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I. Introduction

In this paper, I am going to discuss some of the
difficulties in large-scale econometric modeling.
As a stalking-horse. I will use the Regional
Energy Activity and Demography (READ)
model. This model was based on work by Harris
and Hopkins (1972); development continued un-
der the aegis of the Energy Information Admin-
istration. Department of Energy. Washington,
D.C. By 1978, with development still incomplete,
costs were estimated at over a million dollars,
and a review was undertaken; this preceded any
use of the model by the agency.' As a conse-
quence of the review, work on the model was
stopped.

* I would like to thank my colleagues David Brillinger and
rhomas Rothenbcrg for many hours of helpful conversations
about econometrics. Needless to say. while they share the
credit for the sensible arguments in this paper, they bear no
responsibility for the other ones. I would also like to thank a
very patient and helpful referee.

I. The agency has begun an active program of external
review for ils data and models. This particular review was
requested by Dr. Lincoln Moses, the administrator; it was
organized by Dr. George Lady. Offiee of Analysis Oversight
and Access. I was one of the reviewers. The description of
READ is based on material developed in the review, includ-
ing modei documentation (Donnelly et al. 1976: Gamson et
aJ. 1977: Havenner and Donnelly 1977; Tannen 1979). Parts of
this paper were presented in the review, and an early draft
was given at the National Bureau of Standards Workshop on
Validation and Assessment of Energy Models. 1979.
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This paper points to
some of the difficulties
in large-scale economet-
ric modeling. The major
issues here include the
logic ofthe equations,
the nature ofthe
stochastic disturbance
terms, the logic of the
fitting procedures, and
the quality ofthe un-
derlying data. One
specific model is re-
viewed as an example:
the Regional Energy
Activity and Demog-
raphy mode! developed
for the Department of
Energy.
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industry no. 1 corresponds to SIC codes 01-02, and READ industry
no. 40 corresponds to SIC codes 50-59. The present version of the
model has 47 industries, a private household sector, and several gov-
ernment sectors (local, state, and federal).

"Industrial location" is a bit of a misnomer. This seclor predicts
annual changes in the vaiue of output (e.g., sales) by READ industry
and county, using a linear regression equation. A '"change" is the
difference between the value of output for the current year and for the
previous year. Value of output is denominated in 1967 dollars. The
independent variables are: value of output in the previous year; capital
stock; wage rate in the industry; land prices; energy prices; transporta-
tion costs (shadow prices from the transportation submodel described
below); tax rates; macroeconomic variables (GNP. PCE, etc.);
agglomeration variables." and environmental variables (weather).

Demographic Sector

This sector has equations to predict employment, unemployment,
wages, and population. The first equation in the sector predicts
changes in the level of employment in an industry in a county using a
linear regression equation. The explanatory variables are: level of
employment, change in output, change in capital stocks, level of capital
stocks, energy prices, and a technology index (not further defined).
The other equations in this sector are similar in conception and will not
be discussed here.

Tran.sporlalio/i Submodel

In each county, there are two sources of supply for the output of
READ'S industries, and seven sources of demand: (\)supply: imports,
industrial output; {2) demand: exports, interindustry demand, personal
consumption, construction, equipment investment, state and local
government, and federal government. Counties are grouped into the
473 Department of Transport regions. Supply and demand are summed
algebraically over each region, which becomes either a net supplier or a
net demander of each type of output. In effect, a linear program then
ships the various industrial outputs over the network, the shipping
costs being derived from the Census of Transportation (1967, 1972) and
from Interstate Commerce Commission data.

III. The Logic of the Equations

This section presents a series of criticisms of the equations in the
READ model. The points are all straightforward but should not be

2. Not further specified in the READ documentation (Donnelly et al. 1976: Gamson ct
isl. 1977: Havenner and Donnelly 1977:Tannen 1979). but see Harris and Hopkins (1972),



brushed aside for that reason, nor should the> be dismissed as "aca
demic/* Indeed, when faced with a iTK d̂el like RBAD, Ihe kev quesiitsn
lo ask is. Why should we believe die prcdiedons'* Wilh RIvAD, the

Ibreeasls arc very difficult to compare with observadons, because
RKAI) mainly predicts unobservable quanlilies (this is ihscussed m
detail in Seetion VL below), in an argument a pnori. only sound rea-
sooiog compels conviclion. On ihis eoiuit, R! ' ;AD does not do so vveli

The Hrsi poini lo discuss is the "cancelalion of errors~" defense for
modeling in fine derail. There is usually litlle interest in piedicting the
output of i>ne indi!slry in one couniy. and much aggrcgaiion will be
•J'iiTc forecasts are made. So eaeh equalion in RHAD mav be

. Ihe argument goes, bul the errors tend to cimcc'i out during
aggregation.

