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FOREWORD 

This paper is an empirical examination of the economic 

effect of EPA and OSHA regulations on the ferrous foundry indus- 

try.  Its inception was motivated by expressed concern of some 

officials (namely in DIRSO—the Defense Industrial Resources 

Support Office, and OASD/MRA&L—the Office of the Assistant Sec- 

retary of Defense for Manpower, Reserve Affairs and Logistics) 

about the Impact of federal environmental, health, and safety 

legislation on firms comprising the defense industrial base. 

The foundries in particular allegedly have been hard hit by 

federal environmental regulations and safety and health direc- 

tives . 

The econometric methodology employed in this report was 

derived from the emerging literature on statistical estimation 

of models of markets in disequilibrium.  The principal conclu- 

sion is that EPA and OSHA regulations have had a negative impact 

on the foundries' operations.  For reasons presented herein, 

however, this conclusion is tentative.  More data and better 

quality data will have to be analyzed before any strict conclu- 

sions can be drawn. .1 

This paper has benefited greatly from the comments of 

R. William Gilmer and William J. Raduchel.  The author bears 

sole responsibility for the analyses, views, and conclusions 

presented.  Nothing contained herein necessarily represents 

the official position of IDA or any of its Department of Defense 

sponsors. 

V 
\ 



EROSION   OF   THE   DEFENSE   INDUSTRIAL   BASE: 
AN   ECONOMETRIC   STUDY   OF   THE   FERROUS   FOUNDRY   INDUSTRY 

Recently,   Department  of Defense   (DoD)   policy-makers  have 
expressed  concern  that   this   nation's   defense   industrial  base   is 
shrinking at  an  alarming rate.-^     It  has  been asserted  that  this 
erosion  process   is  particularly  pronounced  in  the   ferrous   found- 
ry   "industry,"^   resulting  in  a  shortage  of  certain  defense- 
specific  products,   e.go,   steel  castings  for tank  turrets.     Since 
a  foundry  is  one  of the   least   safe workplaces  in the  United 
States,3   and  since  a  foundry  that   uses   older  technologies   (e.g., 
a  cupola  furnace  rather  than the  newer electric  induction fur- 
nace)   is  an  air  polluter par  excellence,^   one   could  anticipate 
that   regulations   imposed  recently  by  the  Occupational   Safety 
and  Health  Administration   (OSHA)   and  by  the  Environmental   Pro- 
tection  Agency   (EPA)   would  impact   significantly  on  this   type   of 
firm.     Indeed,   a  reasonable  hypothesis   is   that   OSHA  and  EPA 

^See, e.g., Jacques S. Gansler, Deputy Assistant Secretary of Defense  (Mate- 
rial Acquisition),  Vhite Paper on the Defense Industrial Base, June 8, 1976, 
pp. 4-5, 9.    (Mimeographed.) | 

^The notion of a ferrous foundry "industry" is, of course, a fiction because 
the outputs—castings, molds, pipes, and fittings—of the various types of 
foundries are heterogeneous.    However, for the purposes of this study, the 
gray iron, malleable iron, and steel foundries (SIC Codes 3321, 3322, and 
3323, respectively) will be lumped together in one "industry." 

^U.S.  Department of Labor, Bureau of Labor Statistics,  Occupational Injuries 
and Illnesses by Industry,  197Z,   Bulletin I83O, March 197^. 

'♦Emissions from an uncontrolled cupola have been reported to exceed 17.4 
pounds of particles per ton of melt.    See U.So Department of Health, Educa- 
tion, and Welfare, Public Health Service, Environmental Health Service, 
National Air Pollution Control Administration, Economic Impact of Air Pollu- 
tion Controls on Gray Iron Foundry Industry  (Washington, D.C.:  GPO,  1970), 
p.  7. 



regulations have increased the typical foundry's total cost of 

production and, as a result, have reduced the defense-related 

output of the ferrous foundry Industry. 
i 

Shortly after this research was begun It was discovered 

that an attempt to empirically test this hypothesis would be 

severely constrained by the paucity of relevant data.  As a re- 

sult, drastic simplifications in the analysis were required. 

The deus   ex machina  adopted for this analysis is a simple demand- 

and-supply model„  The model's theoretical foundations are out- 

lined in Section A, while econometric considerations that are 

germane to this study are presented in Section B.  Finally, 

Section C presents this study's empirical findings and conclu- 

sions. 

A. FIRM AND INDUSTRY RESPONSE TO EPA AND OSHA REGULATION 

There exist two fairly distinct groups of firms comprising 

the ferrous foundry industry—jobbing foundries and production 

foundries.-^  Job shop foundries tend to be relatively small 

operations, usually family-owned or held as small closed corpo- 

rations without outside equity capital, and producing a wide 

variety of castings that vary by quantity, size, weight, and 

technical specifications.  This lack of specialization in terms 

of output greatly reduces the possibilities for mechanization 

of the job shop's production techniques.  As a result, 40 to 70 

man-hours of labor input may be expended per ton of castings 

shippedo  By contrast, production foundries, which also produce 

a wide variety of castings, tend to be less labor intensive and 

use extensively mechanized production techniques.  The labor 

input expended per ton of castings shipped usually is in the 

range of 15 to 30 man-hours. j ; 

^A third group of foundries could be broken out from these two, viz.^  cast 
iron pipe foundries. Of course, even more detailed taxonomies of the 
"industry" are possible. 



In order to examine at a theoretical level the Impact of 

EPA and OSHA regulations on the "typical" foundry, it will be 

convenient to make several simplifying assumptions at the out- 

set.  First, let us assume that the market for iron and steel 

castings—the principal output of the ferrous foundries—is 

perfectly competitiveo^  This assumption would appear to be a 

reasonable first approximation of the industry's market struc- 

ture.  On the sup-ply   side, the industry includes a large num- 

ber of many small firms.  At the present time, 82 percent of 

all foundries employ less than 100 workers; 50 percent employ 

fewer than 20 workers.^  On the demand  side, iron and steel 

castings are commonly intermediate to a wide variety of final 

manufactured goods.  For example, metal castings are required 

as end products or component parts of 90 percent of all durable 

goods manufactured in the United States.^  Furthermore, most of 

the industry's output is purchased by private firms.  For exam- 

ple, less than five percent of that output was purchased by 

local, state, and federal government agencies in 1972.^ 

An effect of EPA and OSHA regulations that remains unaltered 

for a specified interval of time is to require the foundry to 

purchase pollution abatement and safety equipmento  Thus, for a 

given time period, this expenditure requirement is tantamount 

to a lump-sum tax, i„e., a tax which does not vary with the 

firm's level of production or profit.  Such a tax appears as a 

constant subtracted from the firm's total revenue for the given 

^The products of this "industry" are not homogeneous. Strictly speaking, 
therefore, at least one of the assumptions of the model of perfect competi- 
tion is violated. > [ 

^Debbie Tennison, "The Foundry Industry—Achilles' Heel of Defense?" National 
Defense,  Vol. 60 (March-April 1976), pp. 366-69. 

^Ibid. 

"^U-S. Department of Commerce, Bureau of the Census, 1972 Census of Manufac- 
tures,  Industry Series:    Ferrous and Nonferrous Foundries—SIC Industry 
Groups  332 and 336,   MC72(2)-33B (Washington, D.C. : GPO, 1974), pp. 33B*3- 
33B4. 



period.  Other things being equal, as long as the level of the 

tax does not change, the firm's level of production will remain 

unaltered—provided that the tax does not raise the foundry's 

overall costs to such a level that the firm Is forced out of 

business.  A lump-sum tax that remains constant during a given 

period does not affect any surviving firm's production level 

because the production level that maximized net revenue before 

the subtraction of a constant also maximizes net revenue after 

subtraction.^  Such a tax cannot affect the firm's Internal 

allocation of Its resources; It can only Influence whether to 

operate or shut down. 

Suppose, however, that with the passage of time the level 

of the lump-sum tax Is Increasedo  This assumption seems reason- 

ably consistent with the casual observation that EPA and OSHA 

regulations Imposed on foundries have become increasingly strin- 

gent during the past few years.  As the required expenditures 

on pollution abatement and safety equipment rise, the firm's 

long-run average cost will Increase for every level of output. 

