


22489

BEFORE THE

POSTAL RATE COMMISSION
WASHINGTON, DC 20268-0001

Postal Rate and Fee Changes, 2000

Docket No. R2000-1

DESIGNATION OF ADDITIONAL MATERIALS

Party

Designated ltems

Designation of Material from Docket No. R97-1

Douglas F. Carlson

United States Postal Service

Reference Articles

Office of the Consumer Advocate

Tr. 3/848-50 (DFC/USPS-T40-1)

Tr. 3/865 (DFC/USPS-T40-15)

Tr. 32/17121, line 14 — Tr. 32/17123, line 2 (excerpt
of USPS-RT-20)

Tr. 32/17170, lines 8-10 (oral cross-examination of
witness Plunkett)

Tr. 32/17119, line 11 —Tr. 17121, line 13 (excerpt
of USPS-RT-20)

Tr. 3217123, line 11 —Tr. 32/17125, line 4 (excerpt
of USPS-RT-20)

Tr. 32/17149, line 12 = Tr. 32/17161, line 18 (oral
cross-examination of witness Plunkett)

Tr. 3217170, line 15 — Tr. 32/17174, line 24 (oral
cross-examination of witness Plunkett)

Griliches, Zvi and Vidar Ringstad, "Error-in-the-
Variables Bias in Nonlinear Contexts,"
Econometrica, Volume 38, 1ssue 2 (March 1970)
368-370.

Griliches, Zvi "Economic Data Issues,” in:

Z. Griliches and M.D. Intriligator eds., Handbook
of Econometrics, Volume Ill (Elsevier Science
Publishers BV, 1986) 1465-1609.

Respectfully submitted,

yril J. Pittack
Acting Secretary




22490

Gl et w4 wiw ML DNV Y D ¥V LIYEDS PLUNKEL D 1O

INTERROGATORIES OF DOUGLAS F. CARLSON 845

DFC/USPS-T40-1. Please refer to your testimony at page 12, lines 2-6. Please
assume that a customer wishes to obtain proof of delivery of a letter. This
customer decides that he has two choices:

1. Purchase return-receipt service from the Postal Service:

2. Not purchase return-receipt service, but instead enclose a self-
addressed, stamped post card inside the letter. The post card would
request that the recipient sign the post card, indicate on the post card
the date on which the letter was delivered, and either indicate that the
letter was delivered to the address on the mail piece or provide the
address at which the letter was delivered if that address differed from
the address on the letter. The self-addressed post card would request
that the recipient mail back the post card promptly.

a. Please confirm that a customer might be faced with these two
choices.

b. Please confirm that option (1) and option (2) would provide the
customer with the same amount and reliability of information about the

delivery of the letter. If you do not confirm, please explain your answer
fully.

c. Forthe purpose of assisting the Commission in determining the value
of return-receipt service, please explain all differences between option (1)
and option (2) that might make option (1) more valuable than option (2).

DFC/USPS-T40-1 Response:
a. Assuming the circumstances in your question, confirmed.

b. Option 2 would provide the information that is comparable in quantity
and refiability to option 1 only under certain circumstances. The
hypéthetical example provided appears to imply a cordial relationship
between sender and recipient such that the recipient has no reason to
either thhold information or provide false information to the recipient.

As many retumn receipts are used in conjunction with ongoing legal
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proceedings in which the recipient may benefit from the provision of
faulty inforrna;ion, it would not be safe to assume that the scenario
envisioned in this interrogatory is typical. In addition, in many cases
the reﬁipient might fail to fill out the post card, or fail to mail it back to
the sender. Since return receipt service makes delivery conditional
upon the recipient's signing the return‘receipt card, it is more likely that
the requested information will be provided to the sender. Finally, when

purchased in conjunction with certified mail, return receipts provide a

mailing receipt and a record of delivery.

. In option 1, the Postal Service acts as a disinterested third party in
confirming the date on which an article was received, and the address
to which it was delivered. While the relative value of objective
information depends on the relationship between the sender and the
recipient, it would be reasonable to conclude that it is non-trivial.
Furthermore, option 2 places greater demands upon the recipient for
the provision of information. Senders who place a high value upon the
time of the recipient, or who merely wish not to inconvenience the

recibient would undoubtedly value option 1 more highly. As discussed
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c. inpant b, option 1 often would provide more, and more reliable,

information to the sender, along with a record of delivery.
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DFC/USPS-T40-15. Please refer to your response to DFC/USPS-T40-1.

a. Would it be reasonable to conclude that, in a significant number of the
instances in which a sender elects to use return receipt, the relationship between
sender and recipient is something less than cordial or that the recipient may benefit
from the provision of faulty information about date of delivery? If not, please explain.

b. Atleast in those instances in which the recipient may benefit from provision
of faulty information about the existence or date of delivery, does the fact that the
Postal Service retains possession of the mail piece until the recipient signs the Form
3B11 return receipt contribute significant value to return-receipt service? If not, please
explain,

c. Atleastin those instances in which the recipient may benefit from provision
of faulty information about the existence or date of delivery, does the fact that the
Postal Service acts as a disinterested third party in confirming the date on which an
article was delivered and the address of delivery contribute significant value to return-
receipt service? If not, please explain.

d. Please confirm that the Postal Service either places the date of delivery on
the Form 3811 return receipt or, if the recipient has already placed the date of delivery
on the Form 3811, verifies the accuracy of the date of delivery. !f you confirm, does this
practice contribute significant value to return-receipt service? Please explain.

DFC/USPS-T40-15 Response:
a. This may be the case for some proportion of these transactions, but it need
not be true for all transactions.

b. While | am unaware of any attempt to quantify the value customers derive
from this aspect of return receipt service, | believe it is reasonable to
conclude that there is some value associated therewith.

¢. See the response to subpartb.

d. Confimed. See the response to part b. The Postal Service in this case acts

as a disinterested third party, thus adding value to return receipt service.
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Mr. Ca¥son also cites Postal ServicgConsumer Service Card records to

buttress his claimy, pointing out that 4689 complaints regarding retum receipts

were received in FY 1996 (DFCAT-1, p. 24). He goes on to suggest that Postal
Service records are inadgwate and that the “actual” number of complaints is
likely to be much hightr. If for the nonce, one makes the extremely generous

assumption thatthe number is Yigher by a factor of 500, this number of
complainig’would still be less than\} percent of total retum receipt volume.*
Clegdy these data belie Mr. Carison’sglaims, and thereby provide additional

upport for the Postal Service's proposal.
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C. Quality of Service

In his testimony, Carlson characterizes retum receipt service as “plagued
with problems” (see DFC-T-1, p. 17, line 19). Much of tr-ne support for this claim
consists of reports of Postal Service delivery practices for retumn receipt mail
addressed to Internal Revenue Service Centers, gathered Sy Mr. Carlson and
Mr. Popkin, which has been presented at vatious points throughout the instant

proceedings. While | will address the merits of this information, | will first

4 4,689 X 500=2.344M: FY 96 Retum receipt volume is 235.7M:
2.344/235.7<1%.
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describe, in general terms, how deliveries of this kind are handled by the Postal

Service.® i -

In some metropolitan areas where IRS centers are located, the Postal
Service employs an automated system for recording and tracking delivery
receipts and associated speclal services. Under this system, which may be
located in Postal Service facilities, but which is also operated in delached units
located on the premises of IRS service centers, Postal Service employees scan
the article numbers for every piece of return receipt mail. The delivering
employee then prints a dated manifest which lists each return receipt, by article
number. Before transferring control of the mail to the IRS, the Postal Service
obtains the recipient’s signature on the manifest, acknowledging acceptance of
each of the articles listed thereon. The handling of retum receipts is less uniform
from that point on. In some sites, Postal Service empioyees remain present
while the receipts are removed, stamped, and dated by IRS employees. In other
locations, the pieces are turned over to IRS employees who perform these tasks

without oversight by postal employees.

® This description is based on information gathered during November 1997 via
telephone from several Postal Service processing and distribution centers,
specifically Memphis, TN, Sacramento, CA, Austin, TX, and Philade!phia, PA. In
the case of the Philadelphia P&DC, my inquiry followed on an earlier inquiry in
which | had been informed by headquarters delivery operations that all receipts
were signed and detached prior to delivery. This earlier information reflected an
assumption, widely held, that regulations are implemented consistently
throughout the Postal Service, irrespective of differing operational conditions and
customer preferences. While troubling, the misinformation is due, at leastin
pan, to the prior lack of product management specifically for special services.
This lack was eliminated with the creation of a USPS headquarters office
charged solely with management of special services in FY 1997,
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Strictly speaking, these practices are not in accordance with the Postal

Service’s regulations (see DMM § D042.1.7). Mr. Carison seizgs on this fact and

es it as the linchpin of his claim that the Postal Service dg€s not provide a high

valua of service. According to Mr. Carlson, this practice j6 bad for a number of

between the day of defivery'to the Service Center, and the day on which returns
are opened and their alfached return receipts'xompleted. He concludes as a

result that some taxpayers may be subject to advexge action by the RS in the

event thal, due toAhis delay, a return is deemed late. M, Carison offers no

explicit exampjé of such an event ever happening, nor doeshe suggest how rigid
application pf DMM regulations would prevent this from happenihg. In most
cases, | Would expect that the IRS énters the date that the letter wasteceived

from e Postal Service.® Furthermore, the implication that the timelinesd.of tax

refurns is proven by the date of acceptance is at odds with statute.”

® The situation in LR-DFC-2 would be exceptional.

7 See 26 U.S.C. §7502. Tax retums are consitiered 1o be filed on time if the
envelope containing the return bears a postmark with a date prior to, or
coincident with, the applicable filing deadline,
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Well, I would assume if that

@
probably

e the number, they
ut again I didn't press
them on the po thousands, and I left it at
that.

Q And 14 be in the thousands.

o me that would seem ully high, but again I

digri't press for more details.

Q If a customer purchases a service he does not

need, does he still have a right to receive that service?
- Certainly.

-"-""—"——-—_——---\_
On page 7, lines 1B through 20, you statgd, "In

ses, I would expect that the IRS enters fhe date that

ice." On what

ersonnel at the plants
on page 6, I asked about

ese instances, employed some

were received from/the Postal Service, a the answer I got

was that they gdd, which indicates to me thak, just to use a

hypothetica), if the piece was received on AprilNi5th and

yet was ot -~ and yet, the receipt was not detachef until

the th, the IRS empleoyees who detached the receipts woygld

e been able to identify that that piece Had been received

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250.1 Street, N.W., Suite 300
Washington, D.C. 20005
(202) B42-00234
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. Sources of value

The foregoing discussion of demand for retum receipts implies nothing
specific about what features of retum receipt provide value to customers. Given
that the product is used most often with certified mail, 1 think it is fair, though
admittedly vague, to suppose that customers use retum receipts primarily to
obtain acknowledgment that an article has been delivered 1o the recipient.

In response to a written interrogatory from Mr. Carlson which contrasted &
retum receipt with a stamped self addressed postcard to be signed and
subsequently mailed by the recipient, | noted that in providi}lg retum receipt
service the Postal Service acts, through its employees, as a disinterested third
party verifying receipt of the malil piece.' | also indicated that though | could
speculate as to some of the reasons why customers might prefer retum receipts

to Mr. Carison’s hypothetical service, { did not affirn that my answer could



10

1

12

13

14

15

16

17

18

19

20

21

23

22499

encompass all of the reasons why customers might choose return receipt service
(see response to DFC/USPS-T-40-1, part ¢, Tr. 3/849-50).

Mr. Carison’s testimony, which draws heavily on anecdotal evidence and
an inaccurate interpretation of my interrogatory response, suggests that the
value of retumn receipts is best measured by the degree of conformity between
the Postal Service's regulations as specified in the Domestic Mail Manual and its
delivery practices as established in its many post offices and distribution
facilities. Citing retum receipts obtained by David B. Popkin, some of which
contained elements that appeared to be incomectly completed, Carison equates
a delivering employee's failure 1o ensure completion of paricular elements ot a
retumn receipt with dimi_nished value. | do not doubt Mr. Carlson’s implicit claim
that he is unsatisfied with the retum receipt service he has received. Nordo |
doubt that such occurrences would prove vexing to customers with service
expectations that are as exacting as those of Messrs. Popkin and Carlson, or
that such customers would elect not to use retum receipts in the event of such
disappeintments. However, Mr. Carlson is an avowed hobbyist (See response to
interrogatory USPS/DFC-T1-10, part i, Tr. 24/12835), and as such uses a
different set of criteria in evaluating the Postal Service's products than most
other customers are likely to use. The available volume data on retum receipts
strongly suggests that, insofar as such service problems would have an adverse
impact on customer use, the problems Mr. Carlson finds with retum receipt
service are either not as widespread as he believes, or, despite such

deficiencles, customers continue o view retum receipt service as valuable. Mr,

17120
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Carlson's positive contributions 10 the record in this proceeding notwithstanding,

 his dissatisfaction with retumn receipt service is not a sufficiently compelling

reason to reject the Postal Service's value of service arguments, given the
demand evidence presented in support thereof.

Mr. Carison also cites Posta! Service Consumer Service Card records to
buttress his claims, pointing out that 4,689 complaiﬁts regarding retum teceipts
were received in FY 1996 (DFC-T-1, p. 24). He goes on to suggest that Postal
Service records are inaccurate and that the "actual” number of complaints is
likely to be much higher. If, for the nonce, one makes the extremely generous
assumption lthat the number is higher by a factor of 500, this number of
complaints would still be less than 1 percent of total retum receipt volume.*

Clearly these data belie Mr. Carlson’s claims, and thereby provide additional

support for the Postal Service's proposal.

lity of Service

, Carlson characterizes retum r service as “plagued

proceedings. While | will address the merits of this information, 1 will first

* 4,689 X 500=2.344M: FY 96 Return receipt volume is 235.7M:
2.344/235.7<1%.
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i e
uglas F. Carlson, Trial Brief pp. 8-9). \

Mr. Carlson asserts that, due to the large volume of receipts that are
received at the IRS Service Center in Fresho, C{\, several days may elapse
between the day of delivery to the Service Center, and the day on which retums
are opened and their attached retumn receipts completed. He concludes as a
result that some taxpayers may be subject to adverse action by the IRS in the
event that, due to this delay, a retum is deemed late. Mr. Carlson offers no
explicit example of such an event ever happening, nor does he suggest how rigid
application of DMM regulations would prevent this from happening. In most
cases, | would expect that the IRS énters the date that the letter was received
from the Postal Service.® Furthermore, the implication that the timeliness of tax

retumns is proven by the date of acceptance is at odds with statute.”

