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INTRODUCTION 

The changing character of government involvement in freight transpor­

tation issues and the importance of an effective transportation system 

to the vitality of the Michigan economy have focused interest in the 

development of a multi-modal multi-commodity freight planning cap­

ability. A principal element in multi-modal multi-commodity freight 

analysis is the relationship between freight transportation demand and 

the level and location of economic activity. The input-output model and 

rail traffic projection techniques described in this report suggest a 

useful framework for the development of a commodity specific freight 

system analysis. 

The integration of commodity specific freight demand forecasting into 

the Statewide Transportation Modeling System has long been an objective 

of the Transportation Planning Procedures Section. Several alternative 

approaches to commodity-specific forecasting have been evaluated with 

respect to their practicality and adaptability to the Statewide Modeling 

System. Through discussions with other state government agencies, 

particularly the Departments of Commerce and Labor, it became apparent. 

that input-output analysis would be suitable for addressing issues 

concerning the relationships of Michigan industries to one another and 

to freight transportation requirements. 
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The input-output model described in this analysis was developed for the 

Michigan Energy Administration by a consultant. Jeffrey L. Jordan, 

then associated with the Department of Agricultural Economics at 

Michigan State University, proposed using the model in a study to 

evaluate the applicability of input-output forecasting techniques for 

making rail freight traffic projections. The purpose of this report is 

to summarize a test of the input-output approach. 

A test of the forecasting method applied the 20-sector input-output 

model projections to a 1% sample of rail traffic over a four-year 

period. The application of this approach to forecasting rail traffic is 

an initial step in developing a comprehensive freight flow forecasting 

capability. 

For railroad movements, the Michigan Statewide Transportation Modeling 

System already contains (1) a rail network, as described in Statewide 

reports, Michigan Goes Multi-Modal (Volume XIII) and 1972 Statewide 

Rail Network: Summary Tabulations, and (2) commodity flow data from 1% 

waybill samples for all railroads shipping to and from Michigan, as 

described in the Statewide report, Commodity Flow Matrix (Volume XIVC). 

The 1% waybill samples are currently available to 1980. 

Other reports in the Statewide Transportation Modeling Series are: 
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THE MICHIGAN INPUT-OUTPUT MODEl 

The 20 commodity sector input-output (1/0) model described in this 

report was adapted from a 44-sector model developed for the Michigan 

Energy Administration. The structure of the Michigan model parallels 

the structure of a model of the State of Minnesota, developed by the 

Minnesota Energy Agency and used for energy analysis in that state 

since 1975. The model utilizes the United States Bureau of Economic 

Analysis/(BEA) relationships for the U.S. economy as a basis for 

Michigan relationships. 

Generally, the U.S. input-output table was split into two regions, 

Michigan and Rest-of-Nation, according to a process developed by Hwang 

and Maki 1. The process assumes that the national input-output struc­

ture for an industry sector will prevail at the state level and that any 

surplus (deficit) in the state is exported to (imported from) the 

remainder of the nation. The primary benefit of the approach is the 

utilization of existing information at the national level, eliminating 

the prohibitive cost and time requirements of collecting information 

at the state level. The major drawback is assuming that the national 

structure for each industry sector will prevail at the state level. 

1 "Users Guide to the Minnesota Two-Region Input/Output Model", an 
unpublished paper by Henry H. Hwang and Wilbur R. Maki, Regional 
Economic Impact Forecasting and Simulation (REIFS), Report No. 9, 
Department of Agricultural and Applied Economics, University of 
Minnesota, September 1979. 
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To construct the 1976 1/0 table for Michigan, the 1967 national table 

was reduced from the original 367 sectors to 47 by aggregation, and then 

updated to 1972. The 1972 table was then segmented into two regions, 

Michigan and Rest-of-Nation, with the computer routines developed by 

Hwang and Maki. The 1972 1/0 table for Michigan was then reduced to 44-

sectors and updated to 1976 by replacing the 1972 output totals (by 

sector) and the final demand components with 1976 values and rebalancing 

the entire table using a least-squares algorithm. 

The 44-sector model was obtained from the Michigan Energy Administra­

tion and aggregated to 20 sectors by Jeffrey L. Jordan. The model was 
I 

aggregated to 20 sectors to improve the match between the mix of comma-

dity groups moving over Michigan's rail system and the input-output 

sectors. Similar commodity groups with low tonnage were aggregated, 

producing the 20 sector model .. The sector identifications for the 

44 and 20-sector models are presented in Tables 1 and 2 respectively. 
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Sector 

l 
2 

3 
4 
5 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
31 

32 

33 
34 

Table 1 

Sectors Defined by ·s;c, 1976 I/0 Table for Michigan 

Indus try 

Livestock and Products 
Other Agriculture, Forestry 

Services 
Metals and Minerals 
Crude Petroleum, Natural Gas 
Construction 

Meat Products 
Dairy Products 
Preserved Food 
Grains, Bakery, Sugar, Fats 

Beverages 
Textile, Apparel 
Lumber, Wood 
Furniture , 
Paper and Allied Products 
Printing and Publishing 
Chemicals and Allied 

Plastics and Synthetic 
Drugs 
Petroleum Refinery 
Rubber and Leather Products 
Stone, Clay, Glass 
Foundries and Metal Products 
Blast Furnace, Basic Steel 
Metal Containers, Heating, 

Plumbing, Fabricated 
Metals 

Screw Machine Products 
Metal Stampings 
Other Fabricated Metal 
Engines and Turbines 
Farm and Construction 

Machinery 
Metal Working Machinery 
Industrial and Service 

Machinery 
Office and Computing 

Machines 
Electrical Equipment 
Truck, Trailers, Motor 

Vehicles 

-8-

Industry Number 
1967 I/0 

1 
2, 3, 4 

5,6,9,10 
8 
ll , 12 

14.01 
14.02 - 14.06 
14. 07 - 14. 1 3 
14. 14-14. 20, 

14.24-14.32 
14.21-14.23 
16-19 
20, 21 
22, 23 
24, 25 
26 
27, 29.02, 29.03, 

30.00 
28 
29.01 
31 
32-34 
35, 36 
37.02-37.04, 38 
37.01 . 
39.01 , 40 

41 . 01 
41.02 
39.02, 42 
43 
44-46 

47 
48-50, 52 

51 

53-58 
59 

02 

1972 
SIC Code 

01 , 07, 08 

10, ll, 12, 14 
1311 , 1321 
part l 38, l 5, 

16, 17 
201 
202 
203 
204-207, 209 

208 
22, 23 
24 
25 
26 
27 
28 excluding 

282, 283 
282 
283 
29 
30, 31 
32 
332-336, 339 
331 
3411 , 343, 344 

345 
346 
342, 347-349 
3511 , 3519 
3523-353 

354 
355, 356, 358, 

359 
357 

36 
371 



Table 1 (con' t) 

Sector Industry 

35 Aircraft and Parts, Other 
Transportation 

36 Miscellaneous Manufacturing 
37 Transportation, Communica-

tion 
38 Electric Utilities 
39 Gas Utilities 
40 Water and Sanitary Services 

41 Wholesale and Retail Trade 
42 Finance, Insurance, Real 

Estate 
43 Services 
44 . Government Enterprises 
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Industry Number 
1967 I/0 

60, 61 
62-64 

65-67 
68.01 
68.02 
68.03 

69 

70-71 
72-77 
78-79 

1972 
SIC Code 

372-379 
38, 39 

40-48 
491, part 493 
492, part 493 
494-497, part 

493 
50, 52-59 

60-67 
70-89 
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Sector 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 

:rable 2 

1976, 20-Sector Input-Output Classification 

Indus try 

Livestock and Products 
Other Agricultural Products 
Mining 
Construction 
Food and Kindred Products 
Lumber, Furniture, Paper, Printing 
Chemicals, Drugs, Plastics 
Petroleum Refinery 
Rubber, Leather, Stone, Glass, Clay 
Primary and Fabricated ~1etal s 
Machinery, Except Electrical 
Electrical Equipment 
Motor Vehicles and Parts 
Aircraft and Other Transportation 

Equipment-
Transportation and Communication 
Utilities 
vJholesale, Retail, Miscellaneous Manu-

facturing, Including Textiles 
Financial, Insurance, Real Estate 
Selected Se~vices 
Government Enterprises 
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Sector Number 
from 44-

Sector I/0 

1 
2 
3' 4 
5 
6-10 
12-15 
16-18 
19 
20' 21 
22-27 
28-32 
33 
34 
35 

37 
38-40 
11,36,41 

42 
43 
44 
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INPUT-OUTPUT ANAlYSIS 

The input-output technique is a tool of economic analysis used to 

represent interdependence among production sectors in the economy. 

The organization of transactions data according to major product or 

industry groups in a transactions table permits the quanitification of 

economic interdependencies. The transactions table or matrix is a system 

of accounts that represents input requirements and the distribution of 

products for all sectors of the economy. 

By using this accounting method, it is possible to show how outputs 

in dollars from each producing sector are distributed to other producing 

sectors and final consumption (final demand). The 20-sector trans­

actions table for the Michigan economy is presented in Appendix B. 

In the· transactions table, the sectors of the economy are arrayed 

horizontally and vertically, in identical order. The purchasing sector 

is listed horizontally and the selling sector vertically. Thus, the 

distribution of a sector's sales is read across its "row" in the matrix" 

and the distribution of a sector's input purchases is read down its 

"column". The transactions matrix quantifies the intersectoral flows in 

thousands of dollars. 

A hypothetical transactions matrix is shown as an example in Figure 1. 

In reading the sales of the manufacturing sector across Row 2, $5,000 
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Agriculture 

Manufacturing 

Trade 

Service 

Households 

Imports 

Depreciation 

Total Purchases 

FIGURE 1 

HYPOTHETICAL INPUT-OUTPUT MODEL TRANSACTIONS MATRIX 
(Thousands of Dollars) 
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worth of manufacturing output is sold to the agricultural sector, $5,000 

is consumed in manufacturing, and $4000 each is sold to the trade 

sector and the producers of services. A total of $28,000 worth of 

manufacturing output is sold to the final demand sectors, $20,000 of 

which is absorbed in consumption. Total output in manufacturing equals 

$46,000. The $5,000 sale of manufacturing output to the agricultural 

sector can be seen to be a purchase by agriculture when reading down 

Column 1. In addition to the purchases from the four processing 

sectors, the input required to produce $26,000 worth of agricultural 

output in the example requires the purchase of $14,000 worth of inputs 

from the payment sectors. Included are $8,000 worth of labor services 

purchased from households, $4,000 of imported inputs, and $2,000 of 

depreciation expense. ( v:1J21? 1 .. a ) 

The transactions matrix is used to derive the technical coefficients 

of production. The technical, or direct requirements, coefficients 

represent the amount of industry i's output necessary to produce one 

unit of output in industry j. This is done by dividing each column 

entry for the processing sectors by the corresponding column total. 

