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security systems, 162

AIT, applications of
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business of, 135
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computer and network system security, 162
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range in, 11

ranking advertisements, 140–3

saving time, 156

shift to, 139

spam detector, 146

substantial economic value of, 135

system-level substitution, 12

to advise employees, 158–60

to fill Facebook’s news feed, 144

user interface improvement, 151

voice recognition, 162

when loss function is high, 148

writing engine, 153

algorithmic effectiveness, 146

allocations of goods, 197

Amazon

Alexa, 136, 151, 152, 154–5, 156, 159

business model improvement, 150

competition with voice UI, 153

Echo, 154

Kindle, 136, 154–5

Prime, 136, 154

product recommendation system, 136–40

services and products, 136

system-level substitution of AIT, 150

web page display, 136

angel investors, 23

API, 153, 156

Apple

competition with voice UI, 126, 153

Siri, 151, 153, 159

application process, college, 53

apprenticeships, 326

Armed Forces Qualification Test (AFQT), 52

Artificial Intelligence (AI)

affecting business strategy, 117

applications of, 132

as a General Purpose Technology, 123

as a rejoinder to Gordon’s prediction of

slower productivity growth, 122

as software technology, 149

causing future growth, 3

commercial application of, 132, 134

commercialization of, 135, 150

economics of, 143

effects on employment, 323

efficiency and productivity gains from, 9,

123

how the technology creates value, 132

implementation of, 124

not as sci-fi, 149

positive microeconomic

developments in, 117

problems with, 145–7

similarity to ICTs, 149

Turing test, 151

assimilation slowdown, 102

assistance programs, 105

automatic teller machines (ATMs), 255

automation, 323

banking crises, 252, 260

banking system, US, 23

banks, well-functioning

accelerate long-run economic growth, 248,

253–8

affecting capital accumulation, 253

affecting productivity growth, 253

alleviate depression, 250

allocation of savings, 247

cross-country evaluations, 253–5

disproportionately help lower-income

families, 249, 255

effect on savings rate, 254

enhance competition for workers, 250

enhancing efficiency of capital allocation,

254, 259, 260

expand economic opportunities, 249, 260

funnel capital to promising entrepreneurs,

249

impact on social welfare, 250

improve distribution of income, 17

improve labor market conditions, 250, 254,

improving allocation of resources, 17, 249

increase product market competition, 250

increase schooling, 250

lower crime rates, 250

mobilize savings, 247, 249

monitor use of resources, 247

reduce corporate risk, 250

reduce income inequality, 250, 254–5, 256,

295

screen borrowers effectively, 248

shrink black–white wage gap, 250

barriers to entry, 118, 126

barriers to factor movement, 127

Base Erosion and Anti-Abuse (BEAT), 331

bequest effect, 224

big data

cell phones as data collectors, 153

complementarity of new AIT capital
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big data (cont.)

DS systems drawing on, 159

for diffusion of AIT applications, 158

Google’s collection on consumers, 141

Netflix, 148

quality of, 137

social graph, Facebook, 143

to determine probability of a click, 142

used for machine learning, 135, 143

biometrics, 162

biotechnology industry, 48–50

biotechnology revolution, 18

bonds, 35, 257

Brynjolfsson, Erik, 117–18

Bureau of Labor Statistics (BLS), 26–7

Bush 2003 Jobs and Growth Tax Relief

Reconciliation Act, 174

business legal form, 182–92, 193

business models, 118, 124, 148, 150

business strategy, 117

canonical Ramsey model, 271–80

capacity management, 161

capital

accumulation, 300

accumulation constraint, 272, 287, 298

adjustments, 91

agent’s relative, 300, 305

AIT, 156, 158

assets, complementary, 158

carries out day-to-day production, 138

complementary, intangible, 124

depreciation, 287

distribution, 277, 296

distribution of capital prices, 286

formation, high taxes on, 125

freer flow of across firms, 127

horizontal long-run supply of, 177

income, 277

inflows, 90

initial endowments, 271

input, 175

intangible accumulation of, 116

intensive, 135, 150

–labor ratio, 80–1, 83, 90, 290

marginal product of, 271, 284, 290

non-excludable, 307

non-rival, 307

per capita stock of, 271

per hour of work, 125

physical, 266

private, 306

public, 306

relative stock of, 275–7, 281

share, 279–80, 291

share owned by family, 272

-skill complementarity, 91, 110, 263, 270,

301, 305

spillovers from public capital, 307

stocks, 124

substitution of for labor, 156

transitional path, 282

units of, 272

upward-sloping long-run supply of, 177

capital deepening

AIT waves causing, 135, 167

AIT’s tendency toward, 133

from AI, 124

from improvements in UI, 155

ICT waves causing, 11

in consumer-marketing-oriented industries,

160

policy implications for, 126

capital gains, 188, 199

capital income distribution, 290

capital market imperfections, 264

capital share of gross income, 175

capital stock, 80

adjusting, 217

corporate share of, 187

dynamics of, 287, 299

equation of motion, 80

long-run, 289, 290

native ownership, 88–91

time path of, 283

total in economy, 272

carbon dioxide emissions

carbon tax to reduce, 32, 195, 328

decline in, 201

time path of, 202

carbon dividends, 195, 330

carbon tax, 328

as a consumption-based tax, 210

benefits to welfare costs ratio, 203

burden variation within groups, 214

can achieve a wide variety of distributional

objectives, 214

conservative case for, 195

discounted values of future gains and losses,

220

distributional effects of, 15, 198, 204–16,

218–37, 239
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effect on after-tax real wages, 224, 226, 228

