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Agricultural sector, U.S.: comparison of
TFP and TRP measures, 59; environ-
mental indicators of nitrogen and pesti-
cide leaching in, 568-75; measurement
of productivity with undesirable out-
puts in, 553-65

Airline industry: comparison of productiv-
ity in, 446-52, 456, 461-63; hub-and-
spoke system, 45052, 461-63; labor re-
quirements of, 463

Asian countries. See Southeast Asian coun-
tries

Auto repair shops, 34048

Banking industry: information technology
in, 422, 424, 426-29, 453, 458; produc-
tivity measurement of, 422-29, 456

Baumol stagnation hypothesis, 35124

Boskin Commission on CPI, 28-29, 48-49,
460

Bureau of Labor Statistics (BLS): improve-
ments in productivity measurement
program, 78-79; indexes of hours, 78;
output indexes, 78; price indexes, 78;
production indexes, 78; productivity
measurement by, 55; weighting of in-
dexes, 78-79

Business cycle models: DGE approach to,
226-27; real, 227

Canberra Group on Capital Measurement,
90

Capacity utilization: aggregate, 261-62;
changes in, 252-56; differences from
production function concept, 228-30;
dynamic model of variable, 237-38,
242-46; empirical issues related to,
237-40; first- and second-order approx-
imations, 246-52, 260, 297-98; impli-
cations of, 281-82; meaning and mea-
surement of, 242-57; in production
function, 19-21

Capital: BLS reformulation of measures
of, 66-68; as complement to skilled
labor (Griliches), 200-203; concept in
endogenous growth theory, 25; enter-
tainment or artistic capital, 95-96; in-
frastructure capital, 95; knowledge
capital, 92-95; old and new, 179-80;
quasi-fixity of, 243, 248-49; Solow’s
1960 vintage model of, 180-99, 514;
user cost of, 119; vintage capital in So-
low residual model, 179-80; vintage-
specific physical, 194

Capital formation: in neoclassical growth
models, 23-24

Capital goods: effect of introduction
(1970s), 199; quality of, 174-75; rise of
skill in use of, 182-83

Capital-goods sector: Arrow’s growth
model, 182-84; Krusell’s model, 182—
83, 185; Parente’s model, 182-85

Capital stock: in production function,
19-21
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Capital utilization: variable, 243

Circular income flow model, 5

Coal industry, U.S.: aggregate statistics for,
374-75; aggregating sources of produc-
tivity change in, 404-6; heterogeneity
in, 376-77; homogeneous subaggre-
gates in, 377-78; labor productivity,
381-92, 414-18; mining methods and
productivity, 376-77; rate of technical
change in, 406-11; sources of produc-
tivity change, 394-411

Consumer Price Index (CPI), Boskin Com-
mission report, 28-29, 48-49, 460

Consumption-goods sector: Arrow’s model,
183; Krusell’s model, 183; Parente’s
model, 183

Convergence: in Dougherty-Jorgenson
growth accounting, 495; in Maddison’s
growth accounting, 494; processes lead-
ing to, 468-69; of productivity with
input and output per capita, 525-31;
theory of TFP growth, 18

Creative destruction: forms of, 307-8;
Schumpeter’s concept of, 304; theoret-
ical literature on, 308-10

Data envelopment analysis (DEA), 544,
566, 583

Data sources: for analysis of G7 country
economic growth, 534-36; for analysis
of U.S. agricultural sector productivity,
542, 553, 566; Annual Survey of Manu-
factures (ASM), 356-57; BLS KLEMS
data, 356; for BLS labor composition
series, 71-74; Census of Manufactures
(CM), 355-57; Census of Service In-
dustries, 348, 357-58; for cross-section
approach to growth accounting, 475—
78; Doane Pesticide Profile Study, 570;
for estimates of technical change,
267-69; for expanded MFP measures,
76-77; for growth accounting using
time series, 470-74; Longitudinal Re-
search Database (LRD), 22, 39, 358;
in measurement of outputs, inputs,
and productivity, 318-19; Mine Safety
and Health Administration, 373, 384—
85, 400-401, 411-12; National Agri-
cultural Statistics Service (NASS),
570; National Income and Product
Accounts (NIPA), 55-57, 515; NBER
Productivity Database, 356; for panel
regression approach to growth account-
ing, 478-80; for TRP application to

