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Some Pitfalls in Large
Econometric Models:
A Case Study

I. Iatreduction

In this paper. | 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 doilars,
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.

* 1 would like to thank my colleagues David Brillinger and
Thomas Rothenberg 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. 1 would also like to thank a
very patient and helpful referee.

I. The agency has begun an active program of external
review for s data and models. This particular review was
requested by Dr. Lincoln Moses, the administrator; it was
organized by Dr. George Lady. Office of Analysis Oversight
and Access. I was one of the reviewers. The description of
READ is based on material devefoped in the review, includ-
ing modet documentation {(Donnelly ct al. 1976; Gamson et
al. 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 Burean 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 of the equations,
the nature of the
stochastic disturbance
terms, the logic of the
fitting procedures, and
the quality of the un-
derlying data. One
specific model is re-
viewed as an example:
the Regional Energy
Activity and Demog-
raphy model developed
for the Department of
Energy.
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Pitfalls in Large Econometric Models 481

industry no. 1 corresponds to SIC codes 01-02, and READ industry
no. 40 corresponds to SIC codes 50-39. 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 sector predicts
annual changes in the value 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 cutput, 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.

Transportation Submodel

In each county. there are two sources of supply for the output of
READ’s industries. and seven sources of demand: (1) 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 et
al. 1977: Havenner and Donnelly 1977, Tannen 1979). but see Harris and Hopkins (1972),
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brushed aside for that reason, nor should they be dismssed as 7 aca
demic.” Tndeed. when faced with o model like READ, the kev guestion
ter ask 1, Why should we beliove the m";‘&%"aééwm‘? With READ., 1he
apswer 1o this question 13 almost necessanly an argument o priori: E'?z::
forecasts are very difficult 0 compare with observations, beoau
READ muainly predicts unobservable guaniities (s s dé:&;a;esar;s:az "
detail in Section Vi, below). In an argument a prioth only sound rea-
soning compels conviction, On this count, READ does not do so well

The first point (o discuss is the “cancelation of errors” defense for
modeling in fine detail, There is usaally littde interest in predicting the
ontpat of one industey i one counsy. and much aggregation will be
done before forecasts are made. 8o each eguation in READ may be
suspeci. the argument goes. but the ervors tend 1o cancel out during
aggregalion.

Cancellation of errors s the grand ilhusion of statistics . errors are
independent. they do tend 1o cancel (on u relative basisy 1f the errors
are correlated, they pile up: aggregation. then, can increase the relalive
ervor. The errors in READ are bkely to be correlated, as shown below,
The cancelation argument s therefore quite shaky.

in general. 1 see no theoretical argument in favor of great detail in
regression models, and much cun be said against” This may scem
paradoxical. For mstance. a large-scale pilet plant s swrely more
predictive than a small-scale one. However, a regression model s not «
microcosm described in algebratc notation. The prudent view s that ot
best each equation represents an approumation o some more or loss
stable stanistical relationship among the variables. Cleartv. the mult-
plication of statistival half-truths bs o Jangerous business.

The next point has to do with the ?‘;aﬁ:i that the basic geographical unit
in READ 15 the county. But the county is not a natural unit of economic
analysis, since county economics interact in complex wavs. For eram-
ple. take my home Standard Metvopolitan Stalistical Arca (SMSA),
San Francisco—-Uakland, This comprises ﬁw counties: Alameda, Con-
fra Costa, Marin, San Franciseo, amd San Mateo, " Wholesale and
retail trade’” s READ industry no. 40, Changes in the level ol employ-
ment in this mdustry for each county are postulated by the model w
depend only an other variables describing that same county. However,
the reality s vepry different. since people drive beedicssly across
ounty Bnes 1o do their shopping.

To make this more definite, suppose the federal g;uvs"za ment closes
an army base in Marig, This exogenous shock witl depress wholesale
and rewadt trade in all five counties for some years. i%; Eizc; model, (his

5ok practics. complex regression models seem w0 do nedher betier nor worse A
forevasting than simple ones, Fora discussion of prediciive auouracy in forecasting, soe
RMoNees (1975, 1974, 1975, 1977, 1974 Christ (197851 Asncher (1978 and Larnowitz
(197G
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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 submode!
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. In 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 Couniy, 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 REAID'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 exampie, 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 alf 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 V1.
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are often used 1o 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 buiit
into the eguations.”

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 L, be the level of employ-
ment in this industry in county j and year 7, and V, the value of output
(sales). Let D be the first difference operator: DX, = X,., — X,. The
READ employment equation is

DLy = 8, + gL, + 8,DV, + B,y + 8,40, ()

where ;. 8,. and B, are scalar parameters; 3 is a vector of parame-
ters: U/ is a vector of explanatory variables describing county; in vear¢;
and & is a stochastic disturbance term. Notice that the parameters do
not depend on j or r: 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 by /) and all 10 years of the fitting period (indexed by
1), 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 interrefationships between counties.