Direct requirements coefficients are computed only for the processing 

sectors, since no relationships are assumed between the payments and 

final demand sectors. 

For example, total sales (which are equal to total purchases) for 

agriculture are $26,000 in Figure 1. Purchases of $5,000 are made from 

-13-
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manufacturing and purchases of $4,000 are made from imports. The direct 

requirements coefficient for agriculture from manufacturing is .192 

($5,000/$26,000) and from imports is .154 ($4,000/$26,000). Each 

element in a direct requirements matrix indicates the dollars of input 

required from each -selling sector (horizontal) in order to produce 

one additional dollar of output in a purchasing sector (vertical). One 

dollar of additional output in the agriculture sector requires .192 

dollars of output from manufacturing and .154 dollars of imports. The 

example direct requirements coefficient matrix is presented as 

Figure 2. 

Note that the sale of one dollar of output to final demand by any one 

processing sector necessitates that the other processing sectors which 

supply it with inputs must increase their outputs by more than the 

direct amounts as well. For example, a $1.00 increase in final demand 

for manufacturing output requires that each of the other processing 

sectors increase output by an amount sufficient to meet direct require­

ments. For agriculture to increase output to supply manufacturing, 

however, all other sectors must increase output by an additional amount 

sufficient to meet the direct requirements for agriculture. A similar 

impact will result when all other pro~essing sectors increase output to 

meet the direct ,requirements for manufacturing. This feature of the 

economy is represented by the interdependency coefficient matrix, which 

is derived from the direct requirements matrix. 1 Each entry in this 

1/ See Appendix A. 

-14-

... ·,~· 



- -------- -------------------r 

FIGURE 2 

HYPOTHETICAL INPUT-OUTPUT MODEL DIRECT REQUIREMENTS MATRIX 
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Agriculture .077 .0435 .174 .0667 

Manufacturing .192 .109 .174 .1333 

Trade .115 .0435 .1305 .0333 

Service .077 .0435 .217 .1667 

Households .308 .630 .174 0 5 

Imports .154 .0435 .0435 .0333 

Depreciation .077 .087 .087 .0667 

Total 1.0 1.0 1.0 1.0 
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matrix is called an interdependency coefficient, which represents the 

direct and indirect requirements of sector i per unit of final demand 

for the output of sector j. 

The interdependency coefficient matrix can be multiplied by any size 

and composition of final demand in order to obtain output for each 

industry. This provides a powerful tool of analysis since it allows the 

measurement of the total impact on the economy on a sector-by-sector 

basis resulting from any change in the level or composition of demand. 

The input-output specification requires the assumption of constant 

production coefficients for each economic sector. Where a relatively 

stable economy exists, the constant technology assumption may be a 

reasonable approximation of reality. 

Also, each sector is assumed to produce only one product, with one 

process. It is obvious that firms within sectors have diverse input and 

output structures. Yet, it is not feasible to attempt to model all of 

these differences. This assumption is essentially an aggregation 

problem which must be confronted in virtually all economic analysis. 

There are no set rules for aggregating firms into individual sectors. 

The aggregation of any input-output model depends mostly on the region 

to be studied and the objectives of the analysis. 

-16-



-- - ------------- ---------- -- ----- ------- --------- --------- -·-·-- '"' 

LINKING THE INPUT-OUTPUT 

SECTORS TO COMMODITY 

FLOW DATA 



LINKING THE INPUT-OUTPUT 
SECTORS TO COMMODITY flOW DATA 
To forecast rail traffic, it is necessary to forecast changes in the 

economy, given changes in the final demand sector. The disaggregated 

structure of input-output analysis is particularly well suited to 

transportation planning because the demand for service on specific rail 

lines or segments is often commodity dependent. The l/0 method dis­

aggregates the effects of economic changes (final demands) on a commo­

dity-by-commodity basis in order to estimate the future demand for rail 

services. 

Transportation data has been compiled from a sample of audited revenue 

waybills submitted to the Federal Railroad Administration (FRA) by rail­

roads under terms specified by the Interstate Commerce Commission. Way­

bills are a shipping document prepared by the originating railroad from 

the shipper's instruction as to the disposition of freight. They are 

used by the railroads as the authority to move the shipment and as the 

basis for determining and settling the freight charges among the 

carriers involved. 

The sample includes only rail carriers having $3 million or more average 

operating revenues over a three-year period. Some types of movements 

excluded from the waybill data are: 

-Canadian and Mexican originations. 

-Mail and express traffic. 
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-Less than carload traffic. 

Shipments weighing less than 10,000 pounds and moving on 
"any-quantity'' rates. 

- Non-revenue movements. 

"Dead-head'' traffic (company material whose movement is 
entirely on one road). 

- Empty cars returned for reloading. 

-Movements in substitute services, e.g., truck in lieu of 
rail. 

The waybill data is classified by commodity using the seven-digit 

. Standard Transportation Commodity Code (STCC). The first step is to 

link the input-output sectors based on SIC codes to the STCC codes on 

waybill records. Table 3 shows the STCC categories in each of the 20 

input-output sectors. The 1% waybills are expanded to obtain an 

estimate of total originating and terminating rail traffic in Michigan. 

Table 4 shows the expanded waybill sample for Michigan for the years 

1976 and 1980. 
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Table 3 

STCC Codes in Each Input-Output Sector 

Sector 

l 
2 

3 
4 
5 

6 
7 

8 
9 

10 

11 
12 
13 
14 

15 
16 
17 

Industry 

Livestock and Products 
Dther~Agricultural Products 

Mining 
Construction 
Food and Kindred Products 

Lumber, Furniture, Paper, Printing 
Chemicals, Drugs, Plastics 

Petroleum Refinery 
Rubber, Leather, Stone, Glass, Clay 
Primary and Fabricated 11eta1s 

Machinery, Except Electrical 
Electrical Equipment 
Motor Vehicles and Parts 
Aircraft and Other Transportation 

Equipment 
Transportation and Communication 
Utilities 
Wholesale, Retail, Miscellaneous 

Manufacturing, Including Textiles 

18 Financial, Insurance, Real Estate 
19 Selected Services 
20 Government Enterprises 

-19-

STCC Code Contained 
in I/0 Sector 

014, 015 
011' 012, 013, 019, 084, 

086, 091 
l 0 , 14 , 111 , 11 2 , l 22 

201, 202, 2032-2035, 
2037-2039, 204-209 

24-27 
281, 284-286, 289, 282, 

283, 287 
29 
30-32 
332, 333' 335, 336, 339, 

331 , 3431 , 3432, 
34331, 34333-34336, 
34339, 344-346, 341, 
342, 348, 349, 191, 
192, 196 

351-359, 34332 
36 
371 
372-376,379,193 

22, 23, 38, 39, 211, 
212, 401, 402, 441, 
412, 421 , 422, 431 , 
441, 451, 461, 462, 
471 



l'',j 

Sector 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
l1 
12 
13 
14 

15 
16 
17 

18 
19 
20 

Table 4 

Expanded 1 Percent Waybills, Michigan, 
1976, 1980, by Input-Output Sector 

Industry 

Livestock and Products 
Other ~gricultural Products 
Mining 
Construction 
Food and Kindred Products 
Lumber, Furniture, Paper, Printing 
Chemicals, Drugs, Plastics 
Petroleum Refinery 
Rubber, Leather, Stone, Glass, Clay 
Primary and Fabricated Metals 
Machinery, Except Electrical 
Electrical Equipment 
Motor Vehicles and Parts 
Aircraft and Other Transportation 

Equipment 
Transportation and Communication 
Utilities 
Wholesale, Retail, Miscellaneous 

Manufacturing, Including Textiles 
Financial, Insurance, Real Estate 
Selected Services 
Government Enterprises 

1976 Tons 

0 
1 , 211 , 200 

31,641,100 
0 

3,476,700 
4,607,900 
4,180,300 
2,520,400 
2,592,600 
6,025,000 

242,300 
5,502,600 

134,000 
13,204,600 

1 65,1 00 
0 
0 

0 
0 
0 

1980 TOilS 

0 
1,545,000 

35,463,300 
0 

2,667,800 
4, 021 , 1 00 
2,713,700 
1 , 679,000 
1,798,500 
3,684,100 

111 ,400 
4,224,800 

97,000 
8,170,800 

129,800 
0 
0 

0 
0 
0 

Total 75,503,800 66,306,300 

-20-



TESTING THE 
USE OF INPUT-OUTPUT 

METHODS FOR RAIL TRAFFIC 

FORECASTING 



TESTING THE USE OF INPUT-OUTPUT 
METHODS FOR RAil TRAFFIC FORECASTING 

The procedure used to test the rail traffic forecasting ability of the 

input-output model is summarized in Figure 3. Beginning with the 1976 

20-sector input-output model of Michigan for the base year of 1976, 

final demands for the test year of 1980 are estimated. The 1976 final 

demands are those estimated when the two-region input-output model was 

constructed. The 1980 final demands were estimated by Jeffrey L. 

Jordan, using as much Michigan specific data as possible. Most state 

input-output models rely on sharing techniques that apportion national 

changes in the final demand sectors to the state level. 

Once the 1980 final demands are estimated, the following steps represent 

the testing procedure: 

1) 1980 final demands are multiplied by the interdependency 

coefficient matrix of the 20-sector input-output model to 

obtain 1980 estimates of total outputs. These total outputs 

are also calculated in terms of percentage changes from 1976. 

2) The 1980 total output estimates are then used to obtain 

projections, by sector, of 1980 rail traffic in Michigan. 

