   T h i s   p a p e r  

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

c o n s i s t i n g   of   a   c o m b i n a t i o n   o f   h y d r o m e t a l l u r g i c a l   a n d   e l e c -

t r o l y t i c   o p e r a t i o n s .   A   c h e m i c a l   re f in e ry ,   t r e a t i n g   b a s e   a nd  

p r e c i o u s   m e t a l   ores,   w a s   i n v e s t i g a t e d   f u r t h e r   b y   O.   W.   W a l v o o r d ,  

Inc.   for   t h e   C o l o r a d o   M i n i n g   I n d u s t r i a l   D e v e l o p m e n t   B o a r d  

in   1964.   5 . 3 /   The   r e s u l t s   of   the   W a l v o o r d   s t u d y   w e r e   v e r y  

e n c o u r a g i n g ,   a nd   o t h e r   i n v e s t i g a t i o n s   w e r e   u n d e r t a k e n .   5 . 4 /

In   this   a u t h o r ' s   o p i n i on ,   t h e   r a p i d   r i s e   in   t he   v a l u e  

of   n e a r l y   all   b a s e   a nd   p r e c i o u s  m e t a l s   w i t h i n   th e   l as t   y e a r  

a n d   the   a p p a r e n t   la ck   of   a d e q u a t e   s m e l t e r   c a p a c i t y   p r o v i d e s

67
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s u f f i c i e n t   i n c e n t i v e   to   o n c e   a g a i n   i n v e s t i g a t e   the   p o s s i -

b i l i t y   of   c o n s t r u c t i n g   a   c h e m i c a l   r e f i n e r y   w i t h i n   C o l o r a do .  

A s   s t a t e d   p r e v i o u s l y ,   t hi s   T h e s i s   w i l l   n o t   d e a l   w i t h   th e  

t e c h n i c a l   a p s e c t s   of   th e   c h e m i c a l   r e f i n e r y ,   b u t   w i l l   e m p h a -

siz e   the   p o t e n t i a l   e c o n o m i c   i m p a c t   o n   t he   C o l o r a d o   ec ono my.

T he   p l a n t   f l o w s h e e t   a n d   e c o n o m i c   e s t i m a t e s   w h i c h   f o l l o w  

h a v e   b e e n   b a s e d   on   th e   W a l v o o r d   study.   T h e   i m p l e m e n t a t i o n  

of   the   b a s i c   e c o n o m i c   d a t a   i nt o   t h e   i n p u t - o u t p u t   m o d e l   w a s  

a c h i e v e d   by   a p p l y i n g   th e   p u r c h a s e   d i s t r i b u t i o n s   ( techn ica l  

co e f f i c i e n t s )   of   s i m i l a r   c h e m i c a l   r e f i n e r y   a n d   h y d r o m e t a l -

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

P l a n t   P r o c e s s e s

T h e   p r o p o s e d   c h e m i c a l   r e f i n e r y   w o u l d   p r o c e s s   125   ton s -  

p e r - d a y   of   c o n c e n t r a t e ,   i. e.   900   t o n s - p e r - d a y   o f   ore,   for  

a   p e r i o d   of   15   y ea rs.   T h e   p l a n t   is   d e s i g n e d   to   p r o c e s s  

b o t h   h i g h   a n d   lo w   g r a d e   or e s   and   m e t a l   c o n c e n t r a t e s .   In  

o r d e r   to   b r i n g   the   p l a n t   in to   p r o p e r   p e r s p e c t i v e   fo r   th e  

re ader,   an   a r t i s t ' s   v i e w   of   the   r e f i n e r y   a n d   the   p l a n t   f l o w -

s h e e t  a r e   p r o v i d e d   in   F i g u r e s   5-1   a n d   5-2.

As   s h o w n   in   F i g u r e   5-2,   t h e r e   a re   s e v e n   b a s i c   c i r c u i t s  

in   t h e   r e fin ery .   A   v e r b a l   d e s c r i p t i o n   of   e a c h   c i r c u i t   of  

t h e   p l a n t   is   p r o v i d e d   below.
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1)   O r e   R e c e i v i n g .   Th i s   s e c t i o n   i n v o l v e s   the  
f a c i l i t i e s   for  a c c e p t a n c e   of   r a w  m a t e r i a l   by   ra il  
an d   t r u c k   an d   th e   s u b s e q u e n t   w e i g h i n g ,   m a r k i n g ,  
sam p li n g,   a n d   e v e n t u a l   a s s i g n m e n t   to   a   s t o r a g e  
area.

2)   Or e   P r e p a r a t i o n :   T h i s   s e c t i o n   i n v o l v e s
c r u s h i n g   a n d   g r i n d i n g   c i r c u i t s   w i t h   a   t h r o u g h p u t
of   150   t o n s - p e r - d a y ,   p r o d u c i n g   a   m i n u s   65   m e s h   p r o d u c t  
s u i t a b l e   for   fl ot at i on .   Th e   r e s u l t i n g   b u l k   c o n c e n -
t r a t e   is   s u b s e q u e n t l y   t hi c ke n e d,   f il ter ed ,   a nd  
b l e n d e d   w i t h   p u r c h a s e d   c o n c e n t r a t e s   for   f e e d i n g  
to   a   fine   g r i n d i n g   m i l l   w h i c h   p r o d u c e s   a   m i n u s   200  
m e s h   pr odu c t.   The   fine   p u l p   is   t h e n   b l e n d e d   w i t h  
n e u t r a l i z e d   a n o l y t e   l i q u o r   or   w a t e r   to   a c h i e v e   the  
r e q u i r e d   p u l p   d e n s i t y   for   c o n t i n u o u s   p u m p i n g   to   a  
l e a c h i n g   a u t o c l a v e   w h e r e   t he   m e t a l   s u l f i d e s   are  
o x i d i z e d   to   su lf at es,   u s i n g   h i g h   p r e s s u r e   air.   T hi s  
h i g h - t e m p e r a t u r e ,   h i g h - p r e s s u r e   o x i d a t i o n   of   m e t a l  
s u l f i d e s   to   t h e   s u l f a t e   c an   be   d e s c r i b e d   by   t he  
g e n e r a l   r e a c t i o n   s h o w n   below:

M e S   +   2 0 2  t  M e S 0 4 ,  

w h e r e   M e   r e p r e s e n t s   a n y   m e t a l .

T h e   l e a c h e d   p u l p   is   t h e n   f l a s h e d   to   a t m o s -
p h e r i c   p r e s s u r e   an d   c o n d i t i o n e d   w i t h   l i m e s t o n e  
b e f o r e   b e i n g   t h i c k e n e d   a n d   filte red .   T h e   r e c o v e r e d  
re sid ue,   c o n t a i n i n g   l ea d   ( P b S O ̂ ) ,   gold,   silver,  
ar s en i c,   a n d   ir on   is   w a s h e d   an d   sen t   to   the   le ad  
r e c o v e r y   ci rc uit .   T he   p r e g n a n t   l i q u o r   r e c o v e r e d  
as   t h i c k e n e r   o v e r f l o w   a nd   f i l t r a t e   is   s e n t   to  
v a r i o u s   c i r c u i t s   for   r e c o v e r y   of   the   d i s s o l v e d  
m e t a l   valu es.

3)   C o p p e r   R ec o v e r y .   The   p r e g n a n t   l i q u o r   is  
se n t   to   a   c e m e n t a t i o n   c i r c u i t   for   c o p p e r   r e c o ve r y.
Th e   c o p p e r   in   s o l u t i o n   as   C u ++   ions   r e a c t s   w i t h  
i r o n   ( Fe)   as   s h o w n   below:

C u + +   +   Fe  t   F e + +   +   Cu.

T h e   p r e c i p i t a t e d   c o p p e r   c e m e n t   is   c o l l e c t e d   b y  
h y d r o c y c l o n e s   a n d   s e t t l i n g   c h a m b e r s   a n d   w a s h e d  
fo r   m a r k e t i n g   to   t h e   s m e l t e r s .



T - 1 6 1 5 72

4)   Ir on   R e m o v a l .   T h e   s o l u t i o n   o b t a i n e d   f r o m  
th e   c o p p e r   r e c o v e r y   c i r c u i t   is   p u r i f i e d   in   th e   ir o n  
r e m o v a l   circu it .   T he   i r o n   p r e s e n t   in   the   s o l u t i o n  
f r o m   t he   l e a c h i n g   a nd   c e m e n t a t i o n   c i r c u i t s   is   r e -
m o v e d   by   o x i d a t i o n   of   th e   f e r ro us   iro n   to   t he   f e r r i c  
w i t h   ai r   an d   th e   s u b s e q u e n t   h y d r o l y s i s   o f   t he   f e r r i c  
i r o n   as   h y d r a t e d   i ro n   oxide.   Thi s   r e a c t i o n   is   d e s -
c r i b e d   by   the   f o l l o w i n g   two   c h e m i c a l   e q u a t i o n s  :

4Fe   S 0 4   +   ° 2   +   2 H 2   SC>4   ->  F e 2  ( S04 ) 3   +   2 ̂  0  

F e 2  ( S04 ) 3   +   3 H 2 0   ->  3H   S 0 4   +   F e 2°^

T h e   slurry,   c o n t a i n i n g   t he   i ro n   p r e c i p i t a t e   ( Fe20   )  
pl us   s m a l l   a m o u n t s   of   ar se ni c ,   an t i m o n y ,   a n d   g e r -
m a n i u m ,   is   t h i c k e n e d   a n d   f i l t e r e d   so   t he   i r o n   r e s i d u e  
c a n   b e   d i s c a rd e d.

5)   C a d m i u m   a nd   Zinc   R e c o v e r y .   Zin c   is   a d d e d  
to   t he   l i q u o r   r e c o v e r e d   f r o m   the   ir on   r e c o v e r y   c i r -
c u i t   to   p r e c i p i t a t e   an y   r e s i d u a l   c o p p e r   an d   a ny  
c a d m i u m   pre se n t.   C o b a l t   m a y   als o   be   r e m o v e d   at  
this   s t a g e   by   the   a d d i t i o n   of   n i t r o s o - b - n a p h t h o l .
T h e   p u r i f i e d   s o l u t i o n   is   t h e n   se nt   to   the   e l e c -
t r o l y t i c   c i r c u i t   for   zin c   rec ov e ry .

6)   L e a d   R e c o v e r y .   The   l ea d   s u l f a t e   is   l e a c h e d  
w i t h   an   a m i n e   to   f o r m   a   s o l u b l e   le a d   a m i n e   s u l f a t e  
so lution,   w h i c h   is   t h e n   c a r b o n a t e d   to   p r e c i p i t a t e
a   h i g h - p u r i t y   b a s i c   le ad   c a r b o n a t e .   The   c a r b o n a t e  
is   f u r t h e r   r e d u c e d   to   m e t a l l i c   l ea d   in   a   s m al l  
m e l t i n g   furnace.   Th i s   c i r c u i t   is   d e s c r i b e d   by  
t h e   f o l l o w i n g   six   c h e m i c a l   e q u a t i o n s  :

A m i n e   Leach:

P b S 0 4   +   2   E D A   -+   [ P b ( E D A ) 2 ]   S 0 4 (1 )

P b O   +   E D A   +   E D A H 2 S 0 4   +   [ P b ( E D A ) 2 ] S 0 4   +   H 2 (2 )



T - 1 6 1 5 73

C a r b o n a t i o n :

2   P b ( E D A ) 2 S 0 4   +   3 C 0 2   +   5 1^ 0   ->

P b C 0 2 . Pb( CH)   +   E D A H 2C 0 3   +  , 2EDAH2 S 0 4 (3)

R e g e n e r a t i o n :

E D A H 2 S 0 4   +   C a ( C H ) 2   C a S 0 4 .  2 H 20   +   E D A (4)

R e du c ti o n:

C   +   P b C 0 2 . Pb( CH)  2 8 0 0 0C   2Pb   =   C ° 2   +   H 20 (5)

7)   G o l d   a nd   S i l v e r   R e c o v e r y .   Th e   r e s i d u e   o b -
t a i n e d   f r o m   t h e   lead   r e c o v e r y   c i r c u i t   is   t r e a t e d   in  
a   c y a n i d e   c i r c u i t   for   g o l d   an d   silver.   T h e   c y a n i d e  
p u l p   is   w a s h e d   in   a   se r i e s   of   c o u n t e r - c u r r e n t   t h i c k -
e n e rs   a n d   f i n a l l y   filt er ed.   T he   ir on   r e s i d u e   is  
d i s c a r d e d ,   w h i l e   t he   g o l d   a n d   s i l v e r   is   p r e c i p i t a t e d  
f r o m   th e   f i l t r a t e   b y   fi ne   dust.   The   g o l d   a n d   s i l v e r  
p r e c i p i t a t e   is   fluxed,   m e l t e d ,   an d   c a s t   i n t o   d o r e  
b u l l i o n   bars.

P l a n t   E c o n o m i c s

T h e   e c o n o m i c s   of   t he   c h e m i c a l   r e f i n e r y   i n v o l v e   tw o  

s e p a r a t e   a r e as  :   1)   c a p i t a l   i n v e s t m e n t   a n d   2)   o p e r a t i n g

e x p e n d i t u r e s .   T h e   W a l v o o r d   s t u d y   i n c l u d e d   e s t i m a t e s   of  

c a p i t a l   r e q u i r e m e n t s   a nd   o p e r a t i n g   e x p e n d i t u r e s ,   b u t   t h e s e  

e s t i m a t e s   w e r e   o u t d a t e d   a n d   of   i n s u f f i c i e n t   d e t a i l   to   i m p l e -

m e n t   t h e m   into   th e   i n p u t - o u t p u t   mo d e l.   T h e   m e t h o d s   u t i l i z e d  

to   u p d a t e   the   W a l v o o r d   e s t i m a t e s   and   to   b r e a k   t h e m   d o w n  

i n t o   g r e a t e r   d et ail ,   if   r e q u i r e d ,   w i l l   be   f u l l y   d e s c r i b e d

b e l o w
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C a p i t a l   I n v e s t m e n t s   T h e   o r i g i n a l   c a p i t a l   c o s t   e s t i m a t e   w a s  

b r o k e n   d o w n   b y   e a c h   p l a n t   se cti on.   By   a p p l y i n g   a n   e n g i n e e r -

ing   p l a n t   c o n s t r u c t i o n   c o s t   i n d e x ,   t he   p r e s e n t   c o s t   w a s  

obtained.   5. 5 /   T h e   r e s u l t i n g   c a p i t a l   c o s t   e s t i m a t e   is   s h o w n  

in   T a b l e   5-1.

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

c h e m i c a l   r e f i n e r y   c a n   b e   i n c l u d e d   in   t h e   i n p u t - o u t p u t   m o d e l  

u n d e r   o n e   sector,   the   c o n s t r u c t i o n   ind u st r y.   T h e s e   e x p e n -

d i t u r e s   w o u l d   o c c u r   o n l y   o n c e   a n d   thus   its   i m p a c t   o n   t he  

C o l o r a d o   e c o n o m y   w o u l d   b e   fe lt   o n l y   once,   b u t   p r o b a b l y  

s p r e a d   o v e r   a   o n e   to   t w o   y e a r   pe riod.   A  m o r e   c o m p l e t e  

t r e a t m e n t   of   t he   i m p a c t   of   t he   c a p i t a l   e x p e n d i t u r e s   w i l l  

b e   g i v e n   in   C h a p t e r   6.

O p e r a t i n g   E x p e n d i t u r e s .   T h e   e s t i m a t e s   of   o p e r a t i n g  

c o s t s   i n v o l v e   th e   f o l l o w i n g   c o s t   items:   1)   labor,   2)   fe e d

( raw   o r e   a n d   c o n c e n t r a t e s   p u r c h a s e d   f r o m   s u r r o u n d i n g   m i n e s ) ,

3)   o p e r a t i n g   su pp l ie s ,   4)   f r e i g h t   o n   p r o d u c t s ,   a n d   5)   v a l u e  

a d d e d   i t em s   ( dep re cia tio n,   taxes,   pr o fit ,   etc. ) .