Cancellatiou of errors is the grand illusion of statisties, Iferrors are
independent, they do tend to eancei (on a relative ba^is). If the errors
are eorrelaied, ihey pile up; aggregation, then, eau increase the relalive
error. The errors in RHAD are likely lo be correlated, as show75 below,
I'he cancelation argument is therefore c^uite shaky.

In general. I see no theoretical argun^ent in favor of gi'eal detail in
regression models, and mueh ean be said againsi/' This may seem
paradoxical, h'or instance, a large-scale pilot plant is surely more
predictive than a smail-scale one However, a regression [iK>dei is not a
microcosm described m algebraic notation. The pruderiS vtew is Ihat at
best eaeh equation represents an iipproxniMition U) some more or less
stable statistical relationship among the variables. CleaHv, the mnlti-
plication of statistical half-trythN is a dangerous business.

The next point has to do with ihe fact Ihat the basic geographical lunl
in Ri-;AD is the county. Bui the county is nol a natural unit of economic
analysis, since couniy economies interact in complex wa\s I'or exam-
ple, take m> home Standard Metropolilan Slalistical Area (SMSA).
Sart Francisco -Oakland. This comprises five counties: Alameda, (~on~
(ra Costa, Marin, San Francisco, anti San Maleo. "Wholesale and
retail trade'" is RBAD indusirv no 40 Changes in Ihe level ofensploy-

I Ihis industry tbr each ctMUKy are postulated by the model tt>
lend only on other variables describing that same couiit\. Howeve!.

the reality is very different, sinee people drive heedlessly aeross
county lioes k> do their shopping.

To uYdkc Shis more definite, suppose the federal governmeni cioses
an army base in .Vlarin- This exogenous shock v\i!! depress wh(desale
and retail trade m all five counties for st>nie vears- Iu th

3, in psaeiscc. ci)nipti.:K rcgreNsion ounkih -.can to do iieiUKi helK'r nor •.f>'os->c
reCiist^rig Uî in suoplc onc^. Foi a discussiors of pfi-'dicuve accnniCj m tarf.-i_a-;Ung, hC
cNees !iy73, 1974, 1915.. 1977, ty79); Christ il91'i\- Asgtier s 19781: and Zsrcow
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shock has to be absorbed into the stochastic disturbance terms, be-
cause the explanatory variables for wholesale and retail trade in one
county do not include army bases in another county. Indeed, there are
no variables in the equation to capture the impact of one county on
another except the shadow prices from the transportation submodel
which appear in the industrial location equation. The estimation
strategy of READ precludes other choices, as will be seen in the next
section. There are no variables to capture the impact of one industry on
another except the "agglomeration variables"" in the industrial location
equation: and nothing is said in the documentation about the strategy
for defining or using these variables.

Next, despite the complexity of the model, many important variables
are omitted from the equations. For instance, the prices of an indus-
try's major inputs or outputs are not used as explanatory variables in
the equations predicting output or employment. Indeed, prices do not
appear in the READ database at all, apart from the ones mentioned in
Section 11.̂

In any large econometric model, there will be omitted variables.
Sometimes this is because no data are available (in READ, however,
this constraint was not binding). Sometimes variables are omitted to
conserve degrees of freedom. Tn any case, the statistical impact of
omitted variables is bias in the estimates of the coefficients.

The next point is that READ uses the same linear functional form for
all industries. There is a separate equation for each industry, but in
each such equation the same coefficients are used for all counties. This
is illogical. Industry no. 47, for instance, is "health, legal, and other
services." In Alameda County, California, this industry almost comes
down to the University of California, Berkeley. In another county, the
main component of this industry might be a private university or a
hospital. The industry will show different economic behavior in differ-
ent counties and this should be described by different equations. The
same argument applies to virtually all of READ'S industries.