The 1976 one-percent expanded waybills are factored by the 

projected percentage changes in total output by sector. The 

results are 1980 rail traffic projections.-
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3) The 1980 rail traffic projections are then compared to the 

actual one-percent expanded waybills for 1980, yielding both 

the difference in total tons and the percentage difference 

between the actual total movement of rail traffic in Michigan 

and the projections. 

Table 5 indicates the projected total output in Michigan for 1980, given 

the estimated final demands. Table 5 also shows the percentage change 

in total output from 1976·to 1980. 

The actual expanded 1 percent waybills for 1976 and 1980 are shown in 

Table 4. For example, in 1976, 1,211,200 tons of agricultural products 

moved over Michigan rail lines. The 1980 total output in the agri­

cultural products sector increased 28.24% over 1976 in constant 

dollars. Thus, it is estimated that rail movements over Michigan's rail 

system should also increase by 28.24%, or 342,042 tons. Consequently, 

the model estimated that rail traffic in the agricultural products 

sector is 1,211,200 p1us 342,042 tons, or 1,553,242 tons. This pro­

cedure is carried out for each commodity sector yielding the 1980 

projections of Michigan rail traffic shown in Table 6. 

To evaluate the rail traffic forecasting ability of the input-output 

model, it is necessary to compare the projected .rail flows to the actual 

1980 rail flows. Table 6 shows this comparison. The projected total 

rail flow in Michigan for 1980 is 67,099,985 tons, while the actual rail 
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I 
N _.,. 
I 

Sector 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 

18 
19 
20 

Table 5 

1980 Total Output Projections: Michigan (Thousands of 1976 Dollars) 

Industry 

Livestock and Products 
Other Agricultural Products 
Mining 
Construction 
Food and Kindred Products 
Lumber, Furniture, Paper, Printing 
Chemicals, Drugs, Plastics 
Petroleum Refinery 
Rubber, Leather, Stone, Glass, Clay 
Primary and Fabricated Metals 
Machinery, Except Electrical 
Electrical Equipment 
Motor Vehicles and Parts 
Aircraft and Other Transportation 

Equipment 
Transportat+on and Communication 
Utilities 
Wholesale, Retail, Miscellaneous 

Manufacturing, Including Textiles 
Financial, Insurance, Real Estate 
Selected Services 
Government Enterprises 

Total 

Projected 
Final Demand 

15,453 
446,292 

1 ,231 ,017 
2,550,125 
3 ,777 '201 
2,176,523 
2 '186 '434 

397 '726 
390 '786 

3,603,676 
2,164,602 

447,245 
17,207,784 

365 '729 

5,542,140 
2,888,712 

11,459,264 

8,381 ,690 
6,883,459 

405,714 

/ 

Projected 
Output 

620,264 
904,850 

1,911,251 
4,003,351 
4,236,337 
4,684,377 
3,718,038 

693,082 
1 '934 ,431 

11,109,276 
4,733,203 
1,167,093 

24,013,737 
462,489 

7,059,890 
4,893,818 

14,255,054 

10,838,032 
11,186,377 
1,102,926 

113,527,874 

------·---------------------------

Percent Change 
in Output 

-10.59 
28.24 
9.94 

-31.54 
-13.03 

-8.27 
-34. 14 
-26.05 
-34.39 
-24.77 
-28.85 
-25.81 
-40. 31 
-25. 19 

-2.77 
16.32 

-20.36 

3. 91 
-8.67 
2.12 

-21.51 



Table 6 

Comparison Between 1980 Actual and Projected Rail Traffic Movements in Michigan (Tons) 

Percent 
Sector Industry Projected Actual Difference Difference 

1 Livestock and Products 0 0 0 0.00 
2 Other Agricultural Products 1,553,242 1, 545,000 8,242 0.53 
3 Mining 34,786,225 35,463,300 -677,075. -1 . 91 
4 Construction 0 0 0 0.00 
5 Food and Kindred Products 3,023,685 2,667,800 355,885 13.34 
6 Lumber, Furniture, Paper, Printing 4,226,826 4,021,100 205,726 5.12 

I 
7 Chemicals, Drugs, Plastics 2,753,145 2,713,700 39,445 1.45 

N 8 Petro 1 eum Refinery 1,863,835 1,679,000 184,835 11.01 r.n 
I 9 Rubber, Leather, Stone, Glass, Clay 1, 701 ,004 1,798,500 -97,496 -5.42 

10 Primary and Fabricated Metals 4,532,607 3,684,100 848,507 23.03 
11 Hachinery, Except Electrical 172,396 111 ,400 60,996 54.75 
12 Electrical Equi~nent 99,414 97,000 2,414 2.49 
13 Motor Vehicles and Parts 7,881 ,825 8,170,800 -288,975 -3.54 
14 Aircraft and Other Transportation 123,511 129,800 -6,289 -4.85 

Equipment 
15 Transportation-and Communication 0 0 0 0.00 
16 Utilities · · 0 0 0 0.00 
17 Wholesale, Retail, Miscellaneous 4,382,270 4,224,800 157,470 3.73 I 

~1anufacturing, Including Textiles ! 18 Financial, Insurance, Real Estate 0 0 0 0.00 I 19 Selected Services 0 0 0 0.00 
' 20 Government Enterprises 0 0 0 0.00 i 
1 
i 

Total 67,0~9,985 66,306,300 793,685 1.20 I 
I 
I 
I 
' ' 
I 
I • . 
' \. t. 

; :.~ 



flow in 1980 was 66,306,300 tons. This actual total does not include 

1,638,200 tons of hazardous materials. Projected rail traffic exceeds 

the actual by 793,685 tons, or 1.3%. Table 6 also includes a comparison 

of projected versus actual rail traffic for each commodity sector. Most 

of the commodity sectors were projected within a percentage range 

believed to yield confidence in the use of the model on a regional or 

line-by-line basis, 

Only two sectors -- number 10, primary and fabricated metals and number 

11, machinery (except electrical) --produced estimates substantially 

different from actua 1 figures on a percentage basis. In the machinery 

sector, while the percent difference between the projection and actual 

rail traffic is 54.75%, the actual tonnage difference is only 60,996 

tons. This absolute tonnage difference represents only 0.09% of total 

traffic. 

The waybill sample represents an additional source of variability. 

Small absolute totals of rail traffic are less likely to be accurately 

reflected in the 1% sample. While this presents problems to decision 

makers in a few cases, the 1% waybill sample is the best systemwide data 

available to rail planners. 

-26-



-------------------------- -------------- --- ----- -- -- - ------ - . -- ----------- -- -------- -- --------------------------~------~---- ________ ., _____ . --- ~----- .. ------------ -~~,-": 

CONCLUSION 



- - ---- ---- ------------- -- --------------------------------- ""- -------·---.~· 

CONClUSION 

This report summarizes a procedure for using an input-output model of 

Michigan in making commodity specific rail freight traffic projections. 

Th€ reasonably favorable outcome of a test of the procedure over a 

four-year period suggests that the techniques described in this report 

defines a useful framework for further development of a commodity­

specific freight system planning capability. 

The integration of commodity specific freight demand forecasting into 

the Statewide Transportation Modeling System has long been an objective 

of the Transportation Planning Procedures Section. Further development 

and testing will focus on: 

-more comprehensive testing of the reliability of the input-output 

projections over time; 

- possible refinements in the input-output structure of the Michigan 

economy as represented in the transaction matrix and particular 

aggregation of sectors in the model; 

- construction of a comprehensive multi-modal commodity flow data 

base; and 

- the geographic distribution of production and its relationship 

to known commodity flow data. 

Summaries of these efforts will be the subject of future reports in 

this series. 
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APPENDIX A 
This appendix provides a brief technical summary of the structure of 

input-output models, which is taken from Jordan. 1 Further discussions 

relating to theoretical issues and the applicability of input-output 

techniques can be found in references included in the bibliography. 

The input-output method, developed by Leontief and expanded by others 

(Dorfman, Samuelson, and Solow, 1958) is a system of accounts that 

represent the transactions among the sectors of the economy. By using 

this accounting method, it is possible to demonstrate how outputs 

in dollars from each producing sector are distributed among other 

sectors in and outside Michigan. In terms of transportation require-

ments, the input-output table also identifies required inputs for each 

sector. 

Following is a description of the input-output matrices and their analy­

tical use. 2 The 20-sector, input-output model of Michigan used in 

this study is reproduced in Appendix B. 

To use an input-output table, the first step is the construction of the 

transactions or interindustry matrix (Appendix B, Table 1). The struc­

ture of a transactions matrix is outlined'in Figure A.l. The three 

1 Jordan, Jeffrey L., ''Using a Regional Input-Output Model to Fore­
cast Rail Freight Traffic: With Applications for the Subsidy­
Abandonment Decision", unpublished Ph.D. Dissertation: Department of 
Agricultural Economics, Michigan State University, 1982. 

2 This discussion follows the layout example from: Pratt, Smith, and 
Conner. The mathematical formulation is from Jones, 1978; and 
Adiarte and Venegas, 1980. 
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major sectors of this table are the producing sector (X), primary inputs 

(W), and final demands ('f). The numerical entries are represented in 

constant dollar terms, where: 

N = the number of producing sectors; 

K = the number of final demand sectors; 

M = the number of primary input sectors; 

xij = the purchase of the output of the ith producing sector 

by the jth consuming sector for the purpose of producing 

the output of jth sector, i = 1,2, ... N; j = 1, 2, ... 
N· 
' 

yik = the final demand of sector k for the output from 

the i th producing sector or primary input class, = 

1, 2, .. • N+M; k = 1, 2, K; 

wmj = the purchase of the mth sector of primary input by the 

jth consuming sector for the purpose of producing the 

output of the jth sector, m = 1,2, ... M; j = 1,2, N. , 

x. = total output of the ith sector, i = 1,2, ... N· 
1 • 

, 

X . = total input of the jth sector, j = 1,2, ... N; . J 

y. = total f ina 1 demand for the output of the ith sector, 
1 • 

i = 1,2, ... N+M; 
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= total final demand of the sector k, k = 1,2, ... K; 

= the purchase of total primary inputs by the jth consuming 

sector for the purpose of producing the output of the 

corresponding jth producing sector, j = 1,2 ... N. 