W a l v o o r d   e s t i m a t e d   t h e   l a b o r   r e q u i r e m e n t s   of   t h e   c h e m i -

c a l   r e f i n e r y   to   b e   130   s e m i - s k i l l e d   a n d   s k i l l e d   men.   T h e  

a n n u a l   c o s t   o f   thi s   l a b o r   ( $1, 557, 000)   w a s   e s t i m a t e d   to   b e  

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

e m p l o y e d   in   C o l o r a d o ' s   m i n e r a l   i n d u s t r y   in   1972.
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T A B L E   5-1  

C a p i t a l   C o s t   E s t i m a t e   ( 1972   dolla rs)

P l a n t   S e c t i o n   C a p i t a l   C o s t

1.   R e c e i v i n g ,   s a m p l i n g
a n d   p l a n t   s e r v i c e s   $ 16 5 , 3 0 0

2.   F l o t a t i o n   m i l l   3 5 9 , 1 0 0

3.   R e g r i n d   m i l l   1 5 2 , 2 0 0

4.   L e a c h i n g   s e c t i o n   1 , 5 2 4 , 7 0 0

5.   S o l u t i o n   p u r i f i c a t i o n   8 1 3 , 6 0 0

6.   Zi nc   e l e c t r o l y t i c
p l a n t   1 , 2 6 9 , 9 0 0

7.   Zinc   c a s t i n g   p l a n t   6 0 1 , 9 00

8.   C a d m i u m   r e c o v e r y   1 6 6 , 2 0 0

9.   L e a d   r e c o v e r y   8 3 9 , 1 0 0

10.   G o l d - s i l v e r   r e c o v e r y   2 2 8 , 4 00

T o t a l   $ 6 , 1 2 0 , 4 0 0
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T h e   c o s t   of   or e s   a n d   c o n c e n t r a t e s   to   t h e   m i l l   w a s   c a l -

c u l a t e d   in   t h e   sa me   m a n n e r   as   t h e   W a l v o o r d   s t u d y .   In   so  

doing ,   it   w a s   a s s u m e d   t h a t   80   p e r c e n t   of   t h e   f e ed   w o u l d   be  

m a d e   u p   of   m e t a l   c o n c e n t r a t e s   a n d   20   p e r c e n t   w o u l d   b e   o b -

t a i n e d   f ro m   c u s t o m   f l o t a t i o n   mi l ls .   T h e   t o t a l   v a l u e   of   m e t a l  

p e r   t o n   of   c o n c e n t r a t e   w a s   c a l c u l a t e d   u s i n g   t h e   w e i g h t e d  

a s s a y   of   t y p i c a l   lead,   zinc   a n d   c o p p e r   c o n c e n t r a t e s   p r o d u c e d  

in   C o l o r a d o   a n d   the   a v e r a g e   1972   p r i c e s   of   t h e   r e s p e c t i v e  

m e t a l s .   It   w a s   a s s u m e d   t h a t   t he   c h e m i c a l   r e f i n e r y   w o u l d  

p a y   for   the   c o n c e n t r a t e s   at   55   p e r c e n t   of   t hi s   c a l c u l a t e d  

value .   A   s u m m a r y   o f   th i s   c a l c u l a t i o n   is   p r o v i d e d   in   T a b l e  

5-2.

T h e   t o t a l   a n n u a l   c o s t   of   fe ed   to   t he   c h e m i c a l   r e f i n e r y  

as   p u r c h a s e d   f r o m   th e   m i n i n g   s e c t o r   is   s h o w n   below.

F e e d_________   O r e   C o n c e n t r a t e_____

C o n c e n t r a t e   —   3 3 , 00 0   t o n s  @   $ 1 4 6 . 8 4  =   $ 4 , 8 4 5 , 6 5 1

O r e   57, 5 70   8, 250   tons  @   $7 3 . 7 9  =   6 0 8 , 76 7

T o t a l   c o s t   =   $ 5 , 4 5 4 , 4 1 8

T h e   c o s t   of   m i s c e l l a n e o u s   s u p p l i e s   a n d   s e r v i c e s   w a s  

e s t i m a t e d   to   be   $ 1 , 4 0 7 , 0 0 0   o r   a b o u t   15   p e r c e n t   of   t h e   t o t a l  

o p e r a t i n g   cost.   T h i s   c o m p a r e s   w i t h   19   p e r c e n t   for   an   a l u m i -

n u m   s m e l t e r   u s i n g   t h e   B a y e r   p r o c e s s   5 . 6 / ,   11. 4   p e r c e n t   for

a   f l o t a t i o n   p l a n t   t r e a t i n g   m e t a l   s u l f i d e s   5 . 7 / ,   18   p e r c e n t
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fo r   a   m e r c u r y   l e a c h i n g   p l a n t   5 . 8 / ,   a n d   25   p e r c e n t   for   a  

c o p p e r   s m e l t e r   5 . 9 / .   U t i l i z i n g   the   d e t a i l e d   c o s t   d a t a   of  

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

m e t h o d s   5 . 1 0 / ,   t h e   c o s t   b r e a k d o w n   p r o v i d e d   in   T a b l e   5-3  

w a s   d e t e r m i n e d .   A l t h o u g h   o n e   m a y   c o n s i d e r   t h e s e   e s t i m a t e s  

c r u d e   a p p r o x i m a t i o n ,   it   w a s   fel t   b y   t hi s   a u t h o r   t h a t   t h e y  

w e r e   w i t h i n   t h e   a c c u r a c y   of   t he   r es t   of   t h e   study.

F r e i g h t   c o s t s   o n   p r o d u c t s   w a s   e s t i m a t e d   to   be   $ 5 0 0 , 0 0 0  

or   r o u g h l y   W a l v o o r d ' s   e s t i m a t e   plus   10   p e r c e n t   to   a l l o w   for  

i nf l at i on .   D e p r e c i a t i o n   c o s t s   a m o u n t e d   to   $4 0 8 , 0 0 0   a n d   w a s  

c a l c u l a t e d   by   a p p l y i n g   the   s t r a i g h t   lin e   d e p r e c i a t i o n   m e t h o d  

to   the   o r i g i n a l   c a p i t a l   i n v e s t m e n t   ( $ 6 , 1 2 0 , 4 0 0 / 1 5   y e a r s   =  

$ 4 0 8 , 0 0 0   p e r   year) .

In   o r d e r   to   c a l c u l a t e   t h e   t a x   cost,   t h e   t o t a l   r e v e n u e  

w a s   f i r s t   e s t i m a t e d   b y   u t i l i z i n g   the   p r o d u c t i o n   v o l u m e s  

g i v e n   in   t he   W a l v o o r d   s t u d y   a n d   th e   a v e r a g e   1972   m e t a l  

pr i ce s .   As   s h o w n   in   T a b l e   5-4,   t o ta l   r e v e n u e   w a s   $ 1 1 , 0 1 0 , 2 1 4 .  

T a x a b l e   i n c o m e   is   e q u a l   to   t o t a l   sales   ( $11, 010, 214)   m i n u s  

t o t a l   o p e r a t i n g   c o s t s   ( $9, 326, 418)   o r   $ 1 , 6 8 3 , 7 9 6 .

A s s u m i n g   local,   s t a t e ,   a n d   f e d e r a l   t a x e s   y i e l d   an   e f f e c -

t i v e   r a t e   of   50   pe r c e n t ,   the   t a x   c o s t   a n d   o p e r a t i n g   p r o f i t  

a r e   e q u a l   to   $ 8 41, 898 .

A   s u m m a r y   of   t he   a b o v e   c o s t   d a t a ,   as   w e l l   as   t h e   m a n n e r  

in   w h i c h   t h e s e   e s t i m a t e s   c a n   b e   i m p l e m e n t e d   into   t h e   i n p u t -
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T A B L E   5-3

C o s t   o f   S u p p l i e s   a nd   S e r v i c e s

D o l l a r   A m o u n t   P e r c e n t

F i n an c e,   I n s u r a n c e  
R ea l   E s t a t e   and
G e n e r a l   S e r v i c e s   $ 1 1 , 00 0   . 78

P r i n t i n g   &
P u b l i s h i n g   5, 000   . 35

U t i l i t i e s   3 5 0 , 0 0 0   ^   24. 87

I n d u s t r i a l
M i n e r a l s   25 , 0 0 0   1. 79

C h e m i c a l
I n d u s t r i e s   5 8 6 , 0 0 0   41. 6 5

F a b r i c a t e d   M e t a l   2 0 0 , 0 0 0   1 4 . 21

R e t a i l   &   W h o l e s a l e
T r a d e   2 3 0 , 0 0 0   16. 3 5

T o t a l   $ 1 , 4 0 7 , 0 0 0   100%
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M e t a l

L e a d

G o l d

S i l v e r

C o p p e r

Zinc

P r o d u c t i o n  

(9474   tons)  

( 6, 600   oz)  

( 544, 500   oz)  

(2 , 0 0 0  tons)  

(13, 678   tons)

T A B L E   5-4  

A n n u a l   I n c o m e

V o l u m e  

( 2 0 0 0  lbs)

( 2 0 0 0  lbs)  

( 2 0 0 0  lbs)

1972   A v e r a g e  
U n i t   V a l u e  
of   M e t a l

( $. 1534/lb)

( $42. 2063/oz)

( $1. 6845/oz)

($. 5144/lb)

($. 1773/lb)

T o t a l

T o t a l  
M e t a l   V a l u e

$ 2 , 9 0 6 , 6 2 3

2 7 8 , 5 6 2

9 1 7 , 2 1 0

2 , 0 5 7 , 6 0 0

4 , 8 5 0 , 2 1 9

$ 1 1 , 0 1 0 , 2 1 4

S o u r c e  :   E n g i n e e r i n g   a n d   M i n i n g   J o u r n a l
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o u t p u t   m o d e l ,   is   s h o w n   in   T a b l e   5-5.   T h i s   d i s t r i b u t i o n   r e p -

r e s e n t s   an   a d d i t i o n a l   c o l u m n   in   th e   e x i s t i n g   i n p u t - o u t p u t  

m a t r i x .   In   f o r m u l a t i n g   the   c o r r e s p o n d i n g   row,   it   w a s   a s s u m e d  

t h a t   t h e   c h e m i c a l   r e f i n e r y   w o u l d   sell   a b o u t  1 0  p e r c e n t   o f  

its   o u t p u t   o r   $ 1 , 1 9 5 , 7 7 2   to   m e t a l   p r o c e s s i n g   fir ms   w i t h i n  

C o l o r a d o   a n d   e x p o r t   t he   b a l a n c e   of   its   o u t p u t   o r   $ 9 , 8 1 4 , 4 4 2 .
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T A B L E   5-5

P u r c h a s e   D i s t r i b u t i o n   of   C h e m i c a l  
R e f i n e r y

3.   M e t a l   M i n i n g   $ 5 , 4 5 4 , 4 1 8

4.   I n d u s t r i a l   M i n e r a l s   25 , 00 0

12.   F a b r i c a t e d   M e t a l   2 0 0 , 0 0 0

13.   C h e m i c a l   I n d u s t r i e s   5 8 6 , 0 0 0

14.   P r i n t i n g   &   P u b l i s h i n g   5, 000

16.   R e t a i l   &   W h o l e s a l e   T r a d e   2 3 0 , 0 0 0

18.   A l l   O t h e r   T r a n s p o r t a t i o n   5 0 0 , 0 0 0

19.   C o m m u n i c a t i o n s   &  P u b l i c   U t i l i t i e s   3 5 0 , 0 0 0

20.   In su ra n c e,   Fi nan c e,   Rea l
Esta te,   G e n e r a l   S e r v i c e   1 1 , 00 0

H o u s e h o l d s   1 , 5 5 7 , 0 0 0

G o v e r n m e n t   8 4 1 , 8 9 8

Im p o r t s   0

O t h e r   1 > 2 4 9 , 8 9 8

T o t a l   o u t p u t $  1 1 , 0 1 0 , 2 1 4
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C H A P T E R  6 :   E C O N O M I C   I M P A C T   OF   A   N O N - F E R R O U S   C H E M I C A L

S M E L T E R   O N   C O L O R A D O   E C O N O M Y

H a v i n g   d e v e l o p e d   an   i n p u t - o u t p u t   m o d e l   of   t he   C o l o r a d o  

e c o n o m y   a n d   h a v i n g   p r e s e n t e d   t h e   n e w   s e c t o r ,   t h e   e c o n o m i c  

i m p a c t   c a n   n o w   b e   c a l c u l a t e d .   T h e   p u r p o s e   of   this   c h a p t e r  

is   to   d e s c r i b e   t h e   m e t h o d o l o g y   o f   c a l c u l a t i n g   e c o n o m i c   i m -

p a c t   a nd   to   p r e s e n t   t h e   e c o n o m i c   r e s u l t s   t h a t   w e r e   o b t a i n e d .

E c o n o m i c   I m p a c t   C o n c e p t s

B e f o r e   p r o c e e d i n g ,   h o w e ve r ,   e c o n o m i c   i m p a c t   s h o u l d   be  

d e f i n e d   here.   Th e   e c o n o m i c   i m p a c t   r e f e r r e d   to   in   th i s   T h e s i s  

is   d e f i n e d   as  6 .1/

. . . the   d i r e c t   e f f e c t   p lu s   th e   c u m u l a t i v e  
i n d i r e c t   e f f e c t s   on   all   i n d u s t r i e s   in   a   s p e c i f i c  
r e g i o n a l   e c o n o m y   ( i. e.   l o c a l   sa le s   a n d   p ur ch as es)  
of   som e   a u t o n o m o u s   or   o u t s i d e   c h a n g e   in   th e  
d e m a n d   for   an   i n d u s t r y ' s   o r   f i rm ' s   out pu t.

A n   e x a m p l e   of   an   a u t o n o m o u s   c h a n g e   w o u l d   be   t h e   e x p a n s i o n  

of   e x i s t i n g   f a c i l i t i e s   or   the   o p e n i n g   of   n e w   p l a n t s   to   m e e t  

i n c r e a s e d   d e m a n d .   A n   e x a m p l e   of   an   i n d e p e n d e n t   o u t s i d e  

c h a n g e   w o u l d   be   an   i n c r e a s e   in   t h e   p a y m e n t s   to   th e   r e g i o n ' s  

i n d u s t r i e s   f r o m   th e   sale   of   c o m m o d i t i e s   a n d   s e r v i c e s   o u t -

sid e   the   r e g i o n ' s   econom y.   T h e   a n a l y s i s   of   the   o u t p u t

83
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an d   i n c o m e   e f f e c t s   on   a   r e g i o n ' s   e c o n o m y   tha t   r e s u l t s   fr o m  

s uc h   c h a n g e s   m a k e s   u p   an   e c o n o m i c   i m p a c t   study.

A n a l y s i s   t e c h n i q u e s   u s u a l l y   i n v o l v e   the   u se   of   s ta t i c  

t o o l s   w h i l e   a s s u m i n g   t h a t   t he   s t r u c t u r e   of   th e   r e g i o n ' s  

e c o n o m y   has   n o t   c h a n g e d   o v e r   the   s t u d y   p e r i o d .   T h e   p r i n c i p a l  

to ol s   b e i n g   m u l t i p l i e r   a n d   i n t e r i n d u s t r y   a n a l y s i s ,   a s s o c i a t e d  

w i t h   e c o n o m i c - b a s e   t y p e   or   i n p u t - o u t p u t   t y p e   studies.

M u l t i p l i e r   a n a l y s i s   i n v o l v e s   t he   m e a s u r e m e n t   of   the  

i n t e r a c t i o n s   of   the   i n d i v i d u a l   s e c t o r s   or   i n d u s t r y   g r o u p s  

w i t h i n   a   r e g i o n a l   e c o n o m y   o v e r   a   g i v e n   t i m e   p e r i o d ,   u s u a l l y  

o ne   year.   T h e s e   i n t e r a c t i o n s ,   o r i g i n a t i n g   f r o m   a   c h a n g e   in  

o n e   sector,   s p r e a d   t h r o u g h o u t   all   t he   se c t o r s   of   t he   economy.  

