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Generating Pseudo Microdata for Educational Use in Japan
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Summary

One of the key tasks in promoting the use of official microdata is to nurture researchers who are able to
conduct empirical research based on such data. The education and training of these researchers requires
the free availability of unrestricted microdata for classes and seminars in higher educational institutions.
Pseudo microdata for educational use can fulfill this role. This paper suggests an approach for creating
pseudo microdata for educational use. Pseudo microdata is generated using multidimensional tabulation on
individual data from official statistics. Random numbers are generated based on the assumption that the val-
ues of quantitative attributes contained in each cell of the hyper multidimensional tabulation are based on

multivariate lognormal distribution.
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Analysis of IO-based Annual Supply and Use Tables
for the development of QNA*

Takeshi SAKURAMOTO ™ *

Summary

This paper reports that it would be efficient for the Economic and Social Research Institute (ESRI) to in-
troduce the Annual Supply and Use Tables (ASUT) and the balancing system of the ASUT to the core sys-
tem of formulating Annual National Accounts (ANA) in Japan. The core system of the ANA currently de-
pends on the Benchmark Input-Output Table (BIOT) according to SNA1968. However, if the JSNA
improves the core system for its quarterly national accounts, the BIOT may be an obstacle in the future.
Thus, it is necessary to examine the relation between the ANA and BIOT, which the present study under-
takes. The combination of the BIOT and consistent ASUT will be an important choice for the JSNA instead
of the European Supply and Use System. There are certain challenges when analyzing the ASUT, including
the choice of balancing methods, the consistency of the product-flow method, and the frames of the ASUT.
Although many concepts are difficult to estimate accurately in this novel estimation, the ASUT would allow
the JSNA to select from many choices to improve actual measurement. This paper includes simple estima-

tions of the ASUT (unbalanced and balanced) and provides a definitive suggestion for future changes.

Key Words
Annual Supply and Use Tables, Japanese System of National Accounts, Input-Output Table, Supply and
Use Tables, product-flow method
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Introduction™ * *

This paper reports that it would be efficient
for the Economic and Social Research Institute
(ESRI) of the Government of Japan (GOJ) to in-
troduce the Annual Supply and Use Tables
(ASUT) and the balancing system of the ASUT
to the core system of formulating Annual Na-
tional Accounts (ANA) in Japan. Although the
System of National Accounts 1993 (SNA1993
hereafter) was introduced into the ANA in
2000, the core system of the ANA still relies on
SNA1968. However, as the GOJ can estimate
the Benchmark Input-Output Table (BIOT) di-
rectly, the core system of the ANA is now based
on the application of the BIOT rather than
adopting supply and use tables (SUT). It is
therefore necessary to examine the consistent
use of SUT and their balancing system given
that the BIOT is available in advance. The
SNA1993/SNA2008 doesn’t include such a spe-
cial case in the core system of the ANA.

Given the foregoing, there is no consistent
system for balancing Benchmark SUT (BSUT)
with the BIOT in Japan in the short-term. The
detailed BIOT is estimated in the first step in
order to calculate the ANA as data sources in
the second step. The JSNA, which can utilize
the BIOT directly, face challenges estimating
consistent SUT according to the SNA1993/
SNA2008. Because the BIOT is an obstacle for

*** List of Abbreviations is as follows.

ANA: Annual National Accounts

ASUT: Annual Supply and Use Tables

BIOT: Benchmark Input-Output Table
BSUT: Benchmark Supply and Use Tables
CIF: Cost of Insurance Freight

ESRI: Economic and Social Research Institute
FOB: Free On Board

GDP: Gross Domestic Product

GFCF: Gross Fixed Capital Formation

GOJ: Government of Japan

JSNA: Japanese System of National Accounts

Analysis of [0-based Annual Supply and Use Tables for the development of QNA

SUT and for improving the Quarterly National
Accounts (QNA) and ANA in Japan, it is neces-
sary for the Japanese System of National Ac-
counts to search for a breakthrough to maintain
the BIOT and to provide consistent SUT for the
introduction of the SNA1993/SNA2008.

Make and Use Tables (also termed V and U
Tables) now depend on the BIOT. A Supply Ta-
ble (unbalanced) is transposed onto the V Table
using an import matrix, while the Use Table
(unbalanced) is mostly a combination of a use
matrix and the existent tables of the expendi-
ture series. Briefly, Make and Use Tables are
old-type SUT according to the framework of
the SNA1968. The BIOT includes a V Table (a
kind of Supply Table), and the ANA depend on
the BIOT to provide a benchmark estimation
every five years. Although SNA1993 was intro-
duced into the ANA and BIOT, the ASUT are
still based on Make and Use Tables. Moreover,
there is only a balancing system in the BIOT in
order to ensure the consistency of accounts, but
not in the ANA.

The provision of the ANA without the ASUT
restricts the performance of the official statis-
tics. Recently, as this statistical discrepancy has
expanded, it has become necessary to analyze
the inconsistent numbers in the ANA. Howev-
er, Japan has neither consistent SUT (balanced)

nor a systematic analysis process in a core sys-

JSIC: Japan Standard Industrial Classification
IOT: Input-Output Table

QNA: Quarterly National Accounts

QSUT: Quarterly Supply and Use Tables
JSIC: Japan Standard Industrial Classification
SNA: System of National Accounts
SNA1968: System of National Accounts 1968
SNA1993: System of National Accounts 1993
SNA2008: System of National Accounts 2008
SUT: Supply and Use Tables
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tem of the ANA.

By contrast, while the ESRI publishes quar-
terly Gross Domestic Product (GDP, Expendi-
ture Approach) figures in the QNA in Japan, it
no longer includes GDP (Output or Income Ap-
proach) and other series (e.g., household sav-
ings). It is therefore increasingly important to
improve the JSNA in order to expand the QNA,
and SUT are an effective tool in this regard.
Thus, pairing the ASUT with the existent
benchmark BIOT is an efficient policy choice,
because this combination would improve the
core system of the ANA and develop a consis-
tent time series for the ASUT.

In light of this foregoing, there are three pur-
poses for developing the ASUT in Japan. First,
the ANA would have a system that was capable
of analyzing the statistical discrepancy with the
ASUT. Second, the actual work of the ANA
would be vastly improved. For example, the
ESRI may be able to measure fixed GDP with-
out any discrepancy over a three-year period.
Third, the ASUT would be necessary for the
QNA and the Quarterly Supply and Use Tables
(QSUTD).

This paper principally covers the concept of
and issues faced by the development of the
ASUT (unbalanced, balanced) and the balancing
system. There are certain challenges when ana-
lyzing the ASUT, including the choice of balanc-
ing methods, the consistency of the product-
flow method (commodity-flow method), the
frames of the ASUT, and so on. Although many
concepts are difficult to estimate accurately in
this novel estimation, the new frame of the
ASUT would improve the measurement of the
JSNA. In this paper, I thus argue in favor of in-
troducing the new core system described here-
in into the JSNA.

The paper is organized as follows. I introduce

18

the background of the ASUT in the first section.
The second section deals with the frame and
simple estimation of the ASUT. Section 3 con-
cludes.

1. New Features of the JSNA
1-1 The conflict between the JSNA and
the updated SNA

This paper discusses the so-called “Japanese
contradiction”, namely that the ESRI must
break up its core accounts of the JSNA in order
to introduce the SNA1993/SNA2008. This con-
tradiction implies that it is necessary for the
ESRI to analyze SUT to improve the QNA.
However, if the ESRI were to actually introduce
SUT in the short run, the existing BIOT would
be a large obstacle. Although there is consen-
sus that the ESRI would improve the key ac-
counts in the long-term according to the rec-
ommendations of the SNA, the introduction of
SUT would apply the wrong rules to certain
Asian countries. Further, Japan, South Korea,
and other Southeast Asian countries still utilize
the BIOT according to SNA1968. The BIOT
thus represents the key accounts for the SNA
instead of SUT.