effect on capital stock, 222, 226, 232, 235

effect on consumption, 222, 225, 229, 232,

235

effect on economic growth, 5, 15, 204–9,

218–37

effect on employment, 225, 230, 233

effect on GDP, 16, 199, 204–9, 220, 222, 225,

229, 232, 235, 237

effect on income distribution, 15, 199,

209–16, 222, 226, 237

effect on income groups, 223, 226, 227, 230,

235, 240

effect on interest rates, 228, 235, 240

effect on investment, 222, 226, 230, 232, 235,

238

effect on labor productivity, 232, 235

effect on labor supply, 222, 230, 235, 238

effect on prices of goods, 199, 204, 218, 222,

227, 235, 237, 240

effect on Social Security payroll tax rates, 225

effect on wages, 232, 235

effect on welfare, 239, 240

efficiency benefits of the tax substitution, 204

efficient policies, 213, 214, 232

environmental gains, 209

health benefits, 15, 202

imposing windfall losses on the elderly, 220

inflationary effects, 215

intergenerational distributional effects, 216,

237

intragenerational distributional effects, 216,

237

involving marginal tax rate cuts, 215

loss of lifetime resources, 230, 235

macroeconomic effects of, 198, 204–16, 235,

237

market equilibrium, 197

mixed policy, 214, 231–7, 239

models, 206, 210

objections to, 198, 204, 209, 237

political viability of, 240

price distortions associated with, 209

progressivity of, 212, 215, 230, 234, 235, 237,

239,

reduction in wage tax, 229–31

regressivity of, 16, 209–16, 228, 231, 237

replacing a broad-based tax, 204

representative, 199

revenue recycling, 16, 199, 201, 205, 206,

213, 214, 215, 237, 330

revenues from, 195, 196

support for, 196

total welfare costs of, 15

carbon-intensive goods, 209, 212

Carolina Abecedarian, 60

Caron, Justin, 214–15

cash benefits, 105, 106

cash flows, 175–6

C-corporations

asset share, 186, 191,

capital–labor ratio, 174, 175–7

combined with pass-through S corporations,

187

effects of TCJA on, 173, 174–80

equipment expensing, 177

output per worker, 174

productivity, 182

share of business activity, 186

share of business assets, 189

share of business receipts, 186

share of economic activity, 193

share of positive net income, 187

tax cuts for, 177, 181

tax rate, 177, 182, 188, 190, 192

tax treatment of investment, 331

user cost of capital, 14, 175, 177,

CGE model, 199, 201, 214, 216–18, 237

chatbots, 157

child development, 55, 64

CineMatch, 148

climate benefits, 202

climate change

addressing, 195

affecting global income, 203

damages from, 202

economic effects of, 15, 203

Climate Leadership Council, 196

Cloud, 162, 165

Coaseian, 117

coastal flooding mitigation projects, 196

Cobb-Douglas production function, 80, 89,

175, 279, 291, 296

Cogan, John F., 125

cognitive skills, 6, 54, 61

co-innovation, 123, 124, 126

college premium, 42

college readiness, 71, 325

cognitive and noncognitive skills, 46, 56, 68

explaining divergence between college

enrollment and attainment rates, 46

socioeconomic inequality in, 46, 56
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combustion, 195

community colleges, 52

competition

among states and communities, 24

horizontal, 127

complementarity

between immigrants and natives, 90, 91, 98,

between information technology and

organizational change, 124

between markets and services, 150

of AIT’s with production processes, 133

Congress, US, 28

Congressional Budget Office (CBO), 27, 28, 30,

107

consumer choices, 204, 219

consumer goods, 210

consumer price distortions, 16

consumer prices, 218

consumer-oriented systems, 152

consumer–product matching, 132, 135–51, 157

consumer–product targeting, 132

consumption

annual, 214

as part of the CGE model, 217

changes in composition of, 222

decile, 212

distortionary effects of carbon tax on, 219

elasticity function of, 272

expenditures, 212

financing, 228

government, 269

growth rate of, 273

in retirement, 34

in the CGE model, 218

private, 292

smoothing, 210

continuous supply shock, 8, 82

convergence rates, 174, 179

corporate assets, 186

corporate insiders, 248

cost savings, 164

costs

abatement, 197

access to ICT services, 151

adjustment, 162, 176, 201

communication, 126

coordination, 126

efficiency, 205, 209, 215

error, 139, 157

fixed, 138, 139

of AIT vs human workers, 148

of algorithmic recommendation

systems, 138

of an AIT application, 157

of ICT services, 151

organizational adjustment, 166

transportation, 126

credit allocation, 248

credit market constraints, 264, 270

credit scoring techniques, 256

criminal activity, 47, 61, 68, 71

critical fraction, 274

Current Population Surveys (CPS), 94, 105,

customer experience, 158

data

availability of, 140

Facebook’s, 143

for product recommendation systems, 136

lack of for training machine learning in new

problems, 146

needed for deep learning, 142

needed for machine learning, 144

on individual customers, 136

social connections, 143

voice, 153

decentralized system, 24

decision support (DS) systems, 159

deductions

interest expense, 178

itemizing, 32

matching taxable income with cash flows,

175

mortgage interest payments, 32

of interest payments on corporate bonds,

176

reduction in from TCJA, 174, 180

revenue loss from, 32

standard, 32

deep learning

algorithm, 142

in modern AIT, 142, 149

defense spending, 28

Democrats

insist on equal increase in nondefense

discretionary outlays, 29

support for carbon tax, 196

demographic trends, 3

density function, 272

Department of Homeland Security, 101

depreciation rate, 80, 82, 175, 226

development, aggregate, 284
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Diamond-Zodrow model, 216–37