T h e s e   d i r e c t   arid   i n d i r e c t   i n t e r a c t i o n s   le ad   to   a   s e r ie s   of  

c u m u l a t i v e   e f f e c t s   in   e a c h   a nd   e v e r y   sector.   T h e   m u l t i p l i e r  

o b t a i n e d   is   a   n u m e r i c a l   c o e f f i c i e n t   e x p r e s s i n g   t he   m u l t i -

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

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

( payments   w i t h i n   or   i n t o   t he   region)   d u e   to   c h a n g e s   in   capital,  

i n v e s t me n t ,   d o m e s t i c   p u r c h a s e s ,   a n d   e x p o r t   d em and .   M u l t i p l i e r  

c o e f f i c i e n t s   ca n   be   c a l c u l a t e d   f r o m   e c o n o m i c - b a s e   or   in p ut -  

o u t p u t   type   studies.   I n t e r i n d u s t r y   a n a l y s i s   r e f e r s   to   the  

c a l c u l a t i o n   of   s u b m u l t i p l i e r s   w h i c h   r e v e a l   t h e   i n t e r r e l a t i o n -

s h ip s   b e t w e e n   the   i n d i v i d u a l   s e c t o r s   of   the   l o ca l   e c o n o m y  

a n d   is   u s u a l l y   a s s o c i a t e d   o n l y   w i t h   i n p u t - o u t p u t   t y p e   studies.
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E c o n o m i c - B a s e   T y p e   S t u d i e s .   E c o n o m i c - b a s e   t y p e   s t u d i e s  

s e p a r a t e   the   i n d i v i d u a l   e c o n o m i c   a c t i v i t i e s   of   a   l o c a l   e c o n o m y  

i n t o   two   g e n e r a l   c a t e g o ri e s:  1 )   b a s i c   or   a u t o n o m o u s   a n d  2)

n o n b a s i c   or   d e p e nd e nt .   B a s i c   e c o n o m i c   a c t i v i t i e s   i n c l u d e  

t h o s e   a c t i v i t i e s   w h i c h   e x o g e n o u s l y   ( exporting)   g e n e r a t e   r e -

g i o n a l   income.   N o n b a s i c   e c o n o m i c   a c t i v i t i e s   are   t h o s e   a c t i v -

it ie s   w h i c h   e n d o g e n o u s l y   g e n e r a t e   r e g i o n a l   i n c o m e ,   t h a t   is,  

t h e y   s e rv e   o n l y   t h e   loc al   economy.   In   o t h e r   wo rd s ,   b a s i c  

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

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

t h e i r   g o o d s   and   s e r v i c e s   o u t s i d e   the   region.   It   is   g e n e r a l l y  

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

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

of   the   d a t a   a n d   t he   d i f f i c u l t y   in   c l a s s i f y i n g   th e   f i r m s .

T h e   l i m i t a t i o n s   of   thi s   t y p e   of   s t ud y   h av e   b e e n   a d e q u a t e l y  

d e s c r i b e d   b y   Wang:  6 . 2/

T h e   e x p o r t   ba s e   a p p r o a c h   d oe s   n o t   t a k e   int o  
a c c o u n t   t h e   c o m p l e x i t y   of   i n t e r r e l a t i o n s h i p s   a n d  
i n t e r a c t i o n   t h a t   e x p l a i n s   t h e   g r o w t h   in   an   eco no my .
T h e   m o d e l   o f f e r s   o n l y   s k e l e t o n   a n s w e r s   in   t e r m s  
of   t o t a l   le ve l   of   i n c o m e   a n d   e m p l oy m en t .   T h e r e   is  
no   i n d i c a t i o n   of   th e   l i n k a g e   b e t w e e n   s e c t o r s   in  
its   e co nom y.   Th e   g r o s s   a g g r e g a t i o n   of   sectors,  
p a r t i c u l a r l y   of   the   m a n u f a c t u r i n g   a n d   m i n i n g   sectors,  
t e l l   u s   n o t h i n g   a b o u t   t h e   t y p e s   o f   i n d u s t r y   on  
w h i c h   t h e   r e g i o n   d e p e n d s .   A t   b e s t ,   th is   t y p e   of  
a n a l y s i s   m u s t   b e   r e s t r i c t e d   to   t h e   m a c r o   a g g r e -
g a t e d   i n d u s t r y - l e v e l   t y p e   of   r e g i o n a l   an al ysi s.
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I n p u t - O u t p u t   T y p e   S t u d i e s .   A n   i n p u t - o u t p u t   s t u d y   is  

t he   m o s t   p o w e r f u l   to o l   for   r e g i o n a l   e c o n o m i c   i m p a c t   a n a l y s i s .  

It   is   u s u a l l y   u t i l i z e d   in   a   s t a t i c   fo r m   for   a   g i v e n   p e r i o d  

of   time,   u s u a l l y   o ne   year.   T h e   r e g i o n a l   i n p u t - o u t p u t   a n a l y -

sis   y i e l d s   t h r e e   t y p e s   of   s e c t o r   and   s u b s e c t o r   le ve l   m u l t i -

p l i e r s  :   1)   out put ,   2)   income,   a n d   3)   e m p l o y m e n t .   In   th is  

way,   o n e   m a y   e s t i m a t e   the   e f f e c t   of   a   c h a n g e   in   o ne   se c t o r  

o n   th e   r e s t   of   the   lo c al   ec on omy .   T h e s e   e f f e c t s   i n c l u d e  

the   d i r e c t   i m p a c t   f r o m   c h a n g e s   in   fina l   d e m a n d   of   a   p r o d u c -

ing   sector,   th e   i n d i r e c t   i n p u t   r e q u i r e m e n t s ,   t he   i n d i r e c t  

a u t o n o m o u s   i n c o m e   e f f e c t   r e s u l t i n g   f ro m   th e   p u r c h a s e   of  

g o o d s   f r o m   loc a l   i nd u s t r i e s ,   an d   the   i n d u c e d   i n c o m e   e f f e c t  

r e s u l t i n g   f r o m   loc a l   h o u s e h o l d   c o n s u m p t i o n   e x p e n d i t u r e s .

In   th is   T he sis ,   t he   c h a n g e   is   an   a u t o n o m o u s   c h a n g e  

in  w h i c h   a   n e w   i n d u s t r y ,   a   n o n - f e r r o u s   c h e m i c a l   smelt er,  

is   i n t r o d u c e d   into   the   C o l o r a d o   e con omy .   T h e   r e s u l t i n g  

i m p a c t   on   t he   o u t p u t   a nd   i n c o m e   o f   all   o t h e r   s e c t o r s   in  

C o l o r a d o   has   b e e n   a n a l y z e d   b y   the   u se   of   an   i n p u t - o u t p u t  

m o d e l .

M e a s u r e m e n t   of   E c o n o m i c   I m p a c t

T h e   f i r s t   s t e p   in   m e a s u r i n g   e c o n o m i c   i m p a c t   is   to   f o r -

m u l a t e   the   p u r c h a s e   d i s t r i b u t i o n   of   th e   i m p a c t   sector.   In  

o t h e r   w or ds,   th e   a n a l y s t   m u s t   d e t e r m i n e   t he   p u r c h a s e s   m a d e  

b y   t h e   i m p a c t   s e c t o r   f r o m   all   of   the   p r o c e s s i n g   s e c t o r s
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a n d   the   h o u s e h o l d   sector.   T h e s e   p u r c h a s e s   r e p r e s e n t   an   i n -

c r e a s e   in   t he   o u t p u t   of   the   v a r i o u s   s e c t o r s   in   t h e   i n p ut -  

o u t p u t   m od el.   F o r   t h e   p u r p o s e s   of   this   s t u d y ,   t he   p u r c h a s e  

d a t a   c a n   be   p r e s e n t e d   in   t h e   f o r m   of   a   o n e   b y   t w e n t y   m a t r ix .  

H e n c e f o r t h ,   this   m a t r i x   w i l l   be   r e f e r r e d   to   as   the   "p u r c h a s e  

m a t r i x " .   S i n c e   in   th is   T h e s i s   the   c a l c u l a t i o n   of   i m p a c t  

w a s   s e g r e g a t e d   into   t h r e e   a r e a s   ( capital   e x p e n d i t u r e s ,   p u r -

c h a s e s   f r o m   p r o c e s s i n g   sec to rs ,   an d   e m p l o y m e n t ) ,   t h r e e   p u r -

c h a s e   m a t r i c e s   w e r e   u t i l i z e d .   T h e s e   m a t r i c e s   w i l l   b e   p r e -

s e n t e d   l a t e r   in   thi s   c h a p t e r   w h e n   e a c h   i m p a c t   a r e a   is   d i s -

cus se d.

O n c e   the   p u r c h a s e   m a t r i x   ha s   b e e n   f o rm u l a t e d ,   t h e   e c o -

n o m i c   i m p a c t   ca n   be   c a l c u l a t e d   in   t h r e e   stages:  1)   d i r e c t

impact,   2)   d i r e c t   a n d   i n d i r e c t   impact,   a nd   3)   the   d i r e c t,  

i n d i r ec t ,   a nd   i n d u c e d   impact.   T h e   c a l c u l a t i o n   i n v o l v e s  

m u l t i p l y i n g   th e   r e q u i r e m e n t s   m a t r i x   b y   th e   p u r c h a s e   m a t r i x  

to   o b t a i n   the   i m p a c t   m a t r ix .   T h e   m a t h e m a t i c a l   r e p r e s e n t a -

t i o n   of   t h e s e   c a l c u l a t i o n s   is   as   f o l l o w s  :

D i r e c t   I m p a c t   =   D i r e c t   R e q u i r e m e n t s   or   x   P u r c h a s e
M a t r i x   T e c h n i c a l   C o e f f i c i e n t   M a t r i x

M a t r i x



w h e r e   i   =   c o l u m n   s e c t o r   n u m b e r ,  

j   =   r o w   s e c t o r   n u m b e r ,

DR.   =   d i r e c t   i m p a c t   on   s e c t o r   i   ( row   s e c t o r ) ,
i

j   =   d i r e c t   r e q u i r e m e n t   of   s e c t o r   i   ( column  
sector)   f r o m   s e c t o r   j   ( row   s e c t o r) ,

an d   X.   =   p u r c h a s e   of   i m p a c t   s e c t o r   f r o m   s e c t o r   i  
1  ( column   s e c t o r ) .

T h e   c a l c u l a t i o n   of   the   d i r e c t   a nd   i n d i r e c t   i m p a c t   is  

t h e   sa m e   as   th a t   s h o w n   above,   e x c e p t   t h e   d i r e c t   a n d   i n d i r e c t  

r e q u i r e m e n t s   m a t r i x   is   s u b s t i t u t e d   for   the   d i r e c t   r e q u i r e -

m e n t s   ma tr i x.   S i m i l a r l y ,   the   di r e c t ,   i n d ir e ct ,   a nd   i n d u c e d  

i m p a c t   is   c a l c u l a t e d   b y   s u b s t i t u t i n g   the   d i re ct,   in di r e ct ,  

a n d   i n d u c e d   r e q u i r e m e n t s   m a t r i x   for   the   d i r e c t   r e q u i r e m e n t s  

m a t r ix .   T h e s e   r e q u i r e m e n t   m a t r i c e s   w e r e   p r e s e n t e d   in   C h a p t e r   4  

of   th is   T h e s i s   ( pages   53   -   64).
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A r i t h m e t i c a l l y ,   th e   m a t r i x   a l g e b r a   p r e s e n t e d   a b o v e  

a m o u n t s   to   m u l t i p l y i n g   e v e r y   c o l u m n   e n t r y   in   th e   r e q u i r e -

m e n t s   m a t r i x   b y   t he   r e s p e c t i v e   p u r c h a s e   m a d e   by   t h e   i m pa ct  

s e c t o r   a n d   th e n   s u m m i n g   al l   the   n e w   e l e m e n t s   of   e a c h   r o w   to  

d e t e r m i n e   the   i m p a c t   of   all   p u r c h a s e s   o n   t h e   r o w   sector.

W h e n   t he   n u m b e r   of   s e c t o r s   is   large,   m a t r i x   a l g e b r a   a n d   a  

h i g h - s p e e d   c o m p u t e r   m u s t   be   u s e d   to   f a c i l i t a t e   th e   c a l c u l a -

tions.   In   this   Th es is ,   ho w ev e r ,   th e   n u m b e r   o f   s e c t o r s   w a s  

sm a l l   a n d   thus   the   a r i t h m e t i c   a p p r o a c h   w a s   used.   T h e   p r e -  

c e e d i n g   i m p a c t   m a t r i c e s   s h o w   th e   i n t e r m e d i a t e   steps.   It  

w a s   fe lt   b y   th i s   a u t h o r   t h a t   s u c h   a   p r e s e n t a t i o n   w o u l d  

c l a r i f y   th e   c a l c u l a t i o n   of   e c o n o m i c   i m p a c t   for   th e   reader.

T h e   m e t h o d   u s e d   in   this   T h e s i s   for   c a l c u l a t i n g   e c o n o m i c  

i m p a c t   is   a   s t a n d a r d   m e t h o d   w h i c h   has   b e e n   u s e d   b y   o t h e r s .

In   a   s t u d y   of   the  K a n s a s  e c o n o m y   6 . 3 / ,   t h e   i m p a c t   r e s u l t i n g  

f r o m   a n   i n c r e a s e   in   th e   d e m a n d   for   m e a t   p r o d u c t s   a n d   th e  

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

of   a i r p l a n e s   w e r e   c a l c u l a t e d .   In   a n o t h e r   study,   L e o n t i e f  

m e a s u r e d   the   i m p a c t   t h a t   r e s u l t e d   f r o m   an   a r m s   cut.  6 . 4/

A n o t h e r   study,   w i t h   w h i c h   t h i s   a u t h o r   is   fa m il i ar ,   u t i l -

i z e d   thé   m u l t i p l i e r - c o m p a r i s o n   a p p r o a c h   in   w h i c h   t h e   o u t p u t  

a n d   i n c o m e   m u l t i p l i e r s   a re   c a l c u l a t e d   o v e r   a   p e r i o d   of   t im e  

a n d   t h e n   c o mp a re d .  6 . 5/   T h e   m u l t i p l i e r - c o m p a r i s o n   a p p r o a c h  

c a n   a l s o   b e   a p p l i e d   to   th i s   t y p e   of   a n a l y s i s   b y   c a l c u l a t i n g
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t h e   m u l t i p l i e r s   b e f o r e   an d   a f t e r   some   e c o n o m i c   "chan ge"  

a n d   t h e n   c o m p a r i n g   th e   t wo   se t s   of   r e s u l t s .   T h i s   m e t h o d  

is   v e r y   d i f f i c u l t   to   i m p l e m e n t ,   h o w e v e r ,   s i n ce   o n e   m u s t  

b a l a n c e   the   i n p u t - o u t p u t   t a b l e   t w i c e   i n s t e a d   of   o n l y   o n c e  

as   w a s   d o n e   in   this   Thesis.   In   a d d i t i o n ,   t h i s   a u t h o r   fe l t  

t h a t   th e   m u l t i p l i e r - c o m p a r i s o n   a p p r o a c h   do e s   no t   p r o v i d e  

the   d e t a i l   w h i c h   th e   m e t h o d   u s e d   in   th is   T h e s i s   a c h i e v e s .

