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Background
Much recent interest in measurement and the Digital Economy:

= Feldstein (2017)

» Reinsdorf and Schreyer (2017)

= Syverson (2017)

= Groshen, Moyer, Aizcorbe, Bradley and Friedman (2017)
= Ahmad, Ribarsky and Reinsdorf (2017)

= Hulten and Nakamura (2017)

= Ahmad and Schreyer (2016)

= Byrne, Fernald and Reinsdorf (2016)

= Brynjolfsson, Diewert, Eggers, Fox and Gannamaneni (2018)




Background

Benefits of the Digital Economy are evident in everyday life, but are
they reflected appropriately in official statistics?

Many new products, and many disappearing products.

The measurement of the net benefits of new and disappearing
products depends on what type of index the NSO is using to deflate
final demand aggregates.

Derive expressions for quantifying biases in e.g. GDP from standard
NSO practices.




Background

= Statistical agencies typically use a “matched model” approach to
construct price indexes — maximum overlap index

» These are used to deflate value aggregates.

= From the economic approach to index numbers, reservation prices for
the missing products should be matched with the zero quantities for
the missing products in each period

 The reservation price for a missing product is the price which would
induce a utility maximizing potential purchaser of product to demand

zero units of it (Hicks 1940; Hofsten 1952; Hausman 1996).




Background

« If reservation prices are estimated, elicited from surveys, online
experiments, or guessed, then the “true” price index can be calculated
and compared to its maximum overlap counterpart.

« An estimate of the bias in the deflator can be formed. This bias in the
deflator translates into a corresponding bias in the real output
aggregate.

e The context we consider is one in which transaction level data are
available so that indexes can be calculated from the elementary level.
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True Share and Maximum Overlap Shares
Group 1 Products: Present in both periods

P1'=[P1-,P1n'l >> Oy and q;' =[qy;"...,a187] > Oy for t=0,1.

Group 2 Products: New goods only available from period 1

Period 0: p,”" = [pp”,....p«"1 >> Ok and 0,° = [qy,°,...,d1k°] = Ok.
NB: p, are the positive reservation prices

Period 1: p,* =[pat....P2k'] >> Ok and ' = [01*...,02« "] > Ok




True Share and Maximum Overlap Shares

Group 3 Products: Disappearing goods, only available in period O
Period 0: p5° = [pg;°.....pau°] >> Oy and q3° =[03;°,...,03u°] > Oy.
Period 1: ps* =[ps,*,....pau" ] >> Oy and qz* = [q3;%,....03y"] = Oy.

NB: p,!" are the positive reservation prices




True Share and Maximum Overlap Shares
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True Share and Maximum Overlap Shares
Group 1 True expenditure shares (continuing goods):
S10% = P10 010 [P1%011° + P27-0,° + P3%05°] ;

= P1,°01,Y[P1%-04° + p3°-q5°]

St =P tapta + potast + psttast

= Piptdtpata,t + pota,’]

Can be calculated using observable data.

n=1,...,N;

since g,% = 0;

n=1,...N;

since g3t = 0y,




True Share and Maximum Overlap Shares
Group 2 True expenditure shares (new goods):
Sx’=0

Sal = Patadxt/[p,t-a.t + potaLl

Group 3 True expenditure shares (disappearing goods):

Sam® = PamCUam/[P1°%:0,° + p3°-05°]

1 —
SBm =0

since q,° = Oy;

since g3 = Oy.

since q,° = Oy;

since gz = 0,
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True Share and Maximum Overlap Shares

Maximum overlap share for product n in period t:

S1no' = P1n'd1n P10, t=0,1;n=1,..,N.

Relationships between the true Group 1 shares and the maximum overlap
Group 1 shares:

S1nO = Slnoo[l - z"mzl SSmO] ; n= 1,...,N;

Sint =S1n0t[l - 22 Sot] - n=1,...,N;

(de Haan and Krisnich 2012)
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Torngvist Price Index
Tornqvist index is the target index for the US CPI.

Log of the T6érngvist maximum overlap index:

INPro =221 (1/2)(S1,0° + S1hob)IN(P 1P 1Y)

Log of the true Tornqgvist maximum overlap index:
INP7 =Z,21(1/2)(S1,° + S1n)INP 1, /P1°) + Zy=y (1/2)(S 50+ Sa)IN(P P 2”)
+ Zmzl(:l-/z)(SBmO + SBml)In(mel*/pSmO)

=InP:g + Inx+ Inp




Torngvist Price Index

Pr=Poxxxp

k can be regarded as a measure of the reduction in the true cost of living
due to the introduction of new products. Thus k is likely to be less than 1.

u can be regarded as a measure of the increase in the true cost of living
due to the disappearance of existing products. Thus pis likely to be
greater than 1.




Tornqvist Price Index

In case you’re wondering.....
Ink = (L/2)Z,-; sxtIn(pat/p”) —INP;otl;
Inp = (1/2)Z,2; S5 [IN(Pam*7P3m°) — INP;°,

where:
InPJol =2 S1nO1 In(plnllplno);

InPJOO = anl S1nOO In(plnllplno)-
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Torngvist Price Index

Imputed carry backward prices:
Pakp’ = Po/Pjo"

Imputed carry forward prices:
Pamt" = Pam°P30°

Economic theory suggests that the reservation prices will be greater than
their inflation adjusted carry forward or backward prices.

