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What Should Economists Measure? The Implications of
Mass Production vs. Mass Customization

In the early days of mass production Henry Ford remarked: "People can have

the Model T in any color-so long as it's black." But in today's mass customization economy the

consurner can choose .rmong 1200 different vehicle styles.r Examples in other sectors are

equally robust. Jeans, shoes, eyeglasses and more come in personalized pairs. Consumers can

have their own personal collagen cloned and injected to remove wrinkles. Even a staple product

like milk comes in many varieties-with or without hormones added. Via the Internet,

immigrants can listen to radio from virtually any homeland. Over 170,000 different software

progftrms now exist to hne tune increasingly every aspect of cuslomer choice.2

Microeconomic theory has reflected this change. Indeed, it has been over two decades

since the classic paper by Dixit and Stigltiz (1977) showed that profit maximization and free

entry can lead to optimum product diversity in a monopolistically competitive environment. This

work implies that the utility consumers enjoy from mass customization is not registered by GDP.

While the measurement problems of GDP are well known (Krugman, 1998), the dramatic

implications of mass customization for what economists should measure are not widely

appreciated. Simple, well-established economics shows that even if we could properly account

for the measurement of quality (Nordhaus, 1994), GDP registers only technological

improvements that lower the marginal cosL of producing existing goods.

Drawing on the work of Krugman (1979, 1980, l98l), this note seeks to tell the story

with a one-paragraph derivation of the basic Dixit-Stiglitz-Krugman model of monopolistic

competition. The basic theorem is that as thefxed costs of creating new products fall toward



zero, utility soars to infinity while GDP remains constant. We hope that a shorter and different

derivation of this old result will focus attention on the distinction between mass production and

mass customization and offer one explanation for the Solow Paradox-that "you can see the

computer age everywhere but in the productivity statistics" (Solow, 1987).

The Krugman model can be expressed as follows. There are n products with identical

labor cost functions of the form d + Bx, where a and B are the fixed and variable costs and x is

the output ofeach product. The utility function is of the form z=nrlox, which is a reduction of

the function rl=[X(n)0]r/0for the case ofidentical cost functions and identical market behavior

for each good. We assume, of course, that 0<0<1. In markets we know that the price of each

product will be t}te same, which we arbitrarily set : l. The labor supply is inelastic and also set

equal to 1. It tums out that the monopolistically competitive solution under these circumstances

is led by an invisible hand to ma.rimize utility subject to the resource constraint3. To show this

we maximize the Lagrangian with respect to n and x:

(1) H =nttox -),(1-na-,npx).

where 1 =r1(d +pr) is the resource constraint. Thus, we obtain the Krugman decentralized

solutions:

(2) n=(1-B)td

(3) x-0arp1t -0;.

Inserting these into the utility function yields

(4) u=[(1-01ra1rl erto1o/g).

Income (GDP) is simply

(5) y=nx=0/9.
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Implicit in this model is the assumption that the quality of goods is measured perfectly. Lower

fixed costs allows goods to be customized to the tastes ofthe consumer whereas the lower

variable costs of mass production methods allows more of each good to be produced. But the

difference is dramatic: as variable cost, p, goes to zero, both utility ard GDP go to infinity.

However, as fixed cost, a, falls to zero, utility goes to infinity while GDP remains constant.

It's worth remembering that a market economy strives to raise our living standards-not

simply GDP-because that's where business' profit lies. Aggregate output (and its derivative,

productivity) may have been an adequate gauge of economic progress when such innovations as

the assembly line, standardized nuts and bolts, electricity and motors cheapened the process of

mass production. But GDP certainly understates today's progress where innovations such as t}re

microchip, the personal computer, the Internet, genomics, and fiber optics make possible an era

of mass customization. "Once you know exactly what you want, you'll be able to get it that

way." (Gates, 1995, p. 166). Henry Ford meet Bill Gates.

The moral ofour story is simple. A great deal more effort should be put into measuring

the utility that consumers derive from the tremendous variety ofgoods and services that are

available today versus yesterday so that we can mote accurately assess the decade-by-decade

progress ofa dynamic, evolving economy.
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Endnotes

l.Data obtained at Internet site < http://www.dealer.net.com/ ) .