Hence, the long-run supply price for the industry will increase 

and industry output will decline, other things being equal.  This 

reduction in aggregate output will be accomplished by an exodus 

of firms from the industry„  The traditional economic theory of 

the firm predicts exactly that result.^ 

B.   ECONOMETRIC CONSIDERATIONS | 

Our present research certainly is not without its limita- 

tions.  The scarcity of data not only hinders model formulation 

but also poses unknown dangers associated with errors in the 

equations that are statistically estimated here.  Data limita- 

tions drastically constrain the specification of any structural 

model of the market for castings.        j 

%e are implicitly assuming that the firm's objective is to maximize profit, 
i.e., net revenue. 

^The theoretical conclusions of this section are derived in Appendix B. 



According to received theory and given the state of tech- 

nology the determinants of the market supply of a commodity are 

its market price, the market prices of the resources used to 

produce it, and the number of firms engaged in its production.^ 

Given the critics' allegations, the deleterious impact of EPA 

and OSHA regulations on the foundries would result in a reduc- 

tion in the number of those firms.  Thus, a variable that cap- 

tures that alleged impact should be included as an argument of 

the supply function.  Of course, in all likelihood not all firms 

in the industry would feel the impact of those regulations simul- 

taneously.  However, according to an industry representative, 

EPA's regulations began impacting most foundries in May 1971, 

and OSHA's in March 197^.^  Given the nature of EPA and OSHA 

regulations, their effect on the industry as a whole should be 

viewed not as a once and for all lump-sum tax but as a series 

of successive lump-sum taxes imposed over discrete intervals 
I 

of time. j 

Before continuing further, it will be convenient to define 

the following variables:^ 

DEMAND = aggregate quantity demanded of iron and steel 
castings 

SUPPLY = aggregate quantity supplied of iron and steel 
castings 

QUAN  = observed quantity of iron and steel castings 

PRICEl = price of iron and steel castings 

PRICE2 

WAGEl     =  wage  rate  paid  to   iron  and   steel   foundry  workers 

price  of  a  composite  good  produced  by  purchasers 
of  castings 1 ; 

^The derivation of the market supply function for castings is presented in 
Appendix B. j ; 

^Letter from Walter M. Kiplinger, Jr., Washington Representative, Cast Metals 
Federation, May 12, 1977. 

^A detailed explanation of how these A/ariables are actually measured is 
given in Appendix A. 



WAGE2  = wage rate paid to workers employed by buyers of 
Iron and steel castings 

COST  = price of nonlabor Inputs 

TREND  = a time trend variable 

REGDUM = a regulation-effects qualitative variable 

REG   = expenditures on pollution abatement and safety 
equipment 

WPI   = a proxy for the general price level.^      \ 
i 

Two  different   linear   specifications   of  the  market   supply 
function  for  castings   are   considered.     In  the   first,   the  explan- 
atory  predetermined  variables   are   z     =  REGDUM,   z     =  WAGEl/WPI, 

z^   =  COST/WPI,   and   z^  =  TREND,   while   the  explanatory   endogenous 
variable   is   y,   =   PRICEl/WPI.      The   second   specification   employs 
the   same   explanatory  variables   except   that   Zp   is  replaced  by 

z*   =  REG/WPI. j j 

The  market   demand  for  castings   can  be  obtained  by  aggregat- 
ing  the  derived  demand  functions   of  the   individual  buyers   of 

castings,2  most  of which  are  private  industrial  firms.^     Strictly 
speaking,   the  model   should  make   some  provision  for  public   as  well 
as  private  purchases   of  the   industry's   output.     However,   since 

only  a  small percentage  of the  industry's  output  is  purchased by 
government  agencies   each year,   no  attempt  will be made  herein 

to  estimate   (let  alone  theoretically  derivel)   a  separate  function 
for  government   demand  for   castings. ' i 

The  quantity   of  castings   demanded  by   each  Industrial  pur- 
chaser  depends  upon  the  market  price   of  that   firm's  product, 
the  market   price   of  castings,   and   the  market  prices   of  other 

■^The general price level is more extensive than is accounted for by current 
price indexes, which typically Include prices of output but ignore the 
prices of current assets.    See Arraen A. Alchian and Benjamin Klein,  "On a 
Correct Measure of Inflation," Journal of Money,  Credit and Banking^ Vol.  5 
(Feb. 1973), pp. 173-91. 

^The derivation of this demand function is presented in Appendix B.    ! 

^See supra,  pp.   3-4. 



Inputs that the firm uses.  In this study, the functional speci- 

fication employed for aggregate demand for castings Is a linear 

one that has the following explanatory predetermined variables: 

X2 = WAGE2/WPI, X  = COST/WPI, x^ = PRICE2/WPI, and x  = TREND. 

An additional argument of the supply function Is the current 

endogenous variable y., = PRICEl/WPI.       | 

For the various functional specifications employed, param- 

eters were estimated by two methods:  the conventional two-stage 

least squares (TSLS) technique^ and Amemlya's two-stage least 

squares (ATSLS) scheme for estimating the parameters of a model 

of a market In disequilibrium.^  With one exception (discussed 

below), the first method was used to estimate the coefficients 

In the first two models shown below and the second method was 

used to estimate the third and fourth models. 

Model 1 I ■ 

DEMAND^ = D 
t = "10 + ^^ll^lt + J/lk^k,t-l + ^It k=2 

(1) 

SUPPLY, = '10 ■" ^ii^it -^ .I/ij^j,t-i ^ 4t (2) 

DEMAND  = QUAN^ = SUPPLY, (3) 

Model 2 

DEMAND. ? D 
= "20 ■" "2iyit + ,^ «k^k,t-i ^ ^2t k=2 

(4) 

SUPPLY^ = ^20 '   ^21^1t ^ ^22^*2t '   .I,^2j-J,t-1 ^ 4t 

DEMAND^ = QUAN  = SUPPLY 

(5) 

(6) 

^See any econometrics textbook for a discussion of TSLS estimation. 

^Takeshi Amemlya, "A Note on a Fair and Jaffe Model," Eaonometrica^  Vol. 42 
(July 1974), pp. 759-62. 



Model 3 

SUPPLY^ = B 

D DEMAND, =a__+  Ta^, x,  ,. + et,, 
t    30   ^^2 3k k,t-l    3t 

QUAN, 

Ay It 

30 ^   .i/33^j,t-l  "*■ ^3t 

mln(DEMAND , SUPPLY ) 

Y^(DEMAND  - SUPPLY^), Y3 > 0 

(7) 

(8) 

(9) 

(10) 

Model 4 
5 
I 

k=2 
DEMAND^ = a^Q + J.-4k^k,t-l "^ ^4t 

SUPPLY^ = B 
40 -^ P42^2t -^ .^,^4j"j,t-l "*■ ^4t 

j=3 '^   "^' 

QUAN   = mln(DEMAND , SUPPLY ) 

Ay ̂^    = Y^(DEMAND^ - SUPPLY^) Y4 > 0 

(11) 

(12) 

(13) 

(14) 

The e,'s are assumed to be spherical normally distributed 

random variables'^ that are serially and contemporaneously inde- 

pendent, the Y'S are constants of proportionality whose values 

are unknown, and the subscript t refers to the t   time period. 

Models 1 and 3 were estimated on the basis of monthly observa- 

tions over the period January 1970 through October 1976, the 

last date for which data were available when this investigation 

began.  This particular interval of time was chosen because, 

beginning with data for calendar year 1971, the Bureau of Labor 

Statistics (BLS) converted the various components of the Whole- 

sale Price Index (WPI) from a 1957-59 to a 1967 reference base 

period.  To obtain a few observations prior to May 1971, the 

^A random variable is said to have the spherical normal distribution if it 
is a nonral random variable distributed with mean zero and positive finite 
variance. 