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

d a t a   is   p r e s e n t e d .   W h e n   c o n s i d e r i n g   t he   p u r c h a s e s   b y   t h e  

n o n - f e r r o u s   c h e m i c a l   s m e l t e r   f r o m   th e   o t h e r   s e c t o r s ,   it   w a s  

a s s u m e d   t h a t   t h e s e   p u r c h a s e s   r e p r e s e n t e d   an   i n c r e a s e   in   th e  

t o t a l   o u t p u t   of   e a c h   c o r r e s p o n d i n g   sector.   T h i s   o u t p u t   is  

m a d e   u p   o f   d o m e s t i c   p r o d u c t i o n   a n d   i m p o r t s .   It   w a s   a s s u m e d  

t h a t   t he   sa me   spl i t   b e t w e e n   d o m e s t i c   p r o d u c t i o n   a n d   i m p o r t s  

w h i c h   e x i s t s   in   th e   o r i g i n a l   t r a n s a c t i o n   t a b l e   b e   a p p l i e d  

to   the   i n c r e m e n t a l   i n c r e a s e   in   o u t p u t   d ue   to   t h e   p u r c h a s e s  

b y   t h e   smelter.   It  w a s   a s s u m e d   t h a t   th e   v a l u e   of   e x p o r t s  

w o u l d   r e m a i n   t he   same.   In   o t h e r   w o r d s ,   th e   i n c r e a s e d   d o -

m e s t i c   p u r c h a s e s  w o u l d   no t   d r a w   u p o n   the   e x p o r t   m a r k e t   or  

c o n v e r s e l y ,   it   w o u l d   s t i m u l a t e   i n c r e a s e d   p r o d u c t i o n   a n d  

import s.   T h i s   m e t h o d   a l l o w e d   the   u se   of   th e   r e q u i r e m e n t  

m a t r i c e s   d e v e l o p e d   in   C h a p t e r   4.   T h e   t r e a t m e n t   o f   t h e   m e t a l  

m i n i n g   s e c t o r   w a s   an   e x c e p t i o n   to   the   a b o v e   c o n v e n t i o n .   T h e  

s m e l t e r   p u r c h a s e   f r o m   this   s e c t o r   w a s   t r e a t e d   in   t w o   wa ys.
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First,   t h e   p u r c h a s e   w a s   d r a w n   f r o m   the   e x p o r t   m a r k e t .   T h i s  

p r o c e d u r e   y i e l d e d   no   n e w   p r o d u c t i o n   a n d   t h u s   no   i m p a c t   on  

t h e   e c o n o m y .   T h i s   is   a   r e a s o n a b l e   a p p r o a c h   s i n c e   u n d e r  

c u r r e n t   c o n d i t i o n s ,   m i n e s   m u s t   sh i p   t h e i r   m a t e r i a l   o ut   of  

th e   State.   If   a   s m e l t e r   is   b u i l t   w i t h i n   C o l o r a d o ,   m i n e s  

w o u l d   p r o b a b l y   e l e c t   to   sell   to   the   s m e l t e r   a n d   t hu s   save  

o n   t r a n s p o r t a t i o n   costs.   T h i s   c o n d i t i o n   w o u l d   b r i n g   a b o u t  

a   d e c r e a s e   in   t he   o u t p u t   of   the   t r a n s p o r t a t i o n   sector.   N o  

a t t e m p t   w a s   mad e,   ho w e v e r ,   to   m e a s u r e   t h i s   i m p a c t   s i n c e   the  

s m e l t e r   wa s   n o t   p l a c e d   in   a   s p e c i f i c   l o c a t i o n   a n d   th us   t he  

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

It   is   f e l t   b y   t h i s   au thor,   h ow e v e r ,   t h a t   th e   d e c r e a s e   w o u l d  

be   v e r y   sm al l   in   c o m p a r i s o n   w i t h   the   t o t a l   p r u c h a s e s   m a d e  

b y   t he   smelter.

Se cond,   it   w a s   a s s u m e d   t ha t   the   s m e l t e r   p u r c h a s e   fr o m  

t he   m e t a l   m i n i n g   s e c t o r   w o u l d   r e s u l t   in   n e w   p r o d u c t i o n .   In  

t h i s   case,   the   t r e a t m e n t   o f   the   p u r c h a s e   w a s   t he   same   as   all  

o t h e r   p u r c h a s e s .   T h i s   t w o - s t a g e   t r e a t m e n t   o f   t he   m e t a l  

m i n i n g   p u r c h a s e   r e p r e s e n t s   a n   "all   or   n o t h i n g "   ap p r oa c h.

In   re a l i t y ,   a   n e w   s m e l t e r   w o u l d   p r o b a b l y   s t i m u l a t e   so m e   n e w  

p r o d u c t i o n   as   w e l l   as   d r a w   f r o m   the   e x p o r t   ma r k e t .   It   is  

i m p o s s i b l e ,   h o w e v e r ,   to   d e t e r m i n e   w h a t   t h e   s p l i t   w o u l d   be.  

T h i s   a u t h o r   has   c h o s e n   to   b r a c k e t   th e   r a n g e   b y   p r o v i d i n g  

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



T - 1 6 1 5 92

E c o n o m i c   I m p ac t   of   S m e l t e r   on   C o l o r a d o   E c o n o m y

T h e   e c o n o m i c   i m p a c t   of   the   c h e m i c a l   s m e l t e r   on   t h e  

C o l o r a d o   e c o n o m y   w a s   c a l c u l a t e d   in   t h r e e   st ag e s  :   1)   c a p i t a l

e x p e n d i t u r e s ,   2)   p r o c e s s   i n d u s t r y   p u r c h a s e s ,   a nd   3)   e m p l o y -

m e n t   impact.   T h e   i m p a c t   d a t a   for   e a c h   s t a g e   w i l l   b e   p r e -

s e n t e d   a n d   d i s c u s s e d   in   t u r n   as   w e l l   as   s u m m a r i z e d   at   th e  

e n d   of   this   ch apt e r.

C a p i t a l   E x p e n d i t u r e s .   W h e n   the   c h e m i c a l   s m e l t e r   is  

b u i l t ,   a   o n e - t i m e   i m p a c t   is   e x p e r i e n c e d   b y   t h e   e c o n o m y .   T h e  

c a p i t a l   e x p e n d i t u r e s   w a s   e s t i m a t e d   to   be   $ 6 , 1 2 0 , 4 0 0   a n d   r e p r e -

s e n ts   a   p u r c h a s e   f r o m   t he   c o n s t r u c t i o n   s e c t o r   only.   T h e  

d i r e c t   i m p a c t   w a s   c a l c u l a t e d   by   m u l t i p l y i n g   the   v a l u e   for  

c a p i t a l   e x p e n d i t u r e s   b y   e v e r y   c o l u m n   e n t r y   in   t h e   d i r e c t  

r e q u i r e m e n t   c o l u m n   fo r   the   c o n s t r u c t i o n   sector.   T h e   d i r e c t  

a n d   i n d i r e c t   i m p a c t   w a s   c a l c u l a t e d   b y   u s i n g   t h e   d i r e c t   a nd  

i n d i r e c t   r e q u i r e m e n t s   c o l u m n   a n d   si mi la r ly ,   t h e   di r e c t ,   i n -

d i r e c t ,   a n d   i n d u c e d   i m p a c t   w a s   c a l c u l a t e d   b y   u s i n g   t h e   di r e ct ,  

in d i re c t,   a n d   i n d u c e d   r e q u i r e m e n t s   col umn.   If   o n e   w e r e   to  

u s e   m a t r i x   a l g e b r a ,   a   o n e   by   t w e n t y   m a t r i x   w o u l d   b e   f o r m u -

l a t e d   in   w h i c h   t he   f i r s t   16   v a l u e s   w o u l d   be   zero,   v a l u e  

n u m b e r   17   w o u l d   b e   $6 , 1 2 0 , 4 0 0 ,   a n d   v a l u e s   18   t h r o u g h   20  

w o u l d   b e   zero.   T h e s e   i m p a c t   c a l c u l a t i o n s   are   s u m m a r i z e d  

in   T a b l e   6-1.
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T A B L E   6-1

I m p a c t   of   C a p i t a l   E x p e n d i t u r e s   on   C o l o r a d o   E c o n o m y

D i r e c t  
D i r e c t   &   I n d i r e c t ,

S e c t o r   D i r e c t   I n d i r e c t   &   I n d u c e d

1.   P e t .   Prod.   &
N G  P r o c e s s . 0 1 1, 6 83 25, 5 83

2.   C o a l   M i n i n g 5, 943 10, 54 3 1 4 , 4 20
3.   M e t a l   M i n i n g 0 667 863
4.   I n d u s t r i a l   M i n e r a l s 2 9 7 , 80 0 3 7 3 , 5 0 3 37 8 , 95 7
5.   I n d u s t r i a l   S e r v i c e s 0 3, 819 7, 35 1
6 .   P i p e l i n e   T r a n s p o r -
t a t i o n 0 26, 26 9 57, 52 0
7.   P e t r o l e u m   R e f i n i n g 0 40, 05 8 7 4, 1 36
8 .   E l e c t r i c   P o w e r
G e n e r a t i o n 0 1 6, 8 49 42 , 32 9
9.   M e t a l   P r o c e s s i n g 0 6, 090 7, 8 6 5

10.   A g r i c u l t u r e 0 49, 8 44 1 6 3 , 3 1 1
11.   F o o d   &   K i n d r e d   Prod. 0 71, 2 90 2 2 8 , 1 8 7
12.   F a b r i c a t e d   M e t a l 1 2 4 , 8 0 1 25 3, 2 87 3 2 7 , 05 6
13.   C h e m i c a l   I n d u s t r i e s 81 , 19 9 14 8 , 3 46 2 0 1 , 6 4 9
14.   P r i n t i n g   &   P u b l i s h i n g 2, 448 30, 877 53 , 23 5
15.   A l l   O t h e r  M a n u f a c t u r i n g   22 , 04 6 89, 89 0 12 9 , 0 9 8
16.   R e t a i l   &   W h o l e s a l e
T r a d e 1 , 0 3 3 , 7 1 1 1 , 4 7 1 , 2 6 4 2 , 7 2 3 , 1 1 9
17.   C o n s t r u c t i o n 1 , 1 5 6 , 8 7 2 7 , 6 4 1 , 6 2 5 7 , 7 3 5 , 6 9 6
18.   A l l   O t h e r   T r a n s p o r -
t a t i o n 3 9, 1 15 19 1 , 0 7 9 2 6 8 , 0 5 5

19.   C o m m u n i c a t i o n s   &
P u b l i c   U t i l i t i e s 22, 3 94 98, 53 9 2 47 , 55 8
20.   I n s . ,   Fin,   R. E.   &
G e n .   S v s . 1 2 2 , 8 8 5 2 55 , 89 3 62 8 , 3 2 0

H o u s e h o l d s 1 , 2 0 4 , 0 2 5 — — 3, 1 3 0 , 1 7 4
G o v e r n m e n t 31 9, 4 76 — —  —
Imp o r ts 1 , 5 2 4 , 7 2 1 —  — -
O t h e r 16 2, 9 64 — ----------

T o t a l 6 , 1 2 0 , 4 0 0   1 0 , 7 9 1 , 4 1 5   1 6 , 4 4 4 , 4 8 2
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R e f e r r i n g   to   T a b l e   6-1,   if   o ne   d i v i d e s   th e   t o t a l   d i r e c t  

a n d   i n d i r e c t   i m p a c t   b y   t h e   d i r e c t   i m p a c t ,   o n e   o b t a i n s   the  

o u t p u t   m u l t i p l i e r   for   th e   c o n s t r u c t i o n   i n d u s tr y .   In   o t h e r  

w o r d s ,

o u t p u t   =   d i r e c t   +   i n d i r e c t   i m p a c t   =   $ 1 0 , 7 9 1 , 4 1 5   =   1. 7632.  
m u l t i p l i e r   d i r e c t   i m p a c t   $ 6 , 1 2 0 , 4 0 0

S i m i l a r l y ,   th e   d i r e c t   i n c o m e   i m p a c t   ( $1, 204, 025)   t i m e s   the  

c o n s t r u c t i o n   s e c t o r ' s   T y p e - I I   i n c o m e   m u l t i p l i e r   (2. 5998)  

e q u a l s   th e   t o t a l   dir ec t,   in di r e ct ,   and   i n d u c e d   i n c o m e   i m p a c t  

( $3, 130, 174) .   T h e   c a p i t a l   e x p e n d i t u r e s   o f   $ 6 , 1 2 0 , 4 0 0   r e s u l t  

in   i m p o r t s   of   $ 1 , 5 2 4 , 7 2 1   ( i mported   c o n s t r u c t i o n   services)  

a n d   $ 4 , 5 9 5 , 6 7 9   in   i n c r e a s e d   o u t p u t   b y   al l   p r o c e s s i n g   sec tor s.

T h e   i n d i r e c t   e f f e c t   of   t h e s e   p u r c h a s e s   e q u a l s   $ 4 , 6 7 1 , 0 1 5  

a n d   the   i n d u c e d   e f f e c t   e q u a l s   $ 5 , 6 5 3 , 0 6 7.   T h e   t o t a l   i m p a c t  

t o t a l s   $ 1 6 , 4 4 4 , 4 8 2   or   2. 6 87   t i m e s   t he   o r i g i n a l   v a l u e s   of  

th e   c a p i t a l   e x p e n d i t u r e s .

A l t h o u g h   this   i m p a c t   is   o n l y   a   o n e - t i m e   s i t u a t i o n ,   it  

r e p r e s e n t s   a   s i g n i f i c a n t   p o r t i o n   of   the   t o t a l   i m p a c t   of   the  

c h e m i c a l   s m e l t e r   on   the   C o l o r a d o   econom y.   In   p a r t i c u l a r ,   it  

w o u l d   h a v e   a   l a r g e   i m p a c t   o n   t h e   i m m e d i a t e   a r e a   a r o u n d   the  

p l a n t   lo ca ti o n .   It   m a y   e v e n   s t i m u l a t e   e c o n o m i c   a c t i v i t i e s  

s u c h   as   h o t e l s ,   a p a r t m e n t s ,   a n d   t r a d e   st o r e s   w h i c h   w o u l d  

c o n t i n u e   o n   a f t e r   the   p l a n t   is   c o n s t r u c t e d .   If   it   is   a   r e -

m o t e   area,   the   d e v e l o p m e n t   of   a d j o i n i n g   i n f r a s t r u c t u r e   c o u l d
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b e   s i g n i f i c a n t .   If   such   w e r e   th e   case,   t h e   a b o v e   e s t i m a t e  

o f   e c o n o m i c   i m p a c t   w o u l d   b e   v e r y   c o n s e r v a t i v e .   T h e   p o i n t  

of   i m p o r t a n c e   is   t h a t   a n y   n e w   c o n s t r u c t i o n   m a y   s t a r t   in   m o t i o n  

c h a n g e s   in   th e   b a s i c   p a t t e r n   o f   an   eco nom y.   I n p u t - o u t p u t  

a n a l y s i s   c a n n o t   m e a s u r e   t h e   c h a n g e s   in   t h e   s t r u c t u r e   o f   an  

e c o n o m y   an d   thu s   its   p o t e n t i a l   s o c i a l   an d   e c o n o m i c   imp act.

P r o c e s s i n g   S e c t o r  P u r c h a s e s .   T h e   d i rec t;   d i r e c t   a n d   i n -

di r ec t;   a n d   dire ct,   in di re c t,   a n d   i n d u c e d   i m p a c t s   w e r e   c a l c u -

l a t e d   b y   m u l t i p l y i n g   e a c h   s m e l t e r   p u r c h a s e   b y   e a c h   e n t r y   in  

t h e   c o r r e s p o n d i n g   c o l u m n   in   t h e   p r o p e r   r e q u i r e m e n t   m a t r i x  

an d   t h e n   s u m m i n g   a c r o s s   the   rows.   If   on e   w e r e   to   u s e   m a t r i x  

a l ge b ra ,   th e   m a t r i c e s   w o u l d   b e   as   s h o w n   in   T a b l e   6-2.   T h e r e  

a r e   two   m a t r i c e s r   on e   w i t h   a   m e t a l   m i n i n g   p u r c h a s e   a n d   o ne  

w i t h o u t   a   m e t a l   m i n i n g   p u r c h a s e .   T h e   c a l c u l a t i o n   of   e a c h  

t y p e   of   imp act ,   b o t h   w i t h   a n d  w i t h o u t   t he   m e t a l   m i n i n g   p u r -

cha s e ,   is   s h o w n   in   T a b l e s   6-3,   6-4,   a n d   6-5.   E c o n o m i c   i m p a c t  

s u m m a r i e s   ar e   s h o wn   for   b o t h   m e t a l   m i n i n g   c a s e s   in   t a b l e s  6 - 6  

a n d   6-7.   T h e   i n t e r m e d i a t e   i m p a c t   t a b l e s   h a v e   b e e n   i n c l u d e d  

in   t h i s   T h e s i s   to   c l a r i f y   t he   c a l c u l a t i o n s   for   the   r ea de r.  

