
Lawrence Berkeley National Laboratory
Recent Work

Title
A DYNAMIC PROGRAMMING APPROACH TO ESTIMATING GAPS IN LARGE ECONOMIC DATA 
BASES

Permalink
https://escholarship.org/uc/item/1z80n37g

Author
Andres, F.M.

Publication Date
1975-09-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1z80n37g
https://escholarship.org
http://www.cdlib.org/


" 

/ 

LBL.4271 

C' .1 

RECEIVED 
; :\WlfENCE 

BERKftrY LABORATORY 

MAR ~ 0 1976 

L.IBRARY AND 
DOCUMENTS SECTION 

A OYNAMIC PROGRAMMING 
APPROACH TO ESTIMATING 
GAPS IN LARGE ECONOMIC 
DATABASES 

~~ Lawrence Berkeley Laboratory 
Univer.sity of California 

For Reference 

I Not to be taken from this room 
i\ .' 

() 0 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government. or any agency thereof or the Regents of the 
University of California. . 



Presented at Operations Research 
Society of Am.erica Conference, 
Las Vegas, Nevada, Novem.ber 16-19, 1975 

LBL-4271 

A DYNAMIC PROGRAMMING APPROAcH TO ESTIMATING 
GAPS IN LARGE ECONOMIC DATA BASES 

F. M. Andres, H. Ruderm.an and J. Sathaye 

Septem.ber 1975 

Prepared for the U. S. Energy Research and 
Deve1opm.ent Adm.inistration Wlder Contract W -7405-ENG- 48 

k "'l" ...• ';'P L o ;,. t", f'l •. -, r·· '\..) o 0 



1) MOTIVATION 

A DYNAMIC PROGRMMING APPROAClI TO ESTIMATING 

GAPS IN LARGE ECONOMIC DATA BASES 

F .M. Andres, H. Rudennan and J. Sathaye 

Fnergy and Fnvirorunent Division. 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 ' 

September 1975 

Many enterprising modelers have developed preci!?e mathematical models: 
\ 

of social systems expecting equally precise input data from the economic cen-

sus. They soon discover that, unfortunatelY, as the preciSion of the ck1.ta 

increases so ooes the amount of missing data. First, and most cotm1only, 

known data is ''wi thheld to avoid disclosing figures for indiviual companies. ,,6 

TIle number of withheld items becomes significant when the economy is divided 

into about three hundred or more industry groups for regions the size of 

states or snialler. This degree of disaggregation is Qften necessary to cap­

ture important interactions. Secondly, a major reason for missing data is 

that the same size for some categories is insufficient for reasonable confi­

dence in the data. This occurs frequently in the Census of Transportation. 7 

However ,there is usually enough other information about the missing 

data to constrain it and to estimate a probability distribution for it within 

the constraints. For example, the two data items showing the total value of 

shipments for the flat glass industry (SIC 321) and the pottery and related 

o L 
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products industry (SIC 326) are missing for California in the 1967 Census 

of Manufactures (see Table I). The former employs between 1,000 and 2,499 

employees in 10 establishments and the latter employs more than 2,500 em-

ployees in 158 establishments. National tables (see Table II) provide data 

on the average·character of each industry such as total establishments, 

value of shipments, and employees for the entire nation. From this informa­

tion, a probability distribution of the missing data can be estimated. The 

sum of the two data items, SIC 321 and SIC 326, is fotmd by subtracting the 

value of shipments for SIC numbers 322, 323, 324, 325, 327, 328 and 329 from 

the value of shipments for SIC 32. Although the value of shipments for all 

* other states for SIC numbers 321 and 326 is now known, the sum of the Calif-

ornia value and the other states I "value for each is supplied in the national 

table. These two sums constrain the missing data items. 

1.1) Problem Statement 

It is proposed to find a maximum likelihood estimator of the missing 

data items. Asstnning statistical independence of the data items, the prob-

ability of any particular set of estimates of missing items such as mentioned 

above becomes the product of the individual probabilities and taking logar-

ithems yields a sum of ftmctions. It is desired to maximize this sum of 

ftmctions with the reported sum over all industries at the next aggregated 

SIC level in eac11 region, and the reported national sum over regions for 

each industry being the constraints. Mathematically, the problem becomes, 

* Although the value for all other states could hypothetically be fotmd by 
adding values from other states, many will be missing. Thus, only a lower 
bound would be found. It is ignored herein for simplicity. 
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max L L r.· (X. :) 
i j 1J, 1J 

s. t. L X .. = a. 
j 1J 1 

Ex .. =b., 
i 1J J 

i .... Index of industry (SIC) 

j = Index of region 

x.. = Missing value of the data item in region j, SIC i, 
1J 

r .. (x .. ) = The logarithm of the probability density in region j, 
1) 1J 

SIC i, when the missing value is x.·. This will be 
1J 

called the reward function. 

(1) 

ai = TIle reported national total for industry·i (rmv total) 

b. = The reported regional total for the next aggregated SIC 
1 

. level (column total). 

The problem is more readily visualized as one of finding maximal allo-

cations to the elements of a matrix subject to specified row and column sums. 

With this visualization, the problem can be recognized as the classical trans­

portation problem 2 with a nonlinear objective. 

o 0 
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2) GENERAL DESCRIPTION OF 1HE ALGORITHM 

To solve the problem stated,'a suboptimal dynamic programming algorithm 

which is an extension of the classical "allocation problem"l is presented. 

The terminology of Bellman and Dreyful l will be used where applicable. The 

stages of the problem are ''1' sIt of the matrix where the i th "L" = 1. = 
. 1 

{Xl- ,x2 - , ... ,x- - ,x- (- 1) ,X- (- 2)"" ,X-I} (see Figure 1). Assuming the matrix 1 1 11 1 1- 1 1- 1 

is m X n then the munber of stages is kl = min(m,n). A state of Li is cata-

loged as the value of x- - with all other x- - in L
1
- taking on opt imtun values. 