2.Unpublished data obtained in conversation with SoftSearch Software Information Services.
See Internet site" < http://www.softsearch.com/ ) .

3.Compare Lerner (1943) who shows that equal monopoly markups in all sectors yields
Pareto-optimality if resource supplies are fixed. Our result is somewhat different because
Lerner takes the number of soods as fixed.



9201
9202
9203

92M
9205
9206

9207

RESEARCH PAPERS OF THE RESEARCH DEPARTMENT
FEDERAL RESERVE BANK OF DALLAS

Available, at no charge, from the Research Departnent
Federal Reserve Bank of Dallas, P. O. Box 655906

Dallas. Texas 75265-5906

Please check dre tides of the Research Paoers you would like to receive:

Are Deep Recessions Followed by Strong Recoveries? (Mark A. Wyme and Nathan S. Balke)
The Case of the "Missing M2" (John V. Duca)
Immigrant Links to the Home Country: Implications for Trade, Welfare and Factor Rewards (David M.
Gould)
Does Aggregate Ouput Have a Unit Root? (Mark A. Wynne)
Inflation and Its Variabiliry: A Note (Kelljleth M. Emery)
Budget Constrained Frontier Measures of Fiscal Equality and Efficiency in Schooling (Shawna
Grosskopf, Kathy Hayes, tori L. Taylor, William Weber)
The Effects of Credit Availability, Nonbank Competition, and Tax Reform on Bank Consumer Lending
(John V. Duca and Bonnie Ganett)

9208 On the Future Erosion of the North American Free Trade Agreement (William C. Gruben)
EZO9 Threshold Cointegration (Nathan S. Balke and Thomas B. Fomby)
9210 Cointegration and Tests of a Classical Model of Inflation in Argentina, Bolivia, Brazil, Mexico, and Peru

(Raul Anibal Feliz and John H. Welch)
9211 Nominal Feedback Rules for Monetary Policy: Some Comments (Evan F. Koenig)
92fZ The Analysis of Fiscal Policy in Neoclassical Modelsr (Mark Wynne)
9213 Measuring the Value of School Quality (Lori Taylor)
9214 Forecasting Turning Points: Is a Two-State Characterization of the Business Cycle Appropriate?

(Kenneth M. Emery & Evan F. Koenig)
9?15 Energy Security: A Comparison of Prorectionist Policies (Mine K. Yiicel and Carol Dahl)
9216 An Analysis of the Impact of Two Fiscal Policies on the Behavior of a Dynamic Asset Market (Gregory

W. Huffman)
9301 Human Capital Externalities, Trade, and Economic Growth (David Gould and Roy J. Ruffin)
9302 The New Face of Latin America: Financial Flows, Markets, and Institutions in the 1990s (Joh Welch)
9303 A General Two Sector Model of Endogenous Growth with Human and Physical Capilal (Eric Bond, Ping

Wang, and Chong K. Yip)
9304 The Political Economy of School Reform (S. Grosskopf, K. Hayes, L. Taylor, and W. Weber)
9305 Money, Output, and Income Velocity (Theodore Palivos and Ping Wang)
9306 Constructing an Alternative Measure of Changes in Reserve Requirement Ratios (Joseph H. Hastag and

Scott E. Hein)
9307 Money Demand and Relative Prices During Episodes of Hyperinflation (Ellis W. Tatlman and Ping

Wane)
9308 On Quantity Theory Restrictions and the Sigralling Value of the Money Multiplier (Joseph Haslag)
9309 The Algebra of Price Stability (Nathan S. Balke and Kenneth M. Emery)
9310 Does It Matter How Monetary Policy is Implemented? (Joseph H. Haslag and Scott Hein)
9311 Real Effects of Money and Welfare Costs of Inflation in an Endogenously Growing Economy with

Transactions Costs (Ping Wang and Chong K. Yip)
9312 Borrowing Constraints, Household Debt, and Racial Discrimination in Loan Markets (John V. Duca and

Stuart Rosenthal)
9313 Default Risk, Dollarization, and Currency Substitution in Mexico (William Gruben and John Welch)
9314 Technological Unemployment (W. Michael Cox)
9315 Output, Inflation, and Stabilization in a Small Open Economy: Evidence from Mexico (John H. Rogers

and Ping Wang)
9316 Price Stabilization, Output Stabilization and Coordinated Monetary Policy Actions (Joseph H. Haslag)
9317 An Alternative Neo-Classical Growth Model with Closed-Form Decision Rules (Gregory W. Huffman)
9318 Why the Composite Index of kading Indicators Doesn't kad (Evan F. Koenig and Kenneth M. Emery)
9319 Allocative Inefficiency and Local Government: Evidence Rejecting the Tiebout H]?othesis (Lori L.