U.S. agricultural sector, 599-600

DEA. See Data envelopment analysis
(DEA)

Depreciation, 7n4

Diffusion: lag theories of, 193-96

Distance functions: directional technology,
550; output, 542, 546-47, 566; output-
oriented directional, 550-53, 566, 568,
578

Divisia index: path independence of, 40;
Tornqvist approximation to, 15

Dynamic general equilibrium (DGE): ap-
proach to business cycle modeling,
226-28

East Asian countries. See Southeast Asian
countries

Economic growth: accounts for sources of,
532-33; allocation of investment and
productivity for, 513; creative destruc-
tion models of, 307-8; effect of factor
allocation on, 308-15; externalities in
modeling of, 266-67; factors in G7
countries influencing, 511; neoclassical
models of, 23-24; new measure of
U.S., 532-33; uses of, 515. See also
Growth accounting; Growth theory,
neoclassical

Economy, aggregate: GDP as measure of
output in, 231

Education sector: inputs of, 532; investment
in human capital as output of, 531-32

Embodiment, of technology in capital,
179-80

Embodiment effect: capital-embodied tech-
nical change, 28-30; Solow’s concept
(1960), 187-99, 514; in technological
progress (Solow), 175-77

Embodiment effect (Jorgenson), 175-76

Embodiment model, Solow (1960): adjust-
ments to, 190-99; investment-specific,
187-90, 216-17, 514

Endogenous growth theory: constant mar-
ginal product of capital in, 25; produc-
tion function, 25-26

Factor accumulation concept (Krugman),
497

Factor demand models: advantages of dy-
namic, 104-5; static, 104; variable fac-
tor demand equations, 138-39

Factor demand models, dynamic: applica-
tions of, 141; third-generation models
of, 121-22
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Factors of production: land as, 91; markets
in circular income flow model, 5; mar-
kets in interrelated disequilibrium
model, 119-20; in measurement of
production, 91-92; optimal allocation,
264-65; reallocation to aggregate pro-
ductivity growth, 304; reallocation in
auto repair shops, 340-48; reallocation
to economic growth, 493; reallocation
on productivity in service sector,
339-50; reallocation in U.S. manufac-
turing sector, 319-38. See also Capital;
Inputs; Labor; Outputs

Factor utilization: model of variable, 243.
See also Capital utilization; Labor

Firms: adjustment cost in theory of,
120-21; variation in capacity utiliza-
tion, 238

Frontier analysis, 19. See also Production
possibilities frontier (PPF)

Gross domestic product (GDP): data revi-
sions, ix; as measure of aggregate of
output, 231

Growth accounting: based on Solow 1957
residual model, 179-81; catch-up effect
(Maddison), 493-94; conventional,
185; cross-section approach, 465-67,
470, 475-78, 495-98; derivation of
TRP models from, 589; function of, 6;
origins of, 5-7; in Solow’s 1960 vintage
capital framework, 180-85; times se-
ries approach, 465-66, 469-74, 494—
95, 497

Growth model (Arrow): learning by doing,
182-83

Growth theory, neoclassical: convergence
in, 468; cross-country application of,
468; departures from, 493-94; exoge-
nous technological progress in, 469,
492; human capital, knowledge, and
fixed capital in, 531; incorporation of
R&D spending in, 17-18; investment
endogenous in, 510, 513, 531; new ver-
sion, 531-34; production function in,
25-26; productivity exogenous in, 510,
513, 531; Solow’s version, 511, 513;
TFP residual in, 26-27

Growth theory, “old,” 23-25

Harrod-Rymes concept: of TFP, 24-25
Hicksian efficiency index, 8-9

Hicksian shift parameter, 7-9

Human capital: alternative ways to mea-

sure, 174; BLS uses of theory of,
69-70; differences across countries,
505-6; as input, 173; model as engine
of growth, 209-16; in new growth the-
ory, 1, 531; vintage-specific, 194