In its present form, READ uses ordinary least squares. The esti-
mates 8 are chosen te minimize:

EJI(DLJ{ - }éu - BIL,H - Bzvar - B'le)z- (2)

The &'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 point, see, e.g., pp. 241-59 of Zarnowitz {1972). Also see Christ {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 waterborne 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) All 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. | 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. 1 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 cutput, or labor foree. or
even the first differences. These measures will all be quite highly correlated,

Ii. This section paraphrases reports of others, esp. Karen Polenske, presented during
the READ review. Two useful references are Aucamp and Steinberg {1978) and Fieldsted
and South (1978).
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TABLE 1 Labor Productivity (Value of Shipments/Payroll) in Several Calitornia
Manufacturing Industries in 1972
SIC Code Name Productivity
352 Farm aad garden machinery 4.4
3587 Office and computing machines 2.9
s Machinery. except electricaf 3

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,
tabor productivity 4.4).

TABLE 2 READ-Type Allocated Valae of Shipments for ‘*Manufacturing
Machinery, Except Electrical’” in 12 California SMSAs in 1972
SMSA Actual Allocated % Error
Los Angeles 2,148 2,185 e
San Jose 738 805 0
San Francisco 466 455 -28
Anaheim 397 403 -2
San Diego 261 291 n
Riverside 83 79 -5
Fresno 66 49 -26
Oxnard 47 40 —15
Sacramento 28 23 —18
Salinas 18 13 -17
Bakersfield 12 10 —17
Modesto 6.7 7.2 7

SoUrce.—The starting point for table 2 is the 1972 Census of Manufuctures, vol. 3, Area Statistics,
part 1. Alabama-Montana, Table 5 in this publication gives state figures for payroll and vatue of
shipments, while table 6 gives the SMSA figures: the first 12 SMSAs in table 6 are used. The census
lists the SMSAs in alphabetical order, while table 2 abave reorders them by size. The allocation in
table 2 is to SMSA rather than county fevel, because the census does not publisk county-level data.
Data from ASM and BEA were not used. The actual READ altocations. using ASM and BEA data
and going down to the county level, must be worse.

NoTe.—% error = (alfocated — actual)/actuai. The recipe used for the allocation is SMSA
payroll/state payroil x state value of shipments; units = millions of 1972 dollars.
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sd inadostrigd activities within countes, hecause corporations often
pve selivilios covored by several differont twon W% ¢RI codes. The
allocution b done etther by the state agency or by the BLAL apparenil

i
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pperate only in simgle counties, For example. o chamn bike '\‘r:m INATEL TS
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Stares.

The Bureau of Leonomue Analvars adouts that 2007 of the payvroll dats
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are allocated w0 counties using shares from the 1969 Comsus of Ag
riculture. Thus. regional differences in the response of agricutiure

Tae thees constyuciton dostries (READ pos. 8.9 00 S0 wedes 15306070 ar
cxeeptions (o this rule. as 15 anthracke minfsg (READ nol 30 BIC vode 10
F4. The best documentation i the introduction o LERD Departmont of Commeree
(1977 Hubseguent guotabions are Tromn s soured
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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
counttes and account for approximately 73 percent of total raiiroad
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 resuiting 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 only, ““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.

I 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 discussier of one example, see Freedman, Rothenberg, and Sutch (1980,
198058).
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Modelers sometimes argue as follows: “'It’s an imperfect world, we
have 1o 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 tell 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
seftles 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 vou 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."™ In 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 Getail on READ Data

Energy prices.  Coal prices do not seem to be in the READ database. Elec-
tricity and natural gas prices were obtained from the Electric Power Research
Institute by wtility 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 Platt’s Qil-
gram. Platt’s surveys prices in 46 cities. State prices were constructed for
FEDS by averaging Platt’s estimates for the survey cities in thar state. If there
were no such cities. the average price for neighboring states was used. Within
cach state, the READ database takes the price of fuel oil to be the same for all
counties. '

Investment.  New and replacement equipment investment are handled sepa-
rately. In 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 instapce, that judgmental forecasts of the
economy are as good as model-based forecasts (Zamowitz 1979). As is customary, the
tables in that paper are based on medians, which might in principle distort the compari-
sons due to variations in sample size. Professor Zarnowitz 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 caurse, the judgmental forecasts by
experts are often bhased partly on the results from the models——and model-based fare-
casts usually incorporate many judgmental factors—which certainly clouds the issue.