11 1J 

Finding the optimtun for each state. becomes a subproblem which will be seen 

to be two classical allocation problems with bounds, one allocation problem 

for each ann of the L. 

2.1) Mathematical Description of the Algorithm 
\ 

A foruard dynamic programming algorithm is defined. That is, the algor-

i thm starts at stage 1 and works foruard to stage k1 . 

From the general description of the algorithm, it can be seen that the 

state is defined by the index, i, of L_. The state variable which is also 
1 

the decision variable is the vector, Li' and will be uniquely defined for each 

value of x- -. To complete the description of the algorithm, the following 
11 

ITRlst be defined: 

1) An optimal value function which defines the maximum objective 

with stage i in state X with stages i-I to 1 taking on values 

which attain a maximum objective given that stage i is in state x. 

2) A recurrence relation which relates the optimal value function at 

stage i to the optimal value function at stage i-I. 
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3) A State equation which relates the state at stage i tb the state 

at stage i-1. 

4) A set of boundary conditions which specify the optimal value 

function at stage 1. 

The algorithm is presented for a square matrix. It is equally appli­

cable to any m X n matrix but the necessary notation would obscure the pre­

sentation. That is, let m :::: n. 

The optimal value function is defined as 

fi(x) :::: the optimal value with Li in state x 

(xii :::: x and the rest of Li is optimal). 

The recurrence relation is 

where 

f
1
·(x) = max {f. ley) + g.(x,y)} 

1- 1 
Y 

gi(x,y) :::: the value of optimal allocation ofLi with 

x·· :::: x, x. 1 . 1 :::: y and L. 1,L. 2··· L1 11 1- ,1- 1-1-

taking on their respective optimal allocations. 

Finding gi(x,y) is the subproblem mentioned in 

. the general description of the algorithm. 

(2) 

The state equations provide bounds on the value of the state vector, 

L.. At stage 1, it is clear the x·.€ Ll must be less than or equal to row 
1 IJ 

sum a· if x.. is in the column arm of Ll or coltmlI1 sum b. if x.. is in the 
1 IJJ IJ 

row arm of Ll (see Figure 1 for clarification). Any x .. € L., i > 1 must be 
IJ 1 

less than or equal to the appropriate row or column sum minus all 

xkl dLi _l , ... ,L1} already allocated to that row or co1tmlI1. These bounds 

will be called reduced row and column sums and will be defined iteratively. 

First, some additional notation{ is~e@i~d·~ [" t~ II 
~ -~ • '"< ,~- o 0 
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All quantities with a bar (-) on top are vectors. 

'" y(x) : that value of x which maximizes f.(x) 
1 

u.(x) ='optima1 x .. , j = 1, ... ,i - 1 with x· 1 '. 1= y. (x),x .. = x. 
1 . IJ . 1 - , 1 - ',1. 11 

v.(x) : optimal x .. ,j : 1, ... ,i - 1 with x. 1 . 1= y"'.(x),x .. = x. 
1 J 1· 1- ,1- -, 1 .'. 11 

Now, the reduced row and column sums, or state equations, may be defined 

a
i 

(x) - '" - u. (x) ( 3) '- {a· 1 y·(x)} 
1- 1 1 

Di(X) ~ '" - Vi (x) (4) = {b. 1 y. (x)} 
1- 1 

aO(O) = (aI' a Z ' ••• , an) (5) 

bo(O) = (b1,bz,··· ,bn) (6) 

Boundary conditions, or the value of flex) are now easily defined. 

The subproblem of finding g. (x,y) is yet to be solved. TIle problem 
. 1 

is stated mathematically as follows: 

i-I 
=max L r.,(x .. ) 

j=l IJ IJ 

i-I. 
+ max L r .. (x .. ) 

. 1 Jl Jl' J= . . 

+ r .. (x) 
11 

(7) 

- .. 
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i-I 
r x .. = a. I .(y) - x 

j=l 1J 1-,1 

x .. '<' v. I . (y) 
1J - 1- ,J 

i-I 
r x·· = b. I . (y) - x 

j=l J1 1-,1 

x .. < a. 1 . (y) ~j .. 
J 1 - 1- ,J 

(8) 

(9) 

(10) 

(11) 

It is easily seen that gi(x,y) can be found by separating this problem into 

two problems of the fonn 

m 
max r'll'.(z.) 

i=l 1 1 

s.t. Ez. = z 
1 

z. < q .. 
. 1 - 1 

(12) 

(13) 

(14) 

By redefining 'll'i(zi) = ..; 00, zi > qi' and eliminating Eq. (14), the 

problem becomes the classical allocation problem. A backwards dynamic pro­

grannning algorithm for solving the allocation problent begins by letting the 

index i, of zi be the stage variable and defining a state Wi to be the 

amount left to stages i+l, .•. ,m. The decision variable is the amount, zi' 

allocated to stage i. The optimal value function is Sj (wj ) = the optimal 

value of an allocation for stages j+l, ... ,m with Wj left before allocation 

of Zj~ The recurrence relation ~s 
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(15) 

The state equation is 

. (16) 

and the botmdary c6ndi tiens are 

(17) 

The solution is the policy associated with Sj(z). 