§ The situation in LR-DFC-2 would be exceptional.

7 See 26 U.S.C. §7502. Tax returns are considered to be filed on time if the
envelope containing the returm bears a postmark with a date prior to, or
coincident with, the applicable filing deadline.
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Mr. Carlson's second claim, that by providing a service that is not in strict
accordance with DMM regulations the Postal Service is defrauding the public is,
imespective of its factual basis, hyperbolic and arguably inflammatory. Itis
doubtful that many users of retun receipt service consult the DMM to ascertain
the exact conditions under which return receipts will be deli\fered to the recipient.
| would further assert that most customers are indifferent as to whether a Postal
Service employee or an IRS employee puls the date on the retum receipt. Some
may in fact consider that completion of the form by IRS employees to be better
evidence of the date of receipt by the agency.

The proposition that the Postal Service is passing IRS costs on to
customers is completely unsupported by any factual data, and indeed is utterly
implausible in that it would require that the IRS bill the Postal Service for the
work performed by its employees. It is my undgrstanding that the cost study
used to develop return receipt costs is based on a data collection that included
instances when retum receipts are delivered to large organizations, using
procedures similar to these described above.

In faimess to Mr. Carlson, nowhere does he explicitly claim that strict
adherence to DMM regulations would improve retum receipt service for
customers sending items to the IRS. But by implying that customers are not
getting what they pay for, he has implicitly advanced this position. Ignoring the
processing bottienecks that would be created at fiting deadlines, Mr. Carlson
suggests that customers would be better served if the Postal Service required

that IRS agents review each of the thousands of pieces that may arrive in a
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given day individdally before the Postal Service transfers control over them.
Considering the volumes that are involved, the Postal Service's current practice,
which requires that a dated manifest be signed prior to delivery, is a reasonable,
cost effective accommodation for a unique set of circumstances. Nevertheless
will agree with Mr. Carlson that regulations ought to provide an accurate
escription of the temms and conditions under which services are provided;
theNpstant case, however, the appropriate remedy would not be to req jfe rigid
adherelge to the existing regulations, but to amend the regulationsAo reflect the
exception that may obtain when receipts are delivered to IRS sérvice centers.

D. Service Enhancement

In support of its fee proposal for retum receipts, the Postal Service
indicated that it will ba\making a minor modificatigh to its retum réceipt forms to
contain a check off box that wéuld indicate thaf the customer's address is the
same as the address on theNront of the epvelope (USPS-T-40, p. 11). First
suggested by David B. Popkin {QocketNo. MC96-3, Initia! Brief of David B.

Popkin, p. 7} and later endorsed by\Mr. Carlson (Docket No. MC96-3, Initial Brief

of Douglas F. Carison, p. and by the Commission {see Docket No. MC96-3,

nnot base a fee increase on the added value of the addresg information”. In

its Recommended Decision in Docket No. MC96-3, however, the Commission

A
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ore appropriate way to proceed, but thank you for th

2 info tion, Ms. Dreifuss.

3 rlson, Mr. Plunkett, Mr. in, we are all
4 ready. Let's fire a

5 Whereupon,

6

7 the witness cn the

8 been previou

9 testifj as follows:
10 CONTINUED CROSS EXAMINATION

BY MR. CARLSON:

12 Q On page 3 of your testimony, rebuttal testimony,
13 at lines 12 through 15 you stated in part, "I think it is

14 fair though admittedly vague to suppose that customers who
15 use return receipts primarily to obtain acknowledgement that
16 an article has been delivered to the recipient®" -- the

17 clause that I read doesn't really make sense standing by

18 itself, but if you refer to those lines, could you give me
19 an example of someone who uses return receipts for reasons
20 other than to obtain acknowledgement that an article has

21 been delivered to the recipient?

22 A I guess what I was referring to was not so much

23 that reason as opposed to a different reason but that reason
24 as opposed to the additional features that are included on
25 the return receipt, just to suggest that most customers,

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
(202) B42-0D034
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though admittedly not all, are not that concerned with for
example the printed name block.

I mean to some I'm sure that's an important
feature but to most they are presumably willing to accept
that if there is no name in that block then the name of the
addressee is the one that would have appeared and if that
block were to be found empty, those customers would not be
particularly upset in finding it so, given that they did
receive what the really wanted, which was an acknowledgement
that an article had been delivered to the recipient.

o How do you know that most customers don't care
about the print name block?

A Well, that -- I mean that and many other things
are inferences that I have drawn from the demand evidence
that we presented in this proceeding.

My belief is that if such were an extremely
important congsideration to many of the users and if, as has
been suggested, that that is not commonly provided then we
would héve many customers just not using the service
anymore, but on the contrary the use of the service has
grown dramatically over the years at a much higher rate than
most Postal Service producté.

o How do you know that the growth in volume is not
attributable to other reasons and that the volume would have

grown even more if people were happy with the print name

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
(202) B42-0034
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block?

A I guess without knowing to what reasons you are
referring, it's difficult for me to answer that question.

Q Let's say there were a law passed requiring
certain types of notices to be served by return receipt and
that law were passed at the same time that the volume
started to grow, so that would be a reason for the velume to
increase.

Is it possible the volume would have increased
even more if customers had been happier with the print name
block?

A I am not aware of any specific events such as that
taking place.

One thing I would point out is that I mean there
are certain events taking place that would tend to make one
think that the volume of return receipts are to be
declining.

For example, as has been presented throughout this
docket, one of the common uses of return receipts is for
the -- for customers sending articles to the Internal
Revenue Service, and it's been presented and I have no
reason to doubt that that accounts for millions of return
receipts in a given year.

Well, in the past several years the IRS has made-

great efforts toward increasing the volume of returns that

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
(202) 842-0034
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are filed electronically, which overall would tend to reduce
the number of pieces going through the Postal Service and
therefore reduce the nutber of return receipts, so just as
there may be events that take place that would cause volume
to increase, there are known events that are taking place
that would cause volume to decline in the absence of other
consideration.

Q But you don't know, you have no specific evidence
singling out the print name block as a reason for either an
increase or a decrease in the volume of return receipts?

A Nothing qguantifiable, no.

o] 8o it's definitely true -- it would be not vague
but clear to assume that most if not all customers who use
return receipt are using it at least to obtain
acknowledgement that an article was delivered?

A That's what I believe is contained in my
testimony, yes.

o] Well, I'm asking for clarification.

A I don't understand what's unclear. I mean, I
think that is what is said, is that customers are using it
mainly to obtain acknowledgement that an article's been
delivered to the recipient.

Q Okay. And furthermore, it would be surprising if
there were a customer who were using return-receipt service

not to -- because he didn't care about obtaining

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C, 20005
{202) B42-0034
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acknowledgement that the article was delivered.

A Correct.

Q Okay. Okay. Do you believe that the date of
receipt on a return receipt contributes to the value of the
service?

y-\ I mean, I would count that -- I mean, I would
describe that in the way that I've described some of the
other features. I would assume that to some customers the
date of receipt is a consideration that they consider
important, but on other hand I'd say that it's far from
clear that it matters to most senders of return receipts.

0 Although you don't know that it doesn't matter to
most .

A Again, there's been no study to attempt to
guantify the extent to which customérs value a specific
element of return-receipt service.

Q And would it be safe to say that the value of
return receipt derives from the various elements of the
gervice such as the print name block, the date of receipt,
the fact that it tells a person that the article was
delivered, rather than from the fact that those elements
happen to be listed in the Domestic Mail Manual?

A Well, I mean, the value of any service is a
combination of things. I mean, those are all elements. I

would say the main thing that customers appear to want from

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
(202) B42-0034
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reéturn-receipt service is, as I've said, acknowledgement
that an article's been delivered to the intended recipient.

Now there are other factors that have nothing to
do with the return receipt itself, for example, the fact
that it is used with First Class mail, that it is relatively
convenient compared with some other alternatives. These
things contribute to the value that customers seem to derive
from using return-receipt service.

] and you can't tell me today by citing any evidence
that 90 percent of customers don't care or that -- let me
state this another way. Suppeose I said that 90 percent of
customers want a correct date of receipt on their return
receipt. You don't have any specific evidence to tell me
today that that's not true.

A No, I do not.

o] And the fact that the customers might want to know
the date of receipt is derived from the fact that they want
to know the date of the receipt, not the fact that the
Domestic Mail Manual says that a return receipt shall
provide the date of receipt.

A Well, as I've said in my testimony, I don't think
that most customers in the first case are even aware of the
DMM requirements that obtain in the case of return-receipt
service, and I think it's fair to say that most customers

are completely indifferent as to what the DMM says.

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 1 Street, N.W., Suite 300
Washington, D.C. 20005
(202) 842-0034
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I mean, when they purchase a service from us, and
in this case we'll use return receipt as an example, they
have some specific expectations about what that will provide
which in my opinion have almost nothing whatscever to do
with what's in the Domestic Mail Manual.

Q So if it turned out to be true that 50 percent of
customers wanted a correct date of receipt on the return
receipt, it would be because they want that date of receipt,
not because the DMM says that it should be provided.

A I would say that's probably true.

Q And similarly if customers -- if 90 percent of
customers some survey showed wanted some sort of legible
signature or an illegible signature plus a print name block,
they'll then -- that that's because they want those items,
not because the Domestic Mail Manual says there should be a
name printed.

A I'll agree with the supposition, but I'd also want
to point out that I think that in both cases the 20-percent
number that you've used is highly implausible. I think it's
likely to be a far smaller number than that in both cases.

Q But again you have no specific evidence on -- to

say one way or another.

A Correct. There's no quantified evidence
available.
Q The print name block does add value to the service

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
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for at least some customers.
A Presumably, but again, I mean, there's been no
attempt to my knowledge to gquantify that.
Q Didn't the Postal Service state in either this

proceeding or MC96-3 that the print name box has contributed
to enhancing or adding value to the service?

A Yes.

Q And similarly the fact as you noted in your
interrogatory response that the Postal Service acts as a
disinterested third party in cbtaining a signature and
correct date of delivery. That role that the Postal Service
plays does contribute some value to the service for at least
some customers.

A Presumably in some cases; yes.

Q So for those customers if the Postal Service
didn't in fact act as a disinterested third party, the
service would be less valuable to those customers than if
the Postal Service did act in that role.

A And again, assuming those limitations, I'd say

that's a fair statement.

Q In your rebuttal testimony. page 4, lines 12
through 16 -- .

A Yes,

Q -- why does the fact that Mr. Popkin and I want

the print name box to be filled in cause our standards to
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be, in your words, "exacting" -- why is it not
understandable or normal that we would expect the print name
box to be filled in since it is sitting right there on the
greén card?

A I would like to clarify a little bit my use of the
word "exacting™ in this context and I used it in a relative
sense and if I could read verbatim what the testimony says,
I think I can better explain what was meant.

I'll begin in my rebuttal testimony, page 4, line
11. It says, "I do not doubt Mr. Carlson's implicit claim
that he is unsatisfied with the Return Receipt service he
has received, nor do I doubt that such occurrences would
prove vexing to customers with service expectations that are
as exacting as these of Messrs. Popkin and Carlsen or that
such customers would elect not to use Return Receipts in the
event of such disappointments" -- which is to say that if a
customer has extremely strict expectations about what they
want from Return Receipt service and those expectations are
not met, my belief is they would ne longer use the service,
which is another way to say that based on the demand -
evidence that we have presented it appears -- and 1 know of
no evidence to the contrary -- that customers are in general
extremely pleased with the service they have received when
they have purchased Return Receipt service and again that is

based primarily on the fact that despite relatively large
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price increases the volume has continued to grow at a rate
much faster than that for most of our services.

o Could the lack of an observable effect bhe due to
the fact that a First Class one ounce letter with Certified
and Return Receipt costs about $2.77, whereas the only
alternative that you propose that-is anywhere near in price
ig UPS service, which was about $5.357

A Well, that is one alternative. I mean there are
other alternatives, and one alternative would be for
customers just not to use the service at all, but it does
not appear that that is happening, which I attribute to the
fact that in general customers are pleased and consider that
Return Receipts offer a good value for the price.

Q But suppose the print name box is one of the
elements that contributes to the wvalue of service for me or
Mr . Popkin or another customer, and wé also do not think the
print name box is worth another two or three dollars to go
ocut to a competitor.

Would it be safe to say that we might still
continue to use Return Receipt service despite the service
deficiencies because the alternative is so much more
expensive?

A In an individual case, that may be true.

What I am talking about, however, is in the

aggregate it seems unlikely to me that §C many customers

ANN RILEY & ASSOCIATES, LTD.
Court Reporters
1250 I Street, N.W., Suite 300
Washington, D.C. 20005
(202) 842-0034



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

22514

17159
would continue to use a service with which they were
dissatisfied.

They would either seek out alternatives and in
some cases would be willing to use more expensive
alternatives or in other cases they would just decide not to
use the service if they continue to be disappointed with the
results that they got.

Given that that does not appear to be happening, I
cannot -- I find it difficult to accept the proposition that
that is what is indeed going on.

] Suppose I were sending a large quantity of flats
to somebody who had a post office box in Berkeley,
California and I have testified in this case that there are
delivery problems with First Class flats, and let's focus on
flats that weigh two ounces.

What would you expect me to do given my
dissatisfaction with that service? Would you expect me to
use Priority Mail for three dollars instead of First Class
mail for 55 cents, just even though -- and focusing on the
fact that I am dissatisfied, what would you expect me to do?

A I guess it depends on what they are being used for
and what you expect when you get the service.

There is a difference with respect to First Class
flats compared to Return Receipt service. I mean if you

have to get an item from one place to another and it is in
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hard copy you have limited alternatives to First Class mail.

You can fax it, and maybe that is an alternative,
but if you want to get the exact copy from one place to
another, you have to get it there in some way.

Return receipts are a little bit different. I
think you used the term "a premium service" in that they are
used over‘and above the basic mail service that the Postal
Service provides.

Customers can get a document from one place to
another without using Return Receipt service, so I would say
that the need for an alternative is less important in the
case of Return Receipt service than it is in the case of
First Class flats.

Q On line 19 on that same page, you suggested that I
use a different set of criteria in evaluating the Postal
Service's products than most other customers are likely to
use.

Do you have any evidence as to the criteria that
other customers use?

A No, insofar as I believe that those criteria are
reflected in the demand evidence, and in this case I mean I
think that demand evidence shows that based on whatever
criteria Return Receipt customers are using to evaluate the
type of service that is provided, they are satisfied and are

therefore continuing to use the product in greater amounts
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every year.

Q Is it possible though that we continue to use the
service because sometimes it works and sometimes it doesn't,
hut we don't think it is worth spending $3 more for an
alternative service, so the demand -- so we continue to use
the service even though we are not entirely happy with it?