diffusion of AIT

early stages of, 133

through broadening the range of

applications, 133

digital sensors, 323

discount rate, 176, 177, 197, 201

discretionary spending, 28, 30

displaced workers, 324–5

diversity lottery, 109

dividend-paying corporate stock, 188

dividends, 188, 199, 220, 231–4, 237

double dividend, 204, 205, 209

drug use, 70

early childhood education programs, 60–4

effects on adult outcomes, 62

impact on mental health, 63

probability of employment, 62

e-commerce, 150

economic assimilation, 79, 102, 104

economic development, 255

economic downturn (2007), 28

economic growth 2018,

AI’s impact on, 132

effect from financial system, 17–18

effects of fiscal policy on, 4

headwinds to, 3

immigration as a key contributor to, 78

link with stock market liquidity, 257

since the Civil War, 118

state-level, 86

structural characteristics of the

US contributing to, 4, 23–4

US more rapid than other industrial

countries, 22

understatement of due to GDP

mismeasurement, 4

economic prosperity, 247

economic rents, 330

economy

agricultural, 263

balanced growth path, 297

industrial, 263

post-immigration, 88

structural transformation in, 263

time path in response to policy

changes, 294

with borrowing constraints, 296

ecosystem, 202

EdgeRank algorithm, 144

education

as a source of heterogeneity, 265

community college, 128

disparities in, 270

group, 98

mechanisms for improvements in, 128

negative impact of income inequality on, 264

of parents, 7

system, 3

system, K-12, 119

educational activities, 57

effective supply of workers, 98

efficiency

gains, 203, 238

losses, 32

of a worker, 80

operational efficiency improvements, 118

parameter, 80

unit, 80, 98

elasticity of substitution, 284

across experience classes, 98

between capital and labor, 98

between immigrants and natives, 99

in production, 280, 290

private capital and effective labor, 308

emotional regulation, 70

employment opportunities for native workers,

79

endogeneity bias, 86, 87, 93, 101

endowments, 265–6

distribution of initial capital endowments,

19, 276, 303, 310

skill, 300

wealth, 300

energy, 24

enrollment rates, 52–4

entitlement spending, 328

entrepreneurs, 17, 249, 327

barriers to becoming one, 250

evaluating and guiding, 259

entrepreneurship, 23,

environmental regulations, 195

EPA, 197, 202

equilibrium growth model, 19, 265

equipment, 175

equity, 257

equity finance, 23

equity prices, 30

ethnic networks, 87

Even Start Program, 67

expected returns, risk-adjusted, 249
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expensing, 330

effect on user cost, 176

effective expensing rate, 177

for equipment, 177

increase in degree of, 175

permanent 100 percent, 13, 175

experience group, 98

export subsidy, 331

externalities

carbon dioxide, 197

fraud and theft, 162

of high-skill immigration, 92, 327

public-private, 308

externalizing behavior, 62

Facebook

algorithms, 143

as a communications media, 143

differences with Amazon and Google, 143

news feed, 144

production systems to present targeted

advertisements, 132

factor prices, 286, 300

factor returns, 279, 288

factor shares, 290

factor substitutability, 132, 310

factor utilization, 132

fake news. See inappropriate content:fake news

false negatives

in commercial advertisements, 144

in product recommendation systems,

139–40

false positives

fraud warning, 161

higher stakes of, 145

in commercial advertisements, 144

in predictive AIT, 145

in product recommendation systems,

139–40

of spam, 146

family formation, 61, 271

family management, 69

family ties. See visa program, H1-B:family ties

federal debt, 22, 36, 328

debt to GDP ratio, 29,

financing reduction in, 234–7, 240

future increases in, 4, 81, 292

impact of rising debt, 29–30

impact on investment, 29

interest payments on, 31

large size of, 30

rapid rise of, 28

reducing through carbon tax

revenue, 16, 199

Social Security contribution to, 22

source of rising debt, 31

stresses for future growth from

financing, 119

federal deficit, 328,

deficit to nominal GDP growth ratio, 29

growth of, 22, 28

impact of the rising deficit, 29–30

impact on investment, 29

in 2017, 28

projected rise of, 4, 28, 29, 36

Social Security contribution to, 22, 31

sources of rising deficit, 31

federal revenue, 181–2

federal spending, 128, 182

financial crisis of the twenty-first century, 247

financial innovation, 18, 251

Ancient Rome’s stock market, 251

collaterized debt obligations, 258

credit default swaps, 258

effect on economic growth, 258–60

in railroad expansion, 258

in the biotechnology revolution, 259

in the industrial revolution, 252

in the information technology revolution,

259

joint stock company, 252

tradable debt contracts, 251

financial-aid package, 53, 326

firms

approaches to AIT applications, 157

boundaries of, 117

competition between older and younger,

126, 150

large-scale, 138

perfect foresight, 217

relative success of leading firms, 166

the future of, 117

use of ICT, 166

fiscal imbalances, 3

fiscal impact, long-run, 107

fiscal policy

effect on economic growth, 4

growth-inequality tradeoff, 19, 296

impact on income inequality, 269

fixed capital, 90

food stamps, 27, 105, 106

foreign-derived intangible income (FDII), 331
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fossil fuels, 195

France

number of hours worked in, 24

outlays of government as a percent

of GDP, 24

fringe benefits, 4, 22

future profits, 175

GDP

benefits from new goods and services, 26

decline in potential growth of, 119

defense outlays as a percent of, 30

deficit as a percent of, 4, 29, 328

discretionary spending as a percent of, 31

federal debt as a share of, 28, 328

gains produced by human externalities as

a percent of, 92

growth from quality improvements, 26

growth rate of with tax reform, 173, 180–1

health care programs as the major source of

rising outlays, 31

household saving and corporate retained

earnings as percent of, 29

interest rate on national debt as a percent of,

31

mismeasurement issues, 4, 22, 25–7

outlays for Medicare and Medicaid, 31

outlays of US government as percent of, 24

per capita, 25, 84, 88, 326

per capita as compared to other OECD

countries, 23

pre-immigration, 92

public’s well-being reflected in, 27

rate of change in, 84

real growth of, 25–8, 36

recent growth of, 28

Social Security as a percent of, 31, 33, 34

tax revenue as a share of, 329

General Artificial Intelligence, 134

General Purpose Technology

definition, 123

AIT as, 133, 161, 166

impact on productivity growth, 10, 122–3

lack of future gains from, 120

time between introduction and productivity

gains, 123

UI as, 152

geographic restrictions on banking, 255

geographic settlement, 86, 87, 93,

Germany

number of hours worked in, 24

outlays of government as a percent

of GDP, 24

Gini coefficient, 267

Global Intangible Low-Taxed

Income (GILTI), 331

globalization, 264, 309

Google

AdWords auction, 142

API for apps, 153

auction-based system, 140

competition with voice UI, 153

flagging pornography, 162

Gmail, 141, 153

Google Assistant, 151, 155

investment in NLP technology, 153

largest revenue source, 140

production systems to present targeted

advertisements, 132

revenue from ad auctions, 142

targeted advertising, 140–3

voice search, 153

Gordon, Robert, 118–21

Goulder, Lawrence H., 201–9

governance of banks, 256, 260

government expenditure, 289

government policy, 264

government programs, 105,

graduate degree, 42

graduation rates, 6, 52–4, 71

graphical user interfaces (GUIs), 152

greenhouse gases, 197

growth model

endogenous, 296

two-sector, 302

growth rate

effect from public investment, 305–8

growth regression, per capita, 84

growth-inequality dynamics, 20, 284, 303, 307

GSP (gross state product)

correlation with immigration, 86

per capita, 86, 87, 256

Hafstead, Marc, 201–9

hard work, 24

hate speech. See inappropriate content:hate

speech

Head Start, 60

headwinds to economic growth

competitive trends, 115

demographic trends, 3, 115, 119

educational system, 3, 119

Index 341

www.cambridge.org/9781108479684
www.cambridge.org


Cambridge University Press
978-1-108-47968-4 — Prospects for Economic Growth in the United States
Edited by John W. Diamond , George R. Zodrow 
Index
More Information

www.cambridge.org© in this web service Cambridge University Press

headwinds to economic growth (cont.)