3) BOUNIl) 

It is often desirable to bound each value of x... For example, if x·· . 1J 1J 

represents employees, note that in Table I missing values of employees are 

often listed as BB. This implies that the missing value is bounded between 

250 and 499. If the lower bound is R.... and the upper bound is h .. , then 
. 1J 1J 

t .. < x .. < h ... 
1J - 1J - 1J 

Bounds raise a problem since it is no longer necessary that a feasible 

solution exists. However, the problem of· testing feasibility is readily solved 
. . . 4 

using a max flow algorithm on a network. First, note that the added constraint 

can, without loss of generality ,be changed to 
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o < x .. < d .. 
- IJ - IJ 

where d., = h .. - R... and a· and b. are reduced by i... All of the con-
IJ . IJ ,1J 1 J IJ 

straints will still hold. Now define a network as shown in Figure 2 where 

the numbers on the arcs are upper botmds. Solve for the max flow and if 

the total flow = ~ ai = ~ bj then a feasible solution exists. One feasible 
1 J 

solutionis x.· ::: f .. where f.. is the flow from node i to node j. 
1J 1J· 1J 

Bounds are easily incorporated into the dynamic programming algorithm. 

Equations (9) and (11) are changed to the following: 

V-j (18) 

x .. < min {a. 1 . (y) ,d .. } 
J 1 - 1 + ,J J 1 

(19) 

Unfortmately, Eqs, (18) and (19) sometimes cause the algoritlun to 

. "get stuck." This occurs when, for example, for every state of stage k, too 

little has been allocated to the relative optimum solution for stages 

{i; i ~k} and no feasible solution exists for stage k. One can overcome 

this difficulty by solving the feasibility max flow problem with reduced row 

and column SlDTIS at each stage of the subproblem of finding g. (x,y). Little 
1 

additional computation time is necessary due to the extreme efficiency of 

max flow algorithms. 

(} 0 
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4) AN EXAMPLE 

The algorithm was used to fill in missing data in the value of ship­

ments and value added columns of the Census of Manufactures for the state 

of California. For this maiden voyage, some simplifying assumptions were 

made. First, define the following not:ation: 

Ec = number of employees in California in a certain industry 

Eo = number of employees in the nation in that industry 

Sc = number of establishments engaged in that industry 

So = number of establishments engaged in that industry in 

the nation 

Vc = value added for that industry in California 

Vo = value added for that industry in the nation 

It is assumed that Vc is normally distributed with mean = E V /E and . coo 

variance = (Ec Vo/Eo) 2. When Ec is missing, it is estimated by EoSc/So' 

Each separate maximization was disaggregated into thirty to fifty states 

per stage depending on the spread of maximum and minimum non-zero limits on 

the variables. 

Table III shows a portion of the resultant estiIilates. The raw data 

is in Table 1. Results seem very good. Only in a few cases were missing 

values replaced by zero which is a questionable value since the appearance 

of an industry implies that its production is non-zero. 
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5) CONCLUSHNS 

An evaluation of the suboptirnality of the algorithm would be useful. 

In the example provided, a quadratic programming solution could be used to 

find the true optimal solution and values could be compared. 

One strength of the DP approach is that the reward ftmction can be 

changed to any desirable shape without increasing the length of time re­

quired for solution. Experiments with more accurate and better based reward 

ftmctions would be interesting. 

The reduced gradient algorithmS has a special appeal for this problem 

and deserves some investigation. As shown. in Fig. 2, the problem can be con­

structed as a network problem. Since a basic solution forms a tree,3 each 

nonbasic arc is the sum of the individual gradients arotmd the cycle. An 

algorithm could be derived which selectively changes the flow around these 

cycles and the identity of the basic variables until all cycles are either 

bOlmded above and have a negative reduced gradient, bounded below and have 

a positive reduced gradient or have a zero reduced grandient. 

e l ~..., .."" n f7 ~'" n ;,./= ~,~Y t: n C ., .,' 
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The reduced gradient algorithmS has a special appeal for this problem 
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structed as a network problem. Since a basic solution forms a tree,3 each 
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,l t. ~ *-OP 0 b: ,~-~ (J <'. f " i ~ 0 a 
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Fig. 1. ''1s'' of a 4 x 3 Matrix 
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Fig. 2 Network Associated with a 4 x 3 Matrix 

Row 
Nodes 

S = Source 
T == Sink 

Labels on arcs are upper boundS on flow. 
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TABLE I 

TABLE 5. General Statistics by Industry Group and Industry: 1967 and 1963-Continued 
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2.0 

ee 
EE 

FF 
1.1 ., 

CC 
AA 

t::: I 
1.1 -.. 
0.2 

Be 
ee 
.5 

-.. .5 
tt 

I.' .. .. 
.B 
.0 

~8,B 

22.u 
OF 

1.0 .. 
FF 

a.o 
0.2 .. 
e9 
ee 

1.6 

" .. 7._ .. ,. , 
7.6 
0.2 
I.' 2.' -., 
I.' I." ' .. 

.1 

l.. 

'0' 
".7 
10' 

'01 

11.2 

'0' 
." 

'01 

0.0 
10' 
10' 

1.' 
'06~9 

'0' 
~'7. :5 

ID> 
10' 

9.7 

,o.1 

26.2 -.! 
1'.~ 

10' 
101 

10' 
?' I.' "0' 
10' 7.' 

,., 
'19.' ,., 

10' 
10.5 -.. 

10' 

'0' 2.< 

""6.2 
191. J 

"0' 11.0 

'0' 10' 

~'.' 2'7.0 
10' 

'D' '0' 
11.' 

10> 

.6 

'0, 
.0, 
'01 
10. 

.1 

101 

1.0 .0. .0, .. 
.0, 
7.2 
.01 
10> 

I.' 
'.0 , .. 
.a I.' 

10. 
10. 

10' .. ., 
'0, 
10, 
I •• 

0.7 
.7 

'.7 '.0 .0' 
.0> 

.4 

,., ., 
10' 
101 
.7 

10. 
.01 ., 

Q'7.J 
17, '7 

10, 
1.1 
.0' .0, 
7.0 
,.a 
.0' 
.0, 
.01 

101 

'0> '0, 
6.0 .-2.' 
6., ,., 
1.0 
2.1 

< •• 
1.1 
1.1 
'.1 

o 

.0' 

.0> 

'0' 
'.' 10' 

.' 
101 

I.' 
"0' "0' 
.1 

66.1 

'0' 
til.' 