A VWell, I mean that hegins to get at the issue of
the elasticity of demand for Return Receipts.

I would propose that the available volume evidence
suggests that demand is somewhat inelastic, although the
Postal Service hasn't presented any evidence on the
elasticity for Return Receipt service.

Yes. I mean if customers are marginally satisfied
with the product and any increase in the price of that
product will cause some customers to defect, but my price
proposal for Return Receipt is predicated on the fact that
the Postal Service dees not believe that an increase of the
magnitude that has been proposed will cause defection of
customers from return receipt service.

Q
MC26-3,

In the Postal Service's reply b in Docket

stal Service stated,

€ferring to an August 1,
1996 memorandum from rran, the Manager of Delivery,

els any implication that
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A Well, I would assume if that were the number; they

probably would have said a million, but again I didn't press

them on~the point. They said thousands, and left it at
that.
Q And so 00,000 would be in e thousands.
A To me that\would seem awfully high, but again I
didn't pfess for more de

o If a customer p ses a service he does not

age 7, lines 18 through 2

you stated, “In

asis do ybu make that statement?
A Well, when I spoke to the personnel at the plants
that are listed in that footnote on pége 6,.I asked about
whether or not the IRS, in these instances, employed some
kind of inventory system to indicate to the people
processing the return receipts the date on which those items
were received from the Postal Service, and the answer I got
was that they did, which indicates to me that, just to use 2
hypothetical, if the piece was received on April 15th and
yet was not -- and yet, the receipt was not detached until
the 16th, the IRS employees who detached the receipts would

have been able to identify that that piece had been received
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on the 15th and to apply the appropriate date to the
receipt.

o] But we don't know for certain that that always
happens.
b3 Well, again, I asked what the procedure was and if

they havelprocedures in place to make sure that the correct
dates were applied, and I was told that they did. I did not
go out to conduct any further investigation.

Q So, wouldn't that inveolve a postal employee going
through every return receipt and comparing the number -- the
article number on that return receipt with some sort of
record of when that piece was received and making sure that
that the date was correct?

A Well, I guess if the goal were absolute certainty,
that's the only way to achieve that.

Again, I'm not certain that's the best way for
this service to be provided, and that is sort of the point
of this section of my testimony, that the Postal Service and
the IRS, in these instances, have developed a system that
allows for normal operations to take place at IRS service
centers but that still provides a safeguard to ensure that
return receipt customers are getting the correct date on
their return receipts.

You're right. An additional safeguard could be

for the Postal Service to go in and visually inspect every
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single article, but that would undoubtedly create some other
kinds of problems.

o But these procedures that are in place clearly
allow for the possibility that my return receipt will be
dated with a date cother than the one on which the article
was received, since the Postal Service doesn't check every
return receipt against the delivery manifest.

A Well, again, to the extent that no system is
foolproof, that's true, but this is intended to be -- this
is a procedure that has been put in place to safeguard
against that.

Will there be exceptions when that is still
allowed to happen? Given the magnitude of the volume
involved, certainly, but those would certainly be exceptions
and not the rule.

Q You were concerned about a backlog that would
result at the delivery acceptance point if the Postal
Service required the return receipts to be signed and date-
stamped in the presence of a postal employee?

A Yes.

Q At Christmas-time, doesn't the postal service add
staff to deal with high mail volume?

A Yes, they do.

Q Why couldn't the Postal Service assign more

employees to processing these return receipts at the peak
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time of the year?
A Well, again, the Postal Service has limited
control over what the Internal Revenue Service does.

What could happen is, if the Postal Service drives
up to the IRS service center on the night of April 15th with
150,000 first-class flats with return receipts and says,
well, I néed to stay here while you go through these one by
one and sign each return receipt, I can certainly envision a
situation where the IRS says, well, I'm sorry, we're too
busy to do that right now; if you come back tomorrow, we may
have the staff available to do so, but we are not equipped
to do that right now.

1 don't think, in that case, we would be doing our
customers any kind of a favor by delaying that mail a day
until the IRS is ready to deal with that volume.

I think the procedures put in place are a
reasonable way to deal with what is, you know, an unusual
situation, which is IRS peak processing time in which, yes,
the Postal Service can exert some influence but cannot
dictate to the IRS what staffing levels they will maintain
and cannot force the IRS to sit present while the Postal
Service requires them to go through these one by one.

In this case, the Postal Service does present a
manifest that includes each article number for each piece,

and the IRS signs that manifest, acknowledging acceptance of
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1 each of those articles.

2 0 And the cost of the system is the possibility that

3 the date of receipt that's stamped on the return receipt

4 will not be the correct cne.

5 A But again, procedures have been put in place to

[ guard against that eventuality.

7 Qo | And every facility that you spoke with had this

8 procedure in place?

9 A The ones 1 spoke to, yes.

10 Q And you got no sense from them what percentage of
11 the return receipts they checked or whether they 4&id it at
12 only certain times of the year?
13 A I don't know what you mean exactly, what

14 percentage they checked.
15 Q Well, did they verify the dates on 10 percent of
16 = the return receipts or 90 percent of them?

17 A I didn't ask for specific numbers. The ones that
1e I asked indicated that they had personnel on-site at the IRS
19 to do gquality control checks, but I did not press them for
20 specific amounts.

21 ' Q So, checks mean scmetime but not always, not

22 everything.
23 A Well, again, it's not a 100-percent verification
24 process, no.

—2—  —O—"WH¥ hatg the burden—of-proofof showing-that return ..
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ERROR-IN-THE-VARIABLES BIAS IN NONLINEAR CONTEXTS'

By Zvi GRILICHES AND VIDAR RINGSTAD

It 15 weLL xNown that if some of our “independent™ variables are subject 10 random errors
of measurement, the respective regression coefficients are likely to be biased towards zero.
It is not clear, however, what happens if the same error-ridden variables are used o estimate
a more complicated, nonlinear relation. It is the purpose of this note to investigate this problem
for a very simple type of nonlinearity and to indicate, not surprisingly, that matters only get
WOrse.

Consider the following simple “true” model, y = a + fx + yx? + ¢, with Ee = Eex =
Eex? = 0. This model could be interpreted as the Kmenta [2) approximation to the CES
production function, if we define y = In Q/L and z = In K/L. Unfortunately, we may not be
able to observe the true x, but only z = x + v where v is a random error of measurement
assumed to be independent of x (Exv = 0). What then is the relationship between the regression
coefficients estimated using the observed variables y = & + 8z + 922 + &i and the true
parameters § and y7 We are particularly interested in the properties of our estimator of 7,
since it will be our only indication of the nonlinearity in the relation. To answer this, we first
have to rewrite the true relationship in terms of the observed variables

y=a+ Bz 4+ vzt + [—fiv — y0? — 2yxv + €}

where the terms inside the brackets constitute the new disturbance which is clearly not indepen-
dent of z or 22.

We also have to make some assumptions about the distributions of the various variables.
We shall make strong assumptions which will enable us to get exact results, but we believe
that our general conclusions are not very dependent on these specific assumptions. We shall
assume, as is usual in such contexts, that the error r has a zero mean and is normally distributed.
In addition, we shall assume that x, the true (systematic) part of z, is also normally distributed,
and hence so is z. (In lerms of our example, we assume that both the true and the measured
K/L are distributed lognormally.) Actually what we need here is only the assumption of
symmetry of the distribution of x. Normality implies it but is not necessary for it. We shall vse
the assumption of normality later on, however, to get a particularly convenient form for our
final result. The assumption of symmetry is a reasonable general assumption. It simplifies the
algebra enormously by eliminating all odd moments. In a sense E(x — X)(x — %)* = 0 is the
best possible case for (second order) nonlinear estimation, as it abstracts from any multi-
collinearity problems. .

Assume also that we measure the variables so that £ = 0 and hence 4 = X = 0, and that
we parameterize our probleminsucha way thats? = 1,62 = A < l,andhenceal = 1 - A < L.
Thus

x ~ N1~ 2),
v ~ N, 4),
z ~ N0, 1},

and therefore
22 ~ 31, D),
v~ x4, 22%).

' This note is a byproduct of a larger study, Economies of Scale and the Form of the Production
Function, forthcoming, which has been suppoited by the Norway Central Bureau of Statistics and by
grants from the Ford and National Science (GS 712 and GS 2026X) Foundations.
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Now, we know (see [1, 3]) that
E(ﬁ - ﬂ) = _ﬁbvz-x3 - zvb(-ﬂ:]!'sz - va‘x-:’v
E(? - ?) = _ﬂbw‘-z - 2ybtxv!33-8 - ?blﬁs’-xv

where, for example, b,, ,: is the (partial) regression coefficient of z in the (auxiliary) regression
of von z and 22,

Since under our assumption of symmetry Ezz? = 0, all of these partial regression coefficients

are equa! to the corresponding simple (first order) ones. Moreover, given these same assump-
tions

Cov (xv)z = [Cov x*t + Covxt’} =0,
and similarly

Covi?z = Covuz? = 0.
Therefore

plim (8 — B) = — fb..,

pPim (% — 1) = — 29Dz — Yhoas.

We now use the assumption of normality, which gives us simple relationships between the
variance of a variable and the variance of its square, and our definitions (¢? = 1and 67 = 4),
to get

bl‘! = )"
_ Cov{xp)z? _ AEx*)(Er?) -
bl.w)z‘ = Var 22 = 3 = j-“ - 2}
2
bvzgz = Var: = Az.
Hence, plim(f — 8) = — i, which is the same result as in the bivariate case (since Ezz? = 0)

but
pim(j — ) = =241 — &) — yA* = —yd(2 - A).

We can rewrite this approximately as B~pBt—2and §~y1-21+ 2=l -2
That is, in the presence of errors in variables, the coefficient of the linear term is biased toward
zero by the factor (1 — 1), where 4 is the fraction of error variance in the total variance in the
observed variable. At the same time, the nonlinear term (the coefficient of the square of the
variable in question) is also biased towards zero but as the square of the bias factor of the linear
term.? Thus, the problem of errors-in-variables is significantly more serious for the nonlinear
terms. For example if A = .2, B/8 ~ 8 but §/y ~ 64;if 1 = 4, §/B ~.6 but 9y ~ .36, and
if A = .6, B/8 ~ .4 while §/y ~.16.

In the Kmenta CES example, y = —1/2p8(1 — B), where the elasticity of substitution
¢ = 1/(1 + p). Let the true o = § (hence p = 1)and B = §; then the true y = —.125. Butil 2
were equal to 4, then § ~ —.031. We are doubly in trouble here. Not only are we trying to

31f the x's are not normal but still symmetric, we can write Var x? = k2{1 — 1) where k = 1 if
x ~ N{0,1 = 1). Then Varz* = 24, whered = k — {k = 1)(21 — 42} > 1 ifk > } and vice versa. Given
this apparatus, we get d in the denominator of the plim {y* — y)expression and our last formula becomes
-1 {1-a2
? ~7 1- =y I *
d 1 = [k — 1)/k)(24 — &%)
implying that the error-bias in § would be smaller if the true x's are more than normally spread out in
the sample and larger if the true spread in x's is less than that.
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estimate a relatively small coefficient (even without errors in z, the t ratio for estimates of y
will be less than one-half of the ¢ ratio for ) but the presence of random errors in the measure-
ment of this variable will make its coefficient even smaller (reduce it to a quarter of its true
size for 4 = 5).2

All of the above discussion has been in terms of simple regression with an added square
term. It can be viewed, however, as an approximation to the estimation of more general non-
linear models. For example, the Kmenta model mentioned above has been interpreted as a
Taylor series approximation (around p = 0) for the logarithm of the CES production function

Q= ABK™ + (1 — HL™°)"Vee",

This function can also be estimated directly by various nonlinear methods.* While we have
not proven this, we expect that our argument applies equally well to direct nonlinear estimates
of curvature parameters such as p, since under a wide range of circumstances the two procedures
yield very similar results.

In short, errors in variables are bad enocugh in linear models. They are likely 10 be disastrous
to any attempts to estimate additional nonlineanty or curvature parameters.

Harvard University
and
University of Oslo

Manuscript received May, 1969 revision received June, 1969.
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¢ See Thornber [4] for a discussion of other difficuities of estimating p or ¢ from such models. He
shows that inferences about & are likely to be very poor in small samples, since the likelihood lunction
with respect to o does not possess moments of any order. This is a consequence of the nanzero probabil-
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Even allowing for such reservations there has been much progeesy over the
years as a result of the enormous increase in the quantity of data avaidable 10 us,
in our ability to mampulate them, and in our understanding of therr hrulanons,
Especially noteworthy have been the development of vanous longitudinal micro-
data scts (such as the Michigan PSID tapes, and Qhio Siate NLS surveys, the
Wisconsin high school class follow-up study, and others),? the computenzation of
the more standard data bases and their easier accessibility at the micro, individual
response level (1 have in mind here such developmenis as the Public Use Samples
from the U.S. Population Census and the Current Population Surveys) * Unior-
tunately, much more progress has been made with labor force and sacome type
data, where the samples are large, than in the availabibty of firm and other
market transaction data. While significant progsess has been made in the collec-
tion of financial data and security prices, as exemplified in the development of the
CRISP and Compustat data bases which have had a uremendous impact on the
field of finance, we are still in our infancy as far as our ability 10 interrogate and
Ect reasonable answers aboul other aspects of firm behavior is concerned. Most of
the available microdata at the firm level are based on legally required responses to
questions from various regulatory agencies who do not have our interests exactly
in mind.

We do have, however, now a number of extensive longitudinal microdata sets
which have opened 3 host of new possibilities for analysis and also raised a whole
range of new issues and concerns. Afier a decade or more of studies that iry to
use such data, the resulls have been somewhat disappointing. We, as economeln-
cians, have learned a great deal from these efforts and developed whole new
subfields of expertise, such as sample s¢lection bias and panel data analysis. We
know much more about these kinds of data and their limitations but it 15 not clear
that we know much more or more precisely about the roots and modes of
economic behavior that underlie them.

The encounters between econometricians and data are frustrating and ulny-
mately unsatisfactory both because econometricians want too much from the data
and hence tend to be disappointed by the answers, and because the data are
incomplete and imperfect. In part it is our fault, the appetite grows with eating,
As we get larger samples, we keep adding variables and expanding our modeis,
untit on the margin, we come back 10 the same insignificance levels.