8 



time  when  foundries   evidently  began  to   feel  the  pressures   of  EPA 
regulations,   the WPI was  multiplied  times  BLS's  rebaslng factor 
for  each month In  calendar year  1970.^J^       J 

A  good  case   can be  made  here   for  the  use  of  a  disequilib- 
rium model.     During  the  early   1970s,   the  period  from which  many 
of our data points  were drawn,   there  existed considerable  eco- 
nomic  turbulence—recession.   Inflation,   devaluation of the  dollar, 
and   so   forth.     Except   for  markets  where   the  price  mechanism was 
particularly  efficient,   shortages   and  surpluses   developed.     The 
possibility  that  during  this  period  disequilibrium characterized 
the market   for castings  has  important  implications  for  the pres- 
ent   studyo     As  one  noted  economist  has  pointed  out   in  another 
context,   (while)   "...it   is  of great   convenience  in fitting  simul- 
taneous   equatlon[s]  models  to be  able  to  assume  that  quantity 
supplied  is  equal  to quantity  demanded,   ...where  the world  is 
not   obliging  enough  to   satisfy  this   condition,   econometricians 
may  be   forced  to  go  to  the  trouble  of making more  realistic 
assumptions."^ 

Although  all  variables   in Models   1  and  3  are  discussed  in 
Appendix  A,   REGDUM deserves   special  attention here.     It  was   set 
equal  to   zero   for  all  months  prior  to  May  1971,   when  EPA  regu- 
lations   supposedly  began  to   seriously  affect   the   foundries' 

^The values of the WPI rebaslng factor are presented in U.S. Department of 
labor. Bureau of Labor Statistics,  Wholesale Prices and Price Indexes^ 
(January 1971), PP. 33, 106-107. 

^A relatively large set of monthly time series data may appear to contain 
much Information because it contains so many data points.    The amount of 
that information may be illusory, however.    If the data are afflicted with 
monthly seasonality, then the observations may contain no more information 
than that contained in year-to-year averages distributed over the years 
from which the observations were drawn—in which case the investigator 
essentially has based his analysis on nothing more than repetitious seasonal 
patterns.    The result may be statistically biased estimates.    For further 
discussion, see Christopher A. Sims,  "Seasonality in Regression," Jovamal 
of the American Statistical Association,  Vol.   69  (September 197^1),  pp.  6l8-26. 

^Albert Rees,  "On Equilibrium in Labor Markets," Journal of Political Economy, 
Vol.  78 (March/April 1970), p. 309. 



operations, and continued In monthly Increments from the date 

of Imposition.^ Thus, In Models 1 and 3, REGDUM defines a sepa- 

rate linear time segment associated with EPA and OSHA regula- 

tions.  If the coefficient of REGDUM were negative and statisti- 

cally significant, one could Infer that between the pre- and 

post-regulation periods something empirically significant occurred 

that had an unpropitious Impact on the industry's output.  How- 

ever, it would be heroic to conclude from such evidence alone 

that the culprits were EPA and OSHA regulations. 

Unfortunately, estimation of Models 2 and 4 had to be based 

upon even fewer monthly observations than those used in the esti- 

mation of Models 1 and 3.  This latter data constraint was dic- 

tated by the method variable REG could be measured (see Appendix 

A).  As a result of these data limitations. Models 2 and 4 had 

to be estimated on the basis of twenty-four monthly observations 

drawn from calendar years 1973 and 1974.  Since this latter 

sample is relatively small, these estimates must be Interpreted 

with caution.^ '■    ' 

Another unfortunate aspect of our research is that in both 

the TSLS estimation of Model 2 and the ATSLS estimation of Model 

4, the moment matrix of regressors would not Invert because, 

undoubtedly, there exists considerable multicolllnearity among 

these variables.  Various procedures have been advanced for cop- 

ing with this problem.  These range from the Brundy and Jorgen- 

son instrumental variables methods^ to the mere deletion of one 

^Thls same technique has been employed in another context by Russell. See 
Louis B. Russell, The Diffusion of Hospital Technologies:    Some Eaonometvic 
Evidence,  The Brooklngs Institution, Washington, D.C., n.d.  (Mimeographed.) 

2See n. 2, p. 12. ;       ,      ^ 

3james M„ Brundy and Dale VJ. Jorgenson, "Efficient Estimation of Simultaneous 
Equations by Instrumental Variables," Review of Economics and Statistics, 
Vol. 53 (Au&ist 1971), pp. 207-224. Also see the following papers by 
Brundy and Jorgenson: "Consistent and Efficient Estimation of Systems of 
Simultaneous Equations," in Fpontievs in Econometrics,  ed. Paul Zarembka 
(New York: Academic Press, Inc., 1974), pp. 215-44; (continued on next page) 

"      ■ ■ 10      .   i  ' 



or more explanatory variables.'-  In our research, trial and error 

were used to Identify which explanatory variables appeared to be 

linearly related—various explanatory variables were regressed 

on subsets of other explanatory variables—and on the basis of 

those results, WAGEl was dropped from the supply equation and 

WAGE2 was dropped from the demand equation of each of these two 

models (i.e.. Models 2 and 4). 

The shortcomings of arbitrarily dropping explanatory vari- 

ables from structural relations are well known and need not be 

repeated here„2 Even though the estimates of the coefficients 

in Models 2 and 4 might not be precise, it was hoped that when 

considered along with the estimates of the coefficients of Models 

1 and 3j they might shed some light on the question of whether 

or not EPA and OSHA regulations have had the impact on foundries 

that critics have alleged. 
i' ' ■   ■ 

Three  other matters   require   comment  before  we  turn  to  this 

study's  empirical  results.     First,   it   should  be  noted  that 

Models   3   and  4   are  based  on  the   "quantitative  method"   of  Pair 

and Jaffe,^  which relies  on the  classical  theory  of price  adjust- 

ment   in  a  competitive  market—price  will  rise  when  there   is   ex- 

cess  demand,   and  fall when there   is  excess  supply.     It  has  been 

argued,   however,   that   there   is  no  reason to  believe  that  the 

optimizing behavior  of economic  agents  will  lead  to  a unique 

price   level   except   in  equilibrium;   rather,   a multiplicity  of 

(contd) and "The Relative Efficiency of Instrumental Variables Estimation 
of Systems of Simultaneous Equations," Annals of Economic and Social Mea- 
surement, Vol. 3 (October 1974), pp. 679-700. 

^Aigner recommends that such deletions be made according to a mean-square- 
error criterion.    See Dennis J. Aigner,  "Basic Econometrics"  (Englewood 
Cliffs, N.J.: Prentice-Hall, Inc., 1971), p. 96. 

2For example, see E. Malinvaud, "Statistical Methods of Econometrics," 2d 
ed.    (Amsterdam: North-Holland Publishing Coirpany, 1970), pp.  311-14; and 
Brundy and Jorgenson,  op.  cit., "Efficient Estimation," pp.  2l6-l8. 

3Ray C. Fair and Dwight M. Jaffee,  "Methods of Estimation for Markets in 
Disequilibrium," Eoonometrica,  Vol.  40  (May 1972), pp.  497-514. • 
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price   levels  will  characterize  a market  that   is  In disequilib- 

rium.^     Thus   in  the  price-adjustment  equations  of Models   3  and 

^5   ^^It  -^^ most  appropriately  viewed as  the  change  in the  average 

price   level  of  castings   between  months   t-1  and  t.^ 

A   second point  which   should  be  made  explicit   is   the   fact 

that  the  ATSLS  estimates   of  the   coefficients   of  Models   3  and   4 

are  not   asymptotically   efficient.^     Any   future  research  effort 

that  investigates  the  issues  examined herein might  benefit  from 

alternative   (maximum  likelihood)   estimation  techniques   that  have 

been devised by  Amemiya.'^ 

Finally,   it   should  be  noted  that   the   four  equations   in 

Model  3  can be   collapsed  into  two:^ 

QUAN^   =   -30 yJl2   3k  k,t-l (1/Y3)G^   +   e^, (15) 

where 

QUAN, '30 j=2 '3j ^j,t-l-   ^^^^3^\  '  ^3t' 

G^   =   A(PRICE1^/WPI^) 

(16) 

if  A(PRICE1^/WPI^)   >   0 

otherwise 

H^   =   -A(PRICE1^/WPI^) 

=   0 

if  A(PRICE1   /WPI   )   <   0 
X/ XJ 

otherwise. 