.0> 

"0' 
•• 5 

,.7 
6.5 

I.' ,.& 
'0' "0' 
10' 
1.1 
.a 

10' 

'0' ,.0 
16,9 
1.0 7.' a." .0' 
leI 

.a 

10.'7' 
.1 

101 
2.' I.' 
'01 
10' .-

96.1 
".0 
'0' '.' 10' 
10' 

I).~ 

7.0 

'0' 
10' 

'0' 
••• 
101 
10' 

1,.6 
.7 

5. , 

n.o 7.' I.-
'.0 

10.q 
2.' 2." 

. ',1 

." 

.0, 
,.7 
10' 

101 

a.1 
.COI 

. , 
10' 

0.' .0. 
'0' 

10. 

&l8. '7 

10' 
10, 

a.5 

1B.~ ,.­
a.5 
10' 
10, 

10' 
6.2 
•• 2 
COl 
.0> 
a.l 

62.0 
0.5 

2~h6 

26.0 
.01 
.01 

•• 0 

".9 
2.0 

." 0.2 
0.0 .0, .0. 
1.5 

" ... , 
140 . ., 

10. 
7.7 
10. 
.0' 

dt.e 
21." 

10. 

.0> 
101 

a.' 

3 ... 14 
a.o 
ft.7 

11.0' 

.0' 
a.o 

10, 

.0' 
11.1 

101 

1.0 

.0' 

10' 

110,2 
10' 
10' 

19.' 

.01 
16.' 

I·' .0' .0' 
13.) 

218.6 
1".6 
'!6,0 

106.7 
101 
.01 

5.' 
110.' I a.7 

.0' 
:~:~ I 
'0' .0' ,.7 

9". :5 
)78.8 

10' 
2).2 

10·' 

"0' 
9Q.' 
'1",0 

10' 

10, 
. tCI 

21.e 

10' .0, 
')2.2 .. , 
6Q,O 

89.' 
"9~2 
1".0 
26, I 

106.2 
2~.0 

1'.' '",7 

'0> 

10' 

'0' 
15.0 
'0, .. 
101 

.01 

19.5 

10' 

.0' 

I.' 

10> 

6." 16.1 
101 10) 
tOl COl 

'0' 
62.6 

'0' 
10' 

:::: I '.0 '.' 10> 

'0' 
10' 
'.0 ., 
10' 
'01 0., 

.~~:~ II 
4B.9 

165., 
101 
'0> 

'.1 
9".~ '.0 
'0' 10.6 

11.9 

10' 

1"8, , 
. (01 

10' 

70.' 
•• & 

29.6 
101 
.0' 
10' 

25.6 . .. 
.01 
.01 

p.s 

146 ... 6 
26.8 

125.5 
271.1 

.01 
101 

a •• 

206.1 
n·9 

.0> 
26.1 
21.0 

'0' '01 
0.7 

1 201. 1 
!l62.0 

'0> 
29 • ., 

I 
l~l 

2 103.0 
907,6 

.01 

10' 
10, 

~'.2 
J2.e 

101 

'0' '0, 

10' 
101 

161.9 U., 
102. '7 

".2 
'0.6 
1".9 
le.l 

7'.2 
)1.2 
26.0 
18.1 

(1 

'1.9 
10' 
101 

1~0.2 

78.' 
10' 

10' 
10' 

112.' 

.01 

.0' 
296,6 
23.8 

168.7 

o 

.OJ 

.01 

101 

10' .. 
101 

( .) 

10' 

101 
10' .0' 
10' 

6,.0 

'0' 
101 
101 
10' 

101 

7.9 

2.a .. 
10' 
101 
10' 

10' 

'0' 10' 
10' 
10' 
.a 

18.7 
1.2 
5." -.. .0> 
.OJ 

.2 

13.' ., 
10' 
10' ,.a 
'0' 
10' .0' 

92.4 
'2.~ 

101 
.0' 
10' 
10' 

'.7 
2.0 

'0' 
101 
10' 

•• 7 

10' 
10' 

17.0 .. 
10' 

s., 
10' 
101 
tDI 

15.1 
.01 

'.' 101 

'.7 

.6 

10' 

.1 . .. .0. 

.2 

10' 

I •• 
(0) .0, 

.0, 

.0. 
10, 
.0 

1.6 

0.' 
••• I •• ,.0 
.01 
1.7 

0 •• 
1.1 
(D) 
10' 
101 .. , 

15.5 
1.2 
0.' 
7.a 
.01 
101 

• 0 ... 
101 I.' 
1.1 .-10, 
10, 
.0 

ae., 
19.5 
16.2 

10, 
10, .. " 
7." ". , 
10. 

10' 
101 

I.' 
10' .. ' . .. 
10' 
10' 

6.1 , .. 
I.. 
2.2 

'.0 
1.1 

.& 
1.7 

-.0 
10' .. 

15.1 
'01 .. 
10' 

6.1 
10' 
10' 

'.0 
6,a.0 

to, 

'0' '0' O.a 

20.8 

59.1 a.­
Z'.I 

.01 
2).9 

'2. I 
1_.e 
(D) 

10' 
'0> 

11.2 

2'2.8 
16.6 
51.6 
12~.' 

'01 
10' 

-.. 
119.0 

10' 
"'1.' 11., 
1".9 

10' 

'0' ... 
60).9 
267.4 
2)1. '7 

'01 
10' 

10.1 

'7~.9 

116. " 
'0> 

10> 
10' 

20.0 

'0' 16 •. 0 
70.9 

101 

'0' 

48.0 
1'7.0 
'.7 

2%.3 
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TABLE II 

36 ,';rh'"" , GENERAL SUMMARY 
,~. '.'./:r.:~.~, 

TABLEii:G'eneral Statistics forEstablishmp!lts by Industry Groups and Industries: 
,J ,". 1967 and 1963-Continued 

Cod. 