The interrelationships in the economy expressed in the transactions 

matrix are as follows: 

n 
'EX··+Y 1· j =1 1J 

The sectors of the economy ar~ arrayed horizontally and vertically, 

in identical order. The purchasing sector is listed horizontally and 

the selling sector vertically. Thus, the distribution of a sector's 

product sales is read across its "row" in the matrix and the distribu-

tion of a sector's input purchases is read down its "column". The 

transactions matrix quantifies the intersectoral flows in thousands of 

dollars. The Michigan table is divided into the processing sectors, 

1-20, and the payments and final demand sectors, 21-23. Row/Column 24 

represents the total sales and total purchases, by sector, in the 

economy. 

Second, it is necessary to obtain the direct requirements or technical 

coefficients matrix (Appendix B, Table 2). Derivation of these 

coefficients assumes a linear relationship .between purchases of an 

endogenous sector and the leve 1 of output of that sector. The technic a 1 

coefficients are found by dividing each column entry for the processing 
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sectors by the corresponding column total. Each element in the co-

efficient matrix indicates the dollar value of inputs required from each 

selling sector (horizontal) in order to produce one additional dollar of 

output in the purchasing sector (vertical). 

where: 

( 2) =amount of industry i's output 
necessary to produce one unit of 
industry j's output. 

aij =technical coefficient (direct requirements coefficients); 

value of sales from industry i to industry j; 

=total output of industry j: x. is the same as Xi 
in equation (1), where i=j~ corresponding row and 
column totals in the processing sector are equal. 

Technical coefficients are computed for each industry in the processing 

sector, yielding the following matrix: 

A = 

all al2 ·········•·· aln 

a21 a22 ············ a2n 

anl an2 · ··········· ann 

Using the direct requirements matrix A, which expresses intermediate 

product purchases as a proportion of the purchasing sectors output, 

the distribution of output between purchasing sectors and final demand 

for all sectors can be represented by the matrix equation: 

AX + Y = X ( 3) 
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where: 

X = total output vector of the economy; 

Y = final demand vector facing the economy: 

Equation (3) can be rearranged to show: 

X - AX = Y (4) 

or 
(I-A)X = Y (5), 

where I =the identity matrix. 

This system of linear equations can be solved to yield output X as a 

function of final demand Y. The solution requires the inversion of the 

matrix (I-A) to yield: 

X= (I-A)-l Y 

The inverse matrix for the 20 sector Michigan models is reproduced as 

Table B-3. 
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Table B-1 

20-Sector 
• TRAI'JSAC r IONS MATRIX 

ROW/COL 1 2 3 4 5 6 7 8 9 10 

LIVESTOCK OTHER AG MINING CONSTilUCT FOOD & KIN LUMB FUl~N CHEM DRUGS PETROLEUM RUB LEA ST PH lMAf~'l & 

& Prwos. PRODUCTS PIIODUCTS PAP PRINT PLASTICS RI'FINERV GLASS CLAY FA~ METALS 
I 67-150. 18059." 0. o. 531158. 0. 429. 0. 401. 0. 
2 108SG2. 3601'-l. 0. 8230. 215160. 23659. 3488. 0. 0. 0. 
3 28. 2045. 107843. 37500. 773. •1490. 29704. 98534. 50796. 350976. 

4 -ll84. 7000. 33557. 1807. 15250. 22694. 20440. 16563. t52H4. 12055?. 

5 G(l352. 932. 0. o. 303719. 9078. 21850. 582. 9-l-12. 735. 

6 521. 3915. 8329. 245605. 126751. 905GG2. 70184. 6216. '/35 t I. 261791. 
7 19'7·1. 39213. 339-19. 69384. ::1366>1. 99024. 556754. 2304<1. 110·1G9. 19:1937. 

" 1:~27. 6896. 6757. 41695. 3mlG. 6328. 418-t 1. 24923. 3551. tG5-IO . ,, 7-1<1. 2837. 36395. 395536. 
.. 

08573. 50606. 46-192. 3796. 1083HG. 12182:1. 
10 t:>R9. 2039. •16G26. 765518. 11 IGBO. 106630. 8 1291. 50-15. 4-WSB. 27538B5. 
II 274. 6903. 59360. 111219. I 1073. 21195. 2·1026. 3363. 2585 I. ·17fL318. > 12 151. ·175. ' 42:J-1. 7t6B·I. 108. 1971. 1083. 207. 2s:n. 920lG. 

LJ 1-lG. 169. 12·16. 206. II G. 51•1. 1081. 11 I. 20BG. 30-108:1_ "'tt 
I 

,, I. 145. 189. 15. 0. 42-l. 45. 0. t 1"18 . :2!1 JSJ::!. "'tt 
""' IS su:12. 7036. 2·1514. 872.-17. 8-1391. G'/97 t. 4W119. 42729. 47:3':13. 21Utit0. 

"' 16 18Gt. 4739, 4"1080. 3795. 30855. 4:) 1-"15. 52"128. ·1779 I. 45'}9:2. 26::!8~13. m I 
17 20-112. 2610'1. 2~JG90. 35590"7. 120308. 120587. 63558. 9098. ~,170,1. -1-ISJG91. 2 18 'J.\"JG. 31905. 99728. 45·173. 31722. 59157. 54 lOB. 21706. 30-113. 1-1 15-1 1. 
19 810·1. 2975-1. 5520G. 291098. 145093. 115706. 222607. 3106 I. 72009. 07210. c 
20 61. 66. 927. 2,112. 2475. 9211. 3088. 408. 2059. U·l5-1. -2 I 1-1·1931. 330892. 207GOO. 1G25300. 633:100. 1099200. 520100. 36100. 567800. 3JJ~)"JQ0. X 22 165785. 116-177. 417027. 717989. 1153026. 55014,1. 4 1•128-1.. 464522. 367~l79. H)G<ISG7. 
2J 58816. 19538. 492300. 921500. 10"10100. 1251200. 1330500. 106700. 706~)00. 3095-100. 
2-1 67 1 IU I. 693156. 1707437. 5£105200. 47123~9. 45~17396. 3608600·. 912·l99. 2523099. 14-119303. aJ 



20-Sector 
TRANSACr'IOl'-lS MATRIX 

PDW/COL '1 12 13 14 15 16 
MACII!NE!H' ELECTRICAl MOTOR VF.H ACFT ,OTH TRANS. & UTILITIES 

EQUIP. AND PARTS TRANS EQP COMM 
o. 0. 0. 0. \HI. 0. 

:? o. 0. 0. 0. 45n3. 0. 
:J 0. 1•1-2. 0. 0. 2~113. 00964. 
·I 22 115. 5331. 100911. 2591. 163077. 137207. 
5 326. 0. 0. 0. 19,1G9. 62. 
G 29600. 25639. 149107. 14726. 1553!1. 4401. 
7 13791. 16965. 163191. 2261. 77H5. 4301. 
8 9052. 1154. 22258. 922. 527UG. 13·11 1 . 

" 87195. 35466. 037900. 7731. taGH. 17G2. 

"' 9'116 1-1. 145897. 53-10975. 90196. 120~}:10. 6~190. 

I I 99:3GUJ. 3G9i16. 1713:136. 53795. :•o:!:~G. 374 I. 
1:! 159::!:!0. 131058.: 4G3!Hi9. 14537. IIJ0-1 :1. ·HY/4. 
10 (}:)](;5. 7-H I. 9F/3·107. 7U7G. 5:l·IG. 272. 

I l.j 2-19·13. 3008. 13'157. 42116. J5.h)(i. 0. 
w 

"' 
1'. _, -1'1'13 1. 12395. 3GH004. 6709. 239H)1. .:.1:1 1 I -1 . 

I 1[, JJ(f.l.t. 9284. 1552'/8. 3734. r;~,J05. 769!l7 I. 
17 177'.i21. 430-15. 922993. 23269. t(H05G. 1B247. 
IB 7\J(HB. 18678. 16-18-18. 80-12. 12~'/fl-1. 20--159. 
EJ H-1619. 475Gb. 1109533. 199-15. 3()068 3. 46'119. 
20 :El5S. 1190. 25185. 552. 7 t-17). 269075. 
2 I 203HBOO. 413900. 5382800. 195900. 18991!7. 6,15309. 

' :2:.! 8G~)J.10. 310589. 3911059. 100•10 1. 20811 13. 552092. 
23 211DBOO. 4•12-100. fi·109BOO. 153100. 177!31fl9. t!:li9980. 
2"1 785-1600. 1708101. 3703G299. 6:16•103. 7 19·11~i3. 4150219. 

17 18 
WHOLE,RET. f.J.R.E. 
MISC. MANF 

2699. 34043. 
21870. 49309. 

609. 5943. 
GOlOB. 511778. 
45387. 6863. 

218199. 47901. 
13G760. 24657. 

42-18"1- 1773·1. 
8787-1. 103·15. 
9760·1. 14GciG. 
53539. 32208. 
32~lGJ. 9817. 

921-1. 9110. 
7276. 20G5. 

173209. 81200 . 
218780. ·19800. 
5-13-100. 1057r>6. 
62;JGG'J. 71"1756. 

1043373. 480154. 
1•1•153 t. 84581. 

75B5J-1U. tB 15-19 I. 
150239 t. 629369. 
5268352. 563-1509. 

179196·1ii. 10300045. 

19 
SElECTED 
SERVICES 

2991. 
j 1593. 

0. 
116~53. 

22·107. 
6009-18. 
1 I.:J :3~1 G . 

19:.121. 
8355~. 

67122. 
10-IG7!). 
3'/2G2. 

102'/09. 
C--iGO. 

IG72:13. 
t755!.l-1. 
3•1 I:JOJ. 
399(i!}:l. 

78·1-12-1. 
6J9-18. 

6G1310B. 
Bol4G96. 

1336!lQ?.. 
12011352. 

20 
GUVT 
HH EI<PI~ I SE 

0. 
I:J2 . 
178 .· 

125697. 
0. 

:.n 10 
8 107". 
2H72. 
19~1 I . 

1159. 
20-l::J. 

GG:l. 
UBI. 

G"l. 
·IJOA-1. 
70-177. 

7 •I ~) I . 
23 1•11. 
39180 

I(JlJO. 