^Kenneth J. Arrow,  "The Role of Price Adjustment Equations in Economic 
Theory," in Moses Abramovitz,  et al..   The Allocation of Economic Resources 
(Stanford, Calif.: Stanford University Press, 1959), pp. 41-51. 

^Cf.  Kenneth J.  Arrow and William M.  Capron,  "Dynamic Shortages and Price 
Rises:    The Engineer-Scientist Case," Quarterly Journal of Economics^ 
Vol. 73 (May 1959), pp. 292-308. 

^Amemlya, op.  cit.j   "A Note," p.  760. 

'^Idem.^ pp.  76O-6I. 

^Idem.3  p.  759. 
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\ 

Similarly, for Model H  we have 

QUAN^ = «40 -^ J,°'4k\,t-1 - (l/^4)«t + e 
k=2 

D 
4t (17) 

QUAN^ = B^O + 6^2^*^ + _I 3^ z      - (1/Y4)H^ + E^^ ,  (l8) 

where G, and H, are as defined above.       !    '        • 

C.   EMPIRICAL FINDINGS AND CONCLUSIONS .1 

Tables 1, 2,   3,   and 4 present our estimates of the coeffi- 

cients appearing in Models 1, 2, 3, and 4, respectively, as well 

as the estimated values of the coefficient of determination and 

Durbin-Watson statistic. 
t,   ■ ; 

As regards anticipated  results, if the allegations made by 
the critics of EPA and OSHA regulations are correct, then the 

coefficients of the regulation variables (REGDUM and REG) could 

be expected to be negative in sign, although such a sign would 

not necessarily provide an unambiguous indication that those 

regulations have had a deleterious effect on the industry.  As 

mentioned above, a negative sign for REGDUM may actually be a 

surrogate for some phenomenon other than EPA and OSHA regulations 

that otherwise is not accounted for by Models 1 and 3, and that 

occurred for the first time in May 1971 (and continued to exist 

after May 1971).  Furthermore, if EPA and OSHA regulations were 

so stringent that a mass exodus of firms occurred, aggregate 

industry expenditures on pollution abatement and safety equip- 

ment might have actually declined, even though such outlays made 

by each remaining firm rose.  In that event, the parallel reduc- 

tion in both the number of firms in the industry and the aggre- 

gate expenditures on pollution abatement and safety equipment 

would yield a coefficient of REG that was positive in sign. 

That event did not occur, however—at least the data employed 

in this study are inconsistent with that outcome. 
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Regarding the other variables, on theoretical grounds It 

was expected that the coefficient of PRICEl/WPI In equations 

(1) and (3) would be negative, while In equations (2) and (4) 

It would be positive.  In equations (1), (3),   (15) and (17), 

no a priori   sign expectation could be attached to the coeffi- 

cients of WAGE2/WPI and COST/WPI—if the labor (non-labor) in- 

put and costings were substitutes in production, the coefficient 

of WAGE2/WPI (COST/WPI) would be positive; if they were comple- 

ments, it would be negative.  On a  priori  grounds alone there 

was no way to anticipate the sign of TREND'S coefficient in any 

of the equations.  However, theoretical considerations suggest 

that the coefficient of PRICE2/WPI should be positive in sign. 

Finally, given the price adjustment hypothesis, y > 0—i.e., 

the greater excess demand (supply) is, the greater the Increase 

(decrease) in price will be—and given the definitions of the 

variables G and H, we would anticipate that the coefficient of 

G in equations (15) and (17) would be negative, while the coef- 

ficient of H In equations (l6) and (l8) would be positive.^ 

As compared to the anticipated results, those presented 

in Tables 1, 2, 3,   and 4 are disappointing.  The signs of sever- 

al of the equilibrium models' coefficients (Tables 1 and 2) are 

"wrong."  That result, coupled with the knowledge that consider- 

able economic turbulence existed in the early 1970s, casts 

doubt on the assumption of equilibrium in the market for cast- 

ings during that period.  Inspection of the estimates obtained 

for the disequilibrium models' coefficients (Tables 3 and 4) 

reveals more tenable results.  Although in some cases the coef- 

ficients are not significantly different from zero at the .05 

■^In fact, the true values of those two coefficients should be numerically 
equal, although opposite in sign. Preliminary results not reported here 
Indicate that, unlike the ATSLS estimation scheme, Amemiya's maximum like- 
lihood technique (which is an iterative procedure) will converge to a solu- 
tion value for y which is unique. The latter procedure Is described In 
Amemlya, op.  cit.,  "A Note," pp. 76O-6I. 
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level, at least their signs are consistent with our theoretical 

expectations.  In particular. It should be noted that the coef- 

ficients of REGDUM and REG in equations (l6) and (l8) respec- 

tively, are negative, although they are not statistically sig- 

nificant. .. I . , 

In conclusion, this study has undertaken an empirical exam- 

ination of the economic impact of EPA and OSHA regulations on 

the ferrous foundry Industry.  The value of any further investi- 

gation of this issue would be enhanced considerably by access 

to a greater quantity and quality of data than were available 

for our research.  In addition to these data requirements, any 

future research on the economic effects of EPA and OSHA regula- 

tions on the foundries should endeavor to Implement the various 

econometric suggestions that have been put forth herein.  ; 
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VARIABLES AND DATA SOURCES 

Current Endogenous Variables 

QUAN 

PRICEl 

= Thousands of (short) tons of gray Iron, malleable 
iron, and steel castings shipments for sale. 
(Source: Survey  of Current  Business,   various 
Issues.) 4 ' 

= Wholesale price index for foundry and forge shop 
products.  (Source: Wholesale  Prices  and Price 
Indexes3   various issues.) 

APRICEl = PRICEl - PRICEIL (PRICEIL defined below.) 

Predetermined Variables (Exogenous or Lagged Endogenous) 

REG Expenditures by iron and steel foundries on pollu- 
tion abatement and safety equipment.  (Source: 
See below.) . 

REGDUM = 0 for each month beginning with January 1970 and 
ending with April 197^, 1 for May 1974, 2 for 
June 1974, and so forth.    ■ 

COST 

WAGEl 

WAGE2 

Wholesale price index for industrial commodities. 
(Source: Survey   of  Current   Business,   various 
issues.) 

Average hourly earnings of production or non- 
supervisory workers in iron or steel foundries. 
(Source: Employment   and  Earnings,   various issues.) 

= Average hourly earnings of production or non- 
supervisory workers In manufacturing industries. 
(Source: Survey   of  Current   Business,   various 
issues.) , 

I 
PRICE2  = Wholesale price index for producer-finished goods. 

(Source: Survey   of  Current  Business^   various 
issues.) 

TREND = Index for month in which observations were made. 
(TREND equals 1,2,...,82 for Models 1 and 3, and 
1,...,24 for Models 2 and 4)o 

PRICEIL = PRICEl lagged one month. 

A-1 



Deflator 

WPI = Wholesale price index.  (Source 
vent  Business^   various Issues.) 

Survey   of  Cur- 

Definition of REG 

To derive REG, we make use of the symbols listed below. 

t: 

j : 

EM 

Month Index 

Year Index: 

t = 1 for Jan., t = 2 for Feb., etc. 

J = 1 for 1973, j = 2 for 197^. 

Jt Number of production workers employed by Iron and 
steel foundries during month t in year j.  (Source: 
Employment  and Earnings,   various issues.) 

Average number of production workers employed by 
iron and steel foundries for year j.  (Source: 
Employment  and  Earnings,   various issues.) 

New capital expenditures made by iron and steel 
foundries during year J.  (Source: Current  Indus- 
trial  Reports,   1973 and 1974=) 

Expenditures made by iron and steel foundries on 
pollution abatement equipment during year j. 
(Source: Current  Industrial  Reports,   1973 and 
1974.) 

Pollution abatement operating and maintenance ex- 
penditures made by iron and steel foundries during 
year J.  (Source: Current  Industrial  Reports, 
1973 and 1974.) 

Safety equipment expenditures per production 
worker by iron and steel foundries during year J. 
(Source:  Bolt, Beranek and Newman report,-^ i 
p. F-29.) J j 

No data exist on the next variables—but they will be 

eliminated during the course of the derivation of REG.    ;. 