Taylor)
9320 The Output Effects of Government Consumption: A Note (Mark A. Wyme)
9321 Should Bond Funds be Included in M2? (John V. Duca)



9322 Recessions and Recoveries in Real Business Cycle Models: Do Real Business Cycle Models Generate
Cyclical Behavior? (Mark A. Wynne)

9323* Retaliation, Liberalization, and Trade Wars: The Political Economy of Nonstrategic Trade Policy (David
M. Gould and Craeme L. Woodbridge)

9324 A General Two-Sector Model of Endogenous Growth with Human and Physical Capital: Balanced
Growth and Transitional Dynamics (Eric W. Bond, Ping Wang,and Chong K. Yip)

9325 Growth and Equity with Endogenous Human Capital: Taiwan's Economic Miracle Revisited (Maw-Lin
tre, Ben-Chieh Liu, and Ping Wang)

9326 Clearinghouse Banks and Banknote Over-issue (Scott Freeman)
9327 Coal, Natural Gas and Oil Markets after World War II: What's Old, What's New? (Mine K. Yticel and

Shengi Guo)
9328 On the Optimality of InterestBearing Reserves in Economies of Overlapping Generations (Scott Freeman

and Joseph Haslag)
9329* Retaliation, Liberalization, and Trade Wars: The Political Economy of Nonstrategic Trade Policy (David

M. Gould and Graeme L. Woodbridge) (Reprint of 9323 in error)
9330 On the Existence of Nonoptimal Equilibria in Dynamic Stochastic Economies (Jeremy Greenwood and

Gregory W. Huffman)
9331 The Credibility and Performance of Unilateral Target Zones: A Comparison of the Mexican and Chilean

Cases (Raul A. Feliz and John H. Welch)
9332 Endogenous Growth and International Trade (Roy J. Ruffin)
9333 Wealth Effects, Heterogeneity and Dynamic Fiscal Policy (Zsolt Becsi)
9334 The Inefficienby of Seigniorage from Required Reserves (Scott Fre€man)
9335 Problems of Testing Fiscal Solvency in High Inflation Economies: Evidence from Argentina, Brazil, and

Mexico (John H. Welch)
9336 Income Taxes as Reciprocal Tariffs (W. Michael Cox, David M. Gould, and Roy J. Ruffin)
9337 Assessing the Economic Cost of Unilateral Oil Conservation (Stephen P.A. Brown and Hillard G.

Huntington)
9338 Exchange Rate Uncertainty and Economic Growth in Latin America (Darryl McLeod and John H.

Welch)
9339 Searching for a Stable Mz-Demand Equation (Evan F. Koenig)
9340 A Survey of Measurement Biases in Price Indexes (Mark A. Wynne and Fiona Sigalla)
9341 Are Net Discount Rates Stationary?: Some Further Evidence (Joseph H. Haslag, Michael Nieswiadomy,

and D. J. Slottje)
9342 On the Fluctuations Induced by Majority Voting (Gregory W. Huffinan)
9401 Adding Bond Funds to M2 in the P-Star Model of Inflation (Zsolt Becsi and John Duca)
9402 Capaciry Utilization and the Evolution of Manufacturing Output: A Closer Look at the "Bounce-Back

Effect" (Evan F. Koenig)
9403 The Disappearing January Blip and Other State Employment Mysteries (Frank Berger arrd Keith R.