There are at least three interrelated and overlapping causes of our difficulties:
(1) the theory (model) is incomplete or incorrect; (2) the units are wrong, cither at
too high a level of aggregation or with no way of allowing for the helerogenenty of
responses; and, (1) the daia are inaccurate on their own terms, incarrect relagve

'Sec forus (19K2) For a recent survey of longitudinal data ser-,
* This survey 18, perforce, contered on U S data and expenence. which s what | am most Fammmleas
with  The overall developroemts, bovwever, hawe followed simodar panierns i mose ather countoes
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10 what they purport 1o measure. The average apphed study has 1o struggle with
all three possibilines.

Al the macra level and even in the usual industry level study, 1115 common o
assume away the underlying heierogeneity of the indivmidual aclors and analyze
the data within the framework of the “representative™ firm or “average™ individ-
uak, tgnoring 1he aggregation difficultics associated with such concepts. ln analyz-
g microdata, 1115 much more difficult to evade this issue and hence much
attention s pard to vanous individual “effects” and “ heterogeneity” issues, This
1s wherein the promise of longiudinal data bies - their ability 10 control and aliow
for addiive individual effects. On the other hand, as is the case tn most other
aspects of economucs, there is no such thing as a free lunch: going down to the
wthvidual level exacerbates both some of the left out vanables problems and
the importance of errors in measurement. Vanables such as age, land quahity, or
the occupational structure of an enterprise, are much less vanable in the aggre-
gate. Ignonng them al the micro level can be quite costly, however. Similarly,
measuremen| errors which tend to cancel out when averaged over thousands or
even millions of tespondents, loom much larger when the individual is the unit of
analysis.

1t 15 possible. of course, 10 take an alternative view: that there are no data
problems only model problems in econometncs. For any set of data there is the
“night” model. Much of economeinics is devoled 10 procedures which try to assess
whether a parucular model is “right” in this sense and to ¢ritena for deciding
when a particular model fits and is “correct enough™ (see Chapter 5, Hendry,
1983 and the hiterature cited there). Theonsts and model builders often proceed,
however, on the assumplion that ideal data will be available and define variables
which are unlikely 1o be observabie, at least not in their pure form. Nor do they
speci{ly in adequaie defail the connection between the actual numbers and their
theoretical counterparts. Hence, when a contradiction anses 11 is then possible to
argue “'so much worse for the facts.” [ pracuce one cannot expect theones to be
specified to the last detail nor the data to be perfect or of the same guabty in
different contexts. Thus any senous data analysis has 10 consider at least two data
generation components’ the economic behavior model descnbing the stimulus.
response behavior of the economic actors and the measurement model, describing
how and when Lhus behavior was recorded and summarized While it is usual to
focus our attention on the former, a complete analysis must consider them both.

In this chapter, | discuss a number of issues which anse 1n the encounter
hetween the economeincian and economic data. Since they permeate much of
econametrics, theee 15 guite a bit of overlap with 30me of the other chapters in the
Handhook. The emphasis here, however. 15 more an the problems thal are posed
by the vanous aspects of ecconomie data than on the spealfic technological
sodutions 10 them
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Such considerations lead one 1o consider the rather amorphous nouwon of data
“quality.” Uhimately, quality cannot be defined independentty of the intended
use of the particular data set. In practice, however, data arc used for muluple
purposes and Lhus it makes some sense 1o indicate some general notions of data
quahty. Earlier | listed extent, reliability, and vahdity as the three major dimen-
sions along which one may judge the quabty of different data sets. Extent 15 &
synonym for richness: How many variables are present, what inieresuing qucs-
tions had been asked, how many years and how many firms or individuals were
covered? Reliability is actually a technical term in psychomeinics, reflecting the
notion of replicability and measuring ibe relative amount of random measure-
ment ¢error in the data by the correlation coeflicient between replicated or related
measurcment of the same phenomenon. Note that a measurement may be highly
reliable in the sense that it is a very good measure of whatever it measures, but
still be the wrong measure for our particular purposes.

This brings us o the notion of validity which can be subdivided in turn into
representativeness and relevance. 1 shall come back 1o the issue of how repre-
sentative is a body of data when we discuss issues of missing and incomplete data
[t will suffice (0 note here that it coniains the technical notion of coverage: Did all
units in the relevant universe have the same {or alternatively, different but known
and adjusted for) probability of being selected into the sample that underlies thus
parucular data set? Coverage and relevance ase related concepts which shade over
inta issues that anse from the use of “proxy” varables in econometncs. The
validity and relevance questions relate less to the issue of whether a particular
measure is a good (unbiased) estimate of the associated population parameter and
more 10 whether it actually corresponds 1o the conceptual vanable of interest.
Thus one may have & good measure of current prices which are still a rather poor
indicator of the currently expected future price and relatively extensive and well
measured 1Q 1est scores which may still be a poor measure of the kind of
*ability” that is rewarded in the labor markel.

3. Data and their discontents

My father would never car “cuthen” (rminced mean patues) in the old
country He would not cat them i restaurans because he didn't know
what they were made of and he wouldn't cat them at home because he
dd

AN OLD FAMILY STORY

I will he able 10 1ouch on only a few of the many senous prachical and conceptual
problems thiat anise when one tnes to use 1he vanows economic data seis. Many of
these isues have been discussed at length in the nahonat income and growth
messutemend kiterature but are not usually brought up in standinrd econometres

¢h 0y Foenamie Dara Do 14

counses of included in ther curnculum. Among the many official and semi-otlicial
data base reviews one should mention especially the Creamer GNP Improvement
report (U5, Depantment of Cominerce, 1979), the Rees commulice report on
productivity measurement (National Academy of Sciences, 1979), the Sugler
commitice {(National Bureau of Economic Research, 1961) and the Ruggles
{Council on Wage and Price Subility, 1977) reports on price stalistics, the
Gordan (President’s Commitiee to Appraise Employment Statisucs, 1962), and
the Levian (Natonal Committee on Employment and Unemployment Statistics,
1979) commuttee reports on the measurement of employment and unemployment,
and the many conlinuous and illuminating discussions reported in the proceed-
ngs volumes of the Conlerence on Research in Income and Wealh, especially in
volumes 19, 20, 22, 25, )4, 38, 45, 47, and 48 (National Bureaw of Economuc
Research, 1957...1983). All these references deal aimost exclusively with U.S.
data, where the debates and reviews have been more extensive and public, but are
also relevant for simlar data elsewhere.

At the national income accounts level there are senous definitional problems
about the borders of economic activity (¢.g. home production and the invesiment
value of children) and the disunction between final and intermediate consumption
actvity (e.g. what [raction of education and hecalth expenditures can be thought
of as final rather than intermediate “goods™ or *bads™). There are also difficult
measurement problems associated with the existence of the underground economy
and poor coverage of some of the major service sectors. The major serious
problem from the econometric point of view probably occurs in the measurement
of “real” output, GNP or indusiry output in “constant prices,” and the associated
growth measures. Since most of the output measures are denved by dividing
(“deflating™) current valuc totals by some price index, the quality of these
measures is inumately connecied 10 the quality of the available price daca.
Because of this, it is impossible to treat errors of measurement at the aggregale
level as being independent across pnce and “quantity” measures.

The availabie price data, even when they are a good indicator of what they
purport to measure, may sull be inadequate for the 1ask of deflation. For
productivity compansons and for production function estimation the ohserved
prices are supposed 1o reflect the relevant marginal costs and revenues i a, at
least temporary, compeutive equilibrium, Bul this is unlikely 10 be the case 1n
sectors where output or prices are controlled, regulated, subsidized. and sold
under various mulli-part tariffs. Because the price data are usually based on the
pnang of a few selected items in particular markets, they may not correspond
well 1o the average realized price for the industry as a whole dunng a parucular
tune persad, both because “casily priced” items may not be representative of (he
average price movements i the industry as a whole and because many transac-
hens are made with o lag, based on long term contracts There are also problems
assockted with geting accurate transactions prices (K ruskal and Telser. T960 104
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Connecied 10 this is also the difficulty of getting relevant tabor pnces Most of the
usual data sources report or are based on dala on average annual, weekly, or
hourly earnings which do not represent adequately cither the marginal cost of a
particular labor hour 1o the employer or the marginal return 1o a worker from the
additional hour of work. Both are affected by the existence of overume premia,
fringe benefils, training costs, and transportation costs. Only recently has an
employment cost index been developed in the United States. (See Triplett, 1983
on this range of issues.) From an individual worker's point of view the existence
of non-proportional tax schedules introduces another source of discrepancy
between the observed wage rales and the unobserved marginal after 1ax net
returns from working (see Hausman, 1982, for a more detailed discussion).

While the conceptual discrepancy between the desired concepts and the avail-
able measures dominates at the macro level the more mundane topics of errors of
measurement and missing and incomplete data come to the fore at the micro,
individual survey level. This topic is the subject of the next section.

4. Random measurement errors and the dassic EVM

To disavow an er7or 15 10 iDvent retoacuvely
Gioethe

While many of the macro senes may be also subject 1o errors, the errors in them
rarely fit into the framework of the classical errors-in-vanables model (EVM) as 1t
has been developed in econometrics {(see Chapter 23 for a detailed exposition).
They are more likely to be systematic and correlated over time* Micro data arc
subject to at least three types of discrepancies, “errors,” and fit this framework
much better:

(a) Transcription, transmission, or recording error, where a correct response is
recorded incorrectly either because of clerical error {(number transposition, skip-
ping a line or a column) or because the observer misunderstood or misheard the
original response.

{b) Responsc or sampling error, where the correct underlying vatue could be
ascertained by a more extensive sampling, but the actual observed value 15 not
equal to the desired underlying population parameter. For example, an 1Q test is
based on a sample of responses 10 a selected number of questions. In pnnciple,
the mean of a large number of tests over a wide range of questions would

*For an “error analysis” of nationa) income sccount data hased on the discrepancies between
prehminacy and " final” estimates see Cole (1969}, Young (1974), and Hatuvaky (1972} T'or an carher
more detaled evaluation based on subjpective cstimates of the differenial gualiny of the vanous
“angredienss’” (sencs) of such sccounts see Kuznets {1954, chapier 12)

Ch 2% Foonsmi Duta Toues 1471

converge Lo some mean level of “ability” associated with the range of subjects
being tested. Sinularty, the simple permanent income hypothesis would assert that
reporied income in any particular year is a random draw from a polential
population of such incomes whose mean 1s * permanent income.™ This is the case
where the observed vanable is a direct but fallible indicator of the underlying
relevant “ unobservable,” “latent factor” or varnable (see Chapter 23 and Griliches,
1974, for more discussion of such concepts).

{c) When one is lacking a direct measure of the desired concept and a “ proxy”
vanable 15 used instead. For example, consider a model which requires a measure
of permanent income and a sample which has no income measures at all but does
have data on the esimated market value of the family residence. This housing
vajue may be related to the underlying permanent income concept, but not clearly
so. First, it may not be in the same units, second it may be affected by other
vanables also, such as house prices and family size, and third there may be
* random” discrepancies related to unmeasured locational factors and events that
occurred at purchase time. While these kinds of "indicator” variables do not fit
strictly into the classical EVM framework, their variances, for example, need not
exceed the vanance of the true “unobservable,” they can be fitted into this
framework and treated with the same methods.

There are two classes of cases which do not really fit this framework: Occasion-
ally one encounters large Lranscription and recording ervors. Also, sometimes the
data may be contaminated by a small number of cases anising from a very
different behavioral model and for stochasuc process. Sometimes, these can be
caught and dealt with by relatively simple data editing procedures. 1f this kind of
problem is suspected, it is best to turn Lo the use of some version of the “robust
estimation” methods discussed in Chapter 11. Here we will be dealing with the
more common general errors-in-measurement problem, one that is likely to afTect
a large fraction of our observations.

The other case that does not it our framework is where the true concept, the
unobservable is distributed randomly relative to the measure we have. For
example, it is clear that the " number of years of school completed” (§) is an
erroneous measure of true “education™ (E}, but it is more likely that the
discrepancy between the two concepts is independent of S rather than E. Le. the
“error” of ignoring differences in the quality of schooling may be independent of
the measured years of schooling but is clearly a component of the true measure of
E. The problem here is a left-out relevant variable (quality) and not measurement
error in the variable as is (ycars of school). Similarly, if we use the forecast of
some model, based on past data, (o predict the expectations of economic actors,
we clearly commut an error, but this error is independent of Lhe forecast level (if
this forecast is optimal and the actors have had access to the same infarmatinn}
This type of “error” does not induce a bias i the estimalted coefficients and can
he incorporated inte the standard disturbance framework (see Berkson, 1950)
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with the observed

xX=z4+e,

substituled instead. If both 7 and ¢ are normally distributed, it can be shown
(Griliches and Ringstad, 1970) that

plimb = 8(1- A}, (4.11)
while

plimé = y(1-A)%,

where b and 2 are the estimated OLS coefficients in the y=a+ b+ cx?+u
equation, That is, higher order 1erms of the equation are even more affected by
errors in measurement than lower order ones.

The impact of crrors in the levels of the varizbles may be reduced by
aggregation and aggravated by differencing For example, in the simple model
y=a+frte x=z+e, the asymplotic biss in the OLS b, is equal 10 — 8A,
while the bias of the first differenced estimator [y, — y,_, = b(x, ~ x,_Jtulis
equal to — AA /(1 — p) where p now stands for the first order serial correlation of
the x's, and can be much higher than in levels {for p > 0 and not too small).
Similarly, compuling * within™ estimates in panel data, or differencing across
brothers or twins in micro dats, can resull in the elimination of much of the
relevant variance in the observed x’s, and a great magnification of the noise to
signal ratio in such variables. (Se¢ Griliches, 1979, for additional exposition and
examples.)

In some cases, errors in different variables cannot be assumed 1o be indepen-
dent of each other. To the extent that the form of the dependence is known, one
can derive similar formulae for these more complicated cases, The simplest and
commonest example occurs when a variable is divided by apother erroneous
variable. For example, “ wage rates” are often computed as the ratio of payroll to
total man hours. To the extent that hours are measured with a multiplicative
error, so will be also the resulting wage rates (but with opposite sign). In such
contexts, the biases of (say) the estimated wage coefficient in a log-linear labor
demand function will be towards — 1 rather than zero.

The story is similars, though the algebra gets a bit more complicated, if the z's
are categorical or zero- one variables. In this case the errors arise from misclas-
sification and the variance of the erroneously observed x need not be higher than
the variance ol the true z. Bias lormulae for such cases arc presented in Aigner
(1973) and Freeman (1984).

How does one deal with errors of measurement? As is well known, the standard
EVM is not identified without the introduction of additional infotmation, enther
in the form of additional data (replication and/or ipstrumental variables) or
additional assumptions.