growing inequality, 119

large-scale fiscal imbalances, 3, 119

macroeconomic, 116, 119

microeconomic, 119

secular stagnation, 10, 116, 118, 119, 321

social trends, 115

totalitarianism, 118

war, 118

healthcare programs, 31, 165

health of children, 61

health insurance, 27

heterogeneity

across agents, 265, 310

endowments as the source of, 266, 269

in initial asset ownership, 20

in rates of time preference, 269

in RCTD, 265

in skill levels, 20

individuals at different stages of life cycle,

310

sources of, 265, 307

high school dropouts, 56, 94

high-ability children, 53

high-income households, 212, 213, 220, 224,

239

high-income individuals, 188

high-skill workers, 8, 79, 91, 109, 264

high-wage cities, 93

household

achieving lifetime utility, 216, 222

consumption, 210

discount factors, 296

educational level, 212

heterogeneous, 271

income, 210

perfect foresight, 217

retired, 233

human capital, 86, 124, 266

accumulation, 5, 325

as a bottleneck to the creation of new

products, 50

as a source of economic growth, 301–5

effect on economic growth, 5–7

effect on labor force productivity, 47

externalities, 8, 91–3, 99–101, 105, 108, 110

facilitates technology adoption, 6, 45

geographic distribution of, 47

growth of, 264

immigrants investing in, 105

increases in for natives, 91

intensive, 135, 150

investments in children, 7, 46, 56–9, 66, 71, 325

mobility across sectors, 305

productivity increases from, 125

reflecting skilled vs. unskilled wage rate, 304

relative importance of, 270

relative price of, 303

replacing physical capital, 270

sector-specific, 49

stock, 82, 102,

slowing supply of, 50, 71

transfer across generations, 270

human health, 202

ideas

economic impact from the exchange of, 118

freer flow of across firms, 127

immigrant children, 107, 327

immigrants

cost of services for, 79, 106

Ellis Island, 104

English-speaking, 102

flow composition, 110

future, 86

high-skill, 79, 91, 101, 104, 107, 110, 327

household, 105

income-maximizing, 86

influx, 79

low-skill, 99, 107, 109

net number of, 82, 84

skills, 79

supply shock, 79

taxes paid by, 106

waves, 102

welfare participation rate, 105–6

immigration, 107

annualized gain from, 108

as a key contributor to economic growth, 78

correlation with per capita income, 8, 88

correlation with state-level economic

growth, 86

distributional impact of, 88, 93–101

effect on economic growth, 9

effect on income distribution, 8

effect on labor productivity, 325

expanding labor force, 326

fiscal impact of, 79, 105–9, 110

green card lottery, 24

one-time increase in, 8

permanent increase in, 8

policy, 9, 79, 108–10, 326
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population growing from, 24

wage impact of, 86, 93

immigration surplus, 79, 88–93, 105, 110, 326

as a fraction of national income, 89

definition of, 90

how externalities change, 91

long-run, 8

short-run, 8, 89–91

imported oil, 202

inappropriate content

adult nudity and sexual activity, 146

as a limit of AIT, 145–7

fake news, 147,

flagging pornography, 162

graphic violence, 146

hate speech, 146, 147

incidence of, 146

spam, 146

trolling, 147

income

annual, 210

capital’s share of, 89

change in due to natives, 92

data understates real growth of, 25

dependence on capital, 300

distribution, 328

economy-wide level, 277

foreign-source, 331

labor’s share of, 89, 90

lifetime, 210

per efficiency unit, 80

per capita, 8, 79, 80–4, 109

post-tax, 268

pre-tax, 268

relative, 279

shifting, 330

to middle-class households, 28

income distribution, 275

effect from technological change, 302

effects from immigration, 8

long-run non-degenerate, 296

post-tax, 292

pre-tax, 292

income inequality, 266

bank regulatory reform’s impact on, 256

causes of, 303–4

dependence on wealth inequality, 279, 304

dependent on time path of productivity, 268

differential effects, 264

driven by increase in returns to skills, 52

driving investment inequality in children, 59

effects from heterogeneous skills, 299–301

effects from policy change, 267

effects from productivity increase, 280–6

effects from public investment, 305–8

effects from structural change, 267

endowments as a source of, 266

evolution of, 277–80

exacerbated by higher skill wage premium, 6

fiscal policy’s effect on, 286–96

generating macroeconomic volatility, 264

impact on education, 264

impact on investment opportunities, 264

implications from time path of structural

changes, 309

inheritance as a source of, 266

limiting future economic growth, 3

negative relationship with growth rate, 297

political economy consequences of, 264

post-tax, 291, 308, 330

post-tax vs. pre-tax, 288

pre-tax, 291, 308

relationship with level of development/

growth, 263, 265

rising, 5, 42, 263, 305

short-run response, 308

since 1980s, 301

skilled vs. unskilled labor, 268

industrial revolution, 120, 252

inelastic labor supply, 88

inequality in skills, 54

Infant Health Development Program (IHDP),

60

inflation, 181, 212,

information and communications technology

(ICT)

consumer-oriented applications, 163

cost savings view, 164

extension into mass marketing, 165

marketing technologies, 164

recent waves of, 150

security systems, 162

system-level substitution in, 11, 150

technological commercialization of, 135

information technology revolution, 18

infrastructure, 126, 202

inheritance, 266

innovations

complementary, 10, 123

investment in, 51

link between human capital and economic

growth, 47–8
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innovations (cont.)