However, this process raises the questions of
who thinks about Asian key accounts in terms
of SNA2008 and how Asian countries report
their key accounts in line with the SNA1993/
SNA2008. This paper thus suggests a new
scheme for adapting the core accounts in the
SNA1993/SNA2008 according to this Input-
Output System. The core accounts in SNA1993,
SNA2008, and the European System of Ac-
counts are the same according to the SUT Man-
ual (Eurostat (2008)). Importantly, because the
Japanese contradiction is a common problem
across Asian countries, this paper concentrates

on the Japanese Input-Output System and SUT
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Table 1 Japanese Main Statistics in connection with SNA.
Name of Statistics Organization Interval Contents Guide or Book Website Address
1 | Annual Report on | The Economic and Social Annual Annual National ex.Economic and Social | http:/www.esri.cao.
National Accounts | Research Institute (ESRI), Accounts included with | Research Institute go.jp/en/sna/kakuhou/
Cabinet Office some parts of GFS (2011) kakuhou_top.html
2 | Quarterly The Economic and Social Quarterly | Quarterly GDP Economic and Social http://www.esri.cao.
Estimates of GDP | Research Institute (ESRI), (Expenditure) Research Institute go.jp/en/sna/sokuhou/
Cabinet Office (2005) sokuhou_top.html
3 | Prefectural The Economic and Social Annual Regional GDP Japanese only
Accounts Research Institute (ESRI),
Cabinet Office
4 | SNA Input-Output | The Economic and Social Annual Input-Output Table Japanese only
Table Research Institute (ESRI), (product by product)
Cabinet Office consistent with National
Accounts
5 | Input-Output Director-General for Policy Every 5 | Input-Output Table and | Ministry of Internal http://www.stat.go.jp/
Table* Planning (Statistical Stan- years many Supporting Tables | Affairs and Communica- | english/data/io/index.
dards), Ministry of Internal tions (2009) htm
Affairs and Communications,
and 10 organizations
6 | Annual Preliminary | Ministry of Economy, Annual Input-Output Table Japanese only
Input-Output Table | Trade, and Industry (product by product)
7 | Annual Input- Ministry of Economy, Annual Input-Output Table Japanese only
Output Table Trade, and Industry (product by product)
8 | Balance of Ministry of Finance, Quarterly | Japanese and Regional http://www.mof.go.jp/
Payments Bank of Japan Balance of Payments, english/international _
Direct Investment, policy/reference/
Investment balance_of_payments/
index.htm
9 |Japan’s Balance of | International Department, Annual Explanation and ex.Bank of Japan (2011a),| Every year's website
Payments Bank of Japan Analysis of BOP data Bank of Japan (2011b)
10 | Flow of Funds Research and Statistics Annual, |Financial transactions, |Bank of Japan (2006a), | http://www.boj.or.jp/en/
Accounts Department, Bank of Japan Quarterly | financial assets and Bank of Japan (2006b) | statistics/sj/index.htm/
liabilities
11 | Japan Standard Director-General for Policy Casual Industrial Classification http://www.stat.go.jp/
Industrial Planning (Statistical Stan- timings english/index/seido/
Classification dards), Ministry of Internal sangyo/index07.htm
Rev. 12 Affairs and Communications,
and 10 organizations
* This paper calls Number 5 BIOT.
Table 2 The variation of GDP statistics in JSNA
WA AN e
GDP statistics First Quarterly Second Quarterly First Annual Report |Second Annual Report| Third Annual Report | Benchmark revision
,,,,,,,,,,,,,,,,,,, Estimates of GDP__| _ Estimates of GDP_| on National Accounts | on National Accounts | on National Accounts |
Delay About a month and | About two months and About 9 months About a year and 9 | About two years and 9 About 5 years
,,,,,,,,,,,,,,,,,,,,,, twoweeks | Wdws | 7T | months | omonths | T
GDP (Expenditure, | GDP (Expenditure, GDP (Expenditure,
N 5 GDP (expenditure Production and Production and Production and
GDP (Expenditure
approach) and Income approach), Income approach), Income approach),
approach) and .
Contents Compensation of Compensation of Current accounts, Current accounts, Current accounts,
Er]; lovees Employees with some|  Capital Finance Capital Finance Capital Finance
Doy supporting tables Accounts, Balance Accounts, Balance Accounts, Balance
sheets sheets
GDP (Production
Approach)
GDP (Income A A
Avproach) L
GDP (Expenditure 0 o) o) 0 o
Approach)
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as the international standards.

Even though the JSNA introduced SNA1993
in 2000, its core accounts still depend on
SNA1968. The JSNA does not include SUT with
a balancing system according to SNA1993 and
thus they cannot control statistical discrepan-
cies as the BIOT aims to but fulfills inconsis-
tently. The JSNA covers Make and Use Tables
estimated from the BIOT instead of SUT based
on SNA1968.

Japanese core accounts are estimated from
the BIOT nowadays. This method is the Japa-
nese original system. Table 1 shows the main
Japanese statistics in connection with the SNA.
As shown in Table 1, numbers 1—7 and 10
were the accounts that introduced SNA1993.

Because the Japan Standard Industrial Classifi-
cation Rev. 12 (JSIC Rev. 12) introduced the In-
ternational Standard Industrial Classification
Rev. 3 not Rev. 4, the JSIC is expected to be up-
dated by 2015. The BIOT will thus introduce
SNA2008 in 2015 and the JSNA will follow suit
a year later.

Numbers 1 and 2 in Table 1 are National Ac-
counts Statistics. The Annual Report on Na-
tional Accounts (number 1) represents the
ANA, which comprise flow and stock accounts
with many supporting tables. Table 2 shows the
GDP estimation for the JSNA area. Time series
are published five times over five years until
the benchmark revision. The IMF ROSC report
(see IME 2006) recommended that the GOJ de-

1993SNA or P . Lo Main
2008SNA Full sequence of accounts for institutional sectors Japanese System of National Accounts Balancing items aggregates
1 . Production I . Production accounts Production accounts B.1 Value added g@'ﬁ‘fiflfom
accounts (only total economy) g /NDP)
. . Generation of income account B.2 Operating surplus
IL. 1.1. Generation of income account (only total economy) B.3 Mixed income
II. 1. Primary C n
Lo T II. 1.2.1. Enterpreneurial
distribution of | 11 1.2. Allocation |inéome accounts . P ) National
income accounts | of primary income income "L‘—O‘J““_ |Allocation of primary income B.5 Balance of primary iniol?r?: (GNI,
Current 1I. 1.2.2. Allocation of other| Current [account incomes !
e account : : NND
accounts 1I. Distribution primary income account accounts
and use National
of income - tributi : ational
accounts 1I.. 2. Secondary distribution of income accounts SSCC(?‘?:&W distribution of income |, Disposable income |disposable
income
E . P Redistribution of income in kind ~ [B.7 Adjusted disposable|
1. 3. Redistribution of income in kind accounts accounts income
II. 4.1. Use of disposable income accounts Use of a Use of disposable Nation saving
h income accounts L .
II. 4. Use of income b. Use of adiusted B.8 Saving
income accounts accounts - Use of adjuste
IL. 4.1. Use of adjusted disposable income disposable income
accounts
- ) : B.9 Net lending/Net
II. 1. Capital account g'apltal Capital account borrowing
inance -
| 1IL. 2. Financial account Accounts|Financial account E -9 Net lending/Net
Accumulation | 1L+ Accumulation . Orrowing
accounts accounts 1I. 3.1. Other changes in volume of assets
1I. 3. Other . 3.2.1. Neutral houlding
changes in assets |IIl. 3.2. Revaluation s
accounts jaccounts 0. 3.2.2. Real holding
gains/losses
V. 1. Opening balance sheet
IV. 2. Changes in balance sheet
V. 3. Closing balance sheet Closing balance sheet B.90 Net worth National
~anital Finance Acc . B.9 Net lending/Net ~ |Changes in
Capital Finance Accounts borrowing national
s . B.10.2 Changes in net
f]) ollhu(;;ed:)dfnagszgt‘g worth, due to other
account changes in volume of
Balance V. Balance assets
sheets sheets Balance B.10.3 Changes in net
sheets . 'worth, due to nominal
Reconciliati holding gains/losses
on Accounts -
Re- Neutral B.10.31 Changes in net
valuation houlding  [worth, due to Neutral
accounts |gain/losses [holding gains/losses
Real B.10.32 Changes in net
holding  |worth, due to Real
gains/losses|holding gains/losses
Figure 1 Comparison of Accounts between SNA1993/SNA2008 and JSNA