5820!)2. 
10-I:.?B I. 
52:1·18. 

tO/UGOO. 

i 

! 
I 

' ! 
i 

. I 
: 
i 
l 

... :.~ 



ROW/COL 21 22 
Pf_R CON SUM INVESTMENT 
EXPEN. INVENTORY 

13336. 291. 
2 278690. 515. 
3 3-1562. 453298. 
-I 0. 2632790 .. 
'j 3310181. 97000. 
6 139)-173. 194500·. ., 2()92-18!) 301-100. 

" 51(,658. -4200. 

" 'J-1713)7. 71100. 
\0 jj"/[)19. 490800. 
II B "1~)3 I . 276800. 
12 :c~JJ~H. 67500, 
I:·J \!::1:27-1 19. 1747800. 

I H G9-/85. w 
00 15 IB"lOS\8. 

IGGOO. 
239663. 

I IG 17J221G. 0. 
II 1:J:JDB7S8. 53<1-t19·. 

IB 7-lJ3iG3. 120915. 
1 ~J 57.J:-J002. - 191. 

'::.o :112-135. 0. 
2 I ~~ ?.:H G 2 . 0. 
2 :~ 215~~338. 1158637. 
:~ J ' s:J~.n 1 t. 2 11122. 
2-1 GJJti25fl3. 8618759. 

1 23 
NET' ExPORT '·' 
FED·. S'l, LOC " 

139. 
-68650. 
438628. 

1669311. 
919731. 
524055. 

1022973. 
55722. 
56307. 

29,17761. 
25-til:-173. 

\90296. 
25·10·1.:1 2 l . 

·109953. 
3272213. 
I ]5,153-1. 

252475. 
105680. 

'11·1G:J57. 
63503. 

<1933470. 
jq92024. 
8620566. 

56856850. 

'I .,. 
., ' 

20-Sector 
"TRANSACTIONS MATRIX 

6711fl7. 
693158. 

1707326. 
5805200. 
4843126. 
4924083. 
5131244. 

903091. 
278287G. 
1432~l890. 

667 1087. 
15'/3192. 

39051019. 
636075. 

719,1156. 
4150216. 

17764885. 
103000-12. 
12011Gfi2-

1070596. 
411-/:19:10. 
4 1993'138. 
43168423. 

0. 

'' 

'' 
I. 



_,_ .. ·, ' 

Table B-2 

20-Sector 
COEFFICI[Nl MAIRIX 

!W~J/COI. I 2 3 4 5 6 7 0 9 tO 
I.IVESTUCK OTHER AG MINING CONSTRUCT FOOD & KIN LIJMB fURN CIIEM DRUGS PETROLEUM nus lfA ST PI~ I MAIU & 
f, Pl:WOS. PIWUUCTS PRODUCTS PAP PI{INr PLASTICS fiEflNERY GLASS CLAY fAil MEIALS 

0 JQ().J~l·l50 0.02G05330 0. 00000000 0 .00000000 0. 11~1 7 1·199 0.00000000 0.00011888 0.00000000 0. OOOI~:i8~J3 0 .00000000 
2 0 1617-1773 0 . 05195656 0 . 00000000 0. 00141769 0.0,1S6Sil?7 0.00516066 0.0009G658 0.00000000 0 .00000000 0 .00000000 
3 0. 0000·1 t 7 2 0. 00295027 0. 0G31G075 0.00645973 0. 0001 G-104 0.0009B091 0.00823H5 0. t07D8258 0. 020 t:J2]8 0 . O:!-lfl9552 
4 " 006:..':1379 0 .0100~Jt)7-1 0. 019653-13 0.00031127 0.00323614 0.00,195'104 O·. 00566--125 0.01815125 0 .00605763 0 . OoB:lGO-IG. 
5 0 09B8~1A58 o. 0013-1457 0 00000000 0.00000000 O.OG,I•I51U4 0.00198322 O.OOGQ5.-t98 0.0006378 I 0. 0037-1222 0 . 00005U9 ·1 
6 () oocu 762-1 0 00564808 0 . 00-187807 0. O-l230776 0. 02609'/34 0. 197t15529 0.0194•1909 0.0068120G 0 .02913520 0 .01815559 
7 C) 002~H 108 o. 05G57i68 0. OI~R8302 0 .01195204 0.00'/1-1]'/1 0 .02180803 0. 15·128532 0.0252537·,;3 0. OG'15G33·1 0 .013-J-1982 
8 0. 001B2fl12 o. 0099-1870 o.oo:J95739 0 .00718235 0. QQ(I(i5GD9 0. 001302-15 0.01150·180 0.02731291 0. 001·10'1·10 0. 0011·~'10'/. 
9 0 .0011UB·I9 0 . 00-109287 0.02131557 O.OG813-17fl 0.010'/9~1'/3 0 .01105t)G3 0.01288JG-7 0.00•116000 0 . 074GCi-153 0 . 008·1-185-1 

10 0 00 l~.l)l)50 0 .0029..JtG2 0.02730760 0. 13106764 0.023'/00HA 0 . 0232~).190 0. 02 252'/02 0.00552877 0 . OI'JHIB':JG 0 . 190<;,Wfi00 
11 0 000 101!~-· 0 .00995880 0.03,176556 0.02019207 0.0023-I':HC. 0. OQ:IG30JG O.OOGG5796 0. 00]685,18 0. 010~~·1573 0. OJ:11'/:!0G . 
12 0 0(){):1 2·198 0 .0006BS27 0.002·1797·1 0.0123-1824 o.ooon2:~n2 0 . 000·13059 . 0.00030012 0.000~>2GB5 0 0010055 t 0 . 0(H)JHJ5:1 
13 0 000217S3 0 . 0002-138 I 0 .00072975 0 . 000035-19 0.0Q(l02·1fl? 0 .00011229 0.00029956 0.0001216'-l 0 .OOOU:2l)7G 0 .02tj(\3G/'2 i 

I I .J 0 0000(1 I ·19 0 .00020919 0 . 0001 IOG9 0 .00000258 0.00000000 0 . 0000'!263 0. 0000 12·17 0.00000000 0 . 000-1 G Cf-19 0 .00 I~!G90J i 
l w 15 () 01 'J I ~~tW9 o. 01015067 0. 0 14:15'/19 0. 01502911 0. 0 t 7~lOB?9 0 .01-18·1~2'1 0.01133~130 0. 0·1G82G35 0. Ot87i3JG5 0. 01~) 17·180 <0 

I 16 0 0021'12'12 0 . OOG83G8·1 0. 0280-1203 0 .OOOG5372 0.00Gt,·1'lG2 0 . OO~:H 2566 O.OHGtl'/6 0 .019-19701 0 .0181-1911 0. 0 18'2292·1 
17 0 Q]Q-1 1206 0 .03766396 0. 01307,160 O.OG t:l2209 0.02553010 0 .02809174 0.017fj 1282 0 .oml!l70,I2 0. 0375:!-179 0. OJ 1 t8G7·1 
io 0. 01-IIIH-10 0 .0-t6028GO 0 .05H·10801 0.00783315 0.006'J31GO 0 .Ot2fLd72 0.01'199·118 0 .02378742 0 .01?.0'338'J 0 . OO~JB I GOO 
19 0 . 0 I '2(H-12·1 0 . 0·12925·10 0 .0323'/953 O.O~lOH-135 0. 030'7U9G3 0. 02521'/69 0.06168791 0. 03•1039-19 0. 02BS3~90 0 . 0060-18 1-1 
:lo 0 OOOV.JlJB8 0 .00009522 0. 0005·1292 0.000-ll549 0. 000~',252 I 0.00201228 0.00085573 0 .000·1·:17 12 0. OOOiliGOG 0 .OOO~BGJO 
c 1 0 21593-130 o. -17737017 0. 12158575 0. 27997313 0. 13,1:"19015 0. 2--1013653 0. 14~ 12'/92 0 .03956169 0. 2250-HH 1 0. 23-133720 
2:.! 0 2 .1'] 00·1 ~) 1 o. 16803865 0. 2•1.j2.J152 0. 12JG0032 0. 2-l-IC.'/9::?0 0. 120 IU'l 11 0.1 1<180-163 0 .50906576 0. 1-15fiBS52 0. I'JG2-15GJ 
~3 0 087GJOG1 0 .02818702 0. 2B832Gfi9 0. 15073G99 0. 22'/()[\ 1'19 0. 273]4318 0. 370919·17 0. 11693163 0 . 20017133 0. 2 I·IG70~'J 
:l.J 1 00000()00 1 .00000000 t .00000000 I .00000000 . 0<)(H}0()()() . ooOooooo t . 00000000 1.00000000 .00000000 .00000000 



20-Sector 
CDErf lCJE~H MATRIX 

IWW/COI II 12 13 14 15 IG 17 16 19 :.!0 
t-IACHIN(RY ELECTRICAL MOTOR VEil ACFT ,OHi TRAUS. & UTILHIES WHOlE,RET. f .I. R. E. SElEClED GOVf 

fQUIP. AND PARTS TRANS EQP COMM MISC. MANF SERVICES ENT E~PR I SE 
0 .onoooooo 0.00000000 0.00000000 0.00000000 0 .0000:~516 0 00000000 0.00015062 0.00327966 0 . 0002-1901 0.00000000 

2 0. Q(ll)(l0000 0.00000000 0.00000000 0.00000000 0 .OOOG3GJ5 0 .00000000 0.00122089 0. 004 '/5036 0 .0009G517 O.OOUI2JJO 
3 0 ()(H_l'Xl000 0 .00008313 0 .00000000 0.00000000 0 .00032151 0 .01950037 0.00003399 0.00057254 0 . 000( 10000 . 0 .OOOIGGlG 
·I •) . (1U:lB 1555 0. 00312101 0 . 00272-165 0. 00309779 0. 0221)6799 0 . OJ~H)GO 18 0.003:15<131 0.0·1930·103 0 . 009'/3(1fl7 0 . I I}..JOBOO 