Industrial revolution: growth path of sec-
ond, 197-98; growth path of third,
197-99

Information: measurement of dissemina-
tion of, 611-12

Information technology (IT): in airline in-
dustry, 446-52; in banking industry,
422, 424, 426-29, 453, 458; in public
transport, 454; in retail sector, 454; in
service sector, 452-55; in telecommuni-
cations, 433, 453

Innovation: in capital-embodied technical
change, 28; definition of, 92-93; as
form of capital accumulation, 25;
global and local, 93; introduction of
new goods, 27-31; in neoclassical
growth models, 25; quality of products
with, 27-31

Inputs: aggregate, 260; measurement using
Census of Manufactures, 318-38; mea-
surement of intermediate, 87; measure-
ment of labor, 88; measurement in
manufacturing sector, 355-60; in pub-
lic transportation, 441-42; quasi-fixed,
248-49, 251; reallocation of, 3034,
308-15, 319-38; reproducible capital,
88-90; resource, 91-92

Inventories: National Resource Inventory,
569, 571; Perpetual Inventory Method,
62; for productivity measurement,
90-91

Investment: definition of, 512; in human
capital, 512, 531-32; influence of new
knowledge on, 610-11; irreversibility
effects on, 141; neoclassical theory of,
119; as source of economic growth,
512; Tobin’s ¢, 140-41; unmeasured
problem of, 184-85

Investment in education: measurement of,
531-32

IT. See Information technology (IT)

Knowledge: defining and measuring techno-
logical, 173; influence on investment of
new, 610-11; measurement of dissemi-
nation of new, 611-12

Knowledge capital: definition of, 92-93;
measurement of, 94
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Labor: quasi-fixity of, 243, 248-49; variable
utilization of, 243, 251

Labor force: complementarity of capital
and skilled labor, 200-203; matching
workers and machines, 202-3

Labor productivity: in airline industry, 446—
50; auto repair industry (1987-95),
340-41; decomposition of, 321-22; de-
composition of industry-level, 318;
definition of, 86; growth rates of, 321—
27, 365; measurement of, 318-19; re-
tail banking comparison, 422-29; in
Ricardian trade theory, 468nl; U.S.
commercial banks (1970-92), 422-23

Labor productivity, coal mining, 373, 376—
92, 394-411; decomposition of aggre-
gate, 381-83; regression results, 389—
92, 414-16; specification for model,
385-89; in subaggregates of, 383-84

Learning: in adjustments to Solow embodi-
ment model, 190-93; from productivity
levels accounting, 505; technology-
specific spillover effects, 181-82,
196-97; in transitional growth path,
197-99

Learning by doing: Arrow’s model, 182-83;
in Parente’s model of technological
progress, 210-11

Longitudinal Research Database (LRD),
22, 39, 358

LRD. See Data sources; Longitudinal Re-
search Database (LRD)

Luenberger productivity indicator, 566,
567-68

Malmquist-Luenberger productivity index,
542, 550-66

Malmquist productivity index: to analyze
U.S. agricultural productivity, 553-65;
to decompose productivity growth,
577-78; definition of, 18; output dis-
tance functions of, 542, 546, 566; use
in frontier analysis, 19

Manufacturing sector: effect of input-
output reallocation in, 319-38; exit
and entry effects on productivity, 330—
38, 368-70; measuring output and in-
put in, 355-60

MFP. See Multifactor productivity (MFP)

Mine Safety and Health Act (1969), 374,
384, 400

Mismeasurement: differential, 49; in eco-
nomic statistics, 50-53; hypothesis,
48-49

Multifactor productivity (MFP): BLS esti-
mates, 21; BLS measures of, 55; decom-
position of, 317-18; decomposition of
industry-level, 321-22; decomposition
of plant- and industry-level, 318,
321-27; growth rates of, 321-27, 365,
365-67; index of plant-level, 318-19;
KLEMS measures, 77; as measure of
productivity, 86; measurement of,
318-19; as measurement for micro
units of, 367; Solow residual, 60