1+ % =Pa’ /P oy’

1+ Um = p3m1*/p3mf:L

B UNSW | IEZE3

=25 Business School




Torngvist Price Index

Exact relationship between the true Tornqgvist index Py and its maximum
overlap counterpart P;4:

IN(P1/Pro) = Zp-1(12)s50,° IN(L + py) — Zyoy (1/2)s5 1 IN(L + %)

Using a first order Taylor’s series approximation:

(P1/P1o) = 1 = 2,21 (1/2)S 5,0 Py — Zy=1(1/2) 85, 1
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Torngvist Price Index

Value aggregates for the goods and services in the group of N+ K + M
commodities under consideration, v® and v

vO=p,°q,° + ps®as’; vi=p,ha,t+pyta,t
True implicit Torngvist quantity index:
Qr = [VIVO]/P;
Maximum overlap Térngvist quantity index:
Qro = [VIAVO)/Pro
Bias in Qg relative to Qy:
Q1/Q1o = Pro/Pr
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Torngvist Price Index

First order approximation:

(Q1/Q+0) — 1 = I, 1 (1/2)s 5 ky — Zm:1(1/2)33m0 M-

If there are no disappearing goods, the right hand side of becomes:

2.-1(1/2)s,.'x, — the downward bias in the maximum overlap Térnqvist
guantity index for the value aggregate in percentage points.

That is, the downward bias in welfare from ignoring new goods and
services.
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Paasche Price Index

We derive similar results for Laspeyres, Paasche and Fisher indexes.
Fisher result is very similar to that of the Tornqvist index.

Here we consider the Paasche price index, as it corresponds to a
Laspeyres quantity index, which is used by many countries to construct
GDP.

Maximum overlap Paasche price index:
Peo=P1"0:p1%0:" = [Zh21 S1not (P10 /P10
True Paasche price index:

Po=[2Z,21S10t (P10 P 1,0 + 2oy St (PP 0)




Paasche Price Index

Going through similar steps as before, we have:
(Ppo/Pp) =1 =223 Syt B

where Pyis the true Paasche index and Py is the maximum overlap
Paasche index, and

B, expresses how much higher each reservation price is from its Paasche
inflation adjusted carry backward price counterpart:

1+ By =Pa’ /Py’

Thus, expect Paasche maximum overlap index to have upward bias if there
are new products in period 1.




Paasche Price Index

True and maximum overlap Laspeyres indexes:

Q. = [VIVO)/P, QLo = [VIAVO)/Ppo.

The bias in Q,o, the maximum overlap Laspeyres index, relative to its true
counterpart Q, can be measured by the ratio Q_/Q,.:

(QL/QLo) = 1= (Ppo/Pp) =1 = Z,_; Sy By

Thus the upward bias in the maximum overlap Paasche price index Ppq
translates into a downward bias in the companion maximum overlap
Laspeyres quantity index, Q, ».




Conclusions

NSOs often use a maximum overlap index to deflate a value aggregate
to construct estimate of e.g. real consumption.

Only products that exist in both periods being compared are then
considered.

Derive expressions which arise from the use of maximum overlap
indexes for the Tornqvist, Laspeyres, Paasche and Fisher price and
guantity index formulae.

Simple expressions, but require transaction level data and Hicksian
reservation prices for the missing products in both periods.

Also consider bias formulae for replacement samples (a la Triplett 2004)

g UNSW |

=2 Business School



Diewert, W.E., K.J. Fox and P. Schreyer (2017), “
," Vancouver School of Economics
Discussion Paper 17-09, University of British Columbia

@ UNSW |

=2 Business School


https://www.researchgate.net/publication/325019429_The_Digital_Economy_New_Products_and_Consumer_Welfare?_iepl[viewId]=VoYqEyHf0R0sgggEf7pORI9L&_iepl[contexts][0]=projectUpdatesLog&_iepl[targetEntityId]=PB:325019429&_iepl[interactionType]=publicationTitle
https://www.researchgate.net/publication/325019429_The_Digital_Economy_New_Products_and_Consumer_Welfare?_iepl[viewId]=VoYqEyHf0R0sgggEf7pORI9L&_iepl[contexts][0]=projectUpdatesLog&_iepl[targetEntityId]=PB:325019429&_iepl[interactionType]=publicationTitle
https://www.researchgate.net/publication/325019429_The_Digital_Economy_New_Products_and_Consumer_Welfare?_iepl[viewId]=VoYqEyHf0R0sgggEf7pORI9L&_iepl[contexts][0]=projectUpdatesLog&_iepl[targetEntityId]=PB:325019429&_iepl[interactionType]=publicationTitle
https://www.researchgate.net/publication/325019429_The_Digital_Economy_New_Products_and_Consumer_Welfare?_iepl[viewId]=VoYqEyHf0R0sgggEf7pORI9L&_iepl[contexts][0]=projectUpdatesLog&_iepl[targetEntityId]=PB:325019429&_iepl[interactionType]=publicationTitle

	Slide Number 1
	Background
	Background
	Background
	Background
	True Share and Maximum Overlap Shares
	True Share and Maximum Overlap Shares
	True Share and Maximum Overlap Shares
	True Share and Maximum Overlap Shares
	True Share and Maximum Overlap Shares
	True Share and Maximum Overlap Shares
	Törnqvist Price Index 
	Törnqvist Price Index 
	Törnqvist Price Index 
	Törnqvist Price Index 
	Törnqvist Price Index 
	Törnqvist Price Index 
	Törnqvist Price Index 
	Paasche Price Index
	Paasche Price Index
	Paasche Price Index
	Conclusions
	Slide Number 23