Reference: SNA part is from United Nations (1994) Figure 2.3. Japanese part depends on Economic Planning
Agency (2000) Table 2-1.
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velop a time series of GDP (i.e., the production
approach) in the QNA. Although the JSNA does
not provide GDP figures (i.e., the production
and income approach) in the QNA nowadays,
the ESRI recently analyzed these series in its
QNA review. Figure 1 compares the accounts of
SNA1993 with those of the JSNA. The ANA in
Japan covers all the areas displayed in the right-
hand table of Figure 1".

Japanese data users have been able to adopt
the new time series as a benchmark revision of
2010 since December 2011. The new data cover

the “Financial Intermediation Services Indi-

Analysis of [0-based Annual Supply and Use Tables for the development of QNA

rectly Measured” and the “Net Capital Stocks
of Fixed Assets classified by Institutional Sec-
tors and Economic Activities”.

As shown in Table 3, the BIOT represents
the “Input-Output Table” (IOT) used in this pa-
per, which is the formal name for the BIOT. The
basic transaction tables in the BIOT are shown
in the form of traditional (product-by-product)
tables. Indeed, this table is the largest in the
world on which the Director-General for Policy
Planning (Statistical Standards), Ministry of In-
ternal Affairs and Communications, and 10 or-

ganizations cooperate. Table 3 presents the

Table 3 Benchmark Input-Output Table (BIOT) List

Producers Prices Purchasers Prices

Input-Output Table

Basic Sector
Classification
520X 407

Basic Sector
Classification
520 X407

Sections
34

Divisions
108

Sections
34

Divisions
108

Groups
190

Groups
190

(1) Input Table

N

0 0 0

Basic

U
0
U

0 o 0

Transaction

Tables (3) Transactions Valued at Producers Prices

O

)

(2) Output Tables
)
)

(4) Transactions Valued at Purchasers Prices

(@)
O

(1) Input Coefficients at Producers Prices

@)

@]
O

(2) Inverse Matrix Coefficients at Producers Prices [I-(I-M)A]-1

(3) Inverse Matrix Coefficients at Producers Prices [I-Ad]-1

(4) Inverse Matrix Coefficients at Producers Prices (I-A)-1

(5) Domestic Production Induced by Individual Final demand Items

(6) Domestic Production Inducement Coefficients

(7) Domestic Production Inducement Distribution Ratios

O|O|O|O|O|0|O
O|O|O|O|O|0|O

(8) Gross Value Added Induced by Individual Final demand Items (1)
Gross Value Added Induced

(@]
O

(9) Gross Value Added Induced by Individual Final demand Items (2)
Gross Value Added Inducement Coefficients

Main
Tables

O | O [OlO|O|0|0|0|O

@)

(10) Gross Value Added Induced by Individual Final demand Items (3)
Gross Value Added Inducement Distribution Ratios

(@]

(11) Imports Induced by Individual Final demand Items (1) Imports In-
duced

O
(@)

(12) Imports Induced by Individual Final demand Items (2) Imports In-
ducement Coefficients

O

(@]

(13) Imports Induced by Individual Final demand Items (3) Imports In-
ducement Distribution Ratios

O

(@]

(14) Imports Coefficients, Input Coefficients of Imported Goods and
Services, Total Imports Coefficients and Total Value added Coefficients

(1) Trade Margins

(2) Domestic Freights

(3) Imports

O|o|0] O

Olo|0| O

Supple- |(5) Value and Quantity

)
)
(4) Scrap and By-products
)
)

mentary |(6) Employeess Engaged in Production Activites (by Occupation)

O|O|0|0|0|O

Tables (7) Employment Matrix (Employees Engaged in Production Activites)

(by Occupation)

(8) Fixed Capital Matrix (Fixed Capital formation)

Case A

(9) Commodity Output by Industry (Make table)

O|o| O |O

(10) Self-transports by private cars

(@)

OCase B OCase B

CaseA means Basic Sector Classification by Divisions
CaseB means Basic Sector Classification by Groups
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BIOT list. The BIOT has been estimated every
five years since 1955 and the JSNA depends on
it in the benchmark year.

Figure 2 depicts a simple flowchart of the es-
timation method used by the JSNA and the con-
nection between the ANA and other statistics.
In other benchmark years, the product-flow
method would be the most important for the
ANA. Because the key accounts in the JSNA
are of the SNA1968-type, the JSNA excludes
balanced SUT. The BIOT and annual product-
flow method thus play an important role instead
of the balancing system of SUT. However, if the
JSNA were to introduce the SUT framework to
the core estimation, there would exist a relation
between the ASUT and BSUT (as depicted by
the area within the dotted line in Figure 2).

The BIOT as opposed to the SNA controls

the industry and product classifications in Ja-
pan, making it the most important basic statis-
tic for the JSNA. Thus, the JSNA has long since
developed a system for controlling the BIOT
(termed the Input-Output System in this pa-
per). Moreover, South Korea and other Asian
countries have introduced this system instead
of the SUT framework of the SNA.

Japanese researchers recently recognized
that SUT with a balancing system play an im-
portant role for the Input-Output System, too.
Although the BSUT may not be necessary for
the Japanese system, the ASUT with a balanc-
ing system are more efficient for the JSNA for
three reasons. First, the ASUT with a balancing
system improves the consistency of the SNA.
In the JSNA, huge statistical discrepancies of-

ten prevent users from understanding the actu-

Benchmark year
Estimation

Annual Estimation

» Expenditure

Table T
X Table [

| Benchmark | Method
} Input-Output ! 3

A

o

A 4 v

Benchmark }
Input-Output |
Tables
Supplementary |
V Table J !

Value Addted

Method

Nonprofit
estimations

Public finance
estimations

Rest of the World
estimations

Payments Statistics | l

—

| Flow of Funds |
Accounts ‘
_

Balance of |

Income Method

Capital Finance
Accounts (Financial
Transactions)

Income and
Outlay Accounts

Capital Finance j Balance Sheet

. Ac_counts (Noq- Account
financial Transactions)

Figure 2 The JSNA and the Annual SUT (ASUT)
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al situation. If the ESRI decided to use the
ASUT and balancing system in the JSNA, this
would solve the problem. According to the rec-
ommendations of the Japanese Statistics Com-
mission, the ESRI analyzed the ASUT with bal-
ancing process for the fiscal year of 2012 and
2013.

The JSNA could also supply a consistent an-
nual GDP figure by using the ASUT in the
short-term. This measure would allow the
JSNA to shorten the estimation interval of the
balanced time series in the ANA. While JSNA
users would have to wait five to 10 years to use
this consistent and statistically accurate GDP
value, ASUT users could benefit from annual
data without statistical discrepancies within
three years.