EM. 
J 

TCE. 
J 

PACE 

PAOME. 

SEE. 
J 

TCE., : 

EQUIP 
jf 

New capital expenditures made by iron and steel 
foundries during month t in year j . ;, 

Safety equipment expenditures made by iron and 
steel foundries during month t in year j. 

■'■Bolt, Beranek and Newman, Inc., Impact of Noise Control at the Workplace, 
Report No. 2671, submitted to the U.S. Department of Labor, Office of 
Standards, January 1, 1974. 
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EQUIP.:  Safety equipment expenditures made by iron and 
■^   steel foundries during year j . 

Expenditures made for poi: 
and safety equipment by i; 
during month t In year j. 

REG. :   Expenditures made for pollution abatement efforts 
"^    and safety equipment by iron and steel foundries 

Define I 

PAE.^ = PACE.^ + PAOME.^, PAE. = PACE. + PAOME.. Jt       Jt        Jt'    j       3 J 
(A.l) 

Assume that the ratio of pollution abatement and safety equip- 

ment expenditures to total new capital expenditures during month 

t of year j equals the ratio of pollution abatement and safety 

equipment expenditures to total new capital expenditures for 

year j: 

(PAE., + EQUIP.,)/TCE., = (PAE. + EQUIP.)/TCE.,     (A.2) 

or 

PAE., + EQUIP., = TCE., (PAE. + EQUIP . )/TCE. . 
Jt        3^ 3^3 J     J 

(A.3) 

Also, assume that the ratio of total new capital expendi- 

tures per production worker during month t of year j equals the 

ratio of total new capital expenditures per production worker 

during year j: , 

or 

TCE../EM.^ = TCE./EM., Jt'  Jt      J   j' 

TCE., = EM. (TCE./EM.). 
J T^     3 ^ J   J 

Substitute (A.5) into (A.3) 

PAE.^ + EQUIP., = (PAE. + EQUIP.)(EM.,/EM.). 
J "C       J J    3^3 

By definition, 

which implies 

SEE. = EQUIP./EM., 
J        J   J 

EQUIP. = (EM.)(SEE.) 
O O O 

(A.M 

(A.5) 

(A.6) 

(A.7) 

(A.8) 
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Substitute (A.8) into (A.6): 

PAE   + EQUIP   = [PAE. + (EM.)(SEE,)](EM,./EM.).    (A.9) 

Define 

REG,, = PAE., + EQUIP.. . 
3^ J ^        J t (A.10) 

Substitute (A.10) and the second equation of (A.l) Into 

(Ao9): 

REG   = (PACE  + PAOME, +[(EM.)(SEE.)])(EM.,/EM.).  (A.11) 
J^        J        J      J     J      Jtj 

Data on REG were generated via the latter equation.      , .' 
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MATHEMATICAL   APPENDIX 

In  effect,   EPA  and  OSHA  regulations  require   firms   In  the 
ferrous   foundry  Industry  to purchase  pollution abatement  and 
safety   equipment.     An  Inevitable   consequence  of  the   typical 
foundry's  best-practice  technology   Is  the  joint  production of 
saleable   output,   air  pollutants,   and  worker   Injuries.     For 
simplicity,   however,   we   shall   Ignore  the  joint  production  that 
characterizes  the  foundry's  operations.     While  a model  of pro- 
duction that  formally  accounts  for  joint   outputs  would be more 
descriptively realistic  of  a  foundry's  operations.   It  would make 
the  analysis  that   follows  unduly  complicated.^ ? 

This  appendix makes   use   of  theorems   advanced  In  an  Impor- 
tant   article  by  Ferguson  and  Saving,^   and   corollaries   to  those 
propositions   established by Maurice.^    We   shall  assume  that  the 
ferrous   foundry  Industry  Is  a perfectly  competitive  one,   and 
that   the  typical   foundry  purchases   Its   inputs   in perfectly   com- 
petitive  resource  markets.     Thus,   the   firm  takes   the  market 
prices   of  resources   and  Its   saleable  output   as   given. 

It  now  is  convenient  to  introduce   three  elasticities:     the 
own-price   elasticity   of  demand   for  the   industry's   product 

^A model of joint production is presented in David K. Whltcomb,  "Externali- 
ties and Welfare"  (New York: Columbia University Press,  1972), pp; 22-46; 
and in Daniel C. Vandermeulen,  "Linear Economic Theory"  (Englewood Cliffs, 
N.J.:  Prentice-Hall, Inc., 1971), pp.  225-^7. 

^C. E.  Ferguson and Thomas R. Saving,  "Long-Run Scale Adjustments of a Per- 
fectly Conpetltlve Firm and Industry," American Economic Review^ LIX 
(December I969), pp. 774-83. 

^Charles Maurice, "Factor-Price Changes, Profit, and Long-Run Equilibrium," 
Western Economic Journal, IX (March 1971), PP.  64-77. , , N 
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(n-n > 0); the firm's elasticity   of marginal   cost   (n,w,p > 0); 'D .th 
MC 

and the i   factor's expenditure   elasticity   (n., undetermined 

In slgn).-^  Let the typical firm's production function be defined 

as 

q = f(x-j^,X2), (1) 

where q Is the maximum quantity of output that the firm can pro- 

duce if it employs x-, units of the first resource, (say) capital, 

and x„ units of the second resource, (say) labor. The firm's 

total cost of production is defined as      ; 

y r.x., 
1=1 ^ ^ 

th where r. is the 1   Input's market price. 

(2) 

Consider now the problem of minimizing total cost, subject 

to a specified level of output (qn).  The Lagrangian for this 

problem is .  '  '' 1 | 

L 
n        p ' -, 

= _I r.x. + y[qQ - f(x^,X2)J . (3) 

The Lagrange multiplier, y, is the firm's marginal cost:^ 

V = 8c/8q.       ' (4) 

In order for the profit-maximizing, perfectly competitive 

firm to be in long-run equilibrium, the following condition 

must hold: 

p = y c/q. (5) 

where   p  denotes   the  market-determined  price   of  the   industry's 

product.     The   aggregate  quantity   supplied  of  this  product   is 

^Por a precise definition of these elasticities,  see Maurice, op.  ait., 
"Factor-Price Changes," pp. 66-67. 

^For proof, see Paul A. Samuelson, "Foundations of Economic Analysis" (Cam- 
bridge: Harvard University Press, 19^7), pp. 65-66. \ 
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Qg = Nq, (6) 

where q is the typical firm's output and N denotes the number 

of firms belonging to the industry.  (For simplicity, we assume 

that N is continuously differentiable.) 

Consider now a parametric variation in the market price of 

the i  resource.  Maurice has shown that  , 
I        ■ ; 

3q/3r^ = (l/u)x^(l - r]^)/r\^^,'^ (7) 

and 

8N/8r^ = (NXj_/c) \T)^T\ MC (1 - ri^) /^MC* (8) 

Maurice has also shown that when the firm has maximized profit, 

but the industry has not attained long-run equilibrium, then 

instead of (7) we have ,      .  .   : 

8q/9r^ = qn^n^x^/cd - npnf^Q).^ ; (9) 

In other words, (7) holds only when both firm and industry are 

in long-run equilibrium. , , 

If we differentiate both sides of (6) with respect to r.. 

we obtain 

dQ^/dv.   =  N(9q/9r.) + q(9N/9r ). 
o    1 1 X 

Substitution of (7) and (8) into (10) yields 

9Qg/9r^   =  Nx^n^/yc. 

(10) 

(11) 

Finally,   if we   substitute  the   second  equation  in   (5)   into   (11), 
we  obtain  the  desired  expression  for  the   shift   in  the   industry's 
long-run  supply   curve   occasioned  by  a  parametric   variation  in 
r^ : 

^Cf. Maurice, op.  ait.,  "Factor-Price Changes," equation (12), p.  67. 
2This equation follows immediately from idem., equation (22), p. 73. 

^Idem.j  equation (13), p. 68. 
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3Qg/3r^   =  qNx^Tij^/c   <   0. (12) 

Since q, N, x., c > 0 and rip, < 0, it follows that 8Qcj/3r. < 0. 