required for productivity gains, 123

input

capital, 175

differential tax on, 204

efficient use of, 197

labor, 175

instrumental variable (IV) regressions, 86

intellectual property, 127, 175, 178,

interactions between parents and children, 56,

72

developmental activities, 59

educational activities, 57

language interaction, 57

management, 57

playing, 57, 65

interest rate, 328

increases discourage business investment, 30

on deposits, 255

on government debt, 29, 31

on loans, 255

intermediate goods, 186

Internet Giants

application of AI in, 132

application of AI outside of, 157, 160

capturing returns from AIT inventions, 136

competitive responses from, 154

consumer-oriented, 135

large fixed cost of, 139

intrastate banking, 256

investment

capital, 123, 125

complementary, 122, 124

debt-financed, 330

discouraged by expectations of higher future

tax rates, 4

discouraged by higher real interest rates, 30

gross, 175, 187, 191

in AI, 133

in children. See human capital: investments

in children

indivisibilities, 264

infrastructure, 126

intangible, 124

lack of from 2012 to 2016, 125

maternal, 64

opportunities, 264

public, 270

investment rates, 82

investors, 257

IQ, 62

IRS, 186, 191

Italy

outlays of government as a percent

of GDP, 24

Jamaica Nutritional Supplementation and

Cognitive Stimulation Program, 64–8

Jewish mathematicians, 100

job transition, 324, 326

Joint Committee on Taxation, 28, 30

Katz-Murphy model, 46

Kennedy-Johnson Tax

Reduction Act, 174

knowledge

distinction with information, 49

incorporation into product or service

design, 117

localization of, 51

new forms of, 91, 110

spillovers, 47

tacit, 49

transmission of, 49, 51

Kuznets, Simon, 263, 264

labor, 290

allocation, 303

demand curve, 92

demand for native labor, 8

elastic supply, 298

force, US, 23, 323, 325

foreign-born, 79

freer flow of across firms, 127

inappropriate content editors

for Facebook, 145

income, 277

inelastic, 296

input, 175

intensive, 135

laws limiting unionization, 24

marginal product of, 271, 284

regulations. See labor laws

relative usage of skilled to unskilled, 303

replacement of, 166

substitutability between skilled and

unskilled, 305

substituting for capital, 150

supplied endogenously, 299

labor force participation rate, 3, 47, 120

labor income distribution, 290

labor income inequality, 41
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labor market

canonical model, 93

contribution to productivity slowdown, 125

efficiency units in, 80, 98

high-skill, 45, 101

low-skill, 45, 94, 99

national, 96

percent of foreign-born workers in, 7, 79

productivity as a permanent fixture of, 93

labor market, US, 23

labor productivity, 5, 41, 72, 124, 232, 325–8

labor supply

affected by government expenditure, 107,

292

as a function of relative capital, 276

by wealthy agents, 288

dependence on capital, 276

endogenous, 274

in the CGE model, 217

in transition, 276

increase in, 292

long-run, 289

lump-sum rebate effect on, 213

negative correlation with individual capital,

294

per capita stock of, 271

time paths, 298

land use zoning, 127

language development, 55

law of diminishing returns, 100

leisure

aggregate economy-wide, 276

allocation of time to, 272, 274, 286, 307

growth rate of, 273

in transition, 276

relationship with relative capital stock, 91,

275

steady state, 281

value, 215, 222

liberal policy-makers, 195,

lifetime budget constraint, 218

limited liability, 191

literacy proficiency, 45

living conditions, 120

living standards, 3, 323

LLC, 187, 191, 193, 218

loans, 255

loss function

for commercial ads, 144

for failure to recognize an offensive image,

146

for false positives, 145

for hate speech, 146

high-stakes, 148, 161

low-stakes, 11, 140, 159

of fake news, 147

on spam, 146

with bad match predictions, 139

loss of property, 202

low-income children, 55

low-income households, 212, 239, 325

burden of carbon tax on, 199, 209

grants for, 196

low-income students, 6, 52

low-skill workers, 8, 91

low-wage work, 128

Luddites, 121

lump-sum redistribution policy, 209

lump-sum transfers

rate of, 287

machine learning

algorithm for detecting hate speech, 146

algorithm for Netflix, 148

as a General Purpose Technology, 123

at Internet Giants, 135

current advances in, 118

for capacity management, 161

for recommendation systems, 11, 136

implementation of, 124

offering better statistical prediction, 161

predicting the probability of a click, 142

use by Facebook, 144

macrodynamics, 266

macroeconomic equilibrium, 273, 299

management practices

causal link with productivity, 126

differences causing varying levels of

productivity growth, 127

modularization, 137

policy centered on, 126

research on, 124

to accelerate organizational changes, 126

manufacturing, 191, 323

manufacturing costs, 120

marginal

cost pricing for public services, 107

marginal cost

decreases with transition to AIT, 139, 294

if human activity were required, 138

of Google’s search systems, 143

of new input requirements, 26
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marginal cost (cont.)

with automation, 138, 144

marginal product, 88, 92

marginal product of capital, 176

marginal product of labor curve, 88

marginal productivity conditions, 80, 98

marginal rate of return on investment, 176

marginal utility of wealth, 275

Mariel Boatlift, 8, 94

Market Choice Act, 196

market for higher education, 53

marketing revolution, 11

via improvements in targeting buyer–seller

matches, 136

marriage, 61

mass market

Amazon as a, 155

distribution, 133

explosion of in past twenty-five years, 86,

165

general purpose consumer devices, 151

marketing, 133, 163

mobile web applications, 163

products and services, 163

master limited partnerships (MLPs), 191

match errors, 140

matching students and colleges, 54, 325

maternal information, 66

maternal preferences, 66

McAfee, Andrew, 117–18

Medicaid, 105, 106,

higher cost of, 31

rising deficits in, 5

Medicare, 328

current liabilities in, 107

higher cost of, 31

rising deficits in, 5

Microsoft Cortana, 151, 159

migration

international, 78

net rate of, 82, 84,

of natives to other cities, 96

modern growth theory, 266

modular systems

Amazon, 137–8, 155

benefits of, 137

causing slow rate of cost-reducing advances,

165

enabling new UI invention, 155

Facebook, 143

scalability permitted through, 138

Mokyr, Joel, 118, 121,

Montreal Longitudinal Experimental Study

(MLES), 70–1

mothers, 56, 67

National Academy of Sciences (NAS), 97, 106,

110

National Center for Health Statistics, 27

National Climate Assessment, 201

national income, 88, 89

national savings, 33

national wealth, 78

native

earnings, 93

employment, 101

household, 105

net gains to from immigration, 8

-owned capital, 90

population, 82, 88, 91, 107

productivity, 8

workers, 89, 92, 326

natural experiment, 93, 101

natural gas hydraulic fracturing, 24

natural language processing (NLP). See AIT,

applications of:NLP

near-cash benefits, 27

Nelson-Phelps model, 46

neoclassical growth model, 270, 305

neoclassical model, 175, 177, 180, 193

nested CES framework, 97

net income, 187

net wealth, 110

Netflix

number of products, 148

recommendation system, 148–9

Voice UI, 149

new products, 22

new products and services, 27

measuring value created by, 25

noncognitive skills, 7

non-compete agreements, 51, 127

Nurse-Family Partnership (NFP), 64–8

nutritional supplementation, 65

obesity in children, 58

occupational gaps between immigrants and

natives, 104

occupational licensing, 127

OECD, 24

OLS, 85, 87, 93

online mall, 137
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open-source methods, 117