T a b l e s  6 - 6  a n d   6-7   r e p r e s e n t   t he   t o t a l   i m p a c t   o n   a l l   p r o c e s -

si n g   s e c t o r s   a n d   h o u s e h o l d s   t h a t   r e s u l t s   f r o m   t he   p u r c h a s e  

o f   g o o d s   a n d   s u p p l i e s   b y   t h e   c h e m i c a l   smelter.   It   is   i n t e r -

e s t i n g   to   n o t e   t h a t   a l t h o u g h   th e   c h e m i c a l   s m e l t e r   m a k e s  

d i r e c t   p u r c h a s e s   f r o m   o n l y   n i n e   of   the   p r o c e s s i n g   s e c t o r s
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W i t h o u t   M i n i n g  
S e c t o r

0
0
0

2 5. 0 00  
0  
0  
0  
0  
0  
0  
0

2 0 0 , 0 0 0
58 6 . 0 0 0  

5, 000
0

2 3 0 . 00 0  
0

50 0 . 0 0 0

3 5 0 . 00 0

11. 000

T A B L E   6-2

P u r c h a s e   M a t r i c e s

W i t h   M i n i n g  
S e c t o r

Pet.   Prod.   &   N G   Process-   0
C o a l   M i n i n g   0
M e t a l   M i n i n g   5 , 4 5 4 , 4 1 8

I n d u s t r i a l   M i n e r a l s   25 , 00 0
I n d u s t r i a l   S e r v i c e s   0
P i p e l i n e   T r a n s p o r t a t i o n   0
P e t r o l e u m   R e f i n i n g   0
E l e c t r i c   P o w e r   G e n e r a t i o n   0
M e t a l   P r o c e s s i n g   0
Ag r i c u l t u r e   0
F o o d   &   K i n d r e d   Prod.   0
F a b r i c a t e d   M e t a l   2 0 0 , 0 0 0
C h e m i c a l   I n d u s t r i e s   5 8 6 , 0 0 0
P r i n t i n g   &   P u b l i s h i n g   5, 000
A l l   O t h e r   M a n u f a c t u r i n g   0
R e t a i l   &   W h o l e s a l e   T r a d e   2 3 0 , 0 0 0
C o n s t r u c t i o n   0
A l l   O t h e r   T r a n s p o r t a t i o n   5 0 0 , 0 0 0
C o m m u n i c a t i o n s   &   P u b l i c  
U t i l i t i e s   3 5 0 , 0 0 0
Ins. ,   Fin. ,   R. E. ,   &
Gen.   Svs.   1 1 , 0 0 0
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T A B L E  6 - 6

E c o n o m i c   I m p a c t   S u m m a r y   W i t h o u t   M e t a l   M i n i n g   S e c t o r

D i r e c t   a n d   D i r e c t ,
D i r e c t I n d i r e c t I n d ir e ct ,   «

S e c t o r I m p a c t I m p a c t I n d u c e d   Inv

Pet.   Prod.   &   N G  P r o c e s s 0 26, 1 94 3 0 , 2 3 6
C o a l   M i n i n g 327 9, 880 1 1 , 0 0 3
M e t a l   M i n i n g 0 646 701
I n d u s t r i a l   M i n e r a l s 3, 510 31, 4 18 3 3 , 0 0 1
I n d u s t r i a l   S e r v i c e s 42 6, 784 7, 810
P i p e l i n e   T r a n s p o r -
t a t i o n 4 1 , 0 2 6 58 , 8 95 6 7 , 98 3

P e t r o l e u m   R e f i n i n g 6 , 262 1 2, 9 18 2 2 , 8 3 1
Elec.   P o w e r   G e n e r a t i o n 5 9, 8 44 6 8, 5 54 7 5 , 9 6 5
M e t a l   P r o c e s s i n g 4 , 1 7 1 5, 903 6, 410
A g r i c u l t u r e 423 1 8 , 2 2 1 5 1 , 2 1 5
F o o d   &   K i n d r e d   Prod. 1 2 , 4 8 5 25, 5 98 7 1 , 2 2 7
F a b r i c a t e d   M e t a l 2 4 , 41 4 2 4 5 , 15 0 2 6 6 , 6 0 2
C h e m i c a l   I n d u s t r i e s 1 8 , 20 9 6 13 , 25 4 6 28 , 89 9
P r i n t i n g   &   P u b l i s h i n g 4 1 , 38 6 53, 53 8 60 , 03 7
A l l   O t h e r   M a n u f a c t u r i n g 9 , 0 47 2 0, 935 32 , 3 36
R e t a i l   &   W h o l e s a l e
T r a d e 1 9 1 , 2 1 6 4 7 4 , 5 8 3 8 3 8 , 5 9 8

C o n s t r u c t i o n 2 4 , 8 0 8 4 9 , 0 9 5 76 , 46 9
A l l   O t h e r
T r a n s p o r t a t i o n 6 8 , 2 9 5 58 7 , 6 2 7 6 1 0 , 0 0 0

C o m m u n i c a t i o n s   &   P u b l i c
U t i l i t i e s 35 , 2 18 4 0 0 , 9 50 4 4 4 , 2 8 7
I n s . ,   F i n . ,   R. E.   &
G e n .   S v s . 3 9 , 6 0 6 73 , 03 9 1 8 1 , 4 0 3

H o u s e h o l d s 4 6 4 , 1 0 7 0 9 1 0 , 2 9 4
G o v e r n m e n t 1 4 1 , 3 1 7 0 0
I m p o r t s 4 9 7 , 2 8 6 0 0
O t h e r 2 2 4 , 0 0 1 0 0

T o t a l 1 , 9 0 7 , 0 0 0 2, 7 8 3 , 1 8 2 4 , 4 2 7 , 3 0 7



T A B L E   6-7

E c o n o m i e   I m p a c t   S u m m a r y   w i t h   M e t a l   M i n i n g   S e c t o r

D i r e c t   a n d   D i r e c t ,  
D i r e c t   I n d i r e c t   I nd i r e c t ,   a n d

S e c t o r_______________   I m p a c t______ I m p a c t_____ I n d u c e d   I m p a c t

Pet.   Prod.   &   N G   Proc. 0 5 0, 1 5 5 7 1 , 2 9 1
C o a l   M i n i n g 327 1 9 , 6 2 2 2 5, 5 1 2
M é t a l   M i n i n g 0 5 , 4 5 5 , 5 5 5 5 , 4 5 5 , 8 2 8
I n d u s t r i a l   M i n e r a i s 4 2 , 9 6 7 85 , 13 3 9 3 , 4 19
I n d u s t r i a l   S e r v i c e s 5 9 9 , 7 3 3 6 1 2 , 7 1 0 6 1 8 , 0 7 8
P i p e l i n e   T r a n sp or . 4 1 , 0 2 6 1 1 2 , 7 6 8 1 6 0 , 2 8 8
P e t r o l e u m   R e f i n i n g 6, 26 2 2 1 , 7 49 7 3 , 5 68
E l e c t r i c   P o w e r
G e n e r a t i o n 59 , 84 4 1 3 2 , 4 6 3 1 7 1 , 2 0 5

M e t a l   P r o c e s s i n g 4 , 1 71 1 1 , 29 7 1 3 , 9 92
A g r i c u l t u r e 423 35 , 1 79 2 0 7 , 6 9 7
F o o d   &   K i n d r e d   Prod. 1 2 , 4 8 5 42 , 9 5 9 2 8 1 , 5 1 7
F a b r i c a t e d   M e t a l 1 9 7 , 9 6 8 4 6 9 , 6 9 7 5 8 1 , 86 2
C h e m i c a l   I n d u s t r i e s 2 5 0 , 9 1 6 8 6 7 , 1 3 0 9 4 8 , 3 1 5
P r i n t i n g   &   P u b l i s h i n g 49 , 2 6 8 9 0 , 0 88 12 4 , 0 8 3
A l l   O t h e r   M a n u f a c t . 2 5 7 , 4 8 5 3 1 5 , 8 6 7 37 5 , 4 7 9
R e t a i l   &   W h o l e s a l e
T r a d e 3 1 2 , 54 2 7 9 8 , 8 7 5 2 , 7 0 2 , 2 5 8

C o n s t r u c t i o n 1 6 4 , 2 6 6 26 8 , 2 0 4 4 1 1 , 3 2 7
A l l   O t h e r   Tr an sp. 2 4 1 , 9 3 9 8 4 0 , 21 6 9 5 7 , 2 3 9
C o m m u n i c a t i o n s   &
P u b l i c   Util. 3 6 6 , 6 5 6 77 4 , 7 2 6 1 , 0 0 1 , 3 0 3
I n s . ,   F i n . ,   R . E . ,
&   G e n   Svs. 51 , 2 2 4 1 5 0 , 7 2 6 7 1 7 , 0 4 3

H o u s e h o l d s 2 , 1 9 2 , 2 6 5 0 4 , 7 5 9 , 3 6 2
G o v e r n m e n t 3 7 4 , 1 7 1 0 0
I m p o r t s 9 9 0 , 6 9 0 0 0
O t h e r 1 , 1 4 4 , 7 9 0 0 0

T o t a l 7 , 3 6 1 , 4 1 8 1 1 , 1 5 5 , 1 1 9 1 9 , 7 5 0 , 6 6 6
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( i nc lu d in g   m e t a l   m i n i n g   s e c t o r ) ,   all   of   th e   p r o c e s s i n g  

s e c t o r s   e x p e r i e n c e   an   i n c r e a s e   in   o u t p u t   or   c o r r e s p o n d i n g l y  

a n   i n c r e a s e   in   the   d e m a n d   for   t h e i r   p r o d u c t .   T h i s   s i t u -

a t i o n   is   a   r e s u l t   o f   C o l o r a d o ' s   i n h e r e n t l y   b r o a d - b a s e d   e c o -

nomy.   If   t h e   e c o n o m y  w e r e   d o m i n a t e d   b y   a   f e w   n u m b e r   of  

l a r g e   i n d u s t r i e s   o r   if   t he   S t a t e   w e r e   v e r y   d e p e n d e n t   on  

imports ,   b o t h   the   e x t e n t   a n d   the   v a l u e   of   th e   i m p a c t   w o u l d  

be   g r e a t l y   reduc ed.

T h e   i n t e r d e p e n d e n c y   of   t h e   i n d i v i d u a l   s e c t o r s   in  

t he   C o l o r a d o   e c o n o m y   is   m a d e   c l e a r e r   b y   i n c l u d i n g   t h e   p u r -

c h a s e s   f r o m   t h e   m e t a l   m i n i n g   s e c t o r   in   the   i m p a c t   c a l c u l a -

tion.   If   t h e s e   p u r c h a s e s   o r i g i n a t e   f r o m   n e w  m i n e   p r o d u c -

tion,   t h e   i m p a c t   o n   t h e   e c o n o m y   is   s i g n i f i c a n t l y   g r e a t e r  

t h a n   w o u l d   o t h e r w i s e   b e   t h e   case.   T h e   i m p a c t   of   the   m e t a l  

m i n i n g   s e c t o r   is   sho wn   in   T a b l e  6-8 .

S i n c e   th e   m e t a l   m i n i n g   s e c t o r   is   c a p i t a l   i n t e n s i v e ,  

its   i m p a c t   on   t he   e c o n o m y   is   r e l a t i v e l y   g r e a t e r   t h a n   t h e  

i m p a c t   o f   l a b o r   i n t e n s i v e   se ct ors .   T h e   i n d i r e c t   a n d   i n -

d u c e d   i m p a c t   of   an   i n c r e a s e   in   m i n e   o u t p u t   is   p r o p o r t i o n -

a t e l y   g r e a t e r   t h a n   the   a v e r a g e   f o r   al l   se ct ors .   T h i s   s i t -

u a t i o n   is   s h o w n   by   the   v a r i o u s   f a c t o r s   p r o v i d e d   in   T a b l e  6-8 .  

T h e s e   f a c t o r s   a r e   m u l t i p l i e r s   w h i c h   r e p r e s e n t   o n l y   t h e   i m -

p a c t   of   p r o c e s s   i n d u s t r y   p u r c h a s e s .   T h e y   ar e   n o t   t o   b e  

c o n f u s e d   w i t h   th e   " m u l t i p l i e r s "   p r e v i o u s l y   r e f e r r e d   to   in
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T A B L E  6 - 8

I m p a c t   C o m p a r i s o n   of   M e t a l   M i n i n g   P u r c h a s e

D i r e c t   I m p a c t   on  
P u r c h a s e s

D i r e c t   a n d   I n d i r e c t  
I m p a c t

A g g r e g a t e   O u t p u t  
F a c t o r

D i r e c t   I m p a c t   on  
H o u s e h o l d   I n c o m e

T o t a l   I m p a c t   on  
H o u s e h o l d   I n c o m e

A g g r e g a t e   T y p e - I I  
I n c o m e   F a c t o r

T o t a l   I m p a c t   on  
E c o n o m y

A g g r e g a t e   T o t a l  
I m p a c t   F a c t o r

W i t h o u t   an   W i t h   an  
I n c r e a s e   in   I n c r e a s e   in  

M e t a l   M i n i n g   M e t a l   M i n i n g  
O u t p u t   O u t p u t___

$ 1 , 9 0 7 , 0 0 0   $ 7 , 3 6 1 , 4 1 8

$ 2 , 7 8 3 , 1 8 2   $ 1 1 , 1 5 5 , 1 1 9

1. 46   1. 51

$ 4 6 4 , 1 0 7   $ 2 , 1 9 2 , 2 6 5

$ 9 1 0 , 2 9 4   $ 4 , 7 5 9 , 3 6 2

1. 96   2. 17

I m p a c t   of  
M e t a l  
M i n i n g  
S e c t o r

$ 5 , 4 5 4 , 4 1 8

$ 8 , 3 7 1 , 9 3 7

1. 53

$ 1 , 7 2 8 , 1 5 8

$ 3 , 8 4 9 , 0 6 8

2. 23

$ 4 , 4 2 7 , 3 0 7   $ 1 9 , 7 5 0 , 6 6 6   $ 1 5 , 3 2 3 , 3 5 9

2. 32 2 . 6 8 2. 81



T - 1 6 1 5 104

t h i s   Thes is.   A s   c a n   b e   s e e n   f r o m  T a b l e  6-8 ,   an   i n c r e a s e  

in   th e   o u t p u t   of   t h e   m e t a l   m i n i n g   s e c t o r   r e s u l t s   in   a   10. 7  

p e r c e n t   i n c r e a s e   in   t he   i n c o m e   f a c t o r   a nd   a   15 . 5   p e r c e n t  

i n c r e a s e   in   t h e   t o t a l   i m p a c t   factor.   In   o t h e r   w o r d s ,   the  

m e t a l   m i n i n g   s e c t o r   h a s   a   p r o p o r t i o n a t e l y   g r e a t e r   i m p a c t  

o n   t he   e c o n o m y   t h a n   t hé   a v e r a g e   i m p a c t   of   t h e   o t h e r   s e c t o r s  

f r o m   w h i c h   t h e   c h e m i c a l   s m e l t e r   p u r c h a s e s   its   g o o d s   a nd  

ser vic es.

E m p l o y m e n t .   In   a d d i t i o n   to   t h e   i m p a c t   t h a t   r e s u l t s  

f r o m   p r o c e s s   i n d u s t r y   p u r c h a s e s ,   t he   c h e m i c a l   s m e l t e r   p u r -

c h a s e s   l a b o r   f r o m   t he   h o u s e h o l d   sector.   T h i s   e m p l o y m e n t  

a n d   s u b s e q u e n t   h o u s e h o l d   i n c o m e   w i l l   h a v e   a n   i m p a c t   o n   the  

ec o no m y.   F o r   the   p u r p o s e   of   c a l c u l a t i n g   the   e m p l o y m e n t   i m -

pact,   it   w a s   a s s u m e d   t h a t   t h e s e   i n d i v i d u a l s   w o u l d  d i s p o s e  

of   t h e i r   i n c o m e   in   t h e   sa m e   m a n n e r   as   s h o w n   in   t h e   o r i g i n a l  

t r a n s a c t i o n   m a t r i x   o f   the   C o l o r a d o   ec ono m y.   T h e   i n c o m e   d i s -

t r i b u t i o n   of   t h e   s m e l t e r ' s   e m p l o y m e n t   is   s h o w n   in   t h e   f i rs t  

c o l u m n   of   T a b l e   6-9.   If   o n e   w a s   to   u t i l i z e   a   p u r c h a s e   m a -

t r i x   to   c a l c u l a t e   t he   e c o n o m i c   i m p a c t   as   p r e v i o u s l y   m e n t i o n e d ,  

o n e   n e e d   o n l y   fil l   in   zero s   f or   t he   s e c t o r s   n o t   s h o w n   in  

T a b l e   6-9.