The foregoing theoretical results have empirical implica- 

tions.  We may infer from (12) that, other things being equal, 

an increase in the market price of the i  resource will cause 

a reduction in the output of the ferrous foundry Industry, 

irvespeotive   of whether that resource is an inferior (n. < 0), 

normal (0 < n. < 1), or superior (n. > 1) input.  Further, 

since (by assumption) n^vrp, x., y > 0, it follows from (7) that 

the long-run firm supply response to a resource price change 

depends on that resource's classification.  If it is an inferior 

or normal input, then 3q/3r. > 0, i.e., an increase in a re- 

source price will actually cause the competitive firm to in- 

crease its long-run optimal scale of operations.  On the other 

hand, if the resource whose price has risen is a superior input, 

then 3q/3r. < 0.  More generally, we have the following result: 

3q/3r. < 0 (> 0) only if n. > 1 (< 1). (13) 

Thus, in the case of a non-superior  input (i.e., n. < 1), 

(10) and (12) imply that 3N/9r. < 0.  That is, if the resource 

whose price has increased is a non-superior input, then the 

long-run reduction in industry supply of saleable output is 

attributable solely to the exodus of firms from the industry. 

In general, however, the impact of a resource price change on 

the number of firms comprising the industry cannot be deter- 

mined on a priori  grounds alone.  Maurice has shown that 

3N/3r. = i = ^Nx./c)^|nj^n^c - ^1 - ^^l^MCj'' (14) 

where  N  is  the  optimal  number  of  firms   (i.e.,   the  number  of 
firms  necessary  for  long-run equilibrium to  exist  in the market 

■^This equation follows immediately from idem.,  equation (22), p.  73. 
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• 

for the industry's product when the typical firm is producing 

at minimum long-run average costM.  Since N, x., c, r\y,Q  >   0 

and TIT^ < 0, (l4) implies that 

8N/9r. < 0   according as   (1 - n^^) > n^n MC* (15) 

The long-run impact of a resource price change of the typi- 

cal firm's profit (i:) can be shown to be   : , 

9u/8r. = x.j^ln^/d - noriMc)} " l] • 

Since x., TIJ^J^ > 0 and n^ < 0, (l6) implies that 

(16) 

37r/9r.   ^   0 according as (1 - nj_) $ nprip^c-'' (17) 

Comparison of (15) and (17) reveals that conditions causing 

profit (loss) after a resource price change also cause the opti- 

mal number of firms comprising the industry to increase (de- 

crease).^  Note that if we divide (l4) by (16), we obtain 

(3N/3r^)/(9T/8r^) = N(l - n^rij^^.)/cn^^^. ^ (18) 

Since N, c, nj^c > ^ ^^'^   %  "^ °» *^^^^ implies that the number 

of firms in the industry varies directly with profit 

(9N/9r. )/(9TT/9r^) > 0. | (19) 

To recapitulate, we have established that on a  priori 

grounds alone the effect of a resource price change on the num- 

ber of firms in the Industry cannot be determined; that ques- 

tion is strictly an empirical one.  However, on theoretical 

'^Idem.,  p. 72. 

^Cf. idem.3  statement (23), p. 73. 

^Idem.j  equation (l6), p. 69. 

^Idem.3   statement (17), p. 69. 

^Idem.j  p. 73. 

^Idem.j  equation (24), p. 73. 
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grounds It can be predicted that the number of firms will vary 

directly with profits In the industry.  Let us now turn to an 

examination of the impact of EPA and OSHA regulations on the 

supply behavior of the ferrous foundry industry as a whole, as 

well as the typical firm belonging to that industry. 

Suppose that the effect of initial EPA and OSHA regulations 

is to require the typical foundry to purchase t^ dollars worth of 

fixed quantities of pollution abatement and safety equipmento 

This initial expenditure requirement Is tantamount to the imposi- 

tion of a lump-sum tax. 

Prior to the imposition of the initial expenditure require- 

ment, the firm's profit can be expressed as .  j 

IT = pf(x- i) - I  ^.-x/. 
1=1 1 1 

(20) 

The first-order conditions for profit maximization are 

9Tr/9x. 
1 Pf^ r. = 0 

1 
(i = 1,2), (21) 

where f. =   9q/9x., or 

Pfi r. (i = 1,2), (22) 

i.e., the marginal revenue product of each input must equal the 

market price of that input.  The corresponding second-order con- 

ditions are 

?    ? 
9 TT/8X. 

1 
pf.. < 0 (i = 1,2), 

P     ? 
9 TT/3X. 

1 

9 ir/9Xp9x-, 

9 Tr/9X-,9Xp 

?     ? 
9 TT/9X„ 

p^F* > 0, (23) 
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where f. 
ij 

p» = 

2 

3. f/8x.3x. and 
1 J 

11 12 

f     f 
21    22 

= ff   -ff   =ff   -f'^l 
11 22    12-^21   -^11 22    12 * (24a) 

Since p  > 0, (23) implies that 

F* > 0. 

It is easy to prove that 

c = K(q, r-^, r^),^ 

(24b) 

(25) 

where K is the firm's total cost function.  Thus, an alternative 

formulation of the firm's profit function is 

TT = pq - K(q, r^, v^) , (26) 

If we hold input prices fixed, the first-order condition for 

profit maximization is j ^    . 

or 

3TT/3q   =  p   -   3c/3q   =   0, 

p = 9c/3q, 

(27) 

(28) 

i.e., the firm's marginal revenue must equal its marginal cost. 

The corresponding second-order condition is 

2    ?     2    2 
3 7r/3q  = -3 c/3q  < 0. (29) 

After the imposition of the initial expenditure requirement, 

the typical foundry's profit function may be expressed as 

2 ; 
TT = pf(x-^, x^) - \  r^x^ - t        *  * 

i=l 

= pq - K(q, r^, r^) - t. (30) 

^For a proof of the theorem that f^2 = ^pi' ^^^ Angus E. Taylor, "Advanced 

Calculus" (Waltham, Mass.: Blalsdell Publishing Conpany, 1955), pp. 220-21. 

^For a derivation, see Samuelson, op. cit.,  "Foundations," pp. 58-59. 
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Since t_ is—from the firm's perspective—a constant, it is clear 

that the first- and second-order conditions for the maximization 

of (30) are identical to those for the maximization of (20) and 

(26).  Thus, the effect of the initial requirement to purchase 

fixed amounts of pollution abatement and safety equipment is to 

leave unaltered the foundry's level of production, provided that 

IT > 0.  The initial expenditure requirement affects only the 

firm's decision whether to continue or close down operations. 

If the initial required expenditure exceeds maximum net revenue 

(i.e., if t > pq - c), then the firm will be forced to shut down, 

In the latter event the number of firms in the Industry will de- 

cline, and the market supply curve for the Industry's saleable 

output will shift to the left. 
. - ■    'I      .      ' 

The foregoing results regarding the Impact of EPA and OSHA 

regulations can be established rigorously by considering an in- 

finitesimal increase in t_.  Consider the problem of maximizing 

output, subject to a fixed level of total cost.  The Lagranglan 

for this problem is I i 

A = f(x^, X2) + xfc - I  v^x^  - tj. (31) 

The first-order conditions necessary for the existence of a rela- 

tive maximum of output are 1    '        J 

9A/3X. = f. - Xr, = 0 
11    1 

(1 = 1,2) 

3A/3X = c -  y r.x. - t = 0, 
1=1  ^  ^ ^ 

(32) 

and the corresponding second-order condition is 

H  = 
q 

-f 

-f 

11 

21 

-r- 

-f 12 

-f 22 

-V, 

-V, 

-V, >   0, 
(33) 
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Let us rewrite system (32) as the following set of Implicit 

functions: ^' ! 