Ch 28 Fcomomme Data Iisues (B3]

Procedures for esumation with known A's are outlined in Chapler 2). Occa-
sionally we have access 1o “replicated” data, when the same question is asked on
different occasions or from different observers, allowing us 10 estimate the
vaniance of the " irue” vanable from the covariance between the different mea-
sures of the same concept. This type of an approach has been used in economics
by Bowles (1972) and Borus and Nestel (1973) in adjusting estimates of parental
background by comparing the reports of different family members about the same
concept, and by Freeman (1984) on a union membership vanable, based on a
comparison of worker and employer reports. Combined with a modelling ap-
proach it has been pursued vigorously and successfully in sociology in the works
of Bielby, Hauser, and Featherman (1977), Massagli and Hauser {1983), and
Mare and Mason (1980). While there are difficulties with assuming a similar error
variance on different occasions or for different observers, such assumptions can be
relaxed within the framework of a larger model. This is indeed the most
promising approach, onc that brings in additional independent evidence about
the actual magnitude of such errors.

Almost all other approaches can be thought of as finding a reasonable set of
instrumental variables for the problem, variables that are likely to be correlated
with the true underlying z, but not with cither the measurement error ¢ or the
equation error (disturbance) ¢. One of the earlier and simpler applications of this
approach was made by Griliches and Mason (1972) in estimating an camings
function and worrying about crrors in their ability measure (AFQT test scores).
In a “true” equation of the form

yma+Bstyatbxte, i (4.12)

where y = log wages, 3= schooling, a = ability, and x = other variables, they
substituled an observed test score ! for the unobsecrved ability variable and
assumed that il was measured with random error: £ = g + ¢. They used then a set
of background vanables (parental status, regions of ongin) as instrumental
vaniables, the crucial assumption being that these background variables did not
belong in this equation on their own accord. Chamberlain and Gnliches (1975
and 1977) used " purged” information from the siblings of the respondents as
instruments to identify their models (see also Chamberlain, 1971).

Various “grouping” methods of estimation, which use city averages (Friedman,
1957), industry averages {Pakes, 1983), or size class averages (Griliches and
Ringstad, 1971), to “cancel out” the errors, can be all interpreted as using the
classification framework as a set of instrumental dummy vanables which are
assumed 1o be corrclated with differences in the underlying true values and
uncorrelated with the random measurement errors or the transitory fluctuations,’

¢ ;rouping, methods that do n01 use an “outside™ grouping cnienon but are based on groumng on 1
alone (0r using s ranks as snstruments) are not in geoeral connisient and need not reduce the 1°V
induced hias (See Pakes, 1982)

££see
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The nore complete MIMIC type models (Multiple indicaters- multiple causes
model, see Hauser and Goldberger, 1971} ase basically full information versions
of the insirumenial variables approaches, with an attempl to gawn cfficiency by
spc_ciiying the complete system in greater detail and cstimating jointly. In the
Gnlic_hes—Mason example, such a model would consist of the following set of
equations:

a=x§ +3g,

t=a+e, (4.13)
s=x&+ya+tv,

y=fs+yate,

where a is an unobserved “ability” [actor, and the * unique*” disturbances g, ¢, v,
and ¢ are assumed all to be mutuaily uncorrelated. With enough distinct x's and
8, # &, this model is estimable either by instrumental variable methods or
maximum likelihood methods. The mazimum likelihood versions are equivalent
o estimaling the associated reduced form system:

f=x8 +g+e,
s=x(5+v8)+ng+ v {4.14)
yex[f+(nB+1)8 ]+ (nB4v)g+Bute,

imposing the non-linear parameter restrictions across the equations and retrieving
Id(.ﬁllonll information about them from the variance - covariance matrix of the
l_'csndua{s. given the no-correlation assumption about the €'s, g's, v's, and e's. It
is Posslble, foF example, to retricve an estimate of 8+ Y1/ 1, [rom the
vanance - covaniance matox and pool it with the estimates derived from the
redueed_ form slope coefficients. In tasger, more over-identified maodels, there are
more binding restrictions connecting the variance - covariance matrix of the
residuals with the slope parameter estimates. Chamberlain and Griliches (197%)
used an expanded version of this type of model with sibling data, assuming that
the unobserved ability variable has a vanance-components structure. Aasness
(19_83) uses a similar framework and consumer expenditures survey data to
esumate Engel functions and the unobserved distribution of total consumption.
All of these models rely on two key assumptions: {1) The onginal model
y=a+fz+eis corect for all dimensions of the data. l.c. the B parameter s
stable atfd {2) The unobserved errors are uncorrelated in some well specified
!(nuw? dimension. In cross-sectional data it is common to assume that the 2 's (the
"true” values) and the ¢'s (the measurement errors) are based on mutuatly
independent draws from a parucular population. It is not possible to mantan

ke Sy = kB A R At 1 4 v il b 30 i AR, L o 2 SRR =B Yhale
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this assumption when one maves to time series data or 10 panel data {which are a
cross-section of time series), at deast as [ar as the z's are concerned. ldentification
must hinge then on known differences in the covanance generating functions of
the z's and the ¢'s. The simplest case is when the ¢'s can be taken as white (i.c,
uncorrelated over time) while the z°s are not. Then lagged x's can be used as
valid instruments 1o identify 8. For example, the “contrast” estimator suggested
by Karni and Weisman (1974) which combines the differentially biased level
(plim b = A — A} and fiest difference esumators [plim b, =8~ BA /(1 - p)} to
derive consistent estimators for # and A, can be shown, for stationary x and y, to
be equivalent (asymptotically) to the use of lagged. x 's as instruments.

While it may be difficolt 10 maintain the hypothesis that crrors of measurement
are entirely white, there are many different interesting cases which still aliow the
identification of #. Such is the case if the errors can be thought of as a
combination of a “permanent” crror or misperception of or by individuals and a
random independent over time erior component. The first pant can be encom-
passed in the usval “correlated” or “ fixed" effects framework with the “ within®
mecasurcment &rors being white after all. ldentification can be had then from
contsasting the consequences of differencing over differing lengths of Llime.
Different ways of differencing all sweep out the individual cffects (seal or erTors)
and leave us with the following kinds of bias formulac:

plim b,,= B(1-201/7,). (4.15)
plimb,, =8(1 “2".‘/-'114)v

where o is the variance of the independent over time component of the ¢'s, 14
denotes the transformation x, - x, while 24 indicates differences taken two
periods apart: x, — x, and so forth, and the s*'s are the respective variances of
such differences in x, (4.15) can be solved 1o yield:

2 (ﬁ_bu)‘z’a‘ (4.16)

A= D27 s g ) 3h

T _ 2
J1a” Fia

where w,, is the covaniance of j period differences in y and x. This in tura, can
be shown 1o be equivalent to using past and future x's as instruments for the first
differences.!

More gencerally, if one were willing to assume that the true t’s are non-sta-
tionary, which is not unreasonable for many evoiving economic senes, but the
measurement errors, the £°s, are stationary, then it is possible 1o use panel data to
identify the parameters of interest even when the measurement errors are corre-

*Gee Ginbhichies and avsman (1984) Tor detals, generalizations, and an empirical eaample
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faied over iime.® Consider, lor example, the simplest case of T = 2. The probabil-
ity limit of the variance - covariance matrix between y and x is given by

Xy X,
N ﬂ_‘,'l ﬂlu
Y2 B:" 331’
Xy n +o! :n+pa' {417)
x| 54 +po? s+ 0!

where now s, stands for the variances and covariances of the true z's, o7 is the
variance of the ¢'s, and p is their first order correlation coefficient. 1 is obvious
that if the z°s are non-stationary then {cov y,x, — cov y,x,)/(var x, - var x,) and
{cov y x; —cov X }/(cov,x, — covx,x,) yield consistent esumates of 8. In
longer panels this approach can be extended to accommodate additional error
correlations and the superimposition of “correlated effects™ by using its firsi
differences analogue.

Even if the 2°s were stationary, it is always possible 10 handle the correlaled
errors case provided the correlation is kmown. This rarely is the case, but
occasionally a problem can be put into this framework. For example, capital
measures are oflen subject to measuremeni error but these errors cannot be taken
as uncorrelated over time, since they are cumulated over time by the construction
of such measures. But if one were willing to assume that the errors oceur
randomly in the measurement of investment and they are uncorrelated over tirne,
and the weighting scheme {the depreciation rate) used in the construction of the
capital stock measure is known, then the correlation between the errors in the
stock levels is also known.

For cxample, if one is interested in estimating the rate of return to some capital
concept, where the inte equation is

m=a+rK*+e, (4.18)

» is a measure of profits and K * is defined as a geometrically weighted average
of past true investments /*:

Kr=I*+XK2 =12+ RS+ AU 4 o0, (4.19)
but we do not observe /* or K * only

L=1Ir+e, (4.20)

*1 am indcbted to A Pakes for this posnt
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where ¢, 1s an 11.d. error of measurement and the observed X, = ZXN1, | s
constructed from the erroncous [ scries, then il A 1s taken as known, which 15
imphcit i most studies that use such capnal measures, instead of running
versions of (4.18) wnvolving K, and dealing with correlated measurement errors
we can estimate

mo—Am  =a(l-A)+rl, +u, - Au, , ~re, (4.21)

which is now in standard EVM form, and use lagged values of [ as instruments.
Hausman and Watson (1983) use a similar approach to estimate the seasonality in
the unemployment series by laking advaniage of the known correlation in the
measurement errors intraduced by the particular structure of the sample design in
their data.

One needs (o retterate, that in these kinds of models (as is also true for the rest
of economeinics) the consistency of the final estimates depends both on the
correctness of the assumed economic model and the correctness of the assump-
tions about the crror structure.’® We tend to focus here on the latter, but the
former 1s probably more important. For example, in Friedman's (1957) classical
permanent income consamption function model, the estimated elasticity ol con-
sumplion with respect to income is a direct estimate of one minus the error ratio
{the ratio of the variance of transitory income to the varniance of measured
income). But tus conclusion is conditional on having assumed that the true
elasticity of consumption with respect to permanent income is unity. If that is
wrong, the first conclusion does not follow. Similarly in the profit~capital stock
example above, we can do something because we have assumed that the true
depreciation is both known and geometric. All our conclusions about the amount
of error in the investment serics are conditional on the correctness of these
assumptions.

5. Missing observations and incomplete data

Thus could but have happened once,
And we missed 11, lost it forever
Browming

Relative 10 our desires data can be and usually are incomplete in many different
ways. Statisucians tend 10 distinguish between three itypes of “missingness™
undercoverage, unit non-response, and item non-response (NAS, 1983). Under-
coverage relates to sample design and the possitality that a certain fraction of the

Y The waual assumpion of normality of such measurement and response crrors may nest be tenahic

) pany sl wisations See Ferber 11966 and Hamilum (1981 for emgnrical evidence on this point
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relevant population was excluded from the sample by design or acadent. Unul
non-response relates o the refusal of a wnit or individual to respond o a
questionnaire or interview or the inability of the interviewers o find . hiem
non-response is the lerm associated with the more standard notion of mussing
data: questions unanswered, items not fitled in, in a context of a larger survey or
data collection effort. This term is usually apphied o0 the sitwvation where the
responses are missing for only some fraction of the sample. If an 1tem is missing
entirely, then we are in the more familiar omitted variables case to which I shall
return in the next section,

In this section I will concentrate on the case of partially missing data for some
of the variables of interest. This problem has a long history in staustics and
somewhat more limited history in econometrics. In statistics, most of the discus-
sion has dealt with \he randomly missing, of in newer terminology, ignorable case
(see Rubin, 1976, and Little, 1982) where, roughly speaking, the desired parame-
ters can be estimated consistently from the complete data subsets and “ missing
data” methods focus on using the rest of the available daiz to improve the
efficiency of such estimates.

The major problem in econometrics is not just missing data but the possibility
{or more accurately, probability) that they are missing for a variety of sell-selec-
tion reasons. Such “behavioral missing” implies not only a loss of cfficiency but
also the possibility of serious bias in the estimated coefficients of models that do
not take this into account. The recent revival of interest in econometrics in limited
dependent vaniables models, sample-selection, and sample self-sclection problems
has provided both the theory and computational techniques for attacking thus
problem. Since this range of topics is laken up in Chapier 28, I will only allude 10
some of these issues as we ga along, 11 is worth noting, however, that this area has
been pioneered by econometricians {especially Amemiya and Heckman) with
statisticians only recently beginning 10 follow in their footsteps (e.g. Little, 1983).

The main emphasis here will be on the no-sell-selection ignorable case. It is of
some interest, becgusg these kinds of methods are widely used, and because it
deals with the question of how one combines scraps of evidence and what one can
learn from them. Consider a simple example where the truc equation of interest is

y=Bx+yr+e, (5.1)

where e is a random term satisfying the usual OLS assumptions and the consiant
has been suppressed for notational ease. # and y could be vectors and x and :
could be maitrices, but [ will think of them at first as scalars and vectors
respectively. For some [raction Afnm, /(n, + n3)] of our sample we are mussing
observalions (responses) on x. Let us rearrange the data and call the complete
dita sampie A4 and the incomplete sample B. Assume that it 1s possaible
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describe the data generating mechanism by the following model

d=1 +f glx,z.m8)+e20,
d=0 if glx.z.m . 8)+e<0, {5.2)

where d =1 tmplics that the observation is in set A, it is complete; d = 0 implies
that x is missing, m is another variable(s) determining the response or sampling
mechanism, & is a set of parameters, and ¢ is a random variable, distributed
independently of x, z, and m. The incomplete data problem is tgnorable if (1) ¢
(and s} are distributed independently of e and (2) there is no connection or
resinctions between the parameters # and 8 and y. If these conditions hold then
one can estimate B and y from the complete data subset A and ignore B. Even if
8 and B and y arc connected, if ¢ and e are independent, 8 and y can be
estimated consistently in 4 but now some information is lost by ignoring the data
generating process. (Sec Rubin, 1976 and Litile, 1982 [or more ngorous versions
of such statements.)

Note that this notion of ignorability of the data generating mechanism is more
general than the simpler notion of randomly missing x's. I\ does not require that
the missing x's be similar to the observed ones. Given the assumplions of the
model (a constant B irrespective of the level of x), the x’s can be missing
“pon-randomly,” as long as the conditional expectation of y given x does not
depend on which x’s are massing. For example, there is nothing especially wrong
il all “high™ x’s are missing, provided ¢ and x are independent over the whole
range of the data.

Even though with these assumptions 8 and y can be estimated consistently in
the A subsample there is stll some more information about them in sample B.
The following questions arise then: (1) How much additional information is there
in sample B and about which parameters? (2) How should the missing values of x
be estimaled (if at all)? Whai other information can be used to improve these
estimates™" '

Optiens include using only z, using z and p, or using z and m, where m is an
additional vanable, related 10 x but not appeaning itsell in the y equation.