operational efficiency of corporations, 248

organizational changes

complementary, 126

cultural, 124

required for productivity gains, 10, 117, 123

requiring new firms to replace non-adapting

older firms, 124

output

as a function of the tax wedge, 183

capital’s share of, 136, 277

dynamic adjustment of, 283

economy-wide composition of, 191

fall in potential output per hour, 119

firm’s expected, 175

increase from immigration, 8

long-run, 289

per capita, 271

price, 88

understatement of, 25, 36

overlapping generations structure, 217, 220,

238, 270

parental expectations, 67

parental intervention, 69, 325

parenting intervention programs, 64–8

delinquency, 65

educational attainment, 65

impact on investment in children, 66

parenting attitudes, 64

rejection rates, 68

pass-through businesses

capital–labor ratios, 174, 178

deductions, 331

effects of TCJA on, 173, 174–80

equipment expensing, 177

output per worker, 174, 178

productivity, 182

tax cuts for individual rates, 177

tax rates, 178, 182, 188

user cost of capital, 14

past-is-prologue view, 119

patent holders, 51

patenting, 101

pay-as-you-go benefits, 35

perfect substitutes, 81, 88, 99

perfectly inelastic, 88

perpetual-inventory method, 187

Perry Preschool Program, 60

personal computer (PC)

as UI devices, 152

–browser combination, 152

enabled widespread computer use, 152

personal digital assistants (PDAs), 151,

Personal Retirement Account, 5, 35

pharmaceutical companies, 260

physical capital, 124

contribution to economic growth, 301

deepening to raise productivity, 116

enhanced, 126

stock, 82, 269

Pigouvian tax, 197

policy changes, speed of implementation, 269

political decentralization. See decentralized

system

political power of banks, 255

political spectrum, 195

political trends, 3

population

aging, 3, 31, 119, 323

geographically mobile, 24

growing, 24

immigrant share of, 78

of the economy, 271

working-age, 120

population growth, 82

positive feedback loops

associated with growth, 133

driving ICT invention, 134

running through improvements in AITs,

133

post-secondary education

attainment rates, 46

enrollment, 46

poverty, 255

preferences, 265

pregnancy, 64

pre-immigration equilibrium, 88

price index, 26

price of labor, 88, 90

private credit, 253–4

private equity stakes, 259

private markets, 197

private output elasticity, 306

private returns, 136

private savings rate, 33

product market

competition in, 250

product recommendation

algorithmic nature, 136

Amazon’s system, 136–40

as elements of a modularized system, 138
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product recommendation (cont.)

automated, 138

carried out by capital, 138

for trailers, 149

Netflix, 148

possible outcomes, 140

statistical nature, 139

production

ICT-based, 132

information, Amazon, 136

inputs, 210

sectors, 201, 210, 217

production complementarities, 90

production function

aggregate, 88

constant returns to scale, 48, 90

constant-elasticity-of-substitution, 175

linearly homogeneous, 82, 88–93, 266

of human capital, 66

production processes

becoming more digital, 151

capital-intensive, 133, 150

carbon-intensive, 197, 200

difficult to modularize, 166

scalable, 138

tasks, 150

production technology, 97

productivity

advantage of C-corporations, 182, 191

affected by AITs, 12

aggregate consequences of increase in, 282

agricultural, 202

as a function of the tax wedge, 183

capital accumulation diffusion to, 117

deepening physical capital to raise, 116

diffusion across firms, 117

disadvantage, 102

disruption by AI-capable machines, 117

distributional consequences of increase in,

282

economy-wide, 192

expansion of, 192

explosion in the twentieth century, 118

from elimination of tax wedge, 193

gains from technological advances, 10

gains from third industrial revolution, 121

increase in final output sector, 295, 302

gradual increases, 268, 303

instant increases, 280, 302, 303

individual worker, 159, 160

labor, 19, 83, 307

large-scale differences between firms, 127

of a firm, 126, 182

of American mathematicians, 101

of native workforce, 91–3, 110

of native-owned firms, 110

of software users, 159

of students, 100

organizational, 159

skill-biased increase in, 305

speed of increase, 304

statistics, 121

substantial increases through investment,

124

time path of, 19, 280–6, 303

transformation’s long-run effect on, 117

underestimation of, 124

productivity growth

cyclical trends in, 125

enhancing diffusion of, 127

importance of General Purpose

Technologies for, 123

in postwar United States, 122

lags in salutary productivity effects of

existing technology, 122

link with technological advances, 116

low current growth not predictive of future

growth, 122

low current rate, 123, 125

many paths to, 122

modest boost from third industrial

revolution, 121

policy implications of, 126

rapid growth in century before 1970, 120

sustained acceleration in, 115

through financial, retail, and other

transaction processing, 120

too rapid growth will replace work, 121

US experience in, 116

underestimation due to mismeasurement in

changes of quality, 121

progressivity

of tax systems, 296

proportionate productivity advantage, 183

psychosocial stimulation, 65

public goods and services, 105, 107,

public investment

effect on growth rate, 305–8

effect on inequality, 305–8

impact on relative factor returns, 306

in infrastructure, 305

on public capital, 239, 307
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redistributive consequences, 306