T h e   d a t a   s h o w n   in   T a b l e   6-9   r e p r e s e n t   o n l y   a g g r e g a t e d  

i m p a c t   v a l u e s .   T h e s e   v a l u e s   r e p r e s e n t   th e   i m p a c t   o n   all  

s e c t o r s   t h a t   r e s u l t   w h e n   t he   h o u s e h o l d   s e c t o r   m a k e s   a   d i r e c t
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p u r c h a s e   f r o m   on e   of   t he   s e c t o r s   s h o w n   o n   t h e   le f t   s i de   of  

the   table.   T h e   t o t a l   for   t h e   f i r st   c o l u m n   r e p r e s e n t s   the  

d i r e c t   impact.   T h e   t o t a l   for   th e   s e c o n d   c o l u m n   r e p r e s e n t s  

t h e   d i r e c t   a n d   i n d i r e c t   i m p a c t   a nd   th e   t o t a l   for   t h e   t h i r d  

c o l u m n   r e p r e s e n t s   th e   t o t a l   i m p a c t   ( direct,   i nd ir ect ,   a n d  

ind uce d) .   R e f e r r i n g   to   T a b l e   5-5,   t h e   v a l u e   of   th e   s m e l t e r ' s  

e m p l o y m e n t ,   $1 , 5 5 7 , 0 0 0 ,   r e s u l t s   in   h o u s e h o l d   p u r c h a s e s   f r o m  

t h e   p r o c e s s i n g   s e c t o r s   of   $ 8 3 1 , 2 3 6   as   s h o w n   o n   T a b l e   6-9.

T h e   d i r e c t   a nd   i n d i r e c t   i m p a c t   a m o u n t e d   to   $1 , 25 5   t h o u s a n d  

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

w a s   $ 2 , 0 3 1   tho us an d .   As   t he   o u t p u t   o f   e a c h   s e c t o r   s h o w n   on  

T a b l e   6-9   i nc r ea s e s,   t h e   p a y m e n t s   m a d e   b y   e a c h   p r o c e s s i n g  

s e c t o r   to   the   h o u s e h o l d   s e c t o r   w i l l   a l s o   i n c r ea s e .   T h e   d i r e c t  

i m p a c t   o n   h o u s e h o l d   i n c o m e   w a s   $ 2 1 0 , 5 1 1   a n d   t he   t o t a l   i m p a c t  

o n   h o u s e h o l d   i n c o m e   w a s   $ 4 28, 772 .

A l t h o u g h   t h e   i m p a c t   d a t a   s h o wn   in   T a b l e   6-9   is   s o m e w h a t  

a g g r e g a t e d ,   it   w a s   fel t   b y   t h i s   a u t h o r   t h a t   t h e   c a l c u l a t i o n  

o f   e c o n o m i c   i m p a c t   n e e d   n o t   b e   d u p l i c a t e d   in   t he   s a m e   d e t a i l  

as   t h a t   s h o w n   for   the   p r o c e s s   i n d u s t r y   p u r c h a s e s .

T o t a l   E c o n o m i c   I m p a c t .   B y   a d d i n g   t h e   i m p a c t   d u e   to   the  

s m e l t e r s   e m p l o y m e n t   a n d   th e   p r o c e s s   i n d u s t r y   p u r c h a s e s ,   the  

t o t a l   a n n u a l   i m p a c t   on   t h e   C o l o r a d o   e c o n o m y   c a n   b e   c a l c u -

l a t e d  ,   as   s h o w n   in   T a b l e   6-10.   T he   i m p a c t   w h i c h   r e s u l t s   f r o m  

t h e   e m p l o y m e n t   in   t he   c h e m i c a l   s m e l t e r   a n d   the   d i r e c t   p u r -

c h a s e s   of   g o o d s   a n d   s e r v i c e s   f r o m   t h e   p r o c e s s i n g   s e c t o r s
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T A B L E   6-10

T o t a l   E c o n o m i c   I m p a c t   of   C h e m i c a l   S m e l t e r   o n   C o l o r a d o
E c o n o m y

D i r e c t   I m p a c t

D i r e c t   a n d   I n d i r e c t  
I m p a c t

O u t p u t   M u l t i p l i e r   for  
C h e m i c a l   S m e l t e r

D i r e c t   I m p a c t   on  
H o u s e h o l d   I n co m e

T o t a l   I m p a c t   o n   H o u s e -
h o l d   I nc o m e

T y p e - I   I n c o m e   M u l t i -
p l i e r   for   C h e m i c a l  
S m e l t e r   1. 98 5

T o t a l   I m p a c t   o n   E c o n o m y   $ 6 , 4 6 1 , 6 5 7

M i n i m u m :   No
I n c r e a s e   in   M e t a l  
M i n i n g   O u t p u t____

$ 2 , 7 3 8 , 2 3 6 *

$ 4 , 0 3 8 , 1 5 0

1. 475

$ 6 7 4 , 6 1 8

$ 1 , 3 3 9 , 0 6 6

T o t a l   I m p a c t   M u l t i p l i e r  
for   C h e m i c a l   S m e l t e r 2 . 360

M a x i m u m :   I n c r e a s e  
in   M e t a l   M i n i n g  

O u t p u t________

$ 8 , 1 9 2 , 6 5 4 *

$ 1 2 , 4 1 0 , 0 8 7

1. 5 15

$ 2 , 4 0 2 , 7 7 6

$ 5 , 1 8 8 , 1 6 4

2 . 159

$ 2 1 , 7 8 5 , 0 1 6

2 . 65 9

*   D i r e c t   i m p a c t   of   e m p l o y m e n t   i n c l u d e s   o n l y   d i r e c t ,   h o u s e -
h o l d   p u r c h a s e s   f r o m   t h e   p r o c e s s i n g   s e c t o r s   $8 31 , 23 6 .
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is   s h o w n   for   t wo   c a s e s ,   w i t h   a n d   w i t h o u t   an   i n c r e a s e   in  

m e t a l   m i n i n g   o u t p u t .   As   p r e v i o u s l y   n o t e d ,   t h e s e   t w o   c a s e s  

b r a c k e t   t h e   p o t e n t i a l   i m p a c t   of   a   c h e m i c a l   s m e l t e r   o n   t h e  

C o l o r a d o   e c o n o m y .

F o r   t h e   f i r s t   c a s e   in   w h i c h   t h e r e   is   no   i n c r e a s e   in  

m e t a l   m i n i n g   o u t p u t ,   t he   d i r e c t   i m p a c t   a n d   t he   d i r e c t   a n d  

i n d i r e c t   i m p a c t   are   $2. 74   a n d   $4. 04   m i l l i o n ,   r e s p e c t i v e l y .

F r o m   t h e s e   t w o   va l ue s ,   t h e   o u t p u t   m u l t i p l i e r   fo r   th e   c h e m i -

c a l   s m e l t e r   c a n   b e   c a l c u l a t e d .   Th i s   m u l t i p l i e r   sh ow s   t h a t  

for   e v e r y   o n e   d o l l a r   i n c r e a s e   in   the   s m e l t e r ' s   o u t p ut ,   t h e  

t o t a l   o u t p u t   f r o m   all   p r o c e s s i n g   s e c t o r s   w i l l   i n c r e a s e   b y  

$1. 47.   T h i s   i n c r e a s e d   e c o n o m i c   a c t i v i t y   w i l l   r e s u l t   in  

a d d i t i o n a l   i n c o m e   to   h o u s e h o l d s   of   $1. 34   m i l l i o n   o r   1. 98  

t i m e s   t h e   d i r e c t   p a y m e n t s   to   h o u s e h o l d s   as   w a g e s   a n d   sa la ri e s.  

I n c l u d i n g   th e   i n d u c e d   e f f e c t   d u e   to   i n c r e a s e d   c o n s u m e r  

s pe ndi ng,   t h e   t o t a l   i m p a c t   o n   t h e   e c o n o m y   is   $6 . 46   m i l l i o n  

o r   2. 36   t i m e s   t he   o r i g i n a l   v a l u e   o f   t he   s m e l t e r ' s   p u r c h a s e s .

F o r   t h e   s e c o n d   ca s e   in   w h i c h   t h e r e   is   a n   i n c r e a s e   in  

m e t a l   m i n i n g   o ut p ut ,   t h e   c a l c u l a t e d   i m p a c t   f ar   e x c e e d s   t h a t  

o f   t h e   f i r s t   case.   T h i s   s i t u a t i o n   is   d u e   m a i n l y   to   t h e  

f a c t   t h a t   t he   p u r c h a s e   of   o r e   a n d   c o n c e n t r a t e   f r o m   the   m e t a l  

m i n i n g   s e c t o r   is   t he   l a r g e s t   p u r c h a s e   m a d e   b y   t he   c h e m i c a l  

sm elt er.   T h e   a b s o l u t e   v a l u e   of   the   i m p a c t   c a l c u l a t e d   for  

t h e   s e c o n d   c a s e   is   n o t   d i r e c t l y   c o m p a r a b l e   to   t h a t   of   the
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f i r s t   c a s e   s i n c e   t h e   t w o   c a s e s   r e p r e s e n t   e n t i r e l y   d i f f e r e n t  

si tu a ti o ns .   It   is   i n t e r e s t i n g   to   n o t e ,   h o w e v e r ,   t h a t   t h e  

m u l t i p l i e r s   c a l c u l a t e d   for   t he   s e c o n d   c a s e   a r e   l a r g e r   t h a n  

t h o s e   f or   the   f i r s t   case.   O n e   w o u l d   e x p e c t   t hi s   r e s u l t  

s i n c e   t he   m e t a l   m i n i n g   s e c t o r   is   c a p i t a l   i nt e n s i v e .
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C H A P T E R   7:   C O N C L U S I O N S

E c o n o m i c   m o d e l s ,   i n c l u d i n g   i n p u t - o u t p u t   m o d e l s ,   a re  

m a t h e m a t i c a l   a p p r o x i m a t i o n s   of   r e a l - w o r l d   s i t u a t i o n s   at  

e i t h e r   o n e   i n s t a n t   in   t i m e   o r   o v e r   a   s p e c i f i e d   t i m e   p e r i o d .

A  m o d e l   is   a n   e m p i r i c a l   r e l a t i o n s h i p   w h i c h   is   b a s e d   on   d a t a  

t h a t   a r e   c o l l e c t e d   a n d   c o m p i l e d   o v e r   a   g i v e n   t i m e   pe r i od .   In  

effe ct ,   e c o n o m i c   m o d e l s   r e d u c e   c om p l e x ,   r e a l - w o r l d   d a t a   into  

a   m a n a g e a b l e   f o r m  w h i c h   c a n   b e   u t i l i z e d   b y   t he   a na l ys t .   T h i s  

r e d u c t i o n   s t e p   is   a c c o m p l i s h e d   by   m a n i p u l a t i n g   t he   d a t a   ac-  

c c o r d i n g   to   a   g i v e n   set   of   s i m p l i f y i n g   a s s u m p t i o n s .   T h e s e  

a s s u m p t i o n s ,   ho wev e r ,   i n v a r i a b l y   i n t r o d u c e   e r r o r   i nt o   the  

mo de l .   T h e   a m o u n t   of   e r r o r   d e p e n d s   u p o n   t h e   sk il l   a n d   s u b -

j e c t i v e   j u d g e m e n t   of   the   an al y s t.

M o d e l s   v a r y   o v e r   a   b r o a d   s p e c t r u m   a c c o r d i n g   to  m e t h o d -

o l o g y   of   fo r m u l a t i o n ,   p u r p o s e ,   d e t a i l ,   a n d   c o m p l e x i t y  ;   y e t  

a l l   m o d e l s   h a v e   o n e   c h a r a c t e r i s t i c   in   c o m m o n   w h i c h   is   at  

t h e i r   v e r y   f o u n d a t i o n   -   the   " t i m e - e n v i r o n m e n t   a n a c h r o n i s m " .  

T h i s   c h a r a c t e r i s t i c   r e f e r s   to   t he   a s s u m p t i o n   t h a t   t h e   e n v i r o n -

m e n t   ( social,   p o l i t i c a l ,   o r   ec o n om i c)   e i t h e r   d o e s   n o t   c h a n g e  

a t   a l l   o r   t h a t   if   it   d oe s   c h an ge,   it   d o e s   s o   a c c o r d i n g   to  

s o m e   p r e d e t e r m i n e d   pa t te r n .   In   o t h e r   wo rd s ,   t h e   e l e m e n t   of
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c h a n g e   is   e i t h e r   e l i m i n a t e d   or   at   l e as t   c o n s t r a i n e d .   T h e  

i n a b i l i t y   of   a   m o d e l   to   c o p e   w i t h   c h a n g e   is   its   m a j o r   l i m i -

t a t i o n   a nd   r e s u l t s   in   m o s t   of   t h e   e r r o r   i n v o l v e d   in   u t i l i z -

in g   an   e c o n o m i c   mo de l.

A l t h o u g h   a n   o l d   c l i c h e   s t a t e s   t h a t   t h e   m o r e   t h i n g s   c h a n g e ,  

t h e   m o r e   t h e y   r e m a i n   th e   same,   a  m o r e  r e a s o n a b l e   i n t e r p r e t a -

t i o n   w o u l d   be   t ha t   the   o n l y   t h i n g   th a t   is   c o n s t a n t   is   c h a n g e .  

W h e n   an   a n a l y s t   u s e s   a   m o de l ,   he   in   e f f e c t   p r o j e c t s   the   e n -

v i r o n m e n t   w h i c h   e x i s t e d   at   the   t i m e   of   m o d e l - f o r m u l a t i o n   into  

a   f u t u r e   t im e   peri od.   T h e   r e s u l t s   w h i c h   t he   a n a l y s t   o b t a i n s  

w i l l   n o t   be   an   a c c u r a t e   r e p r e s e n t a t i o n   of   th e   f u t u r e   s i t u a -

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

t h e   g r e a t e r   the   e r r o r   of   the   e s t i m a t e s .   It   s h o u l d   b e   m e n -

tion ed ,   ho we v e r,   t h a t   m o d e l s   p r o v i d e   a   q u a n t i t a t i v e   m e a s u r e  

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

t h e y   a r e   b e t t e r   t h a n   n o   e s t i m a t e s   at   all.   In   o t h e r   w o r ds ,  

e v e r y   a n a l y s t   r e a l i z e s   th e   l i m i t a t i o n s   o f   e c o n o m i c   m o d el s ,  

y e t   in   t h e   a b s e n c e   o f   c r y s t a l   b a l ls ,   e c o n o m i c   m o d e l s   p r o v i d e  

a n   e s s e n t i a l   s e r v i c e   by   g i v i n g   us   p r o b a b l e   f u t u r e   e v e n t s   on  

a   "c o u l d   be"   basis .   S u c h   i n f o r m a t i o n   p r o v i d e s   i n v a l u a b l e  

g u i d e l i n e s   for   d e c i s i o n - m a k i n g .

A n o t h e r   f a c t o r   w h i c h   c o n t r i b u t e s   to   the   t i m e - e n v i r o n m e n t  

a n a c h r o n i s m   is   t h e   t i m e - l a g   b e t w e e n   d a t a   c o l l e c t i o n   a n d   c o m -

p i l a t i o n   a n d   m o d e l   d e v e l o p m e n t .   In   m a n y   cases,   th e   t i m e - l a g  

is   so   lon g   t h a t   b y   th e   t i m e   t h e   m o d e l   is   d e v e l o p e d ,   it   is   no
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l o n g e r   a p p l i c a b l e .   T h i s   s i t u a t i o n   is   p a r t i c u l a r l y   t r u e   for  

i n p u t - o u t p u t   m o d e l s   w h i c h   h a v e   v e r y   s t r i n g e n t   d a t a   r e q u i r e -

me nt s .   D a t a - a v a i l a b i l i t y   p r o b l e m s   a l w a y s   p l a g u e   i n p u t - o u t p u t  

s t u d i e s   an d   thu s   d a t a   c o l l e c t i o n   is   u s u a l l y   a   l e n g t h y ,   ti me-  

c o n s u m i n g   p r o c e d u r e   u n l e s s ,   h o w e v e r ,   o n e   r e s o r t s   to   the   us e  

o f   s e c o n d a r y   s o u r ce s   of   i n f o r m a t i o n   or   o t h e r   i n p u t - o u t p u t  

s t u d i e s .