5 0. (\i_):_l(j.J 1 ~}0 0 .00000000 0 .00000000 0.00000000 0.00270623 0 .00001494 0.00253281 0.00066 I 17 0 .OOIBG5·19 0 .00000000 
G 0 ()()J7f!fl-19 0 . 01501024 0 . 00~02597 0 . 01760G35 0.00215995 0 .OOIOGO.J3 0.01217G52 0. 00-IG 1 <1'12 0 .0500]167 0 . 003-1 C!..d5 
7 0. ()iJj}~)~l"/9 0 .OOH9:120fi 0 . 00-1<10624 0. 00270324 0.00100352 0 . OC• 103633 0 . 00"/63 ws 0.002375-12 0. oo~~.i t9BJ 0 .0015J:l:l!) 
>l 0 . Q(l I I 52-15 0 .OOOG7560 0. 00060098 0 .00110234 0 . 007:l37:l5 0 . 0032-Hi85 0. 002T/097 0.001'10£1<17 0 .OOJGOU:JG 0 . G02titL'G I 
C\ () ()I I 10 I 1-l 0. 02076341 0 .02262397 0 .0092.:1315 0 .00258738 0 .000•12-156 0. 00-"1903"/8 0.0009~GG2 0. OOG9~J{iti7 0 .OOIU~d"/0 

10 0. 1 I :<HfH.l~JB 0 .085-11-174 0. 1-l-1-~2!520 0. 1078:!797 0. 01675390 0. 00168618 0. 00'3·1·1676 0. 00 1•11098 0 . OO~i~>fJB2 1 Q. 00 10£1:.!57 
\I 0. I )(iSO:JG9 0. 02162928 0 .O,IG2G099 0.06431708 0 . 002fi 1 145 0 .00090140 0. 00290773 0.00310288 0 .00B71~'l01 0 0019138U 
l:.l 0 0:'0:.! 70~L2 0. 07672731 0. 01252·171 0.01738038 0 .00250801 0. OOO~J8163 0. 00 tH39·19 0. 0009-15'/G 0 .00310~23 0 .OOOGI92B 

I OJ 0 (J~ •fLL! I fl8 0. 00-135630 0. 263U8725 0.009·11C5t 0. 0007-1310 0. OOOOGS5·1 0.000~ 1-116 O.OOOBF/65 0. 0C..lll:!!)09D 0 . 0()08::!:.>~0 
.p. II 0 0< l] 11559 0 .00176102 0 .00037 1•15 0.05035372 0. 00?. t 11980 0. 00000000 0. OOO•IOG03 0.00019894 0 .00005·112 0 . 0000G:!!.l8 0 
I I ~1 0 .Oll<.)u·,,;H2 0 .00725660 0 .009938~7 0.00802125 O.O:I:o2c1380 0. 01038837 0. 009(~GSB"/ 0.00782270 0 0 I J~)129 I 0 .0-10~.-12fl5 

IG 0. OU I :JOtl.U 1 0 .00543528 0. OQ:Jt9259 0.004,16·136 0.00~107751 0. 18~)~12539 0. 012~0895 0 .00479)(.)7 0. ot:l~'li~'IG"J 0 . OG582~-I-I 
17 0. o~~c;no~)Q 0 .02520050 0 .02-192131 0. 02702032 0.014<16:)97 0 . 00-·1 :JgGG-l 0 . 03032·126 0. 010 t09:J6 0 . (l1H·II ~i0-1 0 . 00G~.l~J10 I 

'" 0. (i(l~.l(; ., B 15 0. 01093-195 0. 00-1-15098 0 . 00961•198 0. 0 180·102 I O.OOG05'723 0. Q3;1fl(J:J53 0. OG00~5UGG 0 . OJ:J2rH)2 0 .02161-1:38 
19 0 .OtB-II~IG:l 0 .0278-1730 0 .02995799 0. 0:!38-IG 16 0 . 050 I :J!l58 0.01125700 0.05812508 0 .0•1702812 0 .OGS30Cil~) 0 .OJG59G30 
.:~o () .C(Hl:it_l:l53 0 .00070136 0 .OOOGU001 0. OOOG59!H {) .00993473 ·o .06-lf\3393 O.OOBOG~)50 0. 0081·1B42 0. OO~IJ:.>3~tG 0 0009:JIOG 
2 I 0 2:l~~~G7G-I 0. 2-1231"588 0. ,,1533850 0. 23-12 1"12•1 0. 26•10()98 1 0. 1S~i48794. 0.42329782 0. 17-'190204 0. 5:10t>1 1-19 0. 5-Ll7UGJ:} 
~~ 2 0. 11()17UH6 0 18163292 0. IOfiG0070 0. 225.:25 I •16 0. 2992"18:19 0. I:U02720 o.oa:w•t0-13 0. OGOGJ"'2!J9 0. 070J2-18 I 0 .09"1-10-I~!.G 
}3 0 ?GC}fiR007 0. 25900108 0. t730G805 0. 1030-'1573 0.2-1732<13? 0 Jf)G:?-'1091 0. 2~LI~-l9BG3 0.5-1292125 0. 11130237 0 . (.).t!J8~)~)95 
J.l CH.lUOOOOO I .00000000 t .00000000 I .00000000 1 . 00000000 1.00000000 I .00000000 t .00000000 . 00000l)00 I .00000000 



20-Sector 
CUEFFic:JfNT MATRIX 

f~UW/COL 2 I 
PfR CONSlJM 

£ ·' Pr r>~. 

22 23 
INVESTMENT NE,T EXP9iH 
INVENTORY fEO,Sl,LOC 

'' 
' ' ,, 

0. 0()02 1 0-17 0.00003376 0.00000244 
2 0. Q\).\3~)£\]..t 0 .00005975 -0.001~07~2 
3 0. (Hl(i~l-~~>-16 0 05259-135 0 .0077 HGO 
-I 0. Ot)Cl(>OOOO 0. 305-17205 0. 02935909 
5 0. ()~,::.·lR·\09 0. 01125·152 0.01GI7G26 
G 0 . 02 I~HG:~7 
7 u ():!1(J2:J()9 

0 .0225G705 0.00923117 
0. 03·197023 0. o n9s2oa 

8 0 Of1H 1~)399 -o . 000,18731 0 .00090004 
') (l or·'HG-IGOG 0 . 0082-19-15 0 .00009033 

\!"l 0 ('():> 11103 0. 05G9-1555 0. 0518-1!331 
11 0. ()I_) 130 "]"j •\ 0. 03211599 0. 0"1475·103 
12 l) on 1 :2~1 163 0 .00783175 0 . 00:13·1683 

I I"J 0 02-1 1 OCO I 
!"; II " 00110136 

0. 202"19022 0. 44681373 
0 00192G03 0 .00721027 

15 0. 029'~l:•OBG 0 .0278071·1 0 05755178 
IG 0 orn:Hll5 0 .00000000 0 .00623555 
17 0 2 I l-Ib IGS 0 . OG200G·W 0 . 004·1·1054 
IB 0. 1 17"] 1 !55 0. 01495749 ·o .00185804 
19 () . 0~103:2 1 18 -0 .00002216 0 .0201G21G 
20 () . Q(l.J ~) :1(;9 1 0 .00000000 0 .00111689 
'...'1 () 00i3:2l) 137 0. 00000000 0. 08G"17002 
22 0. 33:lGG~.l52 0. 134·13200 0 .0:1503578 
23 0 OOflB:l·/ 15 0 .02449564 0. 15161870 

2-1 .oouuoooo .00000000 .00000000 



Table B-3 

20-Sector 
lEONfiE:f MAlRIX 

fW\o.' :co1 2 3 4 5 6 7 6 9 10 
LIVfSrOCK OTHER AG MINING CONSTRUCT FOOD & KIN LUMO fUf~N CIIEM DRUGS PETROLEUM RUB LEA sr f-'RIMARY & 
f. PROtlS. PRODUCTS 'I PRODUCTS PAP PI< INT PLASTICS REfiNERY GLASS CLAY fAB M(lALS 

0. B~l~l~\0550 -0.02605330 0 00000000 0 .00000000 -'o. 112"/1<199 0.00000000 -0.00011fl06 0 00000000 -o .00015093 0.00000000 
) -() 1(;1-/-1'173 0. 9-IB0-13-14 0 .00000000 -o. 00141769 -o. 0·1~).65827 ··0. 00!11 G066 -0.00096658 0.00000000 0. 000000()0 0.00000000 
.1 () 0(!(_\(l.l 1 7 2 -0 .00295027 0. 93G83925 -0 .00645973 -a . 000 16-10•1 -o. 00098091 -0.000231-15 -0. 10700258 -a .02013~JH -0 . 02-IB9552 
_, -a _(l,-)(;?J379 -0. 01009874 -o. 01965343 0 .9H9GA073 -0 .0032361(1 -o. 00-105784 -o . OO~GG-125 -0.01815-125 -o .OOG057GJ -o . O(JB:-!G0-16 ., ·() ( )~ J: lEl ~ )/{ ~) 8 -() 001:1-1·157 0 00000000 a .00000000 a. D:l~iS-J89G -0. 001!)0322 -a. 00605,190 -0.00063781 -0 .00:37-1222 -0 . oooq~;o~n 
G ·() ()oo"l/6)·1 -0. 005G·Ifl08 -a. 00-10"/BO? -o .0•12~!0776 -()_ 02GB973•1 0. BO:.! 14--i7 1 -0 .01~1-1•1909 -O.OOG8120G -0 . U2U I J~-.20 0. OIU I!.J!"l:.09 
7 -(I pt"l:!~-t.IIOB -o .OSG571G6 -o .01!JB8302 -0. 0119520-1 -0 . 0()1 1·1:17 1 -0 . 02 IUOH03 0. B--1571·160 -0.02525373 -0 OG75G:1:J·I -a OIJ-l·I~Hl2 
8 -() .UU1El:.!BI2 -0 .00994870 -0.0039~739 -0 .a0718235 -0 .00065G99 -o. 00138245 -0.01 j :)9•100 0.972GH709 -o .001•107-10 -0 .00 11-~'/07 
9 -0 (l(l 1 108-19 -0 . 00-109287 -0.02131557 -a. 06813478 -0 .018'19U73 -0 0 t 105563 -0.012fl8367 -0.00"16000 0 . 92S33S-1-/ -0 .008-1-IH5-l 

10 --0 t)U I :)2050 -o. 0029-1162 -o .02730760 -0. 1318676-4 -0 .02370008 -0 . 02:1::.>9·190 -0.022!J2'102 -0.005528"77 -a .01781856 0 .80901-100 
11 ·0. Od\J-IC:B2--I -a .0099tl880 -o. 03-i7G556 -0. 02a192a7 -a .0023-1976 -o. oo-t G 3036 -O.OOGG5798 -0. 003685·18 -0. 010245'7:} -0 .0::1J1720G 