'2 STONt, C1.AY, AND GLASS 
".OOUCTS--r.ON. 

326 POTTERY AND RELATED PROCUCT$ 
3261 VITREOUS 'lUMBING F 1;<.TURES •• 

~~:~ ~:~~E:~:T~~~:!R~o~go~T~~i~; ~L; ~ 
,26ij PORCELArN [LECTR!CAL SliPPLIES •• 
3269 POTTERY PRODUCTS, NEe •••••• 

321 CONCRETE. GyPSUI'I. PLASTER PROQUCTS 
'271 CONCRETE BLOCK ANO BRICK. 
3212 CONCRETE PROOvCTSt t\E.C 
327) READY'-~IXEO CONCRETE 
)27~ LIME ............ . 
)275 GyPSUM PRODUCTS •••••• 

'211 CUT STONE. AND STONE PRO~UCTS • 

)29 MISC. NONMETALLIC MINE.RAL PRODUCTS 
)291 ABRASIVE PROOuCTS •••.••• 
)292 ASBESTOS PRODUCTS •••••• 
)29) GASKETS AND % NSIw\..AT IONS. • • 
'295 MINE"ALS' iioROUNO OR T"-[AT£O. 
32.96 "'INERAL WOOL ••••••.•• 
3297 :\ONClAY REFRACTORIES ••••• , , 
)299 NONMETALL%C MINERAL PROQUCTS' Nte. 

PRIMAfty M[TAL INDUSTRIES ••• 

,'1 BLAST FVIIlNACE, BAS%C STEEL. PROOf : I 
~ig j~~:~+R6·~~~:~~eR~~gA~r~~~O~~~;:· : 
"15 lSTEEL. WIKE· AND AEL.ATED PKOOuCTS. "16 lie. OLD F INJ SI-IJNG OF STEEL SHAPES. 
)317 STEEL PIPE AND TUSES ••••• 