Also, there is a serious endpoint problem in using linear equations
with coefficients constant across counties when an industry has been
dormant in some counties over the fitting period. For example, take the
industrial location equation, where the dependent variable is the
change in value of output: explanatory variables include GNP and
energy prices. The GNP almost has to come into the equation with a
positive coefficient, the same for all counties. Suppose the model starts
forecasting, in a scenario for economic expansion. The GNP term on
the right-hand side of the equation forces positive changes in output.
The base is zero, so we get positive output. Dormant industries spring
into action all across the United States, driven by the expanding

4. How is the value of output computed? This question will be answered in Section VL
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are often used to extrapolate into the distant future. The READ model,
for example, was fitted on data for 1965-74 and extrapolates out to
1990- For this purpose, local approximations are not good enough.
Long-term forecasts may reflect all the paradoxical implications built
into the equations.'

IV. The Logic of the Fitting Procedure

Pooled time-series, cross-sectional regressions are used in READ. To
be more definite, consider the employment equation for a READ in-
dustry (like wholesale and retail trade). Let /.„ be the level of employ-
ment in this industry in countyj and year r, and Vj, the value of output
(sales). Let D be the first difference operator; DX,, = Xj,^, - A";,. The
READ employment equation is

DL, = /3, + (3,L, + (S,DV, + fi-U,^, + 8, , , , (i)

where fi^^, fi^. and /Ŝ  are scalar parameters; yy is a vector of parame-
ters: t/j, is a vector of explanatory variables describing county,/ in yearr;
and hj, is a stochastic disturbance term. Notice that the parameters do
not depend onj or t: They are constant across counties and years, as
stated in the previous section.

The READ strategy is to pool the observations from all 3,000+
counties (indexed byy) and all 10 years of the fitting period (indexed by
/), fitting equation (1) to the resulting 30,000+ data points. This pooling
is what forces the coefficients in the regressions to be constant across
counties. And this pooling obliterates all the economic and demo-
graphic interrelationships between counties.

In its present form, READ uses ordinary least squares. The esti-
mates (i are chosen to minimize:

~ A, - /3,L,, - /3,DVj, - ^-1/ , , , )^ (2)

The 8 s are correlated with each other and with the explanatory vari-
ables due to the county interactions and other specification errors
discussed above. So these estimates for the coefficients, and the asso-
ciated standard errors, are biased. Since equations were developed by
retaining variables whose estimated coefficients were significant and
had the expected sign, even the choice of explanatory variables is
suspect.

The READ group proposed to get around these problems by using a
variant of two-stage least squares, along the lines discussed in Brundy
and Jorgenson (1971). However, this method cannot be expected to
succeed either. Indeed, the two main assumptions of the proposed

7. On this poini. see. e.g., pp. 241-59 of Zarnowiiz (1972). Also see Chrisl(1975) and
Lucas and Sargent (1979),
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cloud of points near the origin for the small counties with a few points
straggling off to represent the big counties.'" The regression plane will
be largely determined by these outliers. What /3 does, then, is to
measure the contrast between the many small counties and the few big
ones. This contrast between the two groups of counties does not seem
relevant in predicting how the economies of the counties in either
group will evolve over time or respond to energy policy.

It is not uncommon to pool temporal and geographical variation.
Often, however, this is a mistake: the causes for the two kinds of
variation can be quite different. Usually the functional form of the
relationships among the variables is unknown and the equations in the
model are no more than reasonable guesses. Under such circum-
stances, it is very difficult to control for confounding factors. The
coefficients in the equation can turn out to be measuring the effects of
omitted variables rather than the effects of the variables in the equa-
tion. This seems to be the case for READ.