Second, if the JSNA were to introduce the
ASUT, the ESRI could publish a consistent
GDP figure in advance, namely before the
benchmark revision. Therefore, the JSNA
would improve the ANA by adopting the ASUT.
As mentioned above, although the time series
in the JSNA have been published five times in
five years, all the GDP series in the JSNA in-
clude statistical discrepancies, including the
data in the benchmark year.

Third, the ASUT with a balancing system
would provide the key infrastructure for the
QNA. If the ESRI were to expand the QNA in
the future, the ASUT with a balancing system
and the QSUT would be necessary for the
JSNA. Section 1.2 describes the difference be-
tween the Input-Output and the Supply and
Use Systems. Thus, I concentrate on a feature
of the Asian key accounts in the SNA through
the JSNA in the next step.

Instead of introducing the BIOT, the JSNA
could introduce the BSUT, but proceeding with

this choice is difficult for the following two rea-
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sons: the JSNA has scant experience of estimat-
ing the BSUT and the available financial and
human resources are insufficient. If the JSNA
gives up the BIOT to concentrate on the BSUT,
they would decrease the statistical budget. Fur-
ther, if the JSNA failed to estimate the BSUT
accurately, the Ministry of Finance may decide
to reduce the statistical budget. Thus, it is dan-
gerous for the GO]J to allow the JSNA to directly
challenge the BSUT and not to look for other
approaches. In Japan, estimating the BSUT calls
for the introduction of the SNA1993/SNA2008
for core accounts, which in turn means break-
ing up the key accounts of the JSNA. This paper
calls this problem the Japanese Contradiction.
Indeed, some Input-Output researchers have
recognized that the JSNA would only introduce
the BSUT instead of the BIOT as a black joke.
In other words, the introduction of an SNA1993/
SNA2008 to core accounts in order to improve
the JSNA would mean destroying the existing
core accounts in the short run. However, in the
long run, both the Japanese Input-Output Sys-
tem and the SNA1993/SNA2008 as internation-
al standards are crucial for the JSNA. Therefore,
to solve the above-described contradiction, we
must confirm the difference between SNA1968
and the SNA1993/SNA2008 in the SUT frame-

work.

1-2 The Input-Output and Supply and
Use Systems

It is important for the estimation of the
ASUT to compare the old frame with the new
frame based on SNA1993/SNA2008 and
SNA1968. Guo, Mark, and BEA (2006) exam-
ined the differences in SUT styles between
SNA1968 and SNA1993. Similarly, Hayashi
(1994) compared the Japanese Input-Output
System and Supply and Use System in Japan ac-
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cording to SNA1993 and discussed introducing
SUT without the balancing system. Although
these two papers are important, it is useful to
examine the Japanese Input-Output System
and European Supply and Use System further
in this section.

Traditional research has often termed the
IOT simply “SUT” in the SNA1993/SNA2008.
Indeed, the United States, Canada, and Japan,
among other countries, still use the old IOT.
Many researchers in these countries consider
the IOT to include the X Table, Make (V) Table,
and Use (U) Table, which are all based on the
SNA1968 framework. For example, the V Table
is an old type of Output (Supply) Table, while
the Make (V) and Use (U) Tables are compati-
ble with the old SUT in SNA1968 .

Table 4 is called the “SUT framework” in the
SNA1993/SNA2008; however, the SUT frame-

work was termed the “IOT framework” in

SNA1968. Thus, the technical terms can be
misleading in this area. However, it is important
to note that there are two kinds of users in the
new and old frameworks and that symbols such
as “X”, “U”, “V”, and so on are matrixes.

It is also useful for us to confirm the differ-
ence between SUT in SNA1968 and those in
the SNA1993/SNA2008. Table 6 shows that the
V Table is the inverse matrix of the Supply Ta-
ble, which publishes the output (product-by-in-
dustry) matrix. The V and Supply Tables are
estimated by the basic price in principle. How-
ever, if it is difficult to calculate the V Table in
terms of the basic price, the producers’ price is
applied. The GOJ estimates the V Table every
five years as the supporting table in the BIOT.
Further, the ESRI updates the V Table every
year. Table 7 compares the V and Supply Tables.
While the former is only an output matrix, the

latter includes an import matrix. In addition, the

Table 4 SUT framework

Products Industries Final uses
il . Agricul- S || Lol || (B Total
tural Services Industry . ... |consump-| capital | Ecports
products ture activities . .
products tion |formation
£ | Agricultural products 34 59 143 81 21 32| 370
—§ Industrial products 106 119 77 123 103 62| 590
& | Services 70 112 75 291 61 31| 640
£ | Agriculture 270 10 20 300
2 | Industry 30 430 40 500
E | Service activities 50 100 550 700
Value added 90 210 405 705
Imports 20 50 30 100
Total 370 590 640 300 500 700 495 185 125
Reference: Eurostat (2008) p.21 Box1.1
Table 5 [OT framework
Final Total
Product | Indust
2 Demand Output
Product X U e q
Industry \Y% g
Value Added y
Total Input q g

" means inverse matrix.
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Table 6 Japanese Make Table and Supply Table

V (Make) Table Supply Table
System SNA1968 SNA1993/SNA2008
(SUT Manual 2008)
Feature Imports are not included. Imports are included.
Price Japanese version is producer’s price. basic price (if difficult, producer’s price)

Record in Japan

counts)

Every 5year (Input-Output Table Supporting Ta-
ble), every year (Annual Report on National Ac-

GOJ has not estimate Supply Table.

Table 7 The Comparison between V (Make) Table in SNA1968 and Supply Table in the

SNA1993/SNA2008
V Table Supply Table
According to 1968SNA According to 1993SNA or 2008SNA
Product 1 | Product 2 O’l;i)tty)atllt Industry A | Industry B | Import S’S;?lly
Industry A Product 1
Industry B Product 2
Total Output Total Output

GOJ®’ did not estimate the Supply Table in the
SNA1993/SNA2008.

It is thus necessary to estimate the consum-
er-tax table (a table of a kind of value-added tax
in Japan) in order to introduce the Supply Table
of basic prices. Hayashi (1994) insisted that the
GOJ could not estimate the consumer-tax table.
However, we argue that users of official statis-
tics can roughly measure the difference be-
tween the values with the tax and the values
without the tax at the product level. The Minis-
try of Economy, Trade, and Industry tried to es-
timate the consumer-tax table under a basic
sector classification (520 X 420) in 2009". How-
ever, this table did not meet the publication’s
accuracy criterion. Hence, if it is difficult to es-
timate the Supply Tables of basic prices, the
producers’ price is the next best choice, accord-
ing to SNA1993/SNA2008.

There are two kinds of producers’ prices.
The GOJ has chosen the producer’s price that

includes consumer-tax for addition into the

JSNA without GFCF (Gross fixed capital forma-
tion). Therefore, this paper selects the criterion
that the Supply Table estimation utilized the
producers’ price included with consumer-tax.
In other words, the GOJ and this paper neglect
discussions about value-added tax in the area of
SUT.

Tables 8 and 9 shows two kinds of Use Ta-
bles. The JSNA, rather than the Japanese BIOT,
include the former table in line with SNA1968.
The U Table is the unbalanced Use Table in the
SNA1993/SNA2008, which does not agree with
the expenditure side, whose components are
Private final consumption expenditure, GFCE,
Government final consumption, Changes in in-
ventories, Exports, and Imports. The U Table is
estimated by the ESRI from the X Table in the
BIOT and the V Table in the JSNA using a prod-
uct-based technology. The GOJ has not esti-
mated the Use Table in the SNA1993/SNA2008
and SUT with a balancing system. Thus, the

JSNA cannot control the consistency in each
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Table 8 The Variety of Japanese Use Tables

U Table Use Table
System SNA1968 SNA1993/SNA2008
(SUT Manual 2008)
Feature Final Demand matrix is not included. Final Demand matrix is included.
Price purchasers’ price purchasers’ price

Record in Japan

Every 5 years, (Annual Report on National Ac-

counts)

GOQOJ has not estimate Use Table.