,)2 IRON A~:) STEEL FOUNDRIES •• 

~~~~ 1~:t~E!:~~ ~~~O~~~~~RjE; : : 
"23ISTEEL FOuNCRIES ••••••• 

," PRIMARY NONFERROUS METALS. 
"lJ. PRIMARV COPPER ••••••• "'2 PRIMARY l..EAO •••••••• 
"" Pf(;If'lARY ZINC •••••••• 
)"t.t PRI,..ARV ALUMINUM. 
)"9 PRI"A.!!:V NONFERROUS METALS. NEe 

,,41 SECONOARY NONFERROUS META.L.S •• 

"S NONFERROUS ROL.L.ING AND ORAWING 
"51 COPPER RO!...LING A~:> ORA .. I~G ••• 
,'52 AL.UMINUM ROL.L.ING AN;:) ORA\IIING •• 
,'56 NO~FEq~OVS ROJ,.LlNG M~O O~Aw[NG. NEe. 
')$7 NONFERROUS wIREORnIt.G, ;:hSUl.AiJNG 

"6 NONFERROUS FOUNDRIES •••••• 
,}61 ALUMINUM CASTINGS ••••••• , .• 
,'62 BRASS, SRO"'ZE, AND cOPPER CASTINGS 
,'69 NONFERROUS CASTINGSI·fI:~C •••• 

"9 MISC. PRIMARY METAL PROQUCTS • 
)391 IRON AND STEEl. FOR~INGS ••• 
,}92 ,NONFERROUS FORGINGS •••••• 
,'99 PRIMARY METAL PRODUCTS, NEC •• 

'4J,1 METAL. CANS ••.•••••••• 

)ij2 CUTLE"RY' t-(ANOTOOL.S, ANO HAROWARE 
,q21 CUTLERV. • • • • • • • • 
'42} HAND AND EDGE TOOLS, NEC , • 
'425 HANDSAWS AND SAW B\..AOES ••• ~ •• 
.3429 H~"O'ARE' NEC. • • • • • • I,. • .• 

34' PLUMBING AND HEATING EXC. ELECTRIC 
)4'1 METAL· SANITARV W.t.RE ••••••••. , 
''''2 PLUMBING FITTINGS AND BRASS GOODS •• 
34', [HEATING EQUIPMENT'. EXCEPT ELECTRIC. 

,44 FABRICATED STquCTURAl ~E.TAL PRoe .. 
'441 FABRlCATED STRUCTURAL STE.El.· '.' • '. 
3'442IMETAi.. ODORS, SASH' AND TRt.". •••.•• 
,"4' FABRICATEO PLATE;.ORK (SOllER SHOPSI. 
'''1.i4ISHEET MEiAl.ORK ••••••• 
'4"6 ARCHITECTURAL METALwORK ••• 
>q~9 MISCELI..ANEOUS M~TALJ'ORK ••• 

'''5 SCREw MACt1tNE PROO~CTS. eOlTS, ETC 
'''51· SCREW MACHINE PROiJUCTS • '.' ••. 
'452 BoLTS, NUTS. RIVETS. AND WASHERS 

'461 METAL STAMPINGS •• 

eo."",; .. 

(number) 

8 6}8 
1 ~)4 

.) 05!» 
• OU 

18 
,~ 

116 

1 fl85 
}20 

81 
2Bo 
'82 

11 

•• ,» 

~., 

200 

200 
17 

12' 

1 2b~ .6. 
7" 

106 

17 
11 
10 
11 

8 
41 

>27 
8. 

t>, 
11' 
206 

1 827 
910 

". 
}~" 

1 1'10 
2.8 ,7 
B •• 

2~ 262 

.6 

1 810 
UB 
6}0 

' .. .,. 
781 
8J 

210 
.96 

q '!l58 
1 8b5o 
1 ~40 
1 lilb 
.2 QLl.2 
1 )60 

~9. 

2 ~6" 

Establlshmeills 

Total 

(n"",btl) 

61' 
.1 
J' 
II 
7. 

'J. 
10 ·OOLI 

1 ~9q 
.) '412 
4 760 

II" 
II' 

811 

1 8Ql 
'61 
U8 
'01 

'0' 116 
92 ,,0 

6 8)1 

861 
U' ,. 
".0 
107 
1.1 

4,8 
061 .1 
.496 

1'· 
J2 

I' iB 
z> 
~O 

.OJ 

8" 
I,!» 
218 
142 
'os 

1 886 
•• 2 
". 
J60 

1 272 
21< 

01 
.~. 

27 418 

-299 

1 1jI)9 
1 •• .. ' 8' 

1 041 

8,8 
91 

210 
~J} 

10 1~1 
1 960 
1 6C6 
! Ll6'!! 

.) O~q 
1 }17 

6 /19 

'" 

';(1120 
tmployees 

OlliOre 

(number) 

<>I 
40 

·2. 
17 ,0 
.6 

2 Q~O 
} .. 
80l 

1 I~O 
11 
78 

1'6 

708 
16. 

•• 12} 
IJO 
74 
60 ., 

4 082 

673 ". 
'I 

111 
86 

126 

1 097 
17. 

1> 
·2&48 

121 
}2 

18 
I. 
2. 
2' 

182 

620 
108 
16J 
7. 

21> 

'98 
Oil 
207 
180 

>91 I.' 
'I }11 

10 7~2 

241 

8 •• 
.6' 

2>2 

•• •• 0 

J89 

'1 
90 

'.B 
)0 7050 
1 OJ'!! 

>97 
78. 
811 
198 
280 

1 OU 
6dr 
Z9l 

1 }51 

I 'nIl 

AU employees 

(1,000) 

169.1 
21.1 
'!!6.8 
74.!! 
6.8 

10.0 

16.6 

106.l 
21.l 
21. J 
18.'!! 
•• 9 

I!!.! ... 
'.J 

1 2Bl.0 

617.) 
5)'.1 
10.4 
19.~ 
19.'!l 
27.0 

~}.!.6 

138.0 
25.'1 
69.2 

5,.tI 
11.6 
2.7 
•• 1 

2}.8 
7.2 

17.2 

11j1q.9 
UO.} 
61.~ 

ll.} 
11.7 

1 }41.8 

60.3 

1$5.9 
U.O 
}'.? 

6.} 
. 100.8 

6'.2 
10.1 
lU.!! 
QO.6 

}87.9 
107.' 
til.? 
96.'1 
68.1 
19.) 
·'l.7 

22'.9 

Payroll 

(million 
doll,rs) 

2.Cl6.9 
!!b.!! 
36.1 
2f.!! 
89.9 
)7.0 

IOl.} 
1}0.1 
l~1.1 
!!OS.S 

'12.6 
70.7 

'0.8 

7l~.8 

197 .~ 
llUI.O 
ll'!l.' 

5t.1.' 
106.9 
7l.1 
'0.6 

9 850.9 

'!l O:.!1.9 
Q lB'!!.J 

79.0 
19ij.a 
1~4.Q 

207.9 

1 640.5 
965.} 