Mutuality principle, 15

National Academy of Sciences (NAS),
Panel to Review Productivity Statistics
(1979), 61, 76

National Income and Product Accounts
(NIPA), 55-57, 184-85, 515

New Growth Theory: challenges to TFP
residual, 22; endogenous technical in-
novation in, 17

Output distance function, 542, 546-47, 551,
581-82

Output-oriented directional distance func-
tion, 550

Outputs: aggregate, 260—62; gross, 86—87;
heterogenous plant- and firm-level,
305-8; measurement using Census of
Manufactures, 318-38 measurement in
manufacturing sector, 355-60; measur-
ing and defining banking industry,
424-26, 452-53; with new technology,
203; output substitution bias, 460; in
postwar coal industry, 374-76; produc-
tion of good and bad, 542-46; in pub-
lic transportation, 441-45; reallocation
of, 303—4, 308-15, 319-38; in service
sector, 452-54; in telecommunications
industry, 430-34, 441; using value
added as measure of, 420-21

Path dependence: avoidance of, 11-12;
conditions for, 12n7; problem of, 11n6

Perpetual inventory method (PIM), 62

Potential Function Theorem, 11-12, 14

PPE. See Production possibilities frontier
(PPF)

Production: effect of misspecification in pro-
cess, 150-55, 157

Production analysis: external and internal
effects, 266—67, 300; microfoundations
of, 297-301

Production function: in derivation of Solow
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residual, 11; differences from capacity
utilization, 228-30; estimating parame-
ters of, 239-40; firm-level, 232-41;
first- and second-order, 246-52, 260,
297-98; first-order approximations of,
246-47, 297-300; measurement of
flows in, 19-20; Nadiri-Prucha model,
236; relation to output distance func-
tion, 547; second-order approxima-
tions, 247-52, 297-300; in Solow-Hall
model, 234-36; Solow’s, 547-48; in
structural approach to technical
change, 236-37

Production function, aggregate: across firms,
240-42; tied to productivity (Solow),
7-9

Production possibilities frontier (PPF),
264-65, 280-81, 515, 590-92

Productivity: in airline industry, 446-52,
461-64; in banking industry, 424-29;
using Census of Manufactures, 318-38;
comparison in many countries using
two methods, 503-5; concept of depre-
ciation in, 7n4; cross-country differ-
ences, 456-58; cyclical behavior of,
225-28; definition of, 85-86; develop-
ments in literature of, 57, 60-61;
differences in firm- and plant-level,
305-8, 363; differences in levels of,
309-10; efficiency approach to mea-
surement of, 28-29; estimates with re-
vised GDP data, ix; explanations for
fluctuations in, 226-27, 272f; five-year
changes in industry-level, 327-30; fluc-
tuations in, 226-31; with good and bad
outputs, 542-46; growth path (1779—
1996), 2-3; index numbers for plant-
level, 367-68; microlevel, 367-68; mis-
measurement hypothesis, 48-53; in
postwar coal industry, 374-76; in pub-
lic transportation industry, 440-46; in
retail sector, 434-40, 453-54; as source
of economic growth, 512-13; in tele-
com industry, 430-34; in U.S. agricul-
ture with undesirable outputs, 553-65;
value-added, firm-level residual, 257—
60; as welfare, 265f, 279-82. See also
Labor productivity; Multifactor pro-
ductivity (MFP)

Productivity, aggregate: decomposition of
change in, 364-65; definition of, 364

Productivity analysis: boundaries of, 33-35;
conventional approach to, 106-12; Di-
visia index approach, 103, 112-19; fron-

tier approach to, 467, 470; normative,
230; recent developments, 23; shift
from nonparametric, 21-22; top-down
and bottom-up approaches to firms
and industries, 35-39

Productivity change: aggregate measures in
U.S. coal industry, 378-81; aggregate
sources in U.S. coal mining, 404—6; de-
composition of aggregate, 364-65