Table 9 The Comparison between U Table in SNA1968 and Use Table in SNA1993/

SNA2008
U Table Use Table
According to 1968SNA According to 1993SNA or 2008SNA
1 |Th t:
Industry | Industry Total. Industry | Industry Tota . ¢ components Total
Intermediate Intermediate of the
A B A B . .. | Demand
Input Input expenditure site
Product 1 Product 1
Product 2 Product 2
Total Total
Intermediate Intermediate
Input Input
The components The components
of the value of the value
addted addted

Total Output

Total Output

GDP perfectly and the BIOT coordinates statis-
tical discrepancies every five years. Moreover,
the JSNA does not include SUT, implying that
the analysis system is not comprehensive.

Figure 3 presents a simple estimation image
of the U Table, which is estimated using the X
and V matrixes to use product-based technolo-
gy every five years in Japan. The BIOT is esti-
mated from many surveys, including the Eco-
nomic Census and Input Surveys. However, it
is difficult to measure a product-by-product in-
put matrix directly and thus the BIOT has seri-
ous problems with the accuracy of the input
matrix.

Four problems with the JSNA should thus be

solved. First, a system that can control and ana-
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lyze the consistency in the SUT framework is
necessary. Second, it is important to measure
the input matrix, and thus the JSNA should con-
sider introducing SUT according to the
SNA1993/SNA2008 to deal with this issue.
Third, the GOJ does not have to introduce a
new framework to break up the Input-Output
System and key accounts in the JSNA since the
former is generally considered to be “too big to
fail”. We rather have to discuss a new frame-
work to improve the existent system. Fourth,
the JSNA should introduce SNA2008. Thus, we
must consider a new framework that facilitates

the introduction of international standards.
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A Table (Components of X Table) Components of Inverse V Table

CC[A[BJlelq C\ I [ O]«
A 0.1] 0.2] 3] == A 0.4] 03] ==
B 02| 03] 7| == B 0.6] 0.7] #*
F 0.7] 05 g 1 1

q 1 1
B Table Use Table

CI [ I [T C\I I [T

A 0.16 ] 0.17 A 325] 5

B 0.26] 0.27 E> B 525 8

F 0.58 | 0.56 F 115 17

g 1] 1 g 20| 30
Make Table

IC [A[B]Z

I 15| 10| 25

il 5/ 20|25

q 20| 30

Figure 3 The Estimation Image of U table

2. Suggestion for the JSNA
2-1 Provisional Reform: Introduction of an
Annual SUT System according to
SNA2008
This section presents my suggestion for the
JSNA. Because it would be difficult for the
GOJ” to introduce the BSUT immediately, this
paper recommends that the JSNA select two
solutions from Table 10. Table 10 shows the
choices available to the GOJ. Although the
JSNA has three choices according to this table,
they cannot choose plans 2 and 3 at once. If the
JSNA retained the traditional Input-Output
System, plan 2 would be their sole alternative.
Then, the first step would be to introduce the
ASUT matched with the traditional BIOT.
Moreover, the JSNA would need to overcome
the many problems to improving the ASUT.
The second step comprises two choices for
the JSNA. If the JSNA continue to utilize the
Japanese Input-Output System, the GOJ?

would be able to select plan 2. However, it
would need to improve the use matrix and con-
tinue to estimate the ASUT in that case. The
use matrix would also be a combination of the
product-by-product matrix (X Table) and the
product-by-industry matrix. This improvement
is similar to the Chinese case. If the GO]J had
the courage to formulate the BSUT instead of
the BIOT, plan 3 would be suitable for the
JSNA. However, the GOJ has to allocate a suffi-
cient financial budget as well as adequate hu-
man resources otherwise plan 3 would be very
risky and plan 2 would be preferable.

Appended figure 1, which is convenient when
discussing plan 2, compares Japanese traditional
accounts and the country’s new accounts based
on Figure 5.2 in Eurostat (2008, p.126). This
figure shows the European accounts. However,
appended figure 1 explains the new Input-Out-
put System as opposed to the Supply and Use

System. The new system is represented by the
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Table 10 Three Choices for GOJ

Plan 1: Continue to estimate Input | Plan 2: Develop New Input-

Plan 3: Change over to Supply

Advantage | No efforts

-Output System Output System and Use System
Target to | Make and Use Tables, and Input-
estimate Output table (product by product) Improved BIOT and ASUT BSUT and ASUT
Standards Traditional East Asian standard The original stvle International standard (1993SNA
(1968SNA) st sty or 2008SNA)
JSNA can utilyze ASUT for

QNA and the system consis-
tency without the little effort.

JSNA can introduce updated SNA
to the core accounts perfectly.

The core system in JSNA can’t
incrudes updated SNA. JSNA can’t
control the consistency in SNA and
can’t explore QNA without SUT.

Defect

JSNA can’t include BSUT. But
if JSNA has the BIOT and
ASUT, BSUT is not neccesary.

Without the sufficient resorce,
JSNA break the existent Input-
Output System.

colored area in the background in appended fig-
ure 1, namely the ASUT and QSUT. The two
kinds of SUT include an unbalanced table and a
balanced table.

Plan 3 may be the best choice for the JSNA in
terms of international standards; however, the
choice will be difficult for the JSNA to introduce
in the short run. Thus, this paper supposes that
the JSNA will introduce plan 2. Section 2-2 de-
scribes a rough image of the balancing system
in the JSNA according to plan 2 (i.e., a new
Input-Output System).

2-2 Balancing System in the ASUT

This section presents my suggestion for the
Japanese balancing system in the ASUT. In Fig-
ure 4, there are six procedures (A —F) that all
aim to balance the unbalanced ASUT with the
balanced ASUT. Moreover, there are two kinds
of statistical discrepancies. First, the inconsis-
tency between the Cost of Insurance Freight
(CIF) and Free on Board (FOB) is the cause.
The Japanese product-flow method includes
CIF in its import series; however, Japanese
BOP includes the FOB-based series but not
CIE If the JSNA were to introduce the ASUT, it
would need to control the CIF/FOB adjustment
perfectly.
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Second, the JSNA needs to analyze the sec-
ond main cause of the statistical discrepancy in
the ASUT framework. In order for the JSNA to
strike the right balance, the SUT area must be
divided into two areas, namely the production
and the income side, to recalculate the prelimi-
nary value of the expenditure side. In each
case, it is necessary for balancers” to unite and
readjust these two areas.

In order to estimate the ASUT, I have to omit
steps B and C in Figure 4 and utilize the auto-
matic balancing method instead of steps D and
E. Appended table 1 shows the (unbalanced and
balanced) Supply Tables. I roughly calculated
the CIF/FOB adjustment and decided on the
preliminary value of the product-flow method
before the calculation of appended table 1. Ap-
pended table 2 is the unbalanced Use Table,
while appended table is the balanced Use Table.

Because this estimation does not use internal
JSNA data, it cannot cover all ASUT processes.
Further, the levels of the industry and product
classifications are only roughly estimated. How-
ever, the purpose of this estimation is purely to
present a simple image of the core accounts for
the JSNA.