To discuss ths, it is helpful to specify an “auxiliary’ equation for x;

x=8t+¢m+u, {(53)
where £{(v) =0 and E(ve) =10. Note that as far as this equation is concerned, the
missing data problem is onc of missing the dependent variable for sub-sample 8.

1f the probability of being present in the sample were selated to the size of v, we

iy section botrews heavaly from Grliches, Hall and Hausman {1y
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would be in the non-ignorable case as far as the esnmauon of § and ¢ are
concerned, Assume this is not the case and lel us consider at first only Lhe
simplest case of ¢ = 0, with no additional m vanables present.

One way of rewriting the model is then

y,=Bx, +yz, +e,,
x,=8z,+v, (5.4)

yo=(B+¥8)z,+e,+ Bo,,

How one estimales 8, v, and § depends on what one is willing 10 assume about
the world that generated such data. There are two kinds of assumptions possible:
The first is a “regression” approach, which assumes that the parameters which are
constant across different subsamples are the slope coefficients B8, v, and § but
does not impose the restriction that ¢ and o are the same across all the various
subsamples. There can be heleroscedasticity across samples as long as it is
independent from the parameters of interest. The second approach, the maximum
likelihood approach, would assume that conditional on z, y and x are distnbuted
normally and the missing data arc a random sample from such a distribution.
This implics that o} = o and ol = 0.,

The first approacﬁ starts by re;:opiz.ing that under the general assumptions of
the model Sample A yields consistent estimates of 8, v, and § with vanance
covaniance matrix Z,_. Then a “first order” procedure, i.€., one that esumates
missing x's by z alone and does not ilerate, is equivalent to the following:
Estimate §,. {.. 3, from sample A, rewrtite the y equalion as

[y R P 69

where e involves terms which are due to the discrepancy between the estimated A
and § and their true population values. Then just estimate y from this *com-
pleted™ sample by OLS.

It is clear that this procedure results in no gain in the efficiency of 8, since 8, is
based solely on sample 4. I is also clear that the resulting estimate of y could be
improved somewhat using GLS instead of QLS."?

How much of a gain is there in estimating y this way? Let the size of sample A
be N, and of B be N,. The maximum {unatiainable) gain in efficiency would be
proportional to (N, + N;)/N, (when o =0). Ignoring the contribution of 's,
which 15 unimportant in large samples, the asympiotic variance of y lrom the

*See Ciouneroun and Monfor (981}
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sample as a whole would be

Var(y,_,,) = [N,o’ + N,(cl1 +,8|10,1)I/( N+ N,)’o,l.
and (5.6)

=(I—A)(l+a\'ﬂ::"z),

var i-o.

E"(i’- 05) = Var(i )

where 07 = o], and A = N, /(N, + N;). Hence efficiency will be improved as fong
as B%7/0? <1/(1 - A), i.e. the unprediclable part of x (unpredictable from z) is
not 100 important relative to o %, the overall noise level in the y equation."’

Let us look at a few ilustrative calculations. In the work 10 be discussed below,
y will be the loganithm of the wage rate, x is 1Q, and z is schooling. IQ scores are
missing for about onc-third of the sampie, hence A = 4. But the “importance™ of
IQ in explaining wage rates is relatively small. Its independent contribution
{B%2) is small relative to the large uncxplained variance in y. Typical numbers
arc B = 0.005, o, =12, and ¢ = 0.4, implying

1 0.0036

Eff(i’_,,.) = 2/3[] + 5 W] = 0672,

which is about equal 10 the }'s one would have gotten ignoring the terms in the
brackets. Is thus a big gain in efficiency? First, the cfficiency (squared) metric may
be wrong. A more relevant question is by how much can the standard error of ¥
be reduced by incorporating sample B into the analysis. By about 18 percemy
(/0.672 = 0.82) for these numbers. Is this much? That depends how large the
standard ervor of v was to start out with. In Griliches, Hall and Hausman (1978)
a sample consisting of about 1,500 individuals with complete information yielded
an estimate of y, = 00641 with a standard error of 0.0052. Processing another
700 plus observations could reduce this standard error to 0.0041, an impressive
but rather pointless exercise, since nothing of substance depends on knowing v
within 0.001,

1 1QQ (or some other missing variable) were more important, the gain would be
even smaller. For example, if the independent contnibution of x 1o y were on the
order of a?, then with one-third missing, Ef(y,, ,) =}, and the standard devia-
tion of ¥ would be reduced by only 5.7 percent. There would be no gain at all, if
the missing variable was one and a half times as important as the disturbance [or
more generally if Blel/0? > 1 /(1 - A)).

'"Thus, remark 2 of Gounerous and Moafort (1988, p S83) 15 in error The first-order methisd i
not always more efficient Bur an “appropnately weighted first-order methad,” GLS, will e mnee
cllicient See Myman and Palm (1984)
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The efficiency of such estimates can be improved a bit more by allowing for the
umplicd heteroscedasticity in these estimates and by iterating further across the
samples. This is seen most clearly by noting that sample B yields an estumaie of
# = f1 + y§ with an estimated standard error o_. This information can be blended
optimally with the sample A estimates of B, v, §, and 2, using non-linear
techniques and maximum likelihood is one way of doing this.

If additional vartables which could be wsed 1o predict x but which do not
appear on their own accord in the y equation were available, then there is also a
possibility to improve the efficiency of the estimated S and not just of y. Again,
unless vhese variables are very good predictors of x and unless the amount of
complete data available is relatively small, the gains in efficiency from such
methods are unhikely to be impressive. (Sce Grliches, Hall and Hausman, 1973,
and Haitovsky, 1968, for some illustrative calculations.)

The maximum likelihood approaches differ from the “first-order™ ones by
using also the dependent variable » to “predict™ the missing x's, and by
imposing restrictions on equality of the relevant vaniances across the samples. The
latter assumption is not usually made or required by the first order methods, but
follows from the underlying likelihood assumption that conditional on z, x and y
are jointly normally (or sore other known distributions) distributed, and that the
missing values are missing at random. In the simple case where only one vanable
is missing {or several variables are missing at exactly the same places), the joint
likelihood connecting y and x lo z, which is based on the (wo equations

y=Bx+yr+e, .
x=8r+u, (5.7)
with Ee=0?, Eviw=n?, Eevw= (0 can be¢ rewritien in terms of the marginal

distribution {unction of y given z, and the conditional distribution function of x
given y and z, with corresponding equations:

y=cz+u,

x=dy+ fr+w, (5.8)

and Eul= g?, Ew?!= k%, Ewu = 0. Given the normality assumption, this is just
another way of rewriting the same model, with the new paramelers related to the
old ones by

c=y+f5. gl=fyl+al,
d=fn/{fn" + 0%}, f=5-cd, k= nlaisg?. (5.9

In this ssmple case the likelihood factors and one can estimate ¢ and g? from the
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Table t
Earnings equations for NLS sisters. Vanous qussing dala estimalors *
Fsumation ¥ depeadent - Tdepe-nd:nl
method Ay T s a! q'

OLS on compleie 00424 0.0043) m 01217 152 38

data sample 00 {0 00148) o)

N =~ 366
Toral Sample:

M =510

OLS wath pre: .

dicied IQin 00423 0.0043) 0.1186

nussing, paruon” {0009 8) {0.00L48)
GLS with pre- 00412 - D043

dicted 1Q° (000915) (0.00148)
Maximum Likeli- 00427 0.00421 3.208 0117 13248

hood (0 00912) (0.00144) (0.346)

¥ =~ log of wage raie, § = years of schooling completed, T = 1 iype 151 score

* The standard errors are computed using the Gourieroux—Monfort (L982) formulae. All variables
have been condivoned on age, tegion, race, and year dummy varisbles. The cooditional moment
matrces are

Complete daa (N = 366) Incompleie {1 54)
Lw 0.13408 0113188
[ {v] 1.1936 137N — _
h & 0.19749 11 0703 3 4476 021472 - 4.3408

*Data Source: The Navional Lonptudinal Survey of Youny Women (see Center for Human
Resource Restarch, 197

complete sample; d, /, and A7 from the incompleic sample and solve back
uniquely for the onginal parameters 8, v, 6, o2, and n’. ln this way all of the
nformation available in the data is used and compultation is simple, since the two
regressions (y on 1 wn the whole sample and x on y and 7 in the complete data
portion) can be computed separately, Note, that while x is implicitly “estimated™
for the missing portion, 5o actual “ predicted” value of x are either computed or
used in this framework "

Table 1 illustrates the results of such computations when estimating a wage
cquation for a sample of young women from the National Longiludinal Survey,
30 percent of which were missing 1Q data. The first row of the table gives

HManis ey 2t {1980 descnbe such computauons 1o (he conteat of mare than one ser of vanables
MIASMDRE #0 & l‘(\l(d pJHfrn
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estimates compuled solely from the compieie daa subsampie. The second one
uses the schooling vatiable 10 estimate the mussing 1Q values in the incomplete
portion of the data and then re-computes the OLS esumales. The third row uses
GLS, reweighling the incomplete portion of the data to allow for the increased
imprecision due 1o the estimation of the missing IQ values. The last row reports
the maxumum likelihood estimates. All the estimates are very close to each other.
Pooling the samples and “estimating” the missing 1Q values increases the efficiency
of the estimated schooting coefficient by 29 percent. Going to maximum likeli-
hood adds another percentage point. While these gains are impressive, substan-
tively not much more is learned from expanding the sample except that no special
sample selectivity problem is caused by ignoning the missing data subset. The x?
test for pooling yields the insignificant value of 0.8, That the samples are roughly
similar, also can be seen from computing the biased schooling coefficient (ignor-
ing 1Q) in both matrices: it is equal 1o 0.057 (0.010) in the complete data subset
and 0.054 in the incomplete one.

The maximum likelihood computations get more complicated when the likel-
hood does not lactor as neatly as it does in the simple * nested” missing case. This
happens in at least two important common cases: (1) If the model is ovenden-
tified then there are binding constraints between the L{y|z,8,) and L(x|y, z.8,)
pieces of the overall likelihood function. For example, if we have an extia
exogenous variable which can help predict x but does not appear on its own in
the “structural” y equation, then there is a constraining relationship between the
#, and #, parameters and maximum likelihood estimation will require iterating
between the two. This is also the case for multi-equation sysiems where, say, x 15
itsell structurally endogenous because it is measured with error. (2) If the pattern
of * missingness” is not nested, if observations on some vanables are missing in a
number of different patterns which cannot be arranged in a set of nested blocks,
then one cannot factor the likelihood function conveniently and one must
approach the problem of estimating it directly.

There are two related computational approaches o this problem: The first s
the EM algorithm (Dempster et al, 1977). This is a general approach to
maximurn likelihood estimation where the problem is divided into an iterative
two-step procedure. In the E-step (estimation), the missing values are estimated
on the basis of the current parameter values of the model (in this case starting
with all the available variances and covariances) and an M-step (maximization) in
which maximum likelibood estimates of the model parameters are computed
using the “completed” data set from the previous step. The new parameters are
then used to solve again for the missing values which are then vsed in wrn w0
reestimate the model, and this process is continued until convergence 15 achieved
While this procedure is easy to program, its convergence can be slow, and there
are no casily available standard error estimates for the final results (though Beale
and Little, 1975, indicaic how they might be denved)
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An aliernative approach, which may be more attracuve 1o model oriented
econometncians and sociologisis, given the assumption of ignorability of the
process by which the data are mussing, 1s 10 focus directiy on pooling the available
information from difierent portions ol the sample which under the assumptions of
the model are independent of each other. That is, the data are summarnized by
their relevant vanance - covariance matrices {(and means, if they are constrained
by the model) and the model is expressed in 1erms of constraints on the elements
of such matnces. What 1s done next is ta “ fit” the model to the observed matnces.
This approach is based on the idea that for muliivanate normally distributed
random vanables the observed moment matnx is a sufficient statistic. Many
maodels can be written in the form X(@), where X is the true population
covariance mainx associated with the assumed multivariale normal distribution
and # is a vector of parameters of interest. Denote the observed covariance
matrix as §. Maximizing the likelihood function of the data with respect to the
model parameters comes down (0 maximizing

In £(215.8) =k - 3 {In|Z(8)1+1r 2(8) 'S}, {5.10)

with respect to 8.1 8 is exactly idemified, the estimates are unique and can be
solved directly from the definition of X and the assumpton that § is a consistent
esiimator of . If # 15 over-idenuified, then the maximum likelihood procedure
*“fits” the model Z(#) to the data § as besi as possible Il the observed variables
are multivanate normal this estimator is the Full Information Maximum Likeli-
hood estimator for this model. Even if the data are not multivanatle normal but
follow some other distribution with E(S5)#) = Z(#), this 1s a pseudo- or quasi-
maximum likelihood estimator yielding a consistent 8.'* The correctiness of the
compuled standard errors will depend, however, on the validity of the normality
assumption. Robust standard errors for this model can be computed using the
approach of Whate.

There is no conceprual difficulty in generalizing this 1o a multiple sample
situation where the resulting Z (8 ) may depend on somewhat different parame-
ters. As long as these matrices can be taken as ansing «ndependently, their
respective contributions to the likelihood function can be added up, and as long
as the 8's have parameters in common, there 15 a return from estimating them
jeintly. This can be done either utilizing the multiple samples feature of LISREL-V
(see Allison, 1981, and Joreskog and Sorbom, 1981) or by extending the
MOMENTS program (Hall, 1979) to the connected-multiple matrices case. The
estimation procedure combines these different matrices and their associated picces
ol the likelihood function, and then ilerates across them until 2 maximum s
found (See Bound, Grliches and Hall, 1984, for more cxposition and cxamples.)

e Van Praag (198
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1 will outhine this type of approach i a somewhat more complex. mulli-eyua-
ton context: the csumation of carnings functions from sibhing data while allow.
ing for an unabsecved ability measure and crrors of measurement in the vanable
of interest - schooling. (See Griliches, 1974 and 1979 for an expostion of such
models.) The simplest version of such a model can be writlen as Tollows:

t=a+e,=(f+g)te,,
s=8arh+e,=8(f+g)+{wtuv)te,, (5.11)
y=Bat+A(s—e))+ey=a(f+g)+r(wtuv)te,

where ¢ 15 a reported 1Q-type test score, s is the recorded years uof school
compleied, and y = In wage rate, is the logarithm of the wage rate on the current
or last job, a=(f+g) is an uncbserved “ability” facior with f being its
“family” component, h = (w + p) is the individual opportunity [actor (above and
beyond a and hence assumed to be orthogonal 1o 1t), with w, *“wealth,” as 1ty
family component. The ¢’s are all random, uncorrelated and untsansmitied
measurement errors. That is

ol 0 O
Eee'=|0 o} O],
0 0 of

and # = 8 + y8. In addition, it is convenient to define

Vara = a? Varh = 41,

r=Varf/a’, p=Varw/h?,

(5.12)
where 7 and p are the ratios of the vanance of the family components to toal
variance in the a-and A faclors respectively. 7
Given these assumptions, the ewpecied values of the vamance covanaace
matnx of all the observed variables across both members of a sib-pair 15 given by

!y ¥ Yy Loy b
{ al+o} b’ na’ 1a? rda’ rna’
T 6lal+ k14 uf Sma’ + yh? r6lal  ph? 18ua’ v pyh’ .