Productivity change, coal mining: aggregat-
ing sources of, 404—6; indexes of,
392-94; sources of, 394-411

Productivity growth: alternative decomposi-
tion methodologies, 315-18; decompo-
sition in auto repair industry, 340-48;
as different from technical change, 10;
efficiency approach to measurement
of, 28-29; with plant aggregation share
of output, 365; in process-oriented
technical change, 27-28; sensitivity to
business cycle and industry sector,
312-14; sources of longer term, 610;
welfare-based, 279, 596-98

Productivity growth, aggregate, 261, 271-
79, 303; decompositions comparison,
310-11, 314, 364; effect of input-
output reallocation in, 303-4, 319-38,
350-55; input and output reallocation
contribution to, 310-135; role of entry
and exit, 330-38; sensitivity of decom-
position results, 312-14

Productivity indexes: Divisia, 15; Malm-
quist, 18-19, 542, 544, 553-66, 577-78;
Malmquist-Luenberger, 542, 550-66;
Torngqvist, 15, 60-64, 367

Productivity levels: accounting, 505-7;
Malmgquist index in comparisons of,
18-19

Productivity slowdown (1960s-70s), 2, 20,
41, 48-50, 181-82, 222

Productivity theory, Jorgenson-Griliches,
13-15, 17

Purchasing power parity (PPP): of Interna-
tional Comparisons Project (ICP),
437-38; in measuring retail sector pro-
ductivity, 437-40; of OECD, 437-39

Retail sector: cross-country differences in,
456-57; measurement of productivity
in, 435-40, 453-54

Service sector: controlling for quality differ-
ences in, 421; exit and entry effects on
productivity, 348-50, 370-71; growth
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Service sector (cont.)
and measurement of, 29n19; input-
output reallocation effects in, 339-48,
353; MFP estimates, 50-53; productiv-
ity changes with factor reallocation,
339-50; role of information technology
in, 452-55. See also Airline industry;
Auto repair shops; Banking industry;
Retail sector; Telecommunications;
Transportation, public

SNA. See System of National Accounts
(SNA), United Nations

Solow residual or productivity model, 9-12;
advances to reduce, 173-75; aggregate,
272; for aggregate U.S. economy, 226,
272; Berndt-Fuss revisions of, 20-21;
conditions for disappearance of, 12-13;
continuous-time theory of, 15; to esti-
mate technical change, 234-36; inno-
vations in, 12-15; modified, 230; 1957
paper, 228, 234; nontechnological ad-
justments to, 27677, 284; sources of
bias in, 9-10; used in real business
cycle models, 227; welfare properties
of, 280

Southeast Asian countries: analysis using
“old” growth theory, 24-25; TFP
growth in, 496-98

Statistics Canada, 96

Stigler Committee (1961), 49

Substitution: bias in, 6; concept of (Solow),
514; distinct from technical change,
513

Surface Mining Control and Reclamation
Act [SMCRA] (1977), 400-403

System of National Accounts (SNA),
United Nations, 88-91

Technical change: aggregate, 107-12,
264—-67; association with Hicksian shift
parameter, 8-10; bias in, 10; capacity
utilization adjustment of, 111-12, 156;
capital-embodied models of, 28-30; in
coal industry, 406-11; concept of em-
bodied (Solow), 514; dual measures of,
109-11; effect of misspecification on
estimates of, 150-55, 157; firm-level es-
timates of, 269-79; with imperfect com-
petition, 265; measurement of aggre-
gate, 280; measurement using index
number approach, 155; methods to esti-
mate, 231-42; in neoclassical growth
models, 23-24; process-oriented view

of, 27; productivity growth different
from, 100; product-oriented, 30-31,
103-4; relation to TFP growth,
492-94; in U.S. coal industry, 40611