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

Statistics of Allocated 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 keeps the algebra
within bounds.) Fix one industry, say, ““wholesale and retail trade.” Let v, =
national output figure for this industry in year s, v, = national investment figure
for this industry in years, p,, = payroll in this industry in county j in year ¢, and

Fo=pylZipy (B

Thus. f; is the fraction of the payroll going to county j in year /, and a

2,

READ-like allocation procedure™ is to use
‘. = .f‘.ir.“r (Bz)
Xy = fuxs (B3

for “*data™ on output and investment in county j for year 1. The true—but
unknown—numbers will be denoted v, and x;,.
The next step is to choose B to minimize the sum of squares:

Yl — B P (B4)

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

Nowdy, — Br) {B5a)

where

Wy = Eb ..J{‘ (BSb)
In other words, ,@ 15 the regression coefficient of the national totals vy, onx,. The
only effect of allocating data to the county level is the Introduction of the
weights . In principle, these arc data-dependent weights varying with r. They
weight more heavily those years with higher economic concentration. In prac-
tice. the w,'s are likely 1o be essentially constant. In any case, there are only 10
degrees of freedom available for estimating 8.

The kind of stochastic model suggested by READ is

Yy = ﬁx‘il + €5, (B6}

where v, and v, are the true (but unknown) county-level output and investment
figures and €, is a stochastic disturbance term assumed to have a mean of zero.
Asjand ¢ vary. these disturbances are assumed independent. Furthermore, x,,
and f, are going to be treated as if they were constant rather than stochastic.
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 €, is bigger in the big counties. It may even be reasonable

20. In READ, “‘replacement’” investment is in fact allocated by payroH shares but new
investment is not.
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with the READ ailocation scheme, that the intercept is proportional to the
payroll share f;, and so is the likely size of the error:

vy o= afy 4+ By ot o€y var e, - ot (B15)
Then « and 8 would be chosen to minimize the weighted sum of squares:
Yoty — dfy = BEI G = N Xy - @ - B (B16)

Again, the weighted regression is equivalent te discarding the synthetic
county-level data and ruaning the regression on the observed national-level
aggregates. This conclusion applies to multiple regression when the same
allocator is used for all the variables, the mtercept 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 s allocated from national totals. The new
point is the interplay between the two different geographical levels.
Following previocus notation, let

vy = output in the indusery in state s in year /. (B17}
Abbreviate s(j) for the state containing county j. and let
P = Lo (B18a)
i = Ll (BI8h)
Thus, /1, is the staie s share of the national payroll, and g, is the county j share

of the state payroll. Tn this situation, the county-level output figure may be
allocated as

Vi = &Y (B19)

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 2 is chosen to minimize the sum of squares:

};Jl(-ﬁ,iﬂ - pé'fjf P Ex: UkVy — .éhm’jr).:' (B20a)
where
Mg =2 25 {B20b)

The index s on the right-hand side of (B20a) runs over all 50 states, while 1 runs
over the 10 years in the fitting period.

Note that /i,x, on the right-hand side of (B20a) is an allocation of the
national investment figure x, to the state s by pavroll share. The weight #,, mea-
sures economic concentration. If the payroll for the industry in state s in year
is concentrated in one county, then u,, = [; otherwise. u,, -= 1. The minimum
for u,, occurs when the payroll is spread evenly over all counties in the state s.
So i, does not seem like a sensible weight. Taking the other case for a moment.
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i1 possible W weight county /s contrtbution te the sum of squares by 15
then s, gets replaced by g 007 where s s the number of counties i stale o
this too seenis an unrcasonable cholie of weights for o regrassion on natiomt
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i praciee this expression cannot be estimated. becuuse the state-level in-
vestment figure v, s unknown, The “ervor in variable™ here o5 the diswrepancy
between the troe state-level figure v and the allncated figire fov, The naive
Ceommonsense T approwch of putfing &0 e for o) Jost wssumes the proble
away: algebrmcally . this substitution m&%ws, the right-hand side of (B23) equi E
woone. The conviusion 9 that when Jdifferent alfocators are used Tor differom
variables in the equation. as B syprcal in READD o blas may be anticiputed i
the estimtes. Though the magnitude of the b uaually cannet be estimated
from the data, /1 may be Jurge,

So . the discussion has focused on ordinary regression with weights
alowed, In principle. mstrumentad vanables cun
problem of mesinrement vrvor, For READY this would invelve wrling down 4
proper stochastic model including stovhustio equations which link the alln
vated values (o the unabserved counte-level date. The source and natire of the
stochastie disturbances would have © be analyzed o osome detail, Then, o

woused o oget around the

woukd be necessiry to praduce some nstrumental variables orthogonal 1o the
errors, The orthogonality would have o be argoed o priov, on the basis of
economic theory. boouuse the errors are unobservable, Omitfed variables,
county mterpcions, and other specilication orrars wounkd olf turs “gw i the
disturbance werms, ntroducing correlations wver countivs wnd voars as dis.
cossed in Section V. The sllocation procodury iself spreads ;z;g{mgmé :;ggm};;ﬁ;gg;
{and their errorsy over countics and even ovor vears. another sowrce of corre
lations. Consegquently. netther lgeed varmbles sor mational aggreguies ary
plavsible condidates for instruments. Therefore, the instramental variable ap-
proach seems unlikely o solve the problem. The READ documentation says
little of substance about this issue. becuuse the documentation does nol wd-
dress the refationsbip between the allovaied daty and the xﬁat;s‘
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