,.k, 
¥ (x^, X2, A, r^, r^, c, t) = 0 

The Jacobian of this system is 

J  = 
q 

9>i'"'-/3x- 

Bf^/ax 
1  "' ' ""2 

(k = 1,2,3). 

a^-'-Zax 

8¥^/ax 

(34) 

(35) 

Comparison of (33) and (35) reveals that J  = H  > 0.  Since 
q  q 

this Jacobian is nonvanlshing, we may appeal to the implicit 

function theorem and rewrite the implicit functions defined by 

(34) as the following set of explicit functions: 

'^^  =  ^   (^-^,   ^2, c, t) (i - 1,2) 

X = ^^(•). (36) 

Finally, consider the problem of minimizing total cost, 

subject to a specified level of output.  This problem's Lagrang- 

lan is 

2 
(37) L = _I r^x^ + t + yj^q - f(x^,X2) 

It can be shown that the Lagrange multiplier, y, which is undeter- 

mined in sign, is the firm's marginal cost, assumed to be posi- 

tive: I 

ic''(q) = y = ac/aq > 0. (38) 

The  first-order  conditions  that  are  necessary  for  the  existence 
of a relative minimum of total  cost  are , 

aL/ax.   =   r.   -   yf.   =   0 
1 11 

(1   =   1,2) 

aL/ay q   -   f(x-|^,X2)   =   0. (39) 

^The mathematical results of this paragraph are discussed in Taylor, op. ait.j 
"Advanced Calculus," pp. 238-5I. :  , 
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The corresponding second-order condition Is 

-f. •^^11  -^^12 1 

H  = c 

It can be shown that 

-yf 21 -yf 22 
-f. < 0. (40) 

H  = (-l/y)H , 
C       *^  q 

(41) 

Let us rewrite system (39) as a set of Implicit functions: 

,k (x^, x^,   y, r^, r^, q, t) = 0 (k = 1,2,3). (42) 

The Jacoblan of this system is 

J  = c 

9E^/3X^ 95-^/3X2 3B-^/3y 

3H^/3x^ 3E^/3X2 35^/3y 

35^/9X-,   9H^/9X2   9E^/9y 

(43) 

Comparison of (40) and (43) shows that J  = H  < 0.  Hence, we 

may Invoke the implicit function theorem and rewrite system (40) 

as the following set of explicit functions: 

y  = ^'^{•), - j ' (44) 

If we solve the first two equations of (32) for A, we 

obtain 1 I 

X  =  f./r. (1 = 1,2). (45) 

Similarly, we may solve the first two equations of (39) for y: 

y = r./f. (1 = 1,2). 

In view of (38), (45), and (46), we have 

1/X = y = 9c/9q. 
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Substitution of (47) into (28) provides an alternative 

statement of the condition for long-run equilibrium for the 

competitive firm: 
i 

, p = 1/X.    t.' (48) 

In order for long-run Industry equilibrium to exist, one condi- 

tion that must be satisfied is that the typical firm in the in- 

dustry must have zero profit.  This latter condition Implies 

that the firm's average revenue equals Its average cost: 

P = c/q = ^t + J_^r.x.yf(x^, X2) . (49) 

Thus, the existence of long-run competitive equilibrium is Im- 

plied by the equality of average cost and marginal cost: 

ft +  y r.x.) 
V     1=1 ^ V 

I  r^x^)|f(x^, x^)   = 1/X, (50) 

or, equivalently, 

f(x-j_, X2) - \l   I  r^x^ + tj = 0. (51) 

Consider now a parametric variation in t_.  Specifically, 

let us substitute (36) into the first two equations of (32), 

and then differentiate the resultant expressions with respect 

to t:i I ; 

f^^(9x^/3t) + r^^(dx^/dt)   =   0 (1 = 1,2) (52) 

Next, substitute (36) Into (51), and differentiate with respect 

to t: . ■   - i 

J/.(^) - iM^) - Ly^) ||.,.t|A = o.  (53) 

^The discussion that follows parallels Ferguson and Saving, op.  ait.,  "Long- 
Rm Scale Adjustments," pp. 775-76. 
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Upon  collecting  like  terms,  we  obtain: 

I   (f.   -   Xr.)Ox./3t)   -  (    I  r.x.   +  t)   OX/8t)   =   X. (54) 
1=1 ^ ! \1=1    ^    ^ / 

Substitution of   (32)   Into   (54)   yields 

-c(9A/8t)   =   X (55) 

Evaluated at the optimum, the system comprised by (52) and (55) 

consists of three linear equations In three unknowns.  Let us 

apply Cramer's rule^ to this system and solve for 3x,/8t: ; 

3x,/at = D /F = 0, 

because 

(56) 

F = 

where F* Is defined by (24), and 

^11 ^12 0 

^21 ^22 
0 =   _cF*   <   0, 

0 0 -c i 

^1 = 

0 

0 

X 

12 

22 

0 

0 

-c 

= 0. 

Similarly,   if we   solve   for   8Xp/9t,   we   obtain 

axp/at = D^/F = 0, 

since 

°2   = 
^11 

0 0 

^21 0 0 

0 X _ 

=   0. 

(57) 

(58) 

(59) 

(60) 

^This rule is discussed in G. Hadley,  "Linear Algebra"  (Reading, Mass.: 
Addison-Wesley Publishing Conpany, Inc., 196I), pp. I66-67. 
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Finally, we may solve for 9A/8t: 

3A/8t = D /F, 

where 

^3 = 

11 f 12 

21 22 

0 0 

0 

0 

X 

(61) 

= XF*. (62) 

If we substitute (57) and (62) into (6l), we obtain 

8X/8t = -X/c   <   0. (63) 

At last we are in a position to show that the typical firm's 

output will remain invariant with respect to the required expen- 

diture, provided that long-run profit does not become negative.^ 

Substitute the first two equations in (36) into (1) and then 

differentiate with respect to t: ' ; 

3q/3t = f-^(9x,/3t) + f^{dx^/dt) 

Substitute (56) and (59) into (64): 

9q/9t = 0. 

(64) 

(65) 

Having proved that the typical firm's long-run scale of 

operations will remain unchanged by the imposition of a required 

expenditure of t_ dollars (provided that profit remains non- 

negative), let us now consider the impact of this requirement 

on the optimal number (N) of firms in the Industry.  A second 

condition that must be satisfied if long-run industry equilib- 

rium is to exist is, of course, that aggregate quantity demanded 

(Q^) must be equal to aggregate quantity supplied (Q.^).     That is, 

in view of equation (6), this requirement is 

QQ = Nq. (66) 

^Recall that the derivations of (56) and (59) were based, in part, on the 
requirement that (49) be satisfied, i.e., that long-run profit equal zero. 
If that profit is negative, then the firm will shut down, i.e., q = 0. 
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If we solve (66) for N, and then differentiate with respect to 

t_,   we obtain 

9N/9t = OQp/3t)/q - Qp( 3q/3t Vq'^. 

Substitute (65) Into (67): | 
1 

8N/3t = (3Qp/3t)/q. 

(67) 

(68) 

Before we can determine the sign of expression (68), we must 

define the own-price elasticity of demand for the industry's 

product, Tij^.  Let h be the Inverse market demand function for the 

industry's product: 

P = h(Q^), D- h-(Qp) < 0.1 

Then 

Tip = p/Qph-(Qp).2 

Substitute (66) into (70): 

Tip = p/Nqh''(Qp) . 

Next, differentiate (69) with respect to t: ^ 

3p/3t = (3p/3Qp)(3Qp/3t) = h'(Q^)(9Qp/3t). 

If we solve this latter equation for 3Q„/3t, we obtain 

3Qn/9t = (3p/3t)/h'(Q^). *^D D' 

(69) 

(70) 

(71) 

(72) 

(73) 

To obtain an expression for the numerator of the ratio appearing 

on the right-hand side of (73), we differentiate (48) with re- 

spect to t: 

3p/3t = (-1/A )(3X/3t). (74) 
f 

^Maurice, op.  oit.^   "Factor-Price Changes," equation (7), p. 66. 

^Idem.,  equation (9), P. 67. 
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Substitute (73) into (72) 

2v,., 8Qj^/8t = -Ox/8t)/X"h'(Qp). 

Then substitute this latter result Into (68): 

3N/8t = -(9X/8t)/qX^h-'(Qj^) . 

(75) 

(76) 

If we multiply both numerator and denominator of the ratio on 

the right-hand side of (76), by N, and then substitute (63) Into 

the resultant equation, we obtain       ■       , 

3N/3t = (Nx^/c)/NqXh'(Qp). 