! 02
¥y vla? +y7ht 4 0} wiat v pyh

(5 1)

where anly the 12 distinet tevms of the overall 6 %6 mainx are shown, wnee the
others are denvable by symmetry and by the assumpuion that all the relevant
sattances (vomdihional on a st of exogenous vinahles) e the same across sibs
With 1D pyoknown parameters this moddel would be gnder wdenthied wahan
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stbhing data. This type of model was estimated by Bound. Griliches and Hall
(1984) using sibling dala from the Natonal Longstodinal Surveys of Young Men
and Young Women. They had 1o lace, however, a very senous mussing data
problem since much of the data, especially 1est scores, were missing for one or
bath of the ssblings. Data were complete for only 164 hrothers pairs and 151
sister paus but additional information subject to vanous patierns of ' missing-
ness” was available for 315 more male and 306 female siblings pairs and 2852 and
1398 unrelated male and female respondents respectively. Their final estimates
were hased on pooling the information from 15 different matrices for cach sex
and were used to test the hypothesis that the uncbserved laciors are the same for
both males and females in the sense that their loading (coefficients) are stmilarc in
the male and female versions of the model and thai the implied correlation
between the male and female family components of these factors was close 1o
unsty. The latter test utihzed the cross-sex cross-sib covariances ansing from the
brother-sister pairs (N = 774} in these panels.

Such pooling of data reduced the estimated standard errors of the major
coefficients of witerest by about 20 1o 40 percent without changing the resulis
significanily from those found solely in their “complete data” subsamplte. Their
majot substantive conclusion was that raking out the mean differences in wages
between young males and females, one could not detect significant differences in
the impact of the uncbservables or in their patterns between the male and female
poruons of thewr samples. As far as the [Q-Schooling part of the model is
concerned, families and the market appeared 10 be treating brothers and sisters
ideaucally.

A class of simalar problems occurs in the time series context: missing dala at
some regular tme intervals, the “construction” of quarterly data from annual
data and data on related time senies, and other “interpolation” type 1ssues. Most
of these can be tackled using adaptations of the meihods described above, exceplt
for the fact that there is usually more informauon available on the missing values
and it makes sense to adapt these methods 10 the sirucwure of the specific
problem. A major reference in this area is Chow and Lin (1971). Mare recent
telerences are Harvey and Pierse (1982) and Palm and Nijman (1984)

6. Missing variables and incomplete models

“Ask nol what you can do 10 the data bur rather what the data can do
Tor you ”

bvery econometnc study 5 incomplete. The stated model usually hists only the
“magor” vanables of interest and even then i 1 unhkely 1o have good measures
tor sl of the varables on the already foreshortened hst There are several wisys

Yot he vl papes aaes s oore detaled @ eguanion kel Buasead on an adthiinmal o woage cate
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which econometncians have tried 10 cope with these facts of hfe: (1) Assume that
the left-out components ase random, minor, and independent of all the included
exogenous vanables. This throws the problem into the “disturbance” and leaves it
there, exeept for possible considerations of heteroscedasticony, variance-compo-
nents, and similar adjustments, which impinge only on the efliciency of the usual
estimates and not on their consistency. In many contexts it is difficuly, however, 10
maintain the fiction that the left-oul-variables are unrelated Lo the included ones.
One s pushed than into cither, (2), a specification sensitivity analysis where the
direction and magnitude aof possible biases are explored wsing prior information,
scraps of evidence, apd the standard left-out-vanable bias formulae (Griliches
1957 and Chapter 5) or (3} one tnies to transform the data 50 as to minimize the
impact of such biases.

In this section, | will concentrate on this third way of coping which has used
the increasingly available panel data sets to try lo get around some of these
problems. Consider, then, the standard panel data set-up:

y,=a+pBli, ), +yli,t)z, +e,, (6.1)

where y, and x, are the observed dependent and “independent” vanables
respectively, 8 is the sel of parameters of interest, z,, represents various possible
misspecifications of the model in the form of ieft out vanables, and e, are the
uswal random shocks assumned o be well behaved and independently distnbuled
{at this level of generality almost all possible deviations from this can be
accommodated by redefining the 2°s). Two basic assumptions are made very early
on in this type of model. The first one, that the relationship is lineag, is already
implicit in the way 1 have written (6.1). The second one is that the major
parameters of interest, the £'s, arc both stable over time and constant across
individuals. Le.,

B(i.t}=8. , (6.2)

Both of these assumptions are in principle testable, but are rasely questioned in
practice. Unless there is some kind of ctability in 8, unless there is some interest
in 115 central moments, it is not clear why onc would engage in estimation at all.
Since the longitudinal dimension of such data is usually quite short (2-10 years),
it makes little sense to allow £ to change over time, unless one has a reasonably
clear idea and a parsimonious parameterization of how such changes happen.
(The fact thar the 8's are just coefficients of a first order linear approximation to
a more complicated functional relationship and hence shou/d change as the level
of x’s changes can be allowed for by expanding the list of x's to contain ugher
order lerms.)

The assumption that 8, = 8, that all individuals respond alike (up to the
additive lerms, the z,, which can differ across individuals). » one of the more
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bothersome ones. If longer time series were available, it would he possible 10
estimale separate 8,'s for cach individual or firm. Bu{ that ts not the world we find
ourselves an at the moment. Right now there are basically three outs from this
comer: (1) Assume that all differences in the B,'s are random and uncorrelated
with everything else. Then we are in the random coefficients world (Chapier 21)
and except for issues of heteroscedasticity the problem goes away; (2) Specily 2
model {or the differences in f,, making them depend on additional observed
vanables, either own individual ones or higher-order macro ones (¢f. Mundlak
1980). This results in defining a number of additional “interaction” variables with
the x set. Unless ihere 15 strong prior information-on how they differ, this
introduces an additicnal dimension 0 the “specification search™ (in Leamer's
terminology) and is not very promising; (3) Ignore it, which is what | shalf
proceed to do for the moment, focusing instead on the heterogeneity which is
implicit in the poleatal existence of the 2,'s, the ignored or unavailable variables
1 the model.
Ewven if (6.1) is simplified to

Ye=at ﬂxn * 1, + €, (63)

A is not identified from the data in the absence of direct observations on z.
Somehow, assumptions have to be made about the source of the s and their
distributional properues, before it is possible to derive consisient estimators of B.
There are (at [east) three categonies of assumptiions that can be made about such
2's which lead 10 different esttmation approaches in this context: (a) The z's are
random and independent of x’s. This is the easy but not too likely case. The z°s
can be collapsed then into the ¢,’s with only the heteroscedasticity issue remain-
ing for the “random effects” model 1o solve. (b) The z°s are correlated with the
x's but are constant over time and have also constant effects on the p's. le,

v(t)z, =2, (6.4)

where we have notmalized vy =1 This is the standard * fixed” or “correlated™
effects model (see Maddala 1971, and Mundlak 1978) which has been extensively
analyzed in the recent literature. This is the case for which the panel structure of
the data provides a perfect solution. Letung each individual have 115 own mean
level and expressing all the data as deviations from own means elimmnates the 2's
and leads 1o the use of * within™ estimators.

Pom ¥ =f0x, - Ybe,é,, (6.5)

where v, - (i/T))_','_,v”, ele, and yiekds consisten! estimates of fi
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| have only two cauttonary comments on this lopic: As 15 true tn many other
contexis, and as was noled earlier, sohving one problem may aggravaie another. If
there arc two reasons for the z,,, ¢.g. both ™ fixed” effects and errors in variables,
then

o

z,=a — Be,, (6.6)
where a, is the fixed individual effect and ¢, is the random uncorrelated over
time error of measurement in x,,. In this type of model o, causes an upward bias
in the estimated § from pooled samples while ¢, results in a negative one. Going
“within” not only eliminates a, but also increases the second type of bias througn
the reduction of the signal 10 noise ratto. This is seen easiest in the simplest panel
model where 7= 2 and within is equivalent 1o first differencing. Undiflerenced,
an OLS estimate of 8 would yield

plim{ B, - 8} =b,, - BA,, (6.7)

where b, , is the auxiliary regression coefficient in the projection of the a,’s on the
x's, while A, = g2/a? is the ervor variance ratio in x. Going " within”, on the
other hand, would eliminaie the first term and leave us with

pim{ A, ~ B) = - BA_ = - BA,/(1-p}, (68)

where p is the first order serial correlation coefficient of the x's. A plausible
example might have =1, 8, , =02, A\, =0.1, and #;, =1+402-01=11 Now,
as might not be unreasonable, if p = 0.67, then A_=0.3 and A_ = 0.7, which 15
more biased than was the case with the oniginad 3.

This is not an idle comment. Much of the recent work on production funcuon
estimation using panel data (e.g. see Griliches-Mairesse, 1984) slarts out worry-
ing about fixed effects and simultancity bias, goes within, and winds up with
rather unsatisfactory results (implausible low coefficients). Simularly, the rather
dramatic reductions in the schooling coefficient in earmings equations achieved by
analyzing * within™ family daia for MZ twins is also quite hkely the result of
originally rather minor errors of measurement in the schooling vanable (see
Goliches, 1979 for more detail).

The athet comment has 10 do with the unavaitability of the " within” solution »f
the equation is intrinsically non-linear since, for example, the mean of ¢* +¢ 13
nut equal 10 e° + ¢ This creates problems for models in which the dependent
vinables are outcomes of various non-lincar probatility processes In speaial
cases, 115 possible to get around this problem by condiboming arguments.
Chamberlan (P980) discusses the Togh case while Hausman, Hall and Galches
1 19%4) show how condiionsng, on the sum of outcomes aver the perod as a whole
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converts a Poisson problem into 2 conditional multinominal logit problem and
allows an equivalent “ within unit analysis.

{c) Non-constant effects. The general case here is one of a left out vanable(s)
and nothing much can be done abow it unless more explicit assumplions are
made about how the unscen vanables behave and/or what their effects are,
Solutions arc avalable for special cases, cases that make restriclive enough
assumplions on the y(r)z, terms and their correlations with the included x
variables (sec Hausman and Taylor, 1981).

For example, it is not too difficull to work out the relevant algebra for

v{r)z,=v,-¢, : (6.9)

or

rii)e, = - Be,. {6.10)

where ¢, 15 an i..d. measurement error in x. The first version, eq. (6.9), is one of a
“fixed” common cflect with a changing influence over time. Such models have
been considered by Stewart (1983) in the estimation of eamings function, by
Pakes and Gnliches (1984) for the estimation of geometric lag structures in panel
data where the unseen truncation remainders decay exponentially over time, and
by Anderson and Hsiao (1982) in the context of the estimation of dynamic
equauons with unobscrved initial conditions. The second model, eq. (6.10), is the
pure EVM in the panel data context and was discussed in Section 1V. It s
estimable by using lagged x's as instruments, provided the “true” x's are
correlated over ume, or by grouping methods if independent (of the errors)
information 1s available which allows one 1o group the dala into groups which
differ in the underlying “true” x's (Pakes, 1983). Identification may become
problematic when the EVM is superimposed on the standard fixed effects model.
Estimation is still possible, in principle, by first differencing to get rid of the a,'s,
the fixed effects, and then using past and future x s as instruments. (See Griliches
and Hausman, 1984.)

Some of these issues can be illustrated by considering the problem of trying 1o
estimate the form of a lag siructure from a relatively short panel.!” Let us define a
flexible distribuied lag equation

Y=o, b hyx v Bix, (+Bx, 4+ ke

"t

’ 611
ve=et ) Bx, te,, 6.1
=1}

where the constancy of the 174 1y impased across indivaduals and xcross time The
empancal problem is how does one estimate, say, 9 #'s of one only has four 10 five

'
M following, descusaon borrows heawily framn Pakes ane inlic bes ELET
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years history on the y's and x's. In general this s impaossible. 1f the lengih of the
lag structure exceeds the available data, then the data cannot be inflormative
about the unseen tail of the lag distribution without the imposition of stronger
a prioni restrictions. There are at least two ways of doing thus: {a) We can assume
something strong about the A's. For example, that they decline geometncally
after a lew free terms, that 8, ,, = AB,. This leads us back to the geometnc lag
case which we know more or less how (o handle.'* (b} We can assume something,
about the unseen x's, that they were constant in the past {in which casc we are
back to the fixed effects with a changing coefficient casc), ot that they follow some
simple low order autoregressive process (in which casc their influence on the
included x’s dies out after a few lerms).