187.0 
Clas.:.! 

405.1 
80.6 
IS.9 
!!7.8 

lQO.9 
'!!6.9 

12:2.8 

1 4}8.q 
,9}.9 
l.l79.Q 
!6}.'!l 
501.6 

609.l 
}12.9 
119.8 
176.7 

612.9 
)11:'.9 
87.' 

179.4 

1.174.'1 

1 0(1).1 
80.2 

232.9 
Ill.4 

686.7 

q2:7.? 
71.} 
9l.6 

26·1l.0 

2 686.8 
77}.6 
}78. :. 
700." 
Q90.7 
12.l.0 
2.!0.7 

8 117. ; 
34') • .l 
qQU •. l 

1 6B~.'!l 

Number 

(1.0001 

36.0 
7.0 

".0 '.J 
11.0 
6.7 

~00.8 
l,jlU.O 

8.0 
~~ .1 
14.9 
21.8 

198.' 
119.3 
.!l.Q 
57.6 

42.2 
'.2 
2.1 
6 •• 

11 • .2 '.2 

1~1.1 
l.i!: • ..:! 
lI8.7 
lLl.8 
'!l~.) 

76.0 
l8.B 
150.1 
.ll.l 

1 0~6.9 

52.}· 

12}.9 
10.4 
26.7 ... 
80.0 

4S.' 
8.1 

ll.l.l 
.!9.0 

2:92.~ 
80.1 
1,.1.° 
7':'.1 
:'..!.Q 
1:'.CI 
d." 

Production workels 

Man-hou's 

(milliOns) 

70.1 
U.S 
ll • .! 
9.8 

2:l.l 
1.>.1 

2'!15.0 
30.6 
9Q .. 2 

100.7 
12.0 
H.!! 

2B.} 

·16Z.1 
}6.} 
}~.O 

27.8 
14.l.l 
l50.S 
1.(;1.8 
8.' , 

2 OS8.7 

q81.6 
8.(;150." 

1·1.2 
'Ill. 1 
29.8 
<4:'.1 

QO.l.l 
2C1Z • .l 

Q}.O 
116.B 

26.6 

)D.II 
64.' 

101.0 
}0.9 

U7.0 

12!!.0 
67.l 
16.'!! 
41." 

112.7 

2:'9.9 
ZO.'!! 
'7.9 
10.1 

171.lI 

\ 96.8 
16.Q 
22:.8 
57 .~ 

~91. ~ 
16}.6 

911.8 
.1:'0.1I 
10~.a 
.l9.'!! 

'n." 
196.7 

BI3 • ..! 
108 .. ') 

.)79.8 

))7." 

. .... 

190.0 
'15.1 
,H.} 
22:.6 
61.~ 

27.0 

719.0 . 
77.0 

o2ll7.9 
)08.6 

".4 
'!l2.2 

70.9 

t:9Q.l 
·.1l9.l 
107.5 

76.8 
41.7 
S).q 
Q9. ~ 
"1.1 

7 457.' 

, 829 .. 2 
l 36d.lI 

'!IS. 6 
DS.O 
1013.8 
15~.q 

J. }06.7 
780 • .2. 
147.3 
}79 .. Z 

lOO.' 
61.0 

lJ.' 
Q<:.9 

lq~.2 
}S.l 

I 027.0 
,,9.0 
l:'4.9 
lOO.Q 
}'!I.l.7 

1464.0 
2C1}.6 

B9.2 
lll.2 

CI~l.~ 

o26!>.6 
61.4 

12Q.'!! 

7Q2.2 
~q.5 

165.6 
29.'!I 

'£192 .. 4 

278.Q 
>J.~ .. 
6.1l..2 

160.7 

1 777.9 
'!IO~.4 
23:,.7 
477. '!I 
)}6.0 

,81.:' 
1}7.Q 

605.7 
2~8.5 
)Q7 • ..:! 

1 27.l.Q 

}~b.l 
·'r,.: 

Vilue 
,dded by 

manulaclwe 

(1IILIliot! 
dollalS) 

'"8.7 
'J I.CI 
55.6 
J".6 

l'!l}.'!! 
6l.CI 

J. 476.0 
274.2 
7oll.6 

1 155.' 
100.1 
22:'.6 

148.i 

1 5ll6.!1 
~lO. 7 
}08.1 
205 .. 5 
14Q.Q 
ZQ7.1 
1~8. 7 
'6 .. 8 

19 978.2 

10 170.1 
a QI0.1 

193.l 
lbfJo.l 
26 Q .l 
" 12. ~ 

6}1.0 
'!I4}.l 
2~6.' 
79loQ 

1 Jd1.'!1 
262.6 

.qS.' 
1!9.~ 
811.8 
L)9.J 

} },l('!.9 
70q.Q 
Y)S.7 
}51.7 

1 }}O.l 

1 067.'!l 
'!lJb.6 . 
2.l6.8 
l~".l 

1 1.l1.9 
60,)7.'1 

1~"'" )70.2 

18 OQ2.6 

1 I'll.!) 

2. JIB • .} 
276.) 
~09 .~ 

91.1 
1 'IJ!l.:' 

S71.9 
1~O.6 
IS).} 
'!l47.~ 

9}t.t.l 
.H9.J 
6'!l1.1 

I 39l." 
seq.} 
.:.)2.6 
41+8.6 

6'::0.9 
6::1. ") 
9·/9.Q 

, OlO.8 

864 • .) 
' .. " .. " 

Value 01 
stllpmenls 

(mllli(ll't 
doflaU) 

·OO'!l." 
170.0 
oi'.~ 

47.1 
,a!>.o 

9t..1 

14 999.6 
»0.1 

I 201 1 
2 684.2 

176.~ 
}87.7 

2 79~ • .} 
7.l!> .. l 
'!I7.!>.D 
}!>..!.S 
'aO.9 
Q'!I4.Q 
)07.1 

99 .. 9 

o2} 121.0 
19 6.l0.b 

.Q67.q 
8Q~ • .l 

1 0'8." 
I 1,48.6 

'q i ••. } 
.2 6)7.8 
~JS.) 

1 21l • .2 

• J 714.0 
I lS".1 

}OQ.O 
Bl.B 

1 608.7 
Ole".'1 

1 ~86.0 

'9 92'!1.4 
2 }~1.1 

.2 9'!18.9 
QSu.O 

:) '!I91.'I 

'I 922:.0 
920.5 
QQ'!l • .l 
~~6.} 

• 2 17J • .2. 
·1 261.6 

}':>J .. 1 
~78.'!l 

2. 890.6 

'3 714.6 
• l76 .. ~ 
8U.5 
l~q.> 

.2 .)68.} 

'1 72&,1.9 
251.2 
"0t.t.7 

• 1 069.0 

'10 lIQ':'.~ 

i ')67.6 
1 QU.6 
.2 688.'!I 
1 81.£.4 

.LIdl.l.9 
1 082.0 

• 2 665. 1, 

1 Oi l. ~ 
1 64}.9 

!> 89).7 

11 ·26~.q 
7'<1.1 
'I,'·. 



-17-

TABLE III 
( 

--CI1TTlTRN IA ()lIfr. - CFNSiJS UF t-lTh1..TfACI OR EPS. DIS C[USlJ'TTS f S' HOI lEI) C'::I K:, V f> ~r<,('i:'1:, i 

NlJM~E R NUM fiE R . 
OF UF VUCt VATUf OF 

SIr COOE E ST I\B~ EM Pl ()VS ftDOEC SHIPMENTS 
2 t~44 84 39.0 1271.0 [81'. 0 