Substitute (48) Into (77): 

3N/3t = (Nx^/c)[p/Nqh^(Qj^) 

Finally, substitute (71) Into (78): 

9N/3t = nj3(Nx-^/c) < 0. 

(77) 

(78) 

(79) 

Since N, X, , c > 0 and TIT-, < 0, It Is clear that an Infinitesimal 

Increase In t will reduce the optimal number of firms In the In- 

dustry. I j ! 

We may use the foregoing results to theoretically examine 

the Industry supply response to the required expenditure on pol- 

lution abatement and safety equipment.  If we differentiate (6) 

with respect to t_, we obtain I 

3Qg/3t = N(3q/3t) + q(3N/3t). 

Substitute (65) and (79) Into (80) 

3Qg/3t = np(qNx^/c) < 0. 

(80) 

(81) 

Since q, N, X , c > 0 and rir~, < 0, (8l) reveals that the required 

expenditure will reduce aggregate quantity supplied by the In- 

dustry, I.e., the market supply curve for the Industry's product 

will shift to left. 
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The market supply of castings can be obtained by aggre- 

gating the supply functions of the individual foundries.  To 

obtain the typical foundry's product supply curve, we assume 

that the firm's objective is to maximize its profit function, 

which is defined by (20).  The first-order and second-order con- 

ditions for this problem are expressed by (22) and (23), respec- 

tively.  Let us rewrite (22) as the following set of implicit 

functions: 

n^(x-^,x^,p,r^,r^)   = 0 

The Jacobian of this system is 

J  = 

3fi-,/3x 

dU   /dx-. 

^^{•)   = 0. 

8fiV9Xp 

an^/sxp 

(82) 

(83) 

P2P* > 0. Comparison of (23), (24), and (83) reveals that J 

Since J  7^ 0, we may appeal to the implicit function theorem 

and rewrite equations (82) as the following set of explicit 

input   demand  functions: 

X 1 = (o-^(r^,r2,p) 

X2 = b^2^*^ ' (84) 

Substitution of (84) into (1) yields an equation that defines 

a composite function, y: \ . ■ 

"3_(r-, ,r,,p) , q = f l'"2 '^2^^1'^2'P )J = Y(r^,r2,p). (85) 

The graph of y is a hyperplane in input price, product price, 

product quantity space.  The traditional output supply curve, ■ 
however, is plotted in product quantity, product price space. 

Therefore, let us hold input prices fixed and define the product 

supply function s_ in the following way.    i ' 

q = Y(P|I"T31^P = constant) -  s(p).        |  (86) 
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The graph of s_ Is the perfectly competitive, profit maximizing 

firm's product supply curve.  An Important relationship exists 

between this output supply curve and the firm's long-run mar- 

ginal cost curve.  The latter Is the graph of the function 

K'(q), which is defined by equation (38).  Let us rewrite the 

profit maximization first-order condition (28) as 

P (q). (87) 

The firm's output supply function, s_, and its marginal cost 

function, K "*, are inverse  to each other. ^  That is 

q = K'" (p) = s(p).  ' (88) 

Thus,   for values  of  q  for which  the product's  market price  is  at, 
least  as  great  as  the  firm's   long-run average  cost  of produc- 
tion,^   the   firm's   long-run marginal   cost   curve  and   its  product 
supply  curve  are  the  "Inverse"   of one  another.^     This  relation- 
ship   is   important   for  two  reasons.     First,   the   second-order  con- 
dition  for  profit  maximization requires   the   firm's   long-run mar- 
ginal   cost   curve   to  be  rising.'*     Thus,   assuming  that   there  exist 

■^The requirements for the existence of an Inverse function are discussed in 
Tom M. Apostol, "Mathematical Analysis" (Reading, Mass.: Addlson-Wesley 
Publishing Company, 1957), p.  29. 

^Of course, if the product's market price falls below long-run average cost, 
the firm cannot survive. j 

^Despite the pronouncements of virtually every mlcroeconomic theory textbook 
(an exception is Vandermeulen, op.  oit.,   "Linear Economic Theory," n.  7, 
p.  102), the firm's product supply curve is not identical to its marginal 
cost curve—or any part of its marginal cost curve—as (88) clearly shows. 
The conceptual experiment that generates a marginal cost curve is to param- 
etrlcally vary output and record the changes In marginal cost, while the 
conceptual experiment that traces out a product supply curve is to param- 
etrlcally vary the product's market price and observe the changes in the 
quantity of the product supplied by the firm. 

"^This second-order condition is 
2        ? 2        ? 

8 TT/3q    = -3  c/9q    <  0, 

(continued on next page) 
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no external effects,^ the firm's long-run output supply curve is 

positively sloped.  Second (and more importantly as we shall now 

show), in the absence of external effects, the industry supply 

curve is merely the horizontal sum of the product supply curves 

of the firms comprising the industry and, hence, the industry 

supply must be positively sloped.^ ! 

Consider now a perfectly competitive industry composed of 

N  firms.  As discussed above, the traditional output supply curve 

of the firm is predicated on the oetevis  paribus  assumption that 

input prices are constant.  It will be useful to make that assump- 

tion explicit by rewriting (86) and (88) for the j 

following way: 

th firm in the 

q. = 0.(p|r ,r„ = constant) = y.(p\r^ ,r^  = constant),   (89) 

where 

0.(p|r ,rp = constant) = K.^~   (p). (90) 

Given the assumption of no external effects, the industry supply 

curve may be obtained by adding the N  individual supply functions 

in (89): 

N 
3q =  I Y-(p|r-,,r„ = constant) = r(p|r ,r„,N = constant) 
^  j=l J    ^  ^ 1  ^ 

(91) 

or 

N 

1 Qg = I   e.(p|r-,,r„ = constant) = 0(p|r ,rp,N = constant). (92) 

(contd) which implies 

3J1 9(8c/8q) 
8q 

> 0. 

^These external effects arise when the firm's total cost depends not only on 
its own output level, but on the industry output level as well. See James M. 
Henderson and Richard E. Quandt, "Mlcroeconomlc Theory," 2d ed. (New York: 
McGraw-Hill Book Company, InCo, 1971), pp. 111-13. , 

'^Idem.3  p. 111. 
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Of course, the imposition of the expenditures requirement t_ may 

cause the number of firms in the industry to decline—as shown 

above,1 3N/8t < 0.  Thus, the aggregate supply function for the 

Iron and steel Industry can be expressed as 

Jg = S(p,r-^,r2,t,N) (93) 

Let us turn now to a consideration of the demand side of 

the market for iron and steel castings.  This demand is a derived 

one, since castings are produced inputs that are intermediate to 

final manufactured goods made by profit-maximizing firms—at 

least we shall assume that profit maximization is their objec- 

tive.  The market demand for castings can be obtained by aggre- 

gating the demand functions of the individual buyers, most of 

whom are private Industrial firms.^  The derivation of an indi- 

vidual firm's demand function for castings is directly analogous 

to the derivation of the input demand functions defined by (84)., 

That is, the quantity of castings demanded by the firm depends " 

on the market price of the firm's product, the market price of 

castings, and the market prices of other inputs that the firm 

uses.  If we aggregate the demand functions of all buyers of 

castings, we obtain the corresponding market demand: 

*^D = D(p,p,r), (94) 

where p is an index of the market prices of the goods produced 

by purchasers of castings, p is the market price of castings, 

and r is the vector of market prices of other resources used by 

buyers of castings. ! . ■ 

^See supra,   (79), p. B-15. ! *  ' 

^Strictly speaking, seme provision should be made in the model for public 
as well as private purchases of castings. However, less than five percent 
of the products of gray iron, malleable Iron, and steel foundries were pur- 
chased by government agencies In 1972. Therefore, no attenpt will be made 
here to Include a theoretical construct for public "demand" for castings. 
See UoS. Department of Commerce, Bureau of the Census, 1972 Census of Manu- 
factures,  Industry Series:    Ferrous and Nonferrous Foundries—SIC Industry 
Groups 332 and 336,  MC72(2)-33B (Washington, D.C.: GPO, 197^), pp. 33B3-33B4. 
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