Phitlips)
9404 Energy Policy: Does it Achieve its Intended Goals? (Mine Yiicel and Shengyi Guo)
9,105 Protecting Social Interest in Free Invention (Stephen P.A. Brown and William C. Gruben)
9406 The Dynamics of Recoveries (Nathan S. Balke arrd Mark A. Wynne)
9407 Fiscal Policy in More General Equilibriium (Jim Dolmas and Mark Wynne)
9408 On the Political Economy of School Deregulation (Shawna Grosskopf, Kathy Hayes, Lori Taylor, and

William Weber)
9409 The Role of Intellectual Property Rights in Economic Grouth (David M. Gould and William C. Gruben)
9410 U.S. Banks, Competition, and the Mexican Banking System: How Much Will NAFTA Matter? (Witliam

C. Gruben, John H. Welch and Jeffery W. Gunther)
9411 Monetary Base Rules: The Currency Cavear (R. W. Hafer, Joseph H. Haslag, and Scott E. Hein)
9412 The Information Content of the Paper-Bill Spread (Kenneth M. Emery)
9413 The Role of Tax Policy in the Boom/Bust Cycle of the Texas Construction Sector (D'Arur Petersen,

Keith Phillips and Mine Ytcel)
9414 The P* Model of Inflation, Revisited (Evan F. Koenig)
9415 The Effects of Monetary Policy in a Model with Reserve Requirements (Joseph H. Haslag)
9501 An Equilibrium Analysis of Central Bank Independence and Inflation (Gregory W. Huffman)
9502 Inflation and Intermediation in a Model with Endogenous Growth (Joseph H. Haslag)
9503 Country-Bashing Tariffs: Do Bilateral Trade Deficits Matter? (W. Michael Cox and Roy J. Ruffin)
9504 Building a Regional Forecasting Model Utilizing Long-Term Relationships and Shon-Term Indicators



(Keith R. Phillips and Chih-Ping Chang)

9505 Building Trade Barriers and Knocking Them Down: The Political Economy of Unilateral Trade
Liberalizations (David M. Gould and Graeme L. Woodbridge)

9506 On Competition and School Efficiency (Shawna Grosskopf, Kathy Hayes, Lori L. Taylor and William L.
Weber)

9507 Altenative Methods of Corporate Control in Commercial Banks (Stephen Prowse)
9508 The Role of Intatemporal Adjustment Costs in a Multi-Sector Economy (Gregory W. Hufftnan

and Mark A. Wynne)
9509 Are Deep Recessions Followed By Strong Recoveries? Results for the G-7 Countries (Nathan

S. Balke and Mark A. Wynne)
9510 Oil Prices and Inflation (Stephen P.A. Brown, David B. Oppedahl ad Mine K. Yiicel)
9511 A Comparison of Alternative Monetary Environments (Joseph H. Haslag))
9512 Regulatory Changes and Housing Coefficients (Johl V. Duca)
9513 The Interest Sensitiviry of GDP and Accurate Reg Q Mbasures (John V. Duca)
9514 Credit Availability, Bank Consumer Lending, and Consumer Durables (John V. Duca and

Bonnie Garrett)
9515 Monetary Policy, Barking, and Growth (Joseph H. Haslag)
9516 The Stock Mnket and Monetary Policy: The Role of Macroeconomic States (Chih-Ping Chang

and Huan Zhang)
Hyperinflations and Moral Hazard in the Appropriation of Seigniorage: An Empirical Implementation
With A Calibration Approach (Carlos E. Zanz ga)

9518 Targeting Nominal Income: A Closer look (Evan F. Koenig)
9519 Credit and Economic Activity: Shocks or Propagation Mechanism? (Nathan S. Balke and

Chih-Ping Chang)
9601 The Monetary Policy Effects on Seignorage Revenue in a Simple Growth Model (Joseph H. Haslag)
9602 Regional Productivity and Efficiency in the U.S.: Effects of Business Cycles and Public Capital

(Dale Boisso, Shawna Grosskopf ald Kathy Hayes)
Inflation, Unemployment, and Duration (John V. Duca)
The Response of Local Governments to Reagan-Bush Fiscal Federalism (D. Boisso, Shawna
Grosskopf and Kathy Hayes)
Endogenous Tax Determination and the Distribution of Wealth (Gregory W. Huffmal)
An Exploration into the Effects of D],namic Economic Stabilization (Jim Dolmas and Gregory W.
Huffman)

9607 Is Airline Price Dispersion the Result of Careful Pla-nning or Competitive Forces? (Kathy J.
Hayes and Leola B. Ross)