If the ESRI were to introduce a balancing

process to the core accounts of ANA, it should
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II The area of production and income adjustment I The area of demand and supply adjustment
Calculated
B Income-side Balancing coefficients - -
Inform Total R Calculated the |A First Demand and Supply Balancing
1. Set the preliminary value of operating intermediate N ! expenditure —
surplus and mixed income to use the input N coefficients 1. Calculation in the product-flow method
NI 3
series of Financial Statements Statistics for CIF/FOB adjustment
of Corporations by Industry and so on D Expenditure-side ‘/
— Balancing
. Utilize the coefficients in Annual i
Total Calcuculation of It Ot Tabler Adustment | Adiust ment E Second Demand and Supply Balancing
int diat O ti 1 5 ’ L L.
¢ " egn itla ¢ T an}::le:rz:i;?:% :;gr;l: of Intermediate Input, Utilize the| o 2. Calculation in the product-flow method
P! distribution statistics, Automatic Dlsg"i_uuon for inventries and margins
- - - adjustments ato
C Production-side Balancing — ¢ ?
2. Set the preliminary value of Adjustment Calculated
%ntermediate input to ut@lize the Interfﬁz diate o et:; ture 3. Time series check for Household
intermediate comsumption, and price input C’;z ficients consumption and GFCF, Adjust ment of
indices Devide Ratio

After step I and 1II, the intermediate input equals to the
intermediate comsumption.

F Balancing (production = income = expenditure)

The JSNA can adjust operating surplus and mixed income in Industries ‘Unable to
Classify’, the intermediate input and the intermediate consumption in Products ‘Unable to
Classify” of Industries ‘Unable to Classify’, The JSNA realizes equivalent of three aspects.

Figure 4 Suggestion for a balancing system for the ASUT in Japan

Table 11 Balancing Processes in the first area of the ASUT Part 1

Processes Adjustment Items Adjustment Methods

A First Demand and Exports and imports This step aims to calculate the preliminary values of the
Supply Balancing product-flow method after using the value of the Second
Annual Report on the National Accounts to deal with the

CIF/FOB adjustment.
D Expenditure-side Domestic final consumption | In this step, some kind of automatic balancing is conve-
Balancing expenditure of households, nient. This step aims to estimate the intermediate input
GFCE and intermediate as well as the ratios of domestic final consumption expen-
consumption diture of households, GFCE and intermediate consump-

tion in the product-flow method.

E Second Demand and | Trade and transport margin | This step aims to adjust the margins and values of the

Supply Balancing and total supply product-flow method.

Table 12 Balancing Processes in the second area of the ASUT Part 2

Processes Adjustment Items Adjustment Methods

B Income-side Balanc- | Operating surplus and mixed | It is important to check the series of the profit/loss figures

ing income by industry for firms or compare the series in the Annual Input-Out-
put Table with those in the JSNA in order to estimate total
intermediate input by industry.

C Production-side Intermediate input by It is useful to reflect on the series of price indices and to
Balancing industry calculate the preliminary matrix of intermediate input.

F Balancing Intermediate input by Finally, it is necessary to adjust certain items for the
(production =income | product (or operating surplus | equivalent of these three aspects.
= expenditure) and mixed income)
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develop the third annual report on national ac-
counts, as this will be the best timing for the
process of annual balancing. The second annual
report does not incorporate the final publication
of the Industry Survey (or the Economic Cen-
sus) nor the Annual Input-Output Table, which
is necessary information for the annual balanc-
ing process. In particular, the Annual Input-
Output Table includes the coefficients of the in-
termediate matrix. Even though the JSNA does
not cooperate with the Annual Preliminary
Input-Output Table and Annual Input-Output
Table, it should use comprehensive information
in the balancing process, as published by the
Ministry of Economy, Trade, and Industry.

2-3 Improvements to the Input-Output
System

Many problems related to the JSNA should
be discussed here in order to improve the new
Japanese Input-Output System. First, the GOJ®
cannot utilize current tax information within its
calculations. For example, it has adopted a con-
sumer-tax as its simple system rather than a
value-added tax system, and even the Ministry
of Finance cannot measure accurate tax infor-
mation through this simple framework. If the
GOJ” were to introduce a national number sys-
tem called “My number” and value-added tax,
this information would be necessary for the bal-
ancing process of the JSNA.

Second, the secondary products ratio in the V
Table of the JSNA is unusual. This ratio repre-
sents the value of secondary products divided
by output (primary products+secondary prod-
ucts). Table 13 compares the secondary prod-
ucts ratios of selected developed countries. The
Japanese value of only approximately 0.9% im-
plies that the Japanese Input-Output System

must begin to measure secondary products se-
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Table 13 Secondary Products Ratio by

country

Country/Year 2000 | 2001 | 2002 | 2003
Belgium 11.9 14.7 15.2 -
Slovakia 16.5 - 13.6 -
Germany 5.4 5.4 5.4 -
Spain 4.9 - - -
France 1.9 1.8 - -
United Kingdom 6.1 6.0 5.8 5.5
EU 6.3 6.3 6.8 74
Japan 0.9 0.9 0.9 0.9

Reference: Table 11.8 from Eurostat (2008) and Sup-
porting Table 4 from ESRI (2010)

Table 14 The Situation of QNA by country

Country/Side Production | Expenditure | Income
Canada O O O
USA O O
Japan O A9
Australia O O O
New Zealand O O
Austria O ov
Denmark O O o®
Finland O o O®
France O ov o®
Germany O ow o®
Itary @) ow
Netherlands O ow
Norway @) o® o®
Spain O ow
Sweden O O
Switzerland O o®
Turkey O O
United Kingdum O O O

(1) Changein Inventories is estimated as the residual.

(2) Operating surplus is estimated as the residual.

(3) The time series in the income area is the only Com-
pensation of Employees.

Reference: OECD (Unidentified) Table 1

riously. For example, although many Japanese
companies innovate in the area of electricity
generation, this series cannot follow such tech-

nology breakthroughs.
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Table 15 The Comparison of Human resource in some countries
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Formal| General |Corporations | Financial | Rest of the Veszr;l;fu;)lfi- Regional | Productivity | Satellite De(e)\ffesll;)gézjnt Pulx;zl‘::xesring Ovth.e.r
Staffs |Government| Sector  |Accounts| World fied Staff accounts| numbers | accounts statistics Parities Activities
Australia 54 2 1 4 1 na| O O O
Canada 162 na. n.a na. na. na.
China 31 1 1 3 0.2 100%
France 127 29 18 14 1 40.2% O O
Germany 105 10.4 2 7 2| 223%| O O O O O O
Japan 47 45 55 1 05| 638%| O @) @)
Korea 90 5 2 9 2 na. O O O O
Netherlands 96 7 2 6 1| 72%| O O ) )
United Kingdom| 107 16 1 14 16 na.| O O
USA 174 32 4 14 2 na.| O O O O O

Unit: Number of Members
Reference: Lequiller and Zorn (2007) Table 1 and Table 3

Third, the only expenditure side in the QNA
is displayed in the JSNA. Table 14 shows that it
faces difficulties keeping up-to-date in the area
of the QNA. Although it has tried to estimate
GDP using production and income approaches
in the QNA, the JSNA does not currently use
the ASUT with a balancing process or the
QSUT. In the future, it will be necessary to de-
velop the QSUT to be consistent with the
ASUT.

Fourth, it will be important for the JSNA to
publish sufficient information on other coun-
tries, because other Asian countries have simi-
lar systems to the Japanese Input-Output Sys-
tem. Fifth, the current level of human resources
is insufficient in the JSNA (Table 15), making it
necessary to increase the number of experts in

the future.

3. Conclusion

This paper examined the current situation in
Japan compared with international standards
and made suggestions in order to improve the
core system of the JSNA. In brief, it concluded
that a combination of the ASUT and the BIOT
may be the best choice for the JSNA to follow in

the future. However, it is important to note that

this suggestion is only one of a number of
choices available in Japan. Moreover, if the GOJ
elected to combine the ASUT and the BIOT in
the future, the next SNA (SNA2023?) would
need to cover the new Supply and Use System.