Before proceeding along these lines, it is useful to recall the notion of the
I1-matrix, introduced in Chapter 22, which summarizes all the (linear) informa-
tion comtained in the standard time series-cross section panel model. This
approach, due to Chamberlain (1982), starts with the set of unconstrained
multivariate regressions, relating each year's y, 1o all of the available x's, past,
present, and [uture. Consider, for example, the case where data on y are available
for only three years (T=3) and on x's for four. Then the T mairix consists of
the coeflicients in the following set of regressions:

Y1 My Xy, F WXy, oA x, Rk, t oy,

Yo, = Xy b WXy, g X, M Xe, + Uy, {6.12)
Yoo = WXy, WXy, b my X, WX, + Uy,

where we have ignored constants to simplify matters. Now all that we know from
our sample about the relationship of the y's to the x's is summarized in these 7’
(or equivalently in the overall correlation matrix between all the y’s and the x's),
and any model that we shall want to fit will impose a set of constraints on i."*

A series of increasingly complex possibic worlds can be written as:

Yo ™ Bo‘-’u"" ﬂlxu- 1 + €
Yu ™ Bo-"u +ﬂlxn—l. +“- + e
) Tl ﬂﬂ“n +Bl(xu—l + Axu—] + A,xw'-l * - )+ L)
Y™ ﬁo".-"‘ ﬂl(xn-! + axrr—! + A"':llr-! +-- )+ a te,. (6.13)
Y™ Bllxu +ﬂlxrl—l + ﬂ‘lxu—! +ﬂ!‘u-3+ ﬁlqud AT
X, =px, _te,.
. Yu ™ Box.;"'ﬂtx.,_' +HI"-|~1 +ﬂ]x“_’+ﬂ.1"_‘ eta e,
K™ ktl, + P + €ops

na o ow

MGee Anderson and Huao (1981) and Bhargava and Sargan (1983)
"*There may be, of course, additional usciwl information n the separate cotrelaton matnces
botween all of the #'s and 3l the 'y respecnively
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gomg, from the simple one lag, no fixed effects case (a) to the arbitrary lag
structure with the one faclor correlated effects structure (). For each of these
cases we can denve the expected value of 1. 1t is obvious that (a) implies

o 0 B B,
Ma)={90 A, B, ©
B Bi 0 O

For the & case, fixed effects with no lags, we need 1o define the wide sense east
squares projection ( £*) of the unseen effects (a,) on all the available x's

E*(a,|xg, - x3,) = 8,xy, + 6yxy, + 8,x,, + Spx,,. (6.14)
Then
5, LA S,+8, §+5
n(s) - &, 5,48 §+8 5,
5,+B, §;+8 5 5,

To write down the IT matnx for ¢, the geometric lag case, we rewnite (6.11) as

Y= Boxy, + Byxg, 2,4 e,
P Boxg, 4 Bixy 4 Bihxg, + Az, + ey, (6.15)

¥y = Boxy + Bixy + BAx, + Bhlxg, + A, + ey,
and (6.14) as

E*(z,]x) = m'x (6.16)
which gives us the TT matrix corresponding to the geomelric tail case

my m; m, + B, mq+ B,
G A, Amy+ By Am+ g, A(mgtB)
M, + By, Nmy+ 8, MNm + A8, A(mg+B8,)

This imposes a set of non-lincar constraints on the [ matnx, but is estimable
with standard non-hinear multivaniate regression soltware (in SAS or TSP In this
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case we have seven unknown parameiers to estimate (4 m's, 2 f's, and A) from
the 12 unconstrained I coefficients. ™

Adding fixed efects on tap af this, as 1n 4, adds ancther four coeflicients 1o be
estimated and strains identification 10 its limit. This may be feasible with larger 7
bul the data are unlikely 10 distinguish well between fixed effects and slowly
changing nitial effects, especially in short panels.

Perhaps a more interesting version is represented by (6.13e), where we are
unwilling to assume an explicit form for the lag distnbution since thal happens to
be exacily the question we wish to investigate, but are willing instead to assume
something restrictive about the behavior of the x's in the unseen past; specifically
that they fotlow an sutoregressive process of low order. In the example sketched
out, we never see x_,, x_; and x_,, and hence cannot identify 8, {(or even §,)
but may be able to learn something about B,. B). and B,. If the x's follow a first
order autoregressive process, then it can be shown (see Pakes and Grliches, 1984)
that in the projection of x _, on all the observed x's

E*x_ |y, %35, %, %)= gx=0-x, +0-x5, +0-x, + g, x4, (6.17)

only the last coefficient is non-zero, since the partial correlation of x_, with all
the subsequent x's is zero, given its correlation with x4 If the x's had followed a
highes order autoregression, say third order, then the last three cocflicients would
be non-zero. In the first order case the [T matrix is

0 0 B Bi+BgtBistBa
I{e)=|0 B A B+ By + By .
B B B B+ 8.8

where now only f;, B, and 8, are identified from the data. Estimation proceeds
by leaving the last column of IT free and constraining ihe rest of it to yield the
parameters of interest.* If we had assumed that the x’s are AR(2), we would be
able to identily only the first two 8°s, and would have 10 leave the last two
columns of IT free.

"An aliemative approach would take sdvantage of the geometnc nawre of the tag structure, and
ust lagged values of the dependent varisble 1o solve owt the unobserved s Using the lagged
dependent vanables {ormulation would inttoduce both an errors-in-vanables problem (since v,
promses lor ¢ subject 10 the ¢, | trrof) and 3 potential simultanaity problem due 16 thew correlauon
with the a's (even if the a’s art noi correlated wath the x's) Instruments are avalable. however, an
the Torn of pasi y's and future x's and such a Sysiem s estimable along the hines outhned by
Rhargava and Sargan (1980

M This 1 not fully eficsent 1 we exalty believe that the 5's follow a low order Markov process with
sabic coefeciends over iime (which 15 not necessary for the ahove), then 1be cquanans for 1 can be
appended to this madel and the g7 would be esnmated joundy, constraiming, thas columo of [T alw
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The last case to be conmdered, represents a mixture of fixed effects and
truncated lag distnbutions. The algebra is somewhat tedious (see Pakes and
Griliches, 1984} and Jeads basically (o a mixture of the (¢) and (&) case, where the
fixed eflects have changing coefficients over time, since their relationship 10 the
corrclated truncation remainder (s changing over time:

5 & §, + 4, Iy
mjy= b, mb, +8, mb+8, Myl
md, + By, m5,+ B, m + 8, Iy

where | have normalized m, = 1. The first three 8°s should be identified in this
model but in praclice it may. be rather hard to distnguish between all these
parameters, unless T is significantly larger than 3, the underlying samples are
large, and the x's are not too colbinear.

Following Chamberlain, the basic procedure in this type of mode! is first to
estimate the unconstrained version of the [T matrix, denve its correct
variance-covanance matrix allowing for the heteroscedasticity introduced by our
having thrust those parts of the &, and z, which are uncorrelaied with the x°s into
the random term (using the formulae in Chamberlain 1982, or White 1980), and
then impose and test the constraints implied by the specific version deemed
relevant.

Note that it is quite likely (in the coniext of larger T') that the 1est will reject al)
the constraints at conventional significance levels. This indicates that the underly-
ing hypothesis of stability over time of the relevant coefficient may not really
hold. Nevertheless, one may sull use thus framework to compare among several
more constrained versions of the model to see whether the data indicate, for
example, that "il you believe in a distnbuted lag model with fixed coefficients,
then two terms are better than one.”

Some of these tdeas arc ilustrated in the {ollowing empirical example which
considers the ubiquitous question of “capital.”” What is the appropriale way to
define it and measure it? This 15, of course, an old and much discussed question to
which the theorctical answer is that in general it cannot be done 10 a satisfactory
fashion (Fisher, 1969) and that in practice it depends very much on the purpose at
hand (Griliches, 1963). There is no intention of reopening the whole debate here
(sec the vanous papers collected in Usher 1980 for a review of the recent state of
this topic); the focus is rather on the much narrower question of what is the
appropniate functional form for the depreciation or detenioranon function used in
the construction of conventional capital stock measures. Atmost all of the data
used empinically are constructed or the basis of convenhomal “length of bie”
assumplions develuped for accounting and tax purposes and based on very litile
direct evnlente on the pattern of capital services over time These accounnng
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estimates are then taken to imply rather sharp dechines i the service flows of
capilal over time using ¢ither the straight linc or double declining balance
depreciation [ormulae. Whatever independent evidence there is on this topic
comes largely from used assets markets and is heavily contaminated by the effects
of obsolescence due to technical improvements 1n newer assets.

Pakes and Griliches (1984) present some direct empincal evidence on ths
question. In particular they asked: What is the time pattern of the contnibution of
past investments to current profitability? What is the shape of the “'deterioration
of scrvices with age function™ (rather than the “decline in present valye”
patterns)? All versions of capital stock measures can be thought of as weighted
sums of pasi investments:

K=Ywli,_, (6.18)

with w, differing according to the depreciation schemes used. Since investments
are made to yield profits and assuming that ex ante the expected rate of return
comes close to being equalized across different investments and firms, one would
expect that

I,=poK,+e,=p(Lw 1, ) +e, (6.19)

where e, is the ex post discrepancy between expected and actual profits assumed
to be uncorrelated with the ex ante optimally chosen f's. Given a senes on I,
and [, in principle one could estimate all the w parameters except for the
problem thai one rarely has a long tnough series 10 estimate them individually,
especially in the presence of rather high multi-collincanty in the ['s. Pakes and
Griliches used panel data on U.S. firms to get around this problem, which greatly
increases the available degrees of freedom. But even then, the available panel data
are rather short in the lime dimension (at least relative to the expected tength of
life of manufaciuring capital) and hence some of the methods descnbed above
have 1o be used.

They used data on the gross prefits of 258 U.S. manuflacturing firms for the
nine years 1964-72 and their gross investment (deflated) for 11, years 1961-71.
Profits were deflated by an overall index of the average gross rate of return
(1972 = 100) taken from Feldstein and Summers (1977) and all the observations
were weighted inversely 10 the sum of investment over the whole 1961-71 period
1o adjust roughly lor the great heteroscedasticity in this sample. Model (6.131) of
the previous section was used. That is, they tned to estimate as many uncon-
strasned w terms as possible asking whether these coefficients in fact decline as
raptdly as is assumed by the standard depreciation formulae. To identily the
maodet, 11 was assumed that in the unobserved past the /s followed an autoregres-

-
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sive process. Prehmunary calculations indicated that it was adequalte Lo assume a
therd order autoregression fot §. Since they had also an accounting measure of
capital stock as of the beginning of 1961, it could be used as an additional
wdicator of the unseen past /°s. The possibility thal more profitable frms may
also invest more was allowed for by including individual firm effects in the mode)
andd allowing them 10 be correlated with the I's and the initial X level. The
resulting set of multivariate regressions with non-linear constraints on coefficients
and a [ree covanance mairix was estimated using the LISREL-V program of
Joreskog and Sorbom (1981).

Before their results are examined a major reservation should be poted about
this model and the approach used. It assumes a fixed and common lag structure
(deterioration function) across both different lime periods and different firms
which is far from being realistic. This does not differ, however, from the common
use of accounting or constructed capital measures to compute and compare “rates
of return™ across projects, frms, or industries. The way “capital” measures are
commonly used in industnal organization, production function, finance, and
other studies implicily assumes that there is a stable relationship between
carnings (gross or ncl) and past investments; that firms or industries differ only
by a factor of proportionality in the yield on these investments, with the lime
shape of these yiclds being the same across firms and implicit in the assumed
depreciation formula. The intent of the Pakes-Griliches study was to question
only the basic shape of this formula rather than try to unravel the whole tangle at
once,

Their main results are presented in Table 2 and can be summarized quickly.
There 15 no evidence that the contribution of past investments to current profits
declines rapidly as is implied by the usual straight linc or declining balance
depreciation formula. If anything, they rise during the first three years! Introduc-
ing the 1961 stock as an additional indicator improves the estimates of the later
w's and indicates no noticeable decline in the contribution of past investments
during their first seven years. Compared against a single traditional stock measure
(column 3), this model does a significantly better job of explaining the variance of
profits across firms and time. Bot it does not come close 10 doing as weil as the
estimates that correspond to the Iree IT matrix, implying that such lag struclures
may not be stable across time and /or firms. Nevertheless, it is clear that the usual
depreciation schemes which assume that the contribution of past investments
declines rapidly and immediately with age are Quite wrong. If anything, there may
be an "appreciation” in the early years as investments are completed, shaken
down, and adjusted 10.7?

M For a methodologically refated study see Hall, Grliches and Hausman (1983} which teed 1o figure
ot whether there v a sigmficant “tal” 1o the patents as a functuon of pass RE&S sapenditures tag,
structure
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*§} = Estimated covanance matrix of the disturbances from the system of profit eqs (across years)

Fos the free 17 matna: trace §} = 2536

*The dependent vanable is gross operating income deflated by the implicit GNP deflator and an
index of the overall rate of retum in manufacturing (1972 =10) The w, refer to the coeficienss of
BFOs3 Inwesiment eapendilures in penod ¢ - v defated by the implict GNP producer durable
mvesiment deflator &7 and A% are defared Compusial measuces of net and gross capiial at the
beginmng of the year k¥, refers 10 undeflated gross capital 1961 as reported by Compusiat All
vanahlcs are dimded by 1he square root of the firm's mean invesiment expenditures over the 1961- 71
period Dummy vanables for the nine tume perods are included o all equations N« 258 and T = 9

The overall M. measured by { - [trace §1/1 200 4), 1200 4 = L7142, where 57, 1 ihe sample vanance
w1, 8 0 T2 for the model in Column 2 as against 0 79 Tor the free Tl matnx

Froen 1'akes and Golwhes (1984)
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7. Final remarks

The dogs bask but the caravan keeps moving
A Russian proverh

Over 30 years ago Morgensiern (1950} asked whether economic data were
accurate enough for the purposes that economists and econometricians were using
them for. He raised senous doubts about the quality of many economic series and
implicitly about the basis for the whole econometrics enterprise. Years have
passed and there has been very little coherent response to his cnticisms.

There are basically four responses to his criticism and each has some merit: (1)
The data are not that bad. (2) The data are lousy but it does not matter. (3) The
data are bad but we have leamned how 10 live with them and adjust for their
foibles. (4) That is al? there is. It is the only game in town and we have to make
the best of it.

There clearly has been greal progress both in the quality and quantity of the
available economic data, In the US. much of the agriculiural statistical dala
collection has shifted from judgment surveys to probability based survey sam-
pling. The commeodity converge in the various official price indexes has been
greatly expanded and much more attention is being paid to quality change and
other comparability issues. Decades of criticisms and scrutiny of official statistics
have borne some {ruit. Also, some of the aggregate statistics have now much more
extensive micro-data underpinnings. It is now routine, in the US,, to collect farge
pediodic labor force activity and related topics surveys and release the basic
micro-data for detailed analysis with relatively short lags. But both the improve-
ments in and the expansion of our data bases have not really disposed of the
questions raised by Morgenstern. As new data appear, as new data collection
methods are developed, the question of accuracy persists. While quality of some
of the “central” data has improved, i is casy to replicate some of Morgenstern's
horror stories even today. For example, in 1982 the U.S. (rade deficit with Canada
was cither $12.8 or 37.9 billion depending on whether this number came from
U.S. or Canadian publications. 1t is also clear that the national wncome statistics
for some of the LDC's are more political than economic documents (Vernon,
1983).

Morgenstern did not distinguish adequaicly between levels and rales of change.
Many large discrepancies represent definitional differences and studies that are
mosily interested in the movements in such series may be able to evade much of
this problem. The tradition in econometrics of allowing for “constants” in most
relanonships and not over-interpreting them, allows implicitly for permanent

Sec also Prakash (19741 for a collecton of confidence shanenng compansons of measurcs of
indusinal growth and frade for vanows developing countnes based on diflerent souries
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