T h e   u se   of   o t h e r   i n p u t - o u t p u t   s t u d i e s   m a y   s o l v e   m a n y  

of   t h e   d a t a - a v a i l a b i l i t y   p r o b l e m s ,   b u t   it   a l s o   i n t r o d u c e s  

a n o t h e r   t y p e   of   e r r o r   i nt o   t h e   m o d e l   -   t h e   " e c o n o m y - l o c a t i o n  

a n a c h o r i s m " .   By   u s i n g   a n o t h e r   r e g i o n a l   i n p u t - o u t p u t   s t u d y ,  

the   a n a l y s t   a s s u m e s   t h a t   t h e   e c o n o m i c   s t r u c t u r e   of   his   s t u d y  

r e g i o n   is   th e   same   as   t he   o t h e r   region.   He   is   t r a n s f e r r i n g  

a n o t h e r   r e g i o n ' s   e c o n o m y   in t o   h is   s t u d y   reg ion .   T h e   c h o i c e  

o f   e x i s t i n g   i n p u t - o u t p u t   s t u d i e s   is   of   p a r a m o u n t   i m p o r t a n c e  

if   o n e   is   to   m i n i m i z e   the   e r r o r   du e   to   t he   e c o n o m y - l o c a t i o n  

a n a c h o r i s m .

In   t he   T h e s i s ,   t h e   i n p u t - o u t p u t   m o d e l   w a s   b a s e d   o n   a n -

o t h e r   i n p u t - o u t p u t   study.   B y   a p p l y i n g   t he   i n p u t - o u t p u t   m o d e l  

o f   th e   K a n s a s   e c o n o m y ,   thi s   a u t h o r   a s s u m e d   t h a t   t h e   s t r u c t u r e  

o f   th e   C o l o r a d o   e c o n o m y   w a s   v e r y   s i m i l a r   to   t h e   K a n s a s   e c o -

nomy.   In   a d d i t io n ,   s i n c e   the   K a n s a s   s t u d y   w a s   s o m e w h a t   o u t d a t e d ,  

t h i s   a u t h o r   a l s o   a s s u m e d   t h a t   t h e r e   w e r e   n o   t e c h n o l o g i c a l  

s t r u c t u r a l   c h a n g e s   in   t h e   K a n s a s   ec o no m y.   Thus,   t h i s   a u t h o r
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ha s   i n t r o d u c e d   b o t h   e r r o r   d u e   to   th e   t i m e - e n v i r o n m e n t   a n a c h r o n -

is m   a n d   e r r o r   d ue   to   t he   e c o n o m y - l o c a t i o n   a n a c h o r i s m .   D ue  

to   t he   l i m i t a t i o n   of   ti me   a n d   f i n a n c i a l   r e s o u r c e s ,   h o w e v e r ,  

no   o t h e r   c o u r s e   of   a c t i o n   w a s   fea sible.

A l t h o u g h   t h e   u s e   of   p r i m a r y   s o u r c e s   of   i n f o r m a t i o n   a nd  

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

a   m u c h   m o r e   a c c u r a t e   a nd   c o m p l e t e   r e p r e s e n t a t i o n   of   th e   C o l o -

r a do   e c o n o m y ,   it   is   d o u b t f u l   t h a t   t h e   us e   of   th e   m o d e l   for  

p r o j e c t i o n   p u r p o s e s   or   i m p a c t   a n a l y s i s   w o u l d   be   a n y   m o r e   v a l i d .  

T h e   d y n a m i c   n a t u r e   of   t he   C o l o r a d o   e c o n o m y   w i l l   p r o b a b l y   r e n -

d e r   a n y   i n p u t - o u t p u t   m o d e l   o b s o l e t e   in   a   v e r y   s h o r t   time.

T h e   i m p o r t a t i o n   of   l a r g e   a m o u n t s   of   s t e a m   co a l   f r o m   W y o m i n g ,  

th e   d e v e l o p m e n t   of   a   n e w   l a r g e   u n d e r g r o u n d   m o l y b d e n u m   m i n e ,  

t h e   c o n v e r s i o n   f r o m   o p e n - h e a r t h   s t e e l m a k i n g   to   e l e c t r i c   f u r -

n a c e   s t e e l m a k i n g   at   C F & I ,   C l i m a x ' s   s w i t c h   f ro m   u n d e r g r o u n d  

to   o p e n   p i t   m i n i n g ,   a nd   the   d e v e l o p m e n t   of   a   n e w   s t e a m   c o a l  

m i n e   are   j u s t   a   f ew   e x a m p l e s   of   r e c e n t   s t r u c t u r a l   c h a n g e s  

in   th e   C o l o r a d o   e c o n o m y   w h i c h   h a v e   n o t   b e e n   a c c o u n t e d   for   in  

t h i s   i n p u t - o u t p u t   model .

In   a n y   e v e n t ,   th e   U. S.   a nd   the   w o r l d   a re   e n t e r i n g   a   n e w  

e r a   of   u n c e r t a i n t y   a nd   chan ge.   T h e   e n e r g y   e v e n t s   w h i c h   h a v e  

t r a n s p i r e d   in   t he   la s t   y e a r   h a v e   h a d   a   large,   l a s t i n g   e f f e c t  

o n   t he   g o v e r n m e n t ,   the   p u b l i c ,   a n d   indus try .   D e c l i n i n g   s u p -

p l i e s   o f   e n e r g y   fu el s   a nd   t h e i r   s h a r p l y   h i g h e r   p r i c e s   h a v e
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i n c r e a s e d   th e   r e l a t i v e   i m p o r t a n c e   of   e n e r g y   in   c o m p a r i s o n  

to   o t h e r   p r o d u c t i v e   inputs.   If   t he   c u r r e n t   s i t u a t i o n   p e r -

sists,   r e a l   c h a n g e s   in   li f e   s t y l e s   a n d   i n d u s t r y   p a t t e r n s  

c o u l d   result.   In   a   g i v e n   reg ion,   some   i n d u s t r i e s   m a y   s t a g -

n a t e   or   d i e - o ut ,   w h i l e   o t h e r s   b e g i n   o p e r a t i o n ,   r e s u l t i n g   in  

a   s h i f t   of   m a n p o w e r   a n d   c ap i t al ,   b o t h   w i t h i n   a n d   w i t h o u t  

t h e   region.

In   r e g a r d   to   the   e n e r g y   s i t u a t i o n ,   C o l o r a d o   r a n k s   h i g h  

in   t e rm s   of   p o t e n t i a l   s i g n i f i c a n t   c h a n g e s   in   t h e   s t r u c t u r e  

o f   its   eco no my .   Th e   d e v e l o p m e n t   of   oi l   s h a l e   is   o n l y   o n e  

e x a m p l e   of   p r o j e c t s   w h i c h   c o u l d   h a v e   a   t r e m e n d o u s ,   l o n g - t e r m  

i m p a c t   o n   t h e   econo my .

T h u s ,   g i v e n   t h e   c u r r e n t   e n e r g y   s i t u a t i o n   a n d   t h e   d y n a m i c  

n a t u r e   of   C o l o r a d o ' s   e c o no m y,   no   a n a l y s t   c a n   e x p e c t   to   f o r m u -

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

w i t h   a n y   d e g r e e   of   a cc u r ac y .   T h e   e c o n o m y   is   c h a n g i n g   t o o  

fa s t   a n d   is   s u b j e c t   to   t o o  m a n y   v a r i a b l e s .



A P P E N D I X   A:   C O M P U T E R   P R O G R A M S
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P r o g r a m   #1:   C a l c u l a t i o n   of   O u t p u t   M u l t i p l i e r

10   L I M   A S ( 2 1 . 2 1 ) , B S ( 2 0 , 2 0 ) , C S (20,20)

20   J=0  

30   J = J + 1

40   IF   J = 2 2   T H E N   110  

50   R E A D   X  

60   F O R   1=1   T O   21  

70   R E A D Y  

80   A( I, J)  =  ( Y/X)

90   N E X T   I  

100   GO   T O   30  

110   F O R   1=1   T O   20  

120   F O R   J =1   T O   20  

130   B (I ,J )=A (I ,J )

140   N E X T   J  

150   N E X T   I  

160   R E D I M   R (20,20)

170   M A T   A = B

180   P R I N T   "   * * * * * * * * * * * D I R E C T   R E Q U I R E M E N T   T A B L E * * * * * * *

190   P R I N T

200   M A T   P R I N T   A

210   P R I N T

220   P R I N T

230   J= 0
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P r o g r a m   #1:   C a l c u l a t i o n   of   O u t p u t   M u l t i p l i e r   ( Cont. )

240   Z =0  

250   J = J + 1

260   IF   J = 2 1   T H E N   320  

270   F O R   1=1   TO   20  

280   Z = A ( I ,J) +Z  

290   N E X T   I

300   P R I N T   "THE   T O T A L   F O R   C O L U M N " ; J ; " I S " ; Z

310   G O   T O   240

320   M A T   B = I D N ( 2 0 , 2 0 )

330   M A T   C = B - A  

340   M A T   A= IN V( C )

350   M A T   B=TRN( A)

360   P R I N T  

370   P R I N T  

380   P R I N T

390   P R I N T   " * * * * * * * D I R E C T ,   IN D I RE C T,   A N D   I N D U C E D   R E Q U I R E M E N T "

400   P R I N T

410   M A T   P R I N T   B

420   P R I N T

430   P R I N T

440   J =0

450   Z=0

460   J = J + 1
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118.

P r o g r a m   #1:   C a l c u l a t i o n   of   O u t p u t   M u l t i p l i e r   ( Cont. )

470   IF   J = 2 1   T H E N   840  

480   F O R   1-1   T O   20  

490   Z = B ( I , J ) + Z  

500   N E X T   I

510   P R I N T   "THE   T O T A L   F O R   C O L U M N " ;J ; " I S " ; Z  

520   GO   T O   450

/
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P r o g r a m   #2:   C a l c u l a t i o n   of   I n c o m e   M u l t i p l i e r

10   D I M  A S ( 2 1 , 2 1 ) , 6 5 ( 2 1 , 2 1 ) , C S (21,21)

20   J=0  

30   J = J + 1

40   IF   J= 2 2   T H E N   110

50   R E A D   X

60   F O R   1=1   T O   21

70   R E A D   Y

80   A ( I ,J ) = ( Y/X)

90   N E X T   I  

100   G O   T O   30

110   P R I N T   ' •***** * * D I R E C T   R E Q U I R E M E N T   T A B L E   * ** * * * * "

120   P R I N T

130   M A T   P R I N T   A

140   P R I N T

150   P R I N T

160   J =0

170   Z=0

180   J = J + 1

190   IF   J = 2 2   T H E N   250  

200   F O R   1=1   T O   21  

210   Z = A ( I ,J) +Z  

220   N E X T   I

230   P R I N T   "THE   T O T A L   F O R   C O L U M N " ; J ; " I S " ; Z
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240   G O   T O   170

250   M A T   B = I D N (21,21)

260   M A T   C = B - A  

270   M A T   A =I NV( C)

280   M A T   B=TRN( A)

290   P R I N T  

300   P R I N T  

310   P R I N T

320   P R I N T   " * * * * * *D I RE C T,   I ND I RE C T,   A N D   I N D U C E D   R E Q U I R E M E N T "

330   P R I N T

340   M A T   P R I N T   B

350   P R I N T

360   P R I N T

370   J=0

380   Z=0

390   J = J + 1

400   IF   J = 2 2   T H E N   790  

410   F O R   1=1   TO   21  

420   Z = B ( I ,J) + Z  

430   N E X T   I

460   P R I N T   "THE   T O T A L   F O R   C O L U M N " ; J ; " I S " ; Z  

470   G O   T O   380



A P P E N D I X   B:   D E S C R I P T I O N   OF   I N D U S T R Y   S E C T O R S



C o m p a r i s o n   of   C o l o r a d o   I n t e r i n d u s t r y   M o d e l  

a n d   K a n s a s   I n p u t - O u t p u t   M o d e l

C o l o r a d o   I n t e r i n d u s t r y   M o d e l

1.   P e t r o l e u m   P r o d u c t i o n  
a n d   N a t u r a l   Gas  
P r o c e s s i n g

2.   C o a l   M i n i n g

3.   M e t a l   M i n i n g

4.   I n d u s t r i a l   M i n e r a l s

5.   I n d u s t r i a l   S e r v i c e s

6.   P i p e l i n e   T r a n s p o r t a t i o n

7.   P e t r o l e u m   R e f i n i n g

8.   E l e c t r i c   P o w e r   G e n e r a t i o n

9.   M e t a l   P r o c e s s i n g

10.   A g r i c u l t u r e

K a n s a s   I n p u t - O u t p u t   S t u d y

13,   C r u d e   O i l   a n d   N a t u r a l  
Gas

16.   O t h e r   M i n i n g

15.   N o n m e t a l l i e   M i n i n g
33.   C e m e n t   an d   C o n c r e t e
34.   O t h e r   S t o n e   a n d   C l a y

14.   O i l   a n d   G a s   S e r v i c e

50.   O t h e r   T r a n s p o r t a t i o n

31.   P e t r o l e u m   a n d   C o a l  
P r o d u c t s

35.   P r i m a r y   M e t a l s

1.   C o r n
2.   S o r g h u m
3.   W h e a t
4.   O t h e r   g r a i n s
5.   S o y b e a n s
6.   H a y
7.   D a i r y i n g
8.   P o u l t r y   &   p o u l t r y

p r o d u c t s
9.   C a t t l e

10.   Ho g s
11.   O t h e r   a g r i c u l t u r a l

p r o d u c t s
12.   A g r i c u l t u r a l   s e r v i c e s

122.
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11.   F o o d   &   k i n d r e d   p r o d u c t s

12,   F a b r i c a t e d   m e t a l

13.   C h e m i c a l   i n d u s t r i e s

14.   P r i n t i n g   &   p u b l i s h i n g

15.   A l l   o t h e r   m a n u f a c t u r i n g

16.   R e t a i l   &   w h o l e s a l e   t r a d e

17.   C o n s t r u c t i o n

123.