There are five principal advantages to the
JSNA introducing the balanced ASUT. First, the
ESRI would have the capability to estimate bal-
anced and consistent GDP figures within only
three years compared with the current delay
between Japanese benchmark revisions (i.e.,
every five years). Further, new benchmark se-
ries are released every 5-10 years for the ANA
report. Second, a balancing system would con-
tribute to improving the estimation process of
the JSNA, as each (individual) check system in
the JSNA now tends to be inconsistent.

Third, the JSNA would fulfill the recommen-
dations of the SNA1993/SNA2008 by imple-
menting the balanced ASUT, which depend on
the satellite BIOT instead of on core accounts,
such as SUT. Fourth, the ESRI would be able to
estimate the QSUT and thus utilize the ASUT.
The QSUT would also be useful for providing a
consistent series of quarterly GDP and stable
estimations of the QNA. The ESRI would fur-
ther be able to develop new statistics and QNA
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series in order to utilize the QSUT. Fifth, the
experience of the ASUT would be necessary to
estimate the BSUT if in the future the GOJ
wished to do so. However, if the GOJ chose to
improve the use matrix (plan 2) instead of the
BSUT (plan 3), it can use the experience of the
ASUT in order to balance the estimation of the
use matrix.

Thus, this study finds that the ASUT with a
balancing process is crucial for the future of the
JSNA. Further, because other Asian countries

such as South Korea face similar problems to
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Notes

1) BIOT includes some classifications. The output is measured by 10-digit (3571 products). The basic in-
dustry classification is 6-digit (407 activities (products)) or 7-digit (520 activities (products)).

2 ) To be exact, SUT was similar to the Make (Output) and Use Tables in SNA1968.

3) All the ministries.

4) See Arai (2010).

5) All the ministries, mainly, The Economic and Social Research Institute (ESRI), Cabinet Office and Di-
rector-General for Policy Planning (Statistical Standards), Ministry of Internal Affairs and Communica-
tions

6) All the ministries, mainly, The Economic and Social Research Institute (ESRI), Cabinet Office and Di-
rector-General for Policy Planning (Statistical Standards), Ministry of Internal Affairs and Communica-
tions

7 ) Balancers are experts that deal with the balancing system in national accounts. There are no balancers
in Japan nowadays.

8) All the statistical offices.

9) All the ministries.
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Introduction of the Theory of Correlation into
Russia and E. Slutsky

IRINA ELISEEVA*

Summary

The end of 19th — beginning of 20th century was marked by a burst of development in statistical method-

ology. As a result of the appearance of the Russian-language exposition of Pearsonian ideas by E. Slutsky in

1912, Russian statisticians had separated into two groups — those who supported the application of the cor-

relation theory in social researches and those who rejected it. This split of the Russian statistical communi-

ty had great consequences for the evaluation of statistics in education and research in Russia. This paper

mainly considers Slutsky’s contribution to the distribution curves and theory of correlation and also his po-

sition in these development.

Key Words

E. Slutsky, K. Pearson, English biometric school, History of Russian statistics, Theory of correlation

Introduction

The aim of this paper is to consider the pre-
liminary attempts of overcoming the traditions
of the German statistical school and E. Slutsky’s
role in introducing the ideas and methods of the
biometrical school of K. Pearson at the begin-
ning of the 20th century in Russia. In this paper,
Slutsky’s methodology will be looked at through
an analysis of his book, Theory of correlation and
elements of distribution curves study (handbook
for studying some of the most important elements
in modern statistics (1912))". Under the influ-
ence of this book, Russian statisticians had sep-
arated into two groups —those who supported
the application of the correlation theory and
those who rejected it. This split of the Russian

statistics community had great consequences

* Dr., Professor, member-in-correspondence of
Russian Academy of Sciences

for the evaluation of statistics in education and

research in Russia.

1. Appearance of correlation theory in
Russia

The end of 19th —beginning of the 20th cen-
tury was marked by a burst of development in
statistical methodology. The biometric school of
E Galton and K. Pearson brought into the sta-
tistical community of the definition of regres-
sion methods and correlation measurement,
created the study of distribution curve, sug-
gested the y’-test for goodness of fit to check
the hypothesis of statistical law, and discovered
nonparametric techniques. Above all due to
such journals as Biometrica and at some point
to Proceeding of the Royal Statistical Society, all
of these achievements became available for
specialists and could not be left out of consider-

ation by Russian statisticians.
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Let us note that at that time despite of Rus-
sian professors’ loyalty to the German canons of
constitutional law and recognition of political
economy as only statistical methodological ba-
sis, the interest in statistical methods and theo-
ry of probability as the basis for statistics start-
ed to emerge in universities all around Russia.
This interest appeared first among mathemati-
cians who were prone to empirical research
such as V. Bunyakovsky (1804-1889), professor
at Petersburg University, and also A. Vasiliev
(1853-1929), the professor at Kazan University.
Then also interest began to emerge among “tra-
ditional” professors of statistics such as profes-
sor at Moscow University A.L. Tchuprov (1842-
1908), who appreciated the value of math-
ematical education for the research of economic
and social phenomenon, and belonged undoubt-
edly to this second group of “traditional” profes-
sors of statistics. His son A.A. Tchuprov (1874-
1926) studied first at Moscow University in the
mathematics department under P. Nekrasov
(1853-1924) and then continued his education
at Strasbourg University where he was taught
economics by Professor G. Knapp (1842-1926).

In Russia, Pearsonian biometrical ideas ap-
peared to have started from the article “About
Pearson’s methods of application of the theory
of probability to the problems of statistics and
biology™ written by L. Lakhtin. Recently the
same opinion was also expressed by E. Seneta’.
Strictly speaking, however Lakhtin’s article was
devoted to the problem of the approximation of
the curve of empirical distribution that appears
in processing statistical data and the problem of
analysis of the relationship between variables
has not covered in the article.The publication of
the handbook by A. Leontovich in three vol-
umes (1909, 1911, and 1912). Elementary hand-

book for application of Gauss and Pearson meth-
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ods for evaluation of the errors in statistics and
biology* can be considered as the next step. This
handbook was quite formal, it did not have logi-
cal-philosophic basis that became a prominent
characteristic of the Russian school of correla-
tion analysis afterwards. These characteristics
appeared to the full extent in Novels on the theo-
7y of statistics® by A.A. Tchuprov. Leontovich
noted that he was basically forced to work in
this field in order to satisfy the necessity to be
able to process results of scientific researches.
He coincidently discovered that there were not
so many people in Russia who were familiar
with the “methods of errors™. There were no
writings about the connection between the
Gauss’ method of errors and Pearson’s method
in heredity studies in Russia. Leontovich wrote
that there were no books in Russia devoted to
this method, and this encouraged him to publish
his own notes on the connection between
Gauss’ method of errors and Pearson’s method
on heredity studies. He emphasized the actual
calculation of problems which in turn led his
entire third book to be a collection of calculative
statistical-mathematical tables. However, as
noted by Leontovich, most of its content can be
used for the general theory of statistics.
Evaluating Leontovich’s work, N.S. Chetver-
ikov (1885-1973) wrote. “It can not be said that
this book, whose author later became a famous
physiologist and histologist, the member of the
Academy of Sciences in Ukrainian Soviet So-
cialist Republic, distinguished with clarity and
a correct presentation of compilable material.
Though through this book a Russian reader
could learn about the ideas of K. Pearson and
his colleagues, and he could also learn about the
cited literature of these authors here. This was
enough to gain Evgeniy Evgenievich’s (Chet-

verikov means E.E. Slutsky — the author) inter-
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est. The speed to which E. Slutsky was able to
learn from the originals about quite complicated
models of English statisticians, how deep he
went to the fundamentals of correlation theory,
how he could critically appraise these works
and outline the most essential points and also
how he pointed out various flaws in Pearson’s
concepts were all simply remarkable (translated
by the author)™.