I 12 -o ()(_)\):~2-199 -o. 00069527 -0. 002--l"/974 -0 .0123--1824 -0 .00002292 -0.00043059 -o. oowoa 12 -0.000226B5 -o .00100551 -0 OUG:J8353 _,. 
"' 13 ·0. (_)t_":{_):J l"l5J -o. 0002-138 1 -0 .00072975 -0 .000035·19 -o. 00002:1()2 --0.00011229 -0.000?9956 -0.0001216-l -0 .OOOH2G7Li -o. 02GGJG-/2 
I ,_, (J . 0• liJ(IO I -1 9 -0 .00020919 -0 . 00011069 -0 .00000258 0 .00000000 -0.00009263 -0.00001247 0.00000000 -0 . OOU-IGC!l9 -o. ()() 190903 

I ~J -~l.01] t5UB9 -() .0101~i067 -o .01-1357 tD --0.01502911 -o .017900/9 -0.01·1H-IU27 -O.OI13J930 -0. O-tfiB2ti35 -0 .0 lfl'lB:lG5 -0.0151"/-IUO 
IG -n. o(-t}77'2"/2 -0 .aOG83G84 -0. 0280:1203 -O.OOOG5372 -0. OOG547G2 -0 .00~]:1:2566 -0.01-161176 -0.019-19701 -0 .0181-Elll -0 .010229~--l 
II . - (). cnu-ti20G -o . OT/66396 -0 . 0130./460 -o .06132209 -0 . 0255:1010 -0 .02B091'1-1 -0.01761292 -o. oo9970-t2 -o .037~13-1"19 -a .03ttBG7-1 
Ill · .. () ()I -I I lB-10 -0 . 0-1602860 -0. 058·10801 -0. 00783315 -0 .OOG731GO --0 .01202372 -0.0 1·199--118 -0.0237fl7·12 -0. oa2os:w:l -0. OO~JO 1600 
1~ -0 01207-1~·1 -0 . 0-12925-10 -0.03237953 -a .05014-135 -0 .OJ07B9G3 -0 . 0252"1"769 -O.OGIGA-,91 -0. 03·10:)9·19 -0 . 021l~d~~)\) -0 .OUG0-181·1 

:) ~) -() (H_l(.)(J:)OI)8 -o .ono09522 -0.0005•1292 -o .000•115-19 -0 .000525:.!1 -0 .00201228 -0.00085573 -0.000·1·1712 -o. 0UO!l160G -0 OCJ0~8G3ci 

-~ 



20-Sector 
LEONTIEf M:ATRIX 

fWW/COL 11 12 13 14 ' ·~ IG 17 IS 19 20 
f4AUI!N[RY ELECTRICAL MOTOR· ·VEH ACFT ,·OTH 'TRANS. & UTillriES WIIOlf.RET. f . II .R. E .. SELfCTE.O cuvl 

EUUIP. AND PAIHS TRANS EQP Cot-1M MISC. MANF 
' 

SERVICES ENffRPRIS£ 

0 0fJ00('t000 0.00000000 o.oooooooo .. o.oooooooo -o. 00002~16 0.00000000 -0.0001!.'"1062 ,-0 .00327966 -0 . 0002 -I £)0 1 () 00000000 
2 0 OOUOC>OOO 0.0()000000 ' 0 . 00000000 0.00000000 -o .00063G35 0.00000000 -0.00122089 -o .00-175036 -0 .OOO~lGS 17 -o .00012330 
] () (JOCC.1)()00 -0.00008313 0.00000000 0.00000000 -0 . oou:12 t5 1 ,-0.019fJ0fl37 -0.0000]399 -0 .0005725·1 0 .00000000 ·b 000 I!)G2G 
-I -() 00281~55 -0 .00312101 '-0.002"/2"165 -o. oo30977s -0 .0)_11.67fl9 --0.03:lOGOI8 -0. 00~135-t:lt -0. 0·1930•103 . (). 00073GB7 - () . 1 17--IOAOO 

5 ·0 0000-1 150 () . 00()00000 0.00000000' 0.00000000 -o .OO~l70fi23 -0.00001-19•1 -0 .00253281 -0 .00066117 -() . 00 1H65·19 0 oooouooo 
(; - (). ()():l"/GH-19 -0. 0tS0102•1 -0 .00-102597 "0 .017GOG35 -0 . oo:~ t ~i~l~l!'i -o. 00 1060·13 -o .0121"1G52 -0.00--161-172 -0 .O!JOO:J IG"/ ·(J ()l)J.I{>535 ., -0 (HJ17~)~i7~ -0 .00993200 -0 . 0(H-IOG2•1 -() .00270324 -0. 00 10H3~12 -0. 00103633 -0 007GJtB5 -o. oo23"15·12 -0. 00~1~'. I ~Hi] 0 . oo·,:.-,:!]9 
8 -0 .001\~):.!-15 -0 . OOOG75GO -0 . 00060098 -o . 00110234 -0 .00"/~IJ"/:15 -0. 003?.-1!:i05 -o. 00237097 -0.00170B_47 ·0 . 00 tGOWlG -o OO:~GB:2G I 

" ·() 01110 Il-l -0 .020"16341 -o .02262397 -0. 0092•13 15 -0 . 00)~-~H 7:18 -0 .000-12456 -0 . 00•1 BO:J·l 8 -0.00099GG2 -() . OOG~):JGG7 0 . uo 1 tl~j~)() 
t(l ·(\ I I ~HIHI)~B -0. OB!..i-1 14"14 -0. l•ltl-12520 -0. 10783797 -O.OIG7SJHO -0. OOtGBGtB -0. 005--1-1676 -0.001--11098 -o. OO~itiU021 ·o .0010H257 
II 0 8"l1-JCJ011 -0 . 0:21629:28 -0 . O-tG2G099 -0 .OG-t:lt"100 -o .0020 t 1-15 -0 . ooono I<IO -0.0029B77J -0.00310288 -() .OOB71501 -o. OOIDIJB[:I 

, 12 -o 020T!O.:J2 0. 9:?327269 -0. 01252-171 -o 01738038 -0.001~'i0B01 -0 .OOODfltG3 -O.OOt83~-19 -0.0009•15"/G -0 003 10223 -Q OOOG 19.W 
) 13 ·0 . 001!:3:.! 1 B8 -0 .OO-l35G30 0. 73G 11275 -0 . 009-1165 t -0.00074310 -o .OOOOGS5·t -0.00051418 -0.000077G5 -0 . OOU~l~l<.J99 -o OOOf\2290 

1-l ·0 oo:J ,-,s~D -o . 00 1"16 102 -0. 00037145 0. 9--196-1628 -0.0021•1980 0.00000000 -0. 000·10G03 -Q.OOOHHH)4 -0 . 0000!)-1 12 -o. 00006:258 
15 -0 U0I'07 GB2 -o .00725660 --0. 00993847 -0. 00002125 0.9GG75620 -O.Ot03BH3"1 -O.Q09GG51J7 -0.00782270 -0 .0130:2291 -o .0-102-12l15 
IG -()_ oo-l:ioBB 1 -0. 005--13528 -0 . 00-'119259 .-a . oo.-a ·1 G •136 -0. 0090"1751 O.Oicl-1"7-16.1 -0.01220895 -o. oo.a 7'Y7G7 -0 .OHGISG7 -o .-06SB:..!9-I-I 
17 -0 .02:?GU090 -0 .02520050 -0 . 02·192131 -0 . 02'182032 -0.01'1~16397 -0 . 001l]9GG4 0.9G9G75'/4 -o. o 1018936 -0 .028J\ 150-1 -o .00()99701 
18 ·() OO'JG"/815 -0. 01093-195 -0. 00-1·15098 ·-0 .009G1·198 -O.OIU0•1021 -o. OUG85.123 -0. 03•180353 0. 93114 13·1 -0. OJJ2'1302 -o .02 IG l-t98 
1 ~l -c: 010-lt9G5 -0 02704730 -0 .02995799 ·-o .02Jfi461G -0 .05013550 -0 .011?.5"/00 -0.050?.2500 -o. o-nu2o 12 0. 9:HG~J3 I I -o .03659610 
:·o -() onu~:itl:-J~l3 -() .00070136 -0 .OOOGBOOI -0 .00065997 -0 . OO~El3,17:J -o. OG-1BJ393 ~o.oo60G550 -o.ooe ~~a,12 -0 Oo5:J:lJ9G 0 . 99~;oG5~--t 



Table B-4 

20-Sector 
INVERSE MAfiHX 

1~0\.J/LOI 1 2 3 4 5 6 7 B 9 10 
I.JV[ SIUCK OllifR AG MINING CONSTRUCT FOOU & KIN LIJMB f Uf~N CHEM DRUGS PETROLEUM R:UB .LEA sr PRIMAI{Y & 

" PIW(l'). PRODUCTS PROOUCIS PAP PI~ HJT PLASTICS REFINERY GLASS CLA'I fAfl MEIALS 
1 1 :J:1 "/JB-1•1 0.03171879 0. OQQcJQ322 0. 00033732 0.13817490 0.000711747 0. 00140329 0.00036580 0 .00!028:21 0 .0001~~3-J ., () l!.)~l-1-I~)JG 1.06112956 0. 00072085 0. 00230990 0. O"/G2D053 0. 007·1102 t 0.0023S,I85 0. 0Qf)6 1705 0 . 00 H)G(U2 0. 0U()S0GB5 

j 0 no:':!~IJB I 0 . OOG•I09G2 1 . 07 1_5287 I 0 . Ot503GJG () .002D-I~Hi5 0. 00:10 \308 0 014·1249'1 0. 12080270 0 .O~G:!9519 0. OJ5:2GCJB7 

·1 0 01 :J I I :10-1 0 .0169-1859 0. 02085985 1 .OOG74JGt 0 . 009 1 :2G(lG 0.010GIOB8 0 .01:~ 14822 0.02"/04G7fi 0. 012?2GG8 0 .015!l"/5ll5 ,, 0. 1 /( l-17·1-IH 0. 005793!19· 0 .OOOG8G·IO 0 .00114141 1 .00"123B61 0. OOJ3·154 1 0 .0003470·1 0.001<11220 0 .OOS-17532 0 .00()C55"73 