?850 235 72.0 1499.0 3498.0 

:2P.51 235 12.0 1499. 0 3498.0 
2R70 92 28.0 4S<J.O 1590.0 
2a7t 5 5.0 127. 0 287. 0 
2A72 40 7.4 127.0 315.0 
28/9 41 16.0 244. C 927. 0 
<'RnO 243 44.0 856.0 1670.0 
2a91 33 7.0 [43.0 ~OB.O 

?'397. 10 5.0 55.0 114.0 
2893 46 12.0 145. 0 426.C 
28c}G 151 21.0 512.0 822.0 
2900 201 164.0 5542. 0 23 ~46. C 
2910 50 139.0 4966. C 22127 .0 
291[ 50 139. 0 4966. G 22 [2 7 .0 
2950 111 18.0 368. 0 969.0 
2951 90 8.0 221. 0 532.0 
2952 21 10.0 147.0 437.0 . 
2990 40 6.0 208. C 450. 0 
2992 37 9.1 207.0 450.0 
3000 870 372. 0 573 U. 0 9724. 0 
3010 28 142.6 1404.C 2981.0 
3011 28 142.6 1404.0 29~l1.0 

1020 2 <J.O 4 R. 0 0.0 
302 I 7. 9.0 4a.o o. 0 
3060 146 75.0 993.0 1744.0 
3069 146 75.0 993. C t 744. 0 
3070 691 218.0 7. 7B4. 0 4998.0 
307f) 691 2113.0 2 7tl4. 0 4 C)98. 0 
1100 1 C) 7 175.7 1226.0 3212.0 
Hio 1!3 7.0 84.0 1!J 5. 0 
3111 15 7.0 84.0 195.0 
n20 6 2. 5 10". 0 250. 0 
3121 6 2.5 109.0 250.0 
3130 7 2.5 2 ,. 0 166. 0 
3131 7 2.5 21.0 166.0 
314 a 44 24.0 1131. 0 329.0 
3141 42 25.0 un.o 329. a 
3150 9 2.0 10.0 19.0 
3151 q 2.0 10.0 19.0 
.:nbO 2!'l 10. 0 683. 0 2084.0 
3161 28 10.0 683.0 2084.0 

·:H70 46 lZ.0 ..,~.o 161.() 
3171 l?- 10.0 62. 0 101.0 
3172 Zit 5.0 35.0 5~.C 
31C)O 42 4.0 32.0 66.0 
~ If)9 42 4.0 "2.C 66.0 
3200 1435 434.0 6626.0 11909.0 
32[0 10 z,.o gr;.o ,~').O 

?Ill 1 10 25.0 244.0 399.0 
3220 26 az-.o 1102.0 11lt"J.O 
1721 16 88.9 1064.0 1725.0 
3229 10 5.0 36.0 59.0 

(, I k 7' C ~- t A "~: .. () CJ f-'i ; '-. .fT f'< i 
.", 
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TABLE III (Continued) 

--~C~A~l~I·~FTcmR~N~I~A~IJ~~~I~A---rC~E~NSMU~S~U~r~Mr4~N=O~F~A~C~I~omR~~~R~S-.~O~(~S~C~l~U~S~(I~Q~E~S~E~S~I~{~rAT1~ED~Gr.,,~nIN~/,~"I.~)p~AnL'r~,~~~~lrTnPl 

S.TC CODE 
3230 
3231 

nUMRF R NU~'Bf.R 
::,;,~:))F uF VALUE VAro't:E'~o-cF--------------------
'[=;(r:A£lS EMDl(1YS ADOEC SHIPMENTS 
, ,', :'"{[ 4 1 6. 0 1"13 • 0 3 5 1 • 0 

llq 16.0 193.0 351.0 
------~37·~4~0r---~TI4r----3~6~.0~--.9~5~4~-.'0r--'1~4~I~9r.~C,· --~---------------

3241 14 36.0 ~54.0 1419.0 
3250 70 41. 0 469~-O""'-----'7"nOr."'C---------------

3251 21 1~0 61.C 98.0 
3253 14 20.0 206.0 296.0 
1255 10 5.0 67.0 113.0 
3259 14 10.0 134.0 195.0 
3760 158 109.0 318.0 453.0 

-----,3~2~6~1----TI~0---lrrI'.0~--ln6n6r.,or----2n.5~6~.~Or-----------------

3262 8 3.0 1'1.0 22.0 
3263 7 10.0 0.0 0.0 
3264 11 2.5 0.0 0.0 
3269 122 18.0 133.0 115.0 
3210 787 132.0 2186.0 4646.0 
3271 81 11.0 146.0 268.0 
3212 231 49.0 760.0 1255.0 
3213 442 62.0 1061.0 2117.0 
3214 6 3.5. 49.0 94.0 
32t5 2I 10.0 163.0 311.0 
3280 151 5.0 53.0 85.0 
3281 51 5.0 53.G 85.0 
3290 200 69.0 1105.0 2061.0 
329[ 26 5.0 81.0 134.0 
3192 18 25.0 355.0 137.0 
3293 30 15.0 162.0 261.0 
3295 53 9.0 152.0 270.0 
3296 12 15.6 244.0 433.0 
3291 6 5.0 66.0 130~O 

3249 55 4.0 37.0 84.0 
~300 742 588.0 9333.0 21C30.0 
3310 84 224.0 3188.0 Qnt6.0 
3312 30 4A6.1 3081.0 7129.0 
3315 23 14.0 2~2.0 519.0 
3316 1 2.5 O.D 0.0 
3311 22 39.:4 414. 0 1425. U 
3320 101 80.0 943.0 1502.0 
3321 63 42.0 440.0 165.0 
3323 35 81.R 503.0 716.0 
3330 I 5.0 131.0 324.0 
3337 3 4.3 131.0 324.0 
3340 45 16.0. 2f8.0 1123.0 
3341 45 16.0 278.0 1123.0 
3350 83 194.2 2236.0 5649.0 
3351 6 19.3 130.0 151.C 
3352 2~ 76.0 1322.0 2966.0 
3356 13 4.0 93.0 238.0 
~351 35 33.0 690.0 1687.0 
3360 243 76.0 893.0 1538.0 
3361 139 42.0 it~2.0 192.0 
3362 57 11.0 140.0 297.0 
3369 41 24.0 261.0 448.0 



.-________ LEGAL NOTICE---------....-,j 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their .contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights. 
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