V. The Transportation Submodel

The following points provide a brief critique of the transportation
submodel:" (1) The model only covers truck and rail shipments; air-
borne and waterbome shipments are neglected and so are pipelines. (2)
Department of Transport regions may reflect the nodes in the highway
system, but they are not well related to the rail system. (3) Ail within-
zone shipments are eliminated by netting out. This eliminates cross
hauling and distorts the optimization. (4) The netting out is quite
unrealistic due to the inhomogeneity of READ industries. For instance,
READ industry no. I makes both apples and oranges. However, some
regions will export apples and import oranges, and these two transac-
tions do not cancel—for the usual reasons. (5) Each industry's output
is handled separately. So it is impossible to consider joint shipping
schemes, where, for example, a truck exports some output from READ
industry no. I and imports some output from READ industry no. 2 on
the return trip. The reason is that the output of each industry is
denominated in dollars, and no conversion factors from dollars to
physical units (tons, cubic yards) are available. (6) The solution to a
transportation problem is usually degenerate: The dual problem will
then have multiple solutions, no one of which gives appropriate
shadow prices.

To sum up, the submodel does not seem to be a good representation

10. For this purpose, size could be measured by value of output, or labor force, or
even rhe first differences. These measures will all be quite highly correlated,

11, This section paraphrases reports of others, esp. Karen Polenske. presented during
the READ reyiew. Two useful references are Aucatnp and Steinberg (1978) and Fjeldsted
and South (1978).
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TABLE 1 LalHir Productivity (Vaiut of ShipmeuLs/Payroii) in Several California
Manufacturing Industries in 1972

SIC Code Name Productivity

352 Farm and garden machinery 4.4
357 Office and computing machines 2.9

35 Machinery, except electrical 3.1

By a quirk of fate, "machinery, except electrical" includes both
farm machinery and computers. Santa Clara County is known locally
as "silicon gulch." It specializes in computers, not farm machinery,
and these two branches of READ industry no. 26 exhibit very different
economic behavior. In 1972, the farm machinery branch had much
higher labor productivity (see table 1).

Table 2 shows what happens if a READ-type allocation procedure is
used to create value-of-shipments data for READ industry no. 26 in 12
California SMSAs: The San Jose SMSA is Santa Clara County. The
allocated data are quite good (on a percentage basis) in Los Angeles.
They are not as good in San Jose or Fresno, the errors being about 10%
and 25%, respectively. San Jose makes the computers (SIC code 357,
labor productivity 2.9). Fresno is in the San Joaquin valley, a rich
agricultural area, and specializes in farm machinery (SIC code 352,
labor productivity 4.4).

TABLE 2 READ-Type Allocated Value of Shipments for "Manufacturing
Machinery. Kxcept Electrical" in 12 California SMSAs in 1972

SMSA

Los Angeles
San Jose
San Fraticisco
Anaheim

San Diego
Riverside
Frestio
Oxnard

Sacramento
Salinas
Bakers Held
Modesto

Actual

2,148
738
466
397

261
83
66
47

28
18
12
6.7

Allocated

2,115
805
455
403

291
79
49
40

23
15
10
7.2

Of Error

.,^

10
- 2 8
_ 2

li

-26
-15

- 1 8
- 17
-17

7

SOURCE.—The starting point for table 2 is the 1972 Censii.s ofManufuclurfs, vol. Ji.Area Stulistks,
part I. Alabama-Monlana. Table 5 in this publication gives state figures for payroll and value of
shipments, while table 6 gives the SMSA figures; the first !2 SMSAs in table 6 are used. The cetisus
lists the SMSAs in alphabetical order, while table 2 above reorders them by size. The allocation in
table 2 is to SMSA rather than counsy level, because the census does not publish counly-level data.
Data from ASM and BEA were not used. The actual READ allocations, using ASM and BBA data
and going down to the county level, mus! be worse.

NoTt.—% error ^ (allocated - actual)/actual. The recipe used for the allocation is SMSA
payroll/state payroll x state value of shipments; units = miUions of 1972 dollars.
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increasing energy prices are not captured in the READ database. The
allocation procedure for transportation should be read in full. I quote
only the discussion of railroads:

County estimates of wages in the railroad industry were based on the
biennial employment series for Class 1 railroads (line-haul and
switching and terminal companies) prepared by the Association of
American Railroads (AAR). These AAR data are for selected SMSA
counties and account for approximately 73 percent of total railroad
employment. For the remaining counties, AAR s residual-counties
employment estimate in each State was disaggregated in proportion
to the railroad employment reported by counties in the 1970 Census
of Population. Estimates for the intervening years were derived by
averaging the biennial benchmark data. The resulting employment
series was used to allocate the State totals of wages and salaries in
the railroad industry. The 1975 AAR data were available for dis-
tributing the 1975 State totals.