Technological change. See Technical
change

Technological progress: adjustment to So-
low 1960 model, 190-99; in Arrow’s
model, 183, 204-7; capital stock
growth resulting from, 185; embodi-
ment effect in (Solow), 175-79; invest-
ment specific, 180; in Krusell’s model,
183, 204, 207-9; mismeasurement of
neutral, 218-19; in Parente’s model,
183, 204, 209-16; Solow’s capital
model (1956), 181, 201, 216, 222;
Solow’s 1960 model of investment-
specific, 187-99, 216-17; Solow’s 1957
residual model of neutral, 185-87,
189-90, 216. See also Capital; Embodi-
ment effect

Technology: adoption of new, 203-4; Do-
mar weighted measure of, 264-66;
effect of differences in, 507; flexible
function forms for description of, 120;
measured by TFP, 226; represented by
output distance function, 546-47;
second-mover advantages, 195; skill in
implementation of new, 182; skills re-
lated to specific, 201-2; spillover
effects in learning, 196-97

Technology residuals: correlation with data,
273-75; data correlations, 272-73; de-
scriptive statistics of, 271-72

Technology change. See Technical change

Telecommunications: productivity measure-
ment in, 429-34, 456-57

TFP. See Total factor productivity (TFP)

Threshold exceedence units (TEUs),
570-71

Tornqvist index: chained indexes, 62—64;
conditions for exact, 15; weights em-
ployed by, 60-61

Total factor productivity (TFP): aggregate
measures in coal mining of, 378, 380
84; approaches to international com-
parisons, 465-66; bias in conventional
measure of, 116-19, 155-56; changes
in Solow residual measures, 10; defini-
tion of, 5; developing theory of, 498—
99; differences across countries, 468—
69; Harrodian, 24-25; Hicksian, 24—
25; measuring technical change, 104;
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production function-based models of,
23-27; Solow residual as, 60; for U.S.
coal industry (1972-95), 374-75. See
also Multifactor productivity (MFP)

Total factor productivity (TFP), interna-
tional: comparison for G7 countries,
480-84; comparison of large sample of
countries, 484-92; cross-section growth
accounting approach, 465-67, 470;
panel regression approach to compare,
465-67, 470, 478-80, 495-96; time se-
ries approach to growth accounting,
465-66, 469-74

Total factor productivity (TFP) residual: ar-
guments for and against, 41; balancing
welfare and capacity, 31-33; bottom
up approach for firms and industries,
38-39; computing, 19-20; using econo-
metrics to disaggregate, 17; essential
features of, 40-41; explanation of eco-
nomic growth of, 23; Harrod-Rymes
variant, 24; innovation component of,
17-18; in neoclassical growth models,
23-24; New Growth Theory challenges
to, 22; quality change effect on, 29-31;
as rate of growth, 18; top-down ap-
proach for firms and industries, 35-38

Total resource productivity (TRP): agricul-
tural sector, 599; application of for-
mula to U.S. expansion of TFP to, 587;
measurement of, 587, 606-8; producer-
based model of, 589-94, 606; welfare-
based model of, 594-98, 606

Trade theory: capital mobility, 469; neoclas-
sical, 468; Ricardian, 468

Transportation, public: comparison of pro-
ductivity in, 44046, 456-57

TRP. See Total resource productivity
(TRP)

U.S. Department of Agriculture: Economic
Research Service, 599; National Agri-
culture Statistics Service (NASS), 570;
National Resource Inventory (NRI),
569, 571

U.S. Department of Labor: Bureau of La-
bor Statistics (BLS), 21, 55, 66-74,
78-79; Mine Safety and Health Admin-
istration (MSHA), 373

Utilization: different concepts of, 250-51

Value added: from Domar weighting,
264-65; firm-level, 257, 263; growth of,
258-59, 263; as national accounting
concept, 259; as service sector output
measure, 420-21; used as production
measure, 257

Vintage accounting system: for human and
nonhuman capital, 531-32

Vintage effects: definition of, 5067

Wage inequality: with slow down in labor-
productivity growth (1970s), 199-204

Welfare: measurement of, 515-16; in norma-
tive productivity analysis, 230; produc-
tivity as, 279-81

Welfare change: aggregate Solow residual
as measure of, 280; measurement of,
230, 279