9608 Some Implications of Increased Cooperation in World Oil Conservation (Stephen P.A. Brown
and Hiuard G. Huntington)

9609 An Equilibrium Analysis of Relative Price Changes and Aggregate Inflation (Nathan S. Balke
and Mark A. Wynne)

9610 What's Good for GM...? Using Auto Industry Stock Returns to Forecast Business Cycles and Test the
Q-Theory of Invesffnent (Gregory R. Duffee and Stephen Prowse)

9611 Does the Choice of Nominal Anchor Matter? (David M. Gould)
9612 The Policy Sensitivity of Industries and Regions (Lori L. Taylor and Mine K. Yiicel)
9613 Oil Prices and Aggregate Economic Activity: A Study of Eight OECD Countries (Stephen P.A. Brown,

David B. Oppedahl and Mine K. Y0cel)
9614 The Effect of the Minimum Wage on Hours of Work (Madeline Zavodny)
9615 Aggregate Price Adjustment: The Fischerian Alternative (Evan F. Koenig)
9701 Nonlinear Dynamics and Covered Interest Rate Parity (Nathan S. Balke and Mark E. wohar)
9702 More on Optimal Denominations for Coins and Currency (Mark A. Wynne)
9703 Specialization and the Effects of Transactions Costs on Equilibrium Exchange (James Dolmas

and Joseph H. Haslag)
9704 The Political Economy of Endogenous Taxation and Redistribution (Jim Dolmas and Gregory W.

Huffman)
9705 Inequaliry, Inflation, ald Central Bank Independence (Jim Dolmas, Gregory W. Huffman, and

Mark A. Wynne)
9706 On The Political Economy of Immigration (Jim Dolmas and Gregory W. Huffman)
970'l Business Cycles Under Monetary Union: EU and US Business Cycles Compared ( Mark A. Wynne and

Jahyeong Koo)

9603
9604

9@5
9606

9517



9708 Allocative Inefficiency and School Competition (Shawna Grosskopf, Kathy Hayes, l-ori L. Taylor and
William L. Weber)

9'109 Goods-Market Competition and Profit Sharing: A Multisector Macro Approach (John V. Duca and David
D. VanHoose)

97lO Real-Time GDP Growth Forecasts (Evan F. Koenig and Sheila Dolmas)
9'1ll Quasi-Specific Factors: Worker Comparative Advantage in the Two-Sector Production Model (Roy J.

Rufhn)
9712 Decomposition of Feedback Between Time Series in a Bivariate Error-Correction Model (Jahyeong Koo

and Paul A. Johnson)
n13 Measuring Regional Cost of Living (Jahyeong Koo, Keith Phillips and Fiona Sigalla)
9801 Revenue-Maximizing Monetary Policy (Joseph H. Haslag and Edc R. Young)
9802 How Well Does the Beige Book Reflect Economic Activity? Evaluating Qualitative Information

Quantitatively (Nathan S. Balke ald D'Ann Petersen)
9803 What Should Economists Measure? The Implications of Mass Production vs. Mass Customization (W.

Michael Cox and Roy J. Ruffin)

Name: Organization:

Address: City, State and Zip Code:

Please add me to your mailing list to r€ceiye future Research Papers: Yes No



Research Papers Presented at the
1994 Texas Conference on Monetary Economics

April 23-24 , 1994
held at the Federal Reserve Bank of Dallas. Dallas. Texas

Available, at no charge, from the Research Department
Federal Reserve Bank of Dallas, P. O. Box 655906

Dallas, Texas 75265-5906

Please check the titles of the Research Papers you would like to receive:

1 A Sticky-Price Manifesto (Laurence Ball and N. Gregory Mankiw)

2 Sequential Markets and the Suboptimality of the Friedman Rule (Stephen D. Williamson)

3 Sources of Real Exchange Rate Fluctuations: How Important Are Nominal Shocks? (Richard Clarida and
Jordi Gali)

4 On Leading Indicators: cetting It Straight (Mark A. Thoma and Jo Anna Gray)

5 The Effects of Monetary Policy Shocks: Evidence From the Flow of Funds (Lawrence J. Christiano,
Martin Eichenbaum and Charles Evans)

Namel Organization:

City, State and Zip Code:

Please add me to your mailing list to receive future Research
PapeN: Yes No