Private household workers, to take one clear example in the service
sector, are distributed to counties according to the 1970 Census of
Population. Turning to the public sector, local government payrolls are
estimated by linear interpolation between the 1967 and 1972 Census of
Governments. State government payrolls are estimated from the 1967
census oniy. "since the 1972 Census of Governments did not include
the information necessary to prepare a new benchmark." Federal
government payrolls are allocated from states to counties by year-end
employment head count, because federal government agencies do not
seem to know their payroll by county.

One thing is clear. The payroll data, which are used to allocate so
many other variables, are themselves the result of a complex allocation
process performed by the BEA. Most of the variables in the READ
model are suspect, having been derived by allocation procedures simi-
lar to the ones described above.''' This also applies to the dependent
variables. As a result, it would be almost impossible to judge the
accuracy of READ forecasts by comparing them to observations, since
most of the equations predict variables which are measured only in
census years, if at all.

1 am very critical of the READ model because its database is so
poor. However, there are some widely used econometric models fitted
to data which are not much better."' Econometricians seldom pay
enough attention to the quality of their data, and this seems to me to
have unfortunate consequences for the models.

15. Further examples are discussed in Appendix A,
16. For a discussion of one example, see Freedman, Rolhenberg, and Sutch (I98O«,

1980/j),
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Modelers sometimes argue as follows: ' ' I t 's an imperfect world, we
have to do the best we can. Policymakers want numbers, so we need a
model. The equations may not be perfect, but they're the best we can
come up with. We know there are problems with the data, but it's the
best we have. If you don t like what we're doing, just teil us how to do
it better. Besides, if we don't develop the model, some other agency
will, and they'll do it worse." The result is a variant of Gresham's law,
in which bad analysis drives out good, and a fog of misinformation
settles over the policy process.

One lesson of READ is that in an imperfect world, making the best
possible model may be a waste of time. After all. if you do not believe
the equations or the assumptions about the stochastic disturbance
terms or the data, why should you believe the forecasts? When the
basic theory is incomplete, or the data sparse, ad hoc analysis by
experts may be better than a large-scale econometric model.'^ tn some
cases, it may be still better to tell the policymaker that his question is
unanswerable. This might prompt a search for policies which do not
depend on knowing the unknowable.

Appendix A

Some Further Detail on READ Data

Encfiiy prices. Coal prices do nol seem Eo be in the READ database. Elec-
tricity and natural gas prices were obtained from the Electric Power Research
Institute by utility district, not by county. They were converted to county level
by an unspecified procedure. Fuel oil prices were obtained from the Federal
Energy Data System (FEDS) database, the original source being Platfs Oil-
gram. Platt's surveys priees in 46 cilies. State prices were constructed for
FEDS hy averaging Platfs estimates for the survey cities in that state, [f there
were no such cities, the average price for neighboring states was used. Within
eaeh state, the READ database takes the price of fuel oil to be the same for all
counties.'"

Invcsiineni, New and replacement equipment investment are handled sepa-
rately. Tn manufacturing industries, replacement investment is allocated to
states using Annual Survey of Manufactures (ASM) total investment shares,
and then to counties by payroll shares. In nonmanufacturing industries, re-

18. The available evidence suggests, for instance, ihat judgmental forecasts of the
economy are as good as modei-based forecasts (Zamowitz 1979). As is customary, ihe
tables in that paper are based on medians, which might in principle distort the compari-
sons due to variations in sample size. Professor Zamowitz was kind enough to redo the
tables, first combining the errors across time within forecasters and then across forecast-
ers. This made very little difference to the results. Of course, thejudgmental forecasts by
experts are often based partly on the results from the models—and model-based fore-
casts usually incorporate many judgmental factors—which certainly clouds the issue.