public policy

to raise annual rate of economic growth, 125

changes to alleviate headwinds to economic

growth, 119

leading to changes in market behavior, 147

macroeconomic, 116, 128

makes rapid productivity growth feasible,

125, 235

microeconomic, 116, 127

past productivity growth’s influence on, 116

pro-entry antitrust, 127

research on complementarities for, 127

to raise productivity growth, 126–8, 324

public spending, 305

quality change, 22

marginal cost tied to, 26

of existing products and services, 25

quality score, 141

rate of discount, 108

rate of return on equity, 176,

rate of return to capital, 81, 88, 90, 176

rationing rules for entry visas, 109

Reagan Tax Reform Act, 174, 192

real income, 36

real household income, 27

time path of, 4

real wage, 273

rebates

lump-sum-per-household, 16, 195, 199, 201,

202, 214, 215, 221–5, 237

per capita, 196, 213

uniform, 216, 223, 237, 239

recommendation system

initial large-scale production of, 148

profitability of, 139

limitations of, 145

recreational activities, 56

reform

bank regulatory, 250, 255–7

legislative, 22

to increase productivity growth, 125

regression

C-corporate share of business assets, 189

corporate share of output, 185

cross-country growth, 174

of growth rates on measures of inequality,

264

reduced-form time-series, 174

time-series on AMTR, 180

regulations, 24, 125

relative income dynamics, 280

rental rate of capital, 80, 81, 88

representative consumer theory of distribution

(RCTD), 19, 265, 266, 268, 274, 309

Republicans

support for carbon tax, 196

research

on complementarities, 127

on complementary investment to new

technologies, 124

public funding for, 126, 324

reorganization of, 161

rising cost of inputs to, 120

research and development (R&D), 45, 324

residential rental property, 175

resource cost method, 26,

retention of earnings, 188

retirement, 31, 33, 34

return to capital, 90–1, 271, 273, 296

returns to invention, 163

returns to skills, 52

risk

diversification, 248, 252

pooling and management of, 247

robot-assisted jobs, 323

robotics, 117, 323

Romer model, 49

sample size, 146, 148, 153

SAT scores, 53

savings propensities, 264

savings rate, 80, 82

scalability

definition, 138

driverless trucks, 160

importance of in deployment of new UIs,

155

of AIT, 166

of Facebook, 143

of Google’s prediction models, 142

of Internet Giants, 137

of Voice UI devices, 154

required for diffusion of AITs, 160

scale economies, 150, 160, 167

at the firm level, 11, 133, 138

definition, 138

gain of through scalability, 138

school readiness, 57, 65

S-corporations, 191
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sea level rise, 202

Seattle Social Development Project (SSDP),

69–70

sector

corporate, 219

final output, 302, 304

financial, 260

financial intermediary, 254

housing, 219, 238

human capital production, 302, 304

noncorporate, 238

secular stagnation. See headwinds to economic

growth:secular stagnation

securities markets, 258

selectivity of colleges, 53, 58

semiconductor industry, 50–1

shift-share instrument, 86, 93, 101

shock

expansionary external, 181, 301

expansionary structural, 275

fiscal, 286

idiosyncratic, 267, 301, 310

volatility of, 310

Shultz, George, 195

skill development, 128

skill group, 96

skill levels, 299

skill premium, 20, 268, 301

skill-cell approach, 9, 96–7

skilled workers, 270, 301

skills, 325

interpersonal, 69

problem-solving, 69

socioemotional, 71

skills, acquisition of, 51, 62

skills, demand for, 52

skills, maternal, 65

smartphones. See UI device technologies:

smartphones

social cost of carbon (SCC) emissions

calculation of, 201, 202, 203

carbon tax effect on, 5

difficulties in calculating, 197, 201

global vs. domestic, 198

social graph, 143–5

social influences, 70

social productivity, 260

social scale economies, 133

Social Security

current liabilities in, 107

delay in retirement age increase, 33

gradual rate of increase of age for full

benefits, 33

pay-as-you-go, 217

Personal Retirement Account. See Personal

Retirement Account

raise payroll tax rate, 34

raising the age for, 5, 33–4

retirement before age of full benefits, 33

rising cost of, 22, 328

rising deficits in, 5

slowing the growth of, 33–6

supplementing trust fund with general

revenue, 35

trust fund, 34,

socialization experience, 69

socioeconomic inequality, 56

childhood obesity, 58

skill gap, 58, 71

socioemotional intervention, 68–71

socioemotional skills, 6, 54, 58, 61, 64, 325

sole proprietorships, 186

Solow growth model, 8, 79, 80–4, 102

spam. See inappropriate content:spam

spillover effects

from high-skill immigrants, 91

standardized tests, 46, 62, 72

state-owned enterprises, 23

static cost saving, 150

statins, 27

statistical prediction

AITs based on machine learning, 147

before AIT, 160

broken by changes in policy, 147

business policies that rely on, 147

determining fake news, 147

invalidated by adversaries changing tactics,

147

new technologies based on, 134

NLPs based on, 153

technologies, Voice UIs, 153

to discriminate between regular and

problematic content, 146

steady state

between per capita output and its

distribution across agents, 265, 299

capital–labor ratio, 80, 83,

equilibrium, 81

in the CGE model, 217, 218

level of per capita income, 81

of economy, 279

of economy with TCJA, 179
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of emissions reduction, 201

per capita income, 79, 81–4

real interest rates, 177

stock markets, 257

stocks, 35

structures, 175

supply chain, 150

supply of skills, 52

supply shock, 90, 91

high-skill, 91–2, 99–101

in a particular skill group, 97

lowering the wage, 88

Mariel, 94

of Soviet mathematicians, 101

one-time, 79, 81, 93

system-level substitution, 133, 150, 164

tablets. See UI device technologies:tablets

task-level substitution

absence of, 132

focus on, 134

in application of AIT, 150

in automobiles, 160

irrelevance of, 132, 167

lack of in future AIT applications, 160

of machine thinking, 135

plays no role in UIs, 156

tax

anti-growth tax increases, 128

burden on native-born taxpayers, 109

business, 217

capital income, 209, 215, 292–6

carbon, 22, 32, 202

cash-flow, 330

changes in inducing labor supply changes,

88, 286

consumption-based, 210, 308

corporate, 30, 174, 201, 219, 329

differential commodity, 204, 219

distortionary, 203, 209, 213, 222, 238, 287,

307, 330,

elimination of dividend and capital gains

tax, 16, 231–4, 237, 239

environmental, 195, 205

expectation of future increase of, 30

flat, 175, 296

gasoline, 196

income, 3, 199, 201, 205, 231–4, 238, 254,

256

labor income, 215, 217, 292

lump-sum, 292–6, 308

on capital gains, 188

on dividends, 188

on households and businesses, 22, 31

paid by immigrants, 79

payroll, 199, 201, 213, 220, 225–9, 238, 239

reduction in payroll tax, 16

return, 296

system, US, 24

wage income, 290, 292–6

tax credit, 128, 331

earned income, 11

Tax Cuts and Jobs Act (TCJA)