G 0 01 17~"1515 0 .01650720 0 .0155B915 0 .06732613 0 . O·l~WSG 1 I . 2536"1720 0. 037~J:l-132 0.01G94B93 0 .0•17"/·lB"/5 0 . 0:1:)97629 
I () o::on tHfl8 0. 0147:1260 0. 03072762 0. 02790105 0.0199372,1 0. 03GJOG68 1. 180350-W 0.03601951 0 .090H21-II 0 .02·179tDO 
8 0 OCJS J(>S(JO 0. 0 125·1632 0.00572696 0 .00891505 0.00272770 0 . 0029·1993 0 .01500066 t .0300-JG:l"l 0 .003SG2 1·1 0. 00:272070 
'J I) Ol>"/OS~JGG 0 .00882153 0. 029·12492 0 .07941871 0 . 02533 13~) 0 . 0 177fiGH8 0.02005872 0.011318--10 1 .OH56123G 0 .0 1GfE"i00 I 

1:) 0 01 )()(.)C:;].l 0 .01--100293 0 .052-1'1813 0. 17910717 0 .03927600 0. 0<12BGOIB 0 . 0·11SG006 0.02152981 0 .035026-1-l 1 . 26087100 
11 () .Ol)S I~Jl'iJ~} 0 .015-11140 0 0-17376-10 0 . 03•127717 0 .00736~173 0. 0 102·1·~89 0 .0 13·1-17 13 0.0122•1782 0 0175!)0.13 0 05: . .1"!8833 
12 0 or 1 t 111 "J£i6 0. 00199338 0. 005 18~)04 0. 01625071 0. 00113850 0. 0016803,1 0. 00 1'13030 o.oota·JoJo 0 . 0025GTI1 0 .Ut t2317El 

I 1.l C) .()Ot-JH::B7 0 .0019fl935 0 .00-131253 0 .00808788 0. 002~139'/0 0. 00251666 0. 00329719 0.00200221 0 .003·Hl:J16 0. l):JG758 14 

"" 1·1 0 l\01117~100 0 .000~017-t 0 .000·19"167 0 .OOOG.GB94 0 .OOO:U96"/ 0 . OOOJ3fHl4 0 . ooo:Li•l4 1 0.0002571"/ 0 .000"/"1 1-IB 0 .0019Jtl6 

"" 1 15 0 .o~:~s-1-I0-1 0 .OIG-W0<-10 0 .02t2U006 0.0247-1•11·1 0 . 0~6775:16 0 . 022~}8·\33 0 .0 192632·1 0.0~)5~12·1-13 0 . O:?ll-117 LJ 0 . 02-1:?.785 t 
1G () .OO~l7:lG69 0 01•139700 0 .0-1:?.20703 0.01207G"Jt 0. Ot·lf1G:J:J5 0 .o 1912--1 jtl 0 .02G91G2"7 0.0:1297709 0 .03078111 0 o-:n t9:VJ~ 
1 ., () .(J~~\l7B-1·12 0 . O·lGG t 190 0. 0252851 t 0. 07!l596fi6 0 . 0-1282:1]5 0 . 0·125GBG-1 0 . O:J002 120 0.01978052 0 .050-iSGJS 0 . O-JU.J5057 

111 0. C>:.l2flr)972 0 .06038003 0 .0"13-17579 0.02002099 0. 0 19!12 107 0 . 023·1~lBJ3 0 .0270,151•l 0.03959730 0 .02J"i:J3t10 0 . 02 1 1HfiGJ 
19 () OTl 133J5 0. 06438661 0 . 050:37 ·11 1 0.07120215 0 . 050B76·15 0. 0-1-122~)65 O.Of\761052 0.053'/ 1806 0 .O.J!:J.J2·1:2~"j () .02)3·1·13:~ 

:l;.) (\ 00 I~H3'JG.J 0 . 00258 IO·t 0 .00477151 0.00301784 0 .0027-1270 0 00-10~)527 0.00·103.188 0. 00·109,138 0 .00·1139"/G 0 .00-IOIBJ:"J 
:;> 1 1 ()i\B'j"f513 . ·116·~0-105 1. 5 1160305 1. 65906090 .61078533 . 5517~J904 t. 555203G3 1. tt0077G9 t 1. 51BG UJ"J•l 1. G59G09"/ \ 



20-Sector 
lNVER5t MAll?! X 

~~0\•1/COL " 12 13 14 15 16 17 18 19 20 
r-.1/I.CHINfRY ELEC'fJHCAL MOTOR VEI-l ACFT,OTH TRMJS. "' UTILITIES WHOLE .I~ET. f. l.fl.E. SELH>I £0 (-;.ov r 

EQUIP. ANO PAIHS TRANS EOP COMM MISC. MANF SERVICES cNlEilf'RISE 
(J .00015335 0.000180-15 0.00019535 0. 00016292 O.OOOG00ti6 0. 00010994 0.00082395 0.00433870 0. 00087283 0. 00022)59 

2 () .OOOJ2830 0.0004 .. 1--148 0.00043047 0. 0004·16"/.1 0.0012BI63 0. 00030138 0.0020'1901 0.0()648793 0 . OOlOBllG-l 0. OOO"J ~-1-1'/ 
] () . oo::.~-~n-19 1 0 00·18 125 t 0 .00878659 0. 005-11126 0 .0020GO!JO 0. 0:!733242 0. OOI~"i:.i5•14 0.00221062 0 .00101£!~)9 0 . 00-15-17117 
I 0 (.)0'J(,().JG:1 0 .0077()198 0. 01001200 0 .00799G07 0 . 0280516-1 0 . o~,2B034 1 0. ooo~ns75 0.056180:14 0 .OitiBG672 0. 12~10:)52-1 

5 0 ()()(]·I '.• J ')!) 0 . 0005GG-~9 0 .OOOG88 17 0 .000-17722 0 .OO:J:J5f,:;d 0 .00026)80 0 . OO:L~G92B 0.0015,364 0. oo:n.J~J03 0 OOO~l :J:iO I 
6 0 .01-IT.'J:l~ 0 .02879250 0. 020802·10 0. 03232279 0.010129:1-1 0 . 00"/60598 0 .02211723 O.QH370UJ 0 070/lG 11!.5 () 0 I G., G·l ~~G 
7 () 00B(i91 J8 0 .0191282., 0 .01721100 o.ooa9H5·J 0.00·160227 0. 0052-109'/ 0. OI~:.UOGI 0.00660271 0. OtG-193GO 0. o 1·11 :~n :J7 
8 (). Q(l:)171tG 0 .00169575 0. 00217577 0 .00215693 0 . OOH•IH272 0 . 00!.52 1032 0 00322'0J 12 0.00293:103 0. 002719:20 (J 00-1825J5 
9 () 01BIB902 0. 02813685 0. O:J~7 30-12 o. 0 15956-1-l 0. OOG51780 0 .OOG05597 0. 007GG995 0.0066'5849 0. 01Hi0719 0 0 12992'/2 

10 ll. 1 €3 I ()0-1-1-l 0. 126•15699 0. 26!."107581 o. 16361291 0 . 029859tG 0 .Ot-1G9~Hi4 0 . 012293~)9 0.01·163135 0. 01H"/91GA 0. O:!G~J30JG 
II I 15S!SB02 0. OJ-119212 0 .00501952 o. 00701896 0 .00b73-l:J8 0. 00505091 0. 005iW3 7 2 0. 00705:1·1 1 0 .OIJI:I'/J:JU 0 00'191-1/G 
p () .0:?7]1-190 I .08539537 0 .02203771 o. 02361224 0 .00:.196581 0.00257330 0.00281511 0. 002,1fi009 0 .00-1731G·I 0 .OOJ2'/3'J'/ 

I I J <) o:•u:1 ~-,_,2 0 .01202-1:15 I .37001937 0. 02107500 0 .00306226 0.001192~j8 0.0021.8262 0.002690--16 0. 01:157617 0. 002~9G~-~tl ..,. l·l " ()().l:lC009 0 . 002•16--10 1 0 .0015171·1 1.05377600 0 002·~6731 '0.00011902 0.0005<1586 0.000332-10 0.0002-1--1~5 0 . 00029 13-1 
<.n 1 ~). 0. (lt"J"!Hb!.:il 0 .01339055 0 .022·Fl500 0 . 0 t"laB298 1 . 03B2817S 0. 01~J3G:lt9 o.o1:nooo1 0.01228799 0 .OEI-IG 191 0 .O-I-/!J8_fl~-l0 I 

IG 0 0130G009 0 . 0 t 3CiG206 0 .01785100- 0 . 0131•1--164 0 . 0 15h l~if·~J I .23700158 0. 0192-1'/63 0.00980577 0 . 02:12 B 2 -I 0 0 .OHS:!'/121 
17 o.o:n-118-19 0 . 03805-18-1 0 .0~195105 0 .0-1267600 0 . 02 17970!) 0. 012·1·1857 1. O:lGU2G92 0.01906272 0 .OJHO!"i:!!..l·l 0. 0:!08·1~)8"] 
IH t)_()IB-IIOI-l2 0 0Hl:l8105 0. 0 IG9G-198 (). 010G0099 0 . 0250~)-HI'/ 0 .0Hi5'J2 H 0.0~131B020 1.07915927 0. 0-I~IIJe~l I 0 O:J():!S:!·/9 
I 'I () OJ 19:i.1-11 0 .0-1219-156 0 .05'/~)5916 0 .O:l84·1135 0 . OG2:1-15]2 0 .o:!SH>910 0.07101132 0.061G8G58 I .OBIG1250 () .U5526~J73 
20 0. (JO~! :l/101 t 0. 002677-19 0 .003-l!l-131 0 .0026G32tl 0. 01212721 0. 08091566 0.010S6~JG2 0.01012G•I5 0 .OOB:J3<19B .OCI77U9t7 
2 I 1.5G2712~)-~ -·~BIJGt·l-7 2 . 0 15•12521 . 55-135728 1. 2872~J5!i0 .51073914 1.20016325 1. 32054459 I .380215"/::i . ·lfi825:!·10 