19. For a discussion of FEDS, see Freedman et al. (1980(1).
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Appendix B

Statistics of Atlocated Data

Consider first a regression with one explanatory variable and no constant
term—for instance, of output on investment. (This equation does not appear in
the READ model, but it illustrates an important point and tceeps the algebra
within bounds.) Fix one industry, say. "wholesale and retail trade.'" Let y, =
national output figure for this industry in year /, .v, = national investment figure
for this industry in yearr,;',, =" payroll in this industry in county/ in year/, and

L-p,/l-,p,, (Bl)

Thus,/,, is the fraction of the payroll going to county./ in year /, and a
READ-like allocation procedure-" is to use

V. =./},.v, (B2)

X, =Ux, (B3)

for "data" on output and investment in county _/ for year /. The true—but
unknown—numbers will be denoted y-,, and ,Vj,.

The next step is to choose jQ to minimize the sum of squares:

lu^Su - ^i,,f- (B4)

Here, / runs over all 3,000 4 counties, and t runs over the 10 years in the fitting
period 1965-74. Apparently, there are 30,(X)Q+ degrees of freedom in (B4).
However, substitution of (B2) and (B3) into (B4) shows that ^ minimizes

V,».,(>•, - ^.v,)^ (B5a)

where

"•, - ^ / ! , . (B5b)

In other words. /§ is the regression coefficient of the national totals V; on.*",. The
only effect of allocating data to the county level is the introduction of the
weights ir,. tn principle, these arc data-dependent weights varying with/. They
weight more heavily those years with higher economic concentration. In prac-
tice, the ir,"s are likely to be essentially constant. In any case, there are only H)
degrees of freedom available for estimating (i.

The kind of stochastic model suggested by READ is

V,, = fix^^, + e,,, (B6)

where Vj, and .\ ,7 are the true (but unknown) county-level output and investment
figures and tj, is a stochastic disturbance term assumed to have a mean of zero.
As./ and / vary, these disturbances are assumed independent. Furthermore, .v,,
and/,, are going to be treated as if they were constant rather than stoehastic.
These assumptions simplify the analysis and are similar to those in READ.

Now for a modification. There are big counties and little ones, and presum-
ably the likely size of €j, is bigger in the big counties. It may even be reasonable

20. In RBAD, "replacement'" investment is in fact allocated by payroll shares but new
investment is not.
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with the READ allocation scheme, that the intercept is proportional to the
payroll share/j, and so is the likely size of the error:

Vi, = af,, +- I^Xj, f e,;,, var ê , -• (f-/'-,,. (B15)

Then a and fi would be chosen to minimize the weighted sum of squares:

Again, the weighted regression is equivalent to discarding the synthetic
county-level data and running the regression on the observed national-level
aggregate.s. This conclusion applies to multiple regression when the same
allocator is used for all the variables, the intercept is proportional to this
allocator, and the error SD is also proportional to the same allocator.

These conclusions do not apply when different allocators are used for differ-
ent variables. In such cases, however, substantial bias may be anticipated,
because we have an "errors in variables" situation. As an illustrative case,
consider another regression of output on investment, where output is allocated
from state totals, while investment is allocated from national totals. The new
point is the interplay between the two different geographical levels.

Following previous notation, let

>•„ = output in the industry in state .v in year ;, (B17)

Abbreviate s{j) for the state containing county/ and let

h,, - XuJu^ (B18a)

Thus, tif:, is the state ,v share of the national payroll, and '̂;, is the county,/ share
of the state payroll. In this situation, the county-level output figure may be
allocated as

.v.=,^'..v^j>,. (BI9)

However, the county-level investment figure is still given by (B3). The model is
still (B6): the intercept is forced to zero.

Two cases have to be considered, according as the regression on the
county-leve! "data" is run weighted or unweighted. Take the unweighted case.
Then ^ is chosen to minimize the sum of squares:

where

" s , = ^>...f;'f.- (B20b)

The Index .V on the right-hand sideof (B20a) runs overall 50 states, while / runs
over the 10 years in the fitting period.

Note that li^^x, on the right-hand side of (B20a) is an allocation of the
national investment figure .v, to the state .v by payroll share. The weight ;/„ mea-
sures economic concentration. If the payroll for the industry in state ,s in year?
is concentrated in one county, then w,., = I; otherwise, w,,, < 1. The minimum
for «,„, occurs when the payroll is spread evenly over all counties in the state ,v.
Sow,, does not seem like a sensible weight. Taking the other case for a moment.
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