amortization of R&D expenses, 324

comparison to carbon tax policy, 218

cuts in business taxes, 173

cuts in corporate net income tax rates, 175,

330

cuts in individual income tax rates, 173, 174,

180, 193, 329

full expensing for equipment, 177, 193

income deduction, 219

international taxation, 331

lack of environmental taxes, 195, 237

tax cut phase-outs, 4

tax cuts, 13

tax cuts for C-corporations, 177, 193, 328

tax cuts on capital income, 238

tax treatment of investment, 175, 330

university endowment tax, 326

Tax Cuts and Jobs Act (TCJA), effects on

business investment, 174

business legal form, 182–92, 193

capital–labor ratios, 174, 175–7, 181

C-corporations, 174–80, 193

federal revenue, 182

future economic growth, 4

GDP, 14, 173, 174, 179, 180–1, 193, 328

macroeconomic effects of, 13–14, 173

output per worker, 82, 174, 178–9, 181, 193

pass-through businesses, 180, 328

productivity, 182–92, 193

real wage rate, 174

user cost of capital, 174,

tax expenditures, 22, 32

limiting, 5

tax havens, 331

tax legislation, 28, 30, 32

tax liability, international, 331

Tax Policy Center, 180

tax rates

adverse incentive effects of raising, 32
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tax rates (cont.)

average marginal income, 180, 188,

189, 190, 192

capital income, 10

corporate income, 191, 213

expectation of increases in, 4

federal income, 181

federal individual income, 192

high marginal, 125

individual marginal income, 173, 188, 192

labor income, 213

labor-income-weighted average marginal

individual federal, 189

on dividends, 188

progressivity of, 269

reduction in C-corporations relative to pass-

through, 182

top federal, 188, 189

tax reform, 329

TCJA. See Tax Cuts and Jobs Act (TCJA)

tax status, 191

tax system

characteristics of, 176

creating consumer price distortions, 16

distortionary effects of, 238, 329

progressivity of, 298

regressivity of, 292

tax wedge, 182–5, 188–92, 193

taxable earnings, 175

teacher training, 69

technical progress, 26, 43

twenty-first century, 132

high rate of, 30, 155

with AIT, 149–50, 164

with Amazon’s Alexa and Kindle, 154

with ICT, 134, 158, 162

technological growth

emergence of the crowd, 117

financial innovation necessary for, 260

more AI-capable machines, 117

nature of, 264

platform competition by younger firms, 117

productivity increases from, 117, 125, 323

skill-biased, 263, 270, 301

spurred by better-functioning banking

systems, 251

trends in, 117

technological structure, 302

technology

3D printing, 121

based on statistical prediction, 134

building up the stock of, 122

chemicals, 120

communications and media, 120

cost of adopting, 45

electrification, 120

emission-reducing, 197

entertainment, 120

explosion in the twentieth

century, 118

how machine learning and computing can

re-advance, 118

information and

communications (ICT), 132

information technology, 120

internal combustion engine, 120

life expectancy, 121

manufacturing, 120, 323

materials, 120

medical efficiency, 121

one-offs, 120

telecommunications, 49

that enables mass markets, 135

to serve consumers directly, 135

transportation, 120

technology and ideas as nonrival

goods, 47–9, 51

techno-optimism, 9, 117–18, 122,

127, 322–3

techno-pessimism, 9, 118–21,

321–2

territorial system, 331

tertiary education, 43

time allocation, 272, 286

time preference, 296

Trade Adjustment Assistance (TAA), 324

tradeoffs

between before-tax and after-tax

income, 299

between time preference

and long-run relative

income, 297

from introducing government

consumption, 269

transactions costs, 117, 248

transfer payments, 24, 220

true negatives, 139–40

true positives, 139–40

in product recommendation

systems, 139

trust fund, 35

Turing test, 151
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UI device technologies

increased value of existing

applications of AIT, 152

smartphones, 152, 156

tablets, 152, 156

the Cloud, 152

uncertainty in measurement, 79

unemployment, 323

unemployment rates, 256

universities, 23

unskilled workers, 270, 301

urbanization, 120

user cost of capital, 13, 176

user interfaces

adding AIT elements to, 156

applications for cell phones, 149

applications of AI in, 132, 134

apps, 156

definition, 151

impact of improvements in, 152

improve abilities of ICT-based

systems, 155

improvements from AIT, 151–6

mass-market UI improvements, 152

new elements from Amazon, 154

old replacing new, 156

to save worker time, 156

touch-screen, 156

user input, 136

utility function, 272

constant elasticity, 280

public–private externality, 308

utility maximization, 286

venture capital firms, 259

venture capital market, 23

visa program, H1-B

caps, 101

family ties, 109

high-tech workers

admitted in, 101

lottery, 101

national origin, 109

spillover effect on native workers

from, 101

voice response unit (VRU), 158

Voice UI

Amazon’s application of, 154

as a natural evolution of technology

interfaces, 152

enabling applications, 156

importance with cell

phones, 153

in crowded rooms, 155

introduction of, 149

raising the value of, 153

wage

cross-effects between skill groups, 97–8

elasticity, 89, 93, 97, 101

entry, differences between cohorts, 102

immigrant vs. native, 93

insurance, 325

of college graduates, 101

of native workers, 93

premium, 45

trends for specific skill groups, 96

wage rate, 271

Waldinger, Fabian, 100

wealth

degenerate distributions of, 276

distribution, 275, 302

positions, 300

wealth gap, 300,

wealth inequality

as a consequence of age structures, 310

causes of, 303–4

effects from government consumption, 308

effects from heterogeneous skills, 299–301

effects from policy change, 286–96

effects from productivity increase, 280–6

effects from public investment, 305–8

generating income inequality, 268, 302

implications from time path of structural

changes, 309

long-run distribution, 277

source of, 304

time path, 268, 275

transitional path, 303

Web 2.0, 163

web browser, 152

web interface, 152

web page, 136

welfare costs, 202

welfare inequality, 295

well-being

reflected in real GDP, 27

transformation’s long-run effect on, 117

Wheaton, Brian, 182

white-collar workers, 152

work conditions

decline in hours worked, 119
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work conditions (cont.)

improvements in from second industrial

revolution, 120

workforce

enhanced competition in, 250

immigrant share of, 86, 88, 89

mobility, 50

rate of growth of, 79,

80, 82

size of, 81

YouTube, 153
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