21.   M e a t   p r o d u c t s
22.   D a i r y   p r o d u c t s
23.   G r a i n   m i l l   p r o d u c t s
24.   O t h e r   f o o d   &   k i n d r e d

p r o d u c t s

36.   F a b r i c a t e d   m e t a l s
37.   O t h e r   f a b r i c a t e d

m e t a l   p r o d u c t s
38.   F a r m  m a c h i n e r y
39.   C o n s t r u c t i o n   m a c h i n e r y
40.   F o o d   p r o d u c t s   m a c h i n e r y
41.   E l e c t r i c   m a c h i n e r y
42.   O t h e r   m a c h i n e r y
43.   M o t o r   v e h i c l e s
45.   T r a i l e r   c o a c h e s
46.   O t h e r   t r a n s p o r t a t i o n

e q u i p m e n t

28.   I n d u s t r i a l   c h e m i c a l s
29.   A g r i c u l t u r a l   c h e m i c a l s
30.   O t h e r   c h e m i c a l s
32.   R u b b e r   &   p l a s t i c s

27.   P r i n t i n g   &   p u b l i s h i n g

26.   P a p e r   a nd   a l l i e d  
p r o d u c t s

25.   A p p a r e l
44.   A e r o s p a c e
47.   O t h e r   m a n u f a c t u r i n g

53.   G r o c e r i e s
54.   F a r m   p r o d u c t s
55.   M a c h i n e r y   &   e q u i p m e n t
56.   O t h e r   w h o l e s a l e   t r a d e
57.   F a r m   e q u i p m e n t   d e a l e r s
58.   G a s o l i n e   s e r v i c e

s t a t i o n s
59.   E a t i n g   &   d r i n k i n g
60.   O t h e r   r e t a i l   t r a d e

17.   M a i n t e n a n c e   a n d   r e p a i r
18.   B u i l d i n g   c o n s t r u c t i o n
19.   H e a v y   c o n s t r u c t i o n
20.   S p e c i a l   t r a d e   c o n s t r u c -

t i o n
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18.   A l l   o t h e r   t r a n s p o r t a t i o n

19.   C o m m u n i c a t i o n s   and
p u b l i c   u t i l i t i e s

20.   I n s u r a n c e ,   F i n a n c e ,   Re al
E s t a t e   an d   G e n e r a l  
S e r v i c e s

H o u s e h o l d s

G o v e r n m e n t

Im po r ts

O t h e r

48.   R a i l r o a d   t r a n s p o r t a t i o n
49.   M o t o r   f r e i g h t

51.   C o m m u n i c a t i o n s
52.   El e c t r i c ,   gas   and

s a n i t a r y   s e r v i c e s

61.   B a n k i n g
62.   O t h e r   f i n a n c e
63.   I n s u r a n c e   a n d   re a l

e s t a t e
64.   L o d g i n g   s e r v i c e s
65.   P e r s o n a l   s e r v i c e s
66.   B u s i n e s s   s e r v i c e s
67.   M e d i c a l   a n d   h e a l t h

s e r v i c e s
68.   O t h e r   s e r v i c e s
69.   E d u c a t i o n

70.   H o u s e h o l d s

71.   F e d e r a l   g o v e r n m e n t
72.   S t a t e   g o v e r n m e n t
73.   L o c a l   g o v e r n m e n t

75.   I m p o r ts

76.   G r o s s   s a v i n g s /   g r o s s
p r i v a t e   i n v e s t m e n t /  
c h a n g e   in   f i n i s h e d  
g o o d s   i n v e n t o r y



D e f i n i t i o n   of   S e c t o r s   in   I n t e r i n d u s t r y   M o d e l

P e t r o l e u m   P r o d u c t i o n   an d   N a t u r a l   Gas   P r o c e s s i n g :   Thi s

s e c t o r   i n c l u d e s   all   e s t a b l i s h m e n t s   e n g a g e d   in   th e   p r o -

d u c t i o n   of   c r u d e   o i l   a n d   n a t u r a l   gas   an d   in   t h e   o p e r a t i o n  

of   n a t u r a l   gas   p r o c e s s i n g   plants.

C o a l   M i n i n g :   This   s e c t o r   i n c l u d e s   all   e s t a b l i s h m e n t s

e n g a g e d   in   the   s e v e r a n c e   of   c o a l   f r o m   the   e a r t h   a nd   a ny  

s u b s e q u e n t   c o a l   p r o c e s s i n g   ( crushing,   s cr e e n i n g ,   w a s h i n g ,  

f l o t a ti o n,   etc. )   r e q u i r e d   to   r e n d e r   the   c o a l   m a r k e t a b l e .

M e t a l   M i n i n g :   T h i s   s e c t o r   i n c l u d e s   al l   e s t a b l i s h m e n t s

e n g a g e d   in   the   s e v e r a n c e   of   al l   f e r r o u s   a n d   n o n - f e r r o u s  

m e t a l   o r e s   f r o m   the   e a r t h   a nd   the   s u b s e q u e n t   o r e   p r o c e s s i n g  

( crushing,   s c r e en in g ,   w a s h i n g ,   f lo t a ti o n,   etc*)   i n v o l v e d  

in   t he   p r o d u c t i o n   of   m e t a l   c o n c e n t r a t e s *

I n d u s t r i a l   M i n e r a l s :   Th i s   s e c t o r   i n c l u d e s   a ll   e s t a b l i s h -

m e n t s   e n g a g e d   in   the   q u a r r y i n g   or   m i n i n g   o f   al l   n o n - f u e l  

a n d   n o n - m e t a l l i c   m a t e r i a l s   ( rock,   clay,   peat,   etc. ) .   It  

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

as   c e m e n t   a n d   b r i c k   p r o d u c t i o n ,   a n d   stone,   glass,   a n d   c l a y  

p r o c e s s i n g .
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5.   I n d u s t r i a l   S e r v i c e s :   T hi s   s e c t o r   i n c l u d e s   all   e s t a b l i s h -

m e n t s   e n g a g e d   in   p r o v i d i n g   se r v i c e s   to   m i n e r a l   i n d u s t r y  

s e c t o r s   ( mining,   p e t r o l e u m   a n d   n a t u r a l   gas   p r o c e s s i n g ,  

co a l   m i nin g,   a n d   i n d u s t r i a l   minerals)   on   a   c o n t r a c t ,   fee,  

o r   o t h e r   basis.   S u c h   s e r v i c e s   i n c l u d e   w e l l   lo ggi ng,   e x -

p l o r a t i o n   d r i l l i n g ,   m i n e   o r   p e t r o l e u m   f i e l d   o p e r a t i o n ,  

an d   e n g i n e e r i n g   or   e c o n o m i c   c o n su l ti n g .

6.   P i p e l i n e   T r a n s p o r t a t i o n :   T hi s   s e c t o r   i n c l u d e s   al l   e s t a b -

l i s h m e n t s   e n g a g e d   in   the   t r a n s p o r t a t i o n   b y   p i p e l i n e   of  

c r u d e   oil,   n a t u r a l   gas,   n a t u r a l   gas   liquids,   a n d   p e t r o l e u m  

r e f i n e r y   pr od u ct s .

7.   P e t r o l e u m   R e f i n i n g :   Thi s   s e c t o r   i n c l u d e s   all   s e c t o r s

e n g a g e d   in   t he   p r o c e s s i n g   of   c r u d e   oi l   for   th e   p r o d u c t i o n  

of   ga s o l i n e ,   tar,   fu e l   oil,   jet   f u e l ,   a n d   a n y   o t h e r   p e t r o -

l e u m - b a s e d   m a t e r i a l   p r o d u c e d   f r o m   a   p e t r o l e u m   r e f i ne r y.

8.   E l e c t r i c   P o w e r   G e n e r a t i o n :   T hi s   s e c t o r   i n c l u d e s   all  

s e c t o r s   e n g a g e d   in   the   o p e r a t i o n   of   p o w e r   p l a n t s   for   the  

p r o d u c t i o n   of   e l e c t r i c i t y   an d   the   s u b s e q u e n t   t r a n s p o r t a -

t i o n   o f   e l e c t r i c i t y   to   c o n s u m i n g   m e t r o p o l i t a n   areas.

9.   M e t a l   P r o c e s s i n g :   Th i s   s e c t o r   i n c l u d e s   a ll   e s t a b l i s h m e n t s

e n g a g e d   in   the   s m e l t i n g   a n d   r e f i n i n g   of   b o t h   f e r r o u s   and  

n o n - f e r r o u s   o re s   or   c o n c e n t r a t e s   a n d   t he  •  s u b s e q u e n t
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c as t in g ,   ro lli n g,   dr awi n g,   a n d   a l l o y i n g   of   f e rr o us  

an d   n o n - f e r r o u s   m e t a l s   for   the   p r o d u c t i o n   of   in gots,  

b l o o m s   or   bil lot s.   Th is   s e c t o r   a l s o   i n c l u d e s   th e  

p r o d u c t i o n   of   coke.

10.   A g r i c u l t u r e  :   This   s e c t o r   i n c l u d e s   all   e s t a b l i s h m e n t s

e n g a g e d   in   fa rming,   th e   p r o d u c t i o n   of   all   gr ain s,   v e g e -

tables,   a n i m a l   feed,   a n d   an i ma l s.   T h e   s e ct o r   a l s o   i n -

c l u d e s   all   e s t a b l i s h m e n t s   e n g a g e d   in   p e r f o r m i n g   a g r i -

c ul t ur a l,   a n i m a l   h u s b a n d r y ,   a nd   h o r t i c u l t u r a l   s e r v i c e s  

o n   a   fee   o r   c o n t r a c t   b a s i s .

11.   F o o d   and   K i n d r e d   P r o d u c t s  :   T h i s   s e c t o r   i n c l u d e s   all  

e s t a b l i s h m e n t s   e n g a g e d   in   t h e   p r o c e s s i n g   of   dairy ,   meat ,  

grain,   a n d   v e g e t a b l e   p r o d u c t s   s uc h   as   m e a t   p a c k i n g   p la nts ,  

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

d a i r y   products,   a n d   c e r e a l   p r e p a r a t i o n   plan ts.

12.   F a b r i c a t e d   M e t a l :   T h i s   s e c t o r   i n c l u d e s   all   e s t a b l i s h -

m e n t s   e n g a g e d   in   t h e   p r o d u c t i o n   o f   f e r r o u s   and  n o n - f e r r o u s  

m e t a l   p r o d uc t s,   e l e c t r i c a l   e q u i p m e n t ,   ma ch i ne r y,   a n d  

t r a n s p o r t a t i o n   e q u i p me n t.

13.   C h e m i c a l   I n d u s t r i e s :   Th is   s e c t o r   i n c l u d e s   all   e s t a b l i s h -

m e n t s   e n g a g e d   in   t h e   p r o d u c t i o n   of   a g r i c u l t u r a l   a n d   i n -

d u s t r i a l   c h e m i c a l s ,   r u b b e r ,   p l a s t i c s ,   e x p l o s i v e s ,   etc.
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14.   P r i n t i n g   a n d   P u b l i s h i n g :   T h is   s e c t o r   i n c l u d e s   a ll   e s t a b -

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

s e r v i c e s   su ch   as   b i n d i n g   a n d   e n g r a v i n g   on   a   c o n t r a c t   or  

fee   basis.

15.   A l l   O t h e r   M a n u f a c t u r i n g :   T h i s   s e c t o r   i n c l u d e s   al l   e s t a b -

l i s h m e n t s   n o t   i n c l u d e d   in   o t h e r   s e c t o r s   s u c h   as   a e r o s p a c e ,  

tob ac co,   s p o r t i n g   goods,   p a p e r   a n d   a l l i e d   p r o d u c t s ,   l u m b e r  

a n d   w o o d   p r o d uc t s,   f u r n i t u r e ,   t o y s ,   p e n c i l s ,   etc,

16.   R e t a i l   a n d   W h o l e s a l e   T r a d e :   Th i s   s e c t o r   i n c l u d e s   all

e s t a b l i s h m e n t s   p r i m a r i l y   e n g a g e d   in   s e l l i n g   m e r c h a n d i s e

to   i n d u s t r i a l ,   c o m m e r c i a l ,   p r o f e s s i o n a l ,   a n d   i n s t i t u t i o n a l  

c o n s u m e r s ,   a n d   to   p r i v a t e   i nd i v i d u a l s .

17.   C o n s t r u c t i o n :   T h i s   s e c t o r   i n c l u d e s   all   e s t a b l i s h m e n t s  

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

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

a n d   s t r u c t u r e s   s u c h   as   h i g h w a y s ,   dams,   a n d   b r i d g e s .

18.   A l l   O t h e r   T r a n s p o r t a t i o n :   T h i s   s e c t o r   i n c l u d e s   a ll   e s -

t a b l i s h m e n t s   e n g a g e d   in   t h e   t r a n s p o r t a t i o n   of   l i q u i d   an d  

s o l i d  m a t e r i a l s   b y   ra i l r o a d ,   truck,   air,   o r   a n y   o t h e r  

m e a n s  a v a i l a b l e   e x c e p t   p i p e l i n e s .

19.   C o m m u n i c a t i o n s   a n d   P u b l i c   U t i l i t i e s  :   T h i s   s e c t o r   i n c l u d e s

al l   e s t a b l i s h m e n t s   e n g a g e d   in   p r o v i d i n g   s a n i t a r y   a n d
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an d   t e l e p h o n e   s e r v i c e   o r   in   t he   sal e   a nd   d i s t r i b u t i o n  

of   gas   a n d   e l e c t r i c i t y   to   in du str y,   c om m er c i al ,   a n d  

p r i v a t e   co n su m er s .

20.   Ins ur an c e ,   Fi n a nc e ,   Rea l   Es tate,   G e n e r a l   S e r v i c e s ;   Th is  

s e c t o r   i n c l u d e s   al l   e s t a b l i s h m e n t s   e n g a g e d   in   t h e   f i e ld s  

of   i n s u r a n c e ,   finance,   a n d   re al   e s t a t e .   F i n a n c e   i n c l u d e s  

b a n k s ,   c r e d i t   ag e nc i es ,   h o l d i n g   c o m p a n i e s ,   a nd   i n v e s t m e n t  

c o m p an i es .   I n s u r a n c e   c o v e r s   all   t y p e s   of   i n s u r a n c e   a n d  

i n s u r a n c e   b r o k e r s   an d   agen ts.   R e a l   e s t a t e   i n c l u d e s   o w ne r s,  

lesso rs,   lesse es ,   buy ers ,   se lle rs,   agents,   a n d   d e v e l o p e r s  

o f   r e a l   estate.   Th is   s e c t o r   a l s o   i n c l u d e s   e s t a b l i s h m e n t s  

p r o v i d i n g   s e r v i c e s   n o t   i n c l u d e d   in   o t h e r   s e c t o r s   s u c h   as  

e d u c a t i o n ,   e a t i n g   an d   l o d g i n g   se rvi ces ,   m e d i c a l   a nd  

h e a l t h   s e r v ic e s,   legal,   a n d   o t h e r   e n g i n e e r i n g   se r vi c es .

21.   B a s e   an d   P r e c i o u s   M e t a l   R e f i n e r y :   Th i s   s e c t o r   i n c l u d e s  

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

( leaching,   s o l v e n t   r e f i n i n g   p r e c i p i t a t i o n ,   e t c , )   o f   b a s e  

an d   p r e c i o u s  . metal   o r es   a n d   c o n c e n t r a t e s   for   t h e   p r o d u c -

t i o n   of   a   s e m i - r e f i n e d   o r   r e f i n e d   n o n - f e r r o u s   m e t a l   i n g o t  

o r   s u p e r   c o n c e n t r a t e .

H o u s e h o l d s  :   A   p u r c h a s e   f r o m   h o u s e h o l d s   i n c l u d e s   al l   s a l a r i e s ,

a n d   wa g e s,   w h i c h   a r e   p a i d   b y   a   f i r m   to   th e   i n d i v i d u a l .  

E x p e n d i t u r e   b y   h o u s e h o l d s   i n c l u d e s   al l   r e v e n u e s   to   the  

f i r m   n o t   a t t a i n e d   by   the   s a l e   of   g o o d s   a n d   s e r v i c e s   to
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o t h e r   firms   or   g o v e r n m e n t   or   f r o m   e x p o r t s .

G o v e r n m e n t  :   T hi s   s e c t o r   i n c l u d e s   all   local,   state,   a n d   f e d e r a l

g o v e r n m e n t   a c ti v it i es .

I m p o r t s  :   I m p o r ts   i n c l u d e   a n y   m a t e r i a l   or   s e r v i c e   w h i c h   is

b r o u g h t   int o   the   s t a t e   of   C o l o r a d o   f r o m   th e   s u r r o u n d i n g  

s t a t es   b y   a n y   i n d u s t r i a l ,   c o m m e r c i a l ,   or   p r i v a t e   c o n s u m e r  

or   g o v e r n m e n t   agency.

E x p o r t s  :   E x p o r t s   i n c l u d e   a n y   m a t e r i a l   o r   s e r v i c e   w h i c h   is

t r a n s p o r t e d   o u t   of   the   s t a t e   of   C o l o r a d o   b y   a n y   g o v e r n m e n t  

a g e n c y   or   i n d u s t r i a l ,   c o m me r ci a l,   or   p r i v a t e   co n s u m e r .

O t h e r   P a y m e n t s  ;   T h i s   s e c t o r   i n c l u d e s   all   r o y a l t i e s ,   rents,   p a y  

m e n ts ,   d i v i d e n d s ,   d e p r e c i a t i o n ,   p r o fi t s,   a n d   i n v e n t o r y  

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

or   c o m m e r c i a l   e s t a b l i s h m e n t ,   p r i v a t e   in d iv idu al,   or   g o v -

e r n m e n t   agency.
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