2. E. Slutsky and beginning of the new
era in Russian statistics

E. Slutsky (1880-1948) became interested in
Leontovich’s book. At the time of its publica-
tion, E. Slutsky had just graduated with excel-
lence from law school at Kiev University for his
graduation thesis Theory of marginal utility. The
involvement in economics did not exclude his
interest in empirical researches. His friendship
with N.A. Svavitsky (1879-1936), an expert on
regional statistics (zemskaya statistika), could
possibly be the largest contributor to his inter-
est in empirical researches. Aside from his wide
sphere of interests, his versatile talents — math-
ematics, painting and poetry —played a large
role in leading him to take a different exposition
of statistical methods than Leontovich. A. Kol-
mogorov even said that E. Slutsky was “exqui-
site, a smart companion, a literature expert, a
poet and a painter™.

The acquaintance with Leontovich’s book and
with the English biometrical school raised in
Slutsky an urge to share his revelations and his
understanding with a Russian audience. That
was how his book Theory of correlation and ele-
ments of distribution curves study (handbook for
studying some of the most important methods of
modern statistics) (Kiev, 1912) came about’. He
had written: “Common revival of interest to-

wards theoretical statistics allows hoping that
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the dissemination of the ideas of the new school
to all the countries and all of the spheres where
it might be applied is a problem of not the dis-
tant future. A humble goal of the author is to
contribute to this natural and inevitable pro-
cess™.

Considering this statement, it is clear that
Slutsky saw the beginning of a new era in sta-
tistics in his ideas, moreover he declared this
beginning from 1900-1920. He saw signs of this
new era in improving the old methods and in
discovering and developing of new ones that
would show the applicability of statistical meth-
ods in biology and social sciences. Also he saw
this new era in emergence of researchers who
would control and manage further development
of statistical methods. In this revival of the the-
ory of statistics he gave “the palm of victory” to
Karl Pearson (1857-1936), emphasizing that
that this ranks him in mathematics together
with Laplace, Gauss, and Poisson.

In the introduction to his own book, E. Slutsky
already noted that the application of the new
methods was relatively simple, aside from work
simplified with availability of the special tables
that were constructed upon an initiative by K.
Pearson. However, it was necessary to under-
stand the limits of the application of this method
and the meaning of received results. He stated
that this “requires not only knowledge and reci-
pes for calculation, but understanding the spirit
of the theory and its mathematical substantia-
tion”"". Further he came to the conclusion that
“a statistician has to be a mathematician be-
cause his science is a mathematical science™.
This conclusion is still a debatable and up-to-
date issue at least for Russian statisticians. As
he explained his exposition style was abundant
with formulas and mathematical evidence. Ap-

parently, this conclusion is fair for those who
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engaged in development of statistical methods,
but these “true statisticians” are inevitably sur-
rounded by a group of scholars who feel that
they do not have to be mathematicians in order
to be valuable statisticians. On the contrary
these “true statisticians” have a role that is
quite important for the development of statisti-
cal methods and their applications. A changing
society causes the emergence of new problems
in statistical measurements of economic and
social phenomenon, construction of adequate
indicators, development of new methods of data
mining, construction of large data bases with
complex structures and so forth. To find a solu-
tion for these problems it is important to have
not only statistical mathematicians but also ex-
perts in particular economics, sociology, and
also it is necessary to have experts who have a
statistical way of thinking. Having many differ-
ent viewpoints on one problem between statisti-
cian-economists, statistician-sociologists, and
statistician-mathematicians, the speed of devel-
opment of statistical methods and their applica-
tions had increased.

The beginning of the 20th century was the
starting point of understanding the importance
of statistics and its successful application in dif-
ferent spheres of academics and society. In Rus-
sia, these ideas that became the core of quanti-
tative methods of data processing appeared with
some delay compared to other countries. It was
necessary for Russia to perceive English terms
and to build Russian terminology which would
better reflect the core of new methods. On that
account E. Slutsky noted that because of the
scarcity of works and a large confusion over
English statistics terminology developing at
that time in Russian literature, even common
phrases or terms such as “frequency curves”

had more than five interpretations. The closest
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to the modern translation was used by P. Or-
zhencky (1872-1923) —“curves of distribution
of frequencies™. Slutsky himself used two
terms; “distribution curves” and “frequency

curves’.

3. Slutsky’s start from the theory of distri-
bution curves

Even though the main subject of E. Slutsky’s
work was the theory of correlation, he started
his exposition from the theory of distribution
curves. This conforms to the logic of the theory
of correlation which is based on discovery of
variation coherence between two or more vari-
ables. That is how E. Slutsky argued for the ne-
cessity of distribution curve study: “Consider-
ing any group of individuals who possess
common measurable characteristics, we notice
that these characteristics are not the same nu-
merical values for all individuals. There was a
time when statisticians neglected this differ-
ence focusing on arithmetic mean a characteris-
tic. At present there is no need to struggle with
this out-of-date self-containment. It can be
considered as common merit, the idea that
arithmetic mean cannot fully describe charac-
teristics of the whole statistical group and that
the task of statistics is just to describe the
structure of the given group as fully and as ac-
curately as possible”™. The statements that
were inarguable in the time of A. Quetelet
(1796-1874) — when average was the center of
attention (remember “average person”) —, but
now it is just one of the components of the re-
search where the first step is to describe the
distribution of characteristics among the group
under study.

Further E. Slutsky moved to the frequency
moments that allow getting the characteristic of

the data structure. Slutsky noted that the mo-
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ments can be calculated using any reference
point, but the moments calculated “relative to
the arithmetic mean have the maximum value.

They characterize the distribution™

. Along
with that the point on the axis of abscissas
which corresponds with the arithmetical mean
of the characteristics represents the center of
distribution, respectively, moments relative to
the vertical axis that go through that point are
called the central moments. Since there were
no calculative equipment, the methods of calcu-
lation were extremely important at that time.
Slutsky showed how to simplify calculations by
using conditional and central moments when
estimating the grouping data where some value
of characteristics corresponded to the class
mark and possibly close to the centre of distri-
bution could be taken as conditional onset (con-
ditional zero), and the range of interval could be
taken as one. The book is accompanied with the
formulas that link conditional moments with
central ones.

E. Slutsky used probable errors of character-
istic distribution (E). The formulas with agreed

. 1
notation'® are as follows.

(e}
E, =0,67449-2_
" JN
E. =0,67449-°_

\J2m

1% V .
E, =0,67449——,[1+2(—)",
v v 200

Where h — arithmetic mean; ¢ — standard de-
viation; V —coefficient of variation (or how
Slutsky refers to it, coefficient of variability,
“coefficient izmenchivosti” in Russian).

All of these formulas were derived from K.
Pearson. Slutsky explained the necessity of cal-
culating the probable errors from the position of
the application of sampling method to the finite

population; “If we studied the vast amount of
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observations and calculated, for instance, the
mean then calculated the calculated average
value for this part that was significantly smaller
than the population, and the probable error of
the last value should be crucial when answering
the question if there is a difference between
this part and the whole population.The differ-
ence whether it is less or more than the probable
error could be explained by random causes”"”

We devoted so much time to this issue be-
cause it represents the supposition of the logic
of the statistical conclusion which lies in the ba-
sis for mathematical statistics.

E. Slutsky paid to K. Pearson’s contribution
to the distribution theory by noting that “Pear-
son curves” almost always end up with great re-
sults “delivering material characteristics in cas-
es when normal (Gauss) curve fails to work for

o g s 18
statisticians”

. Certainly, he could not leave out
the limitations of veracity of the parameters of
Pearson distribution curves: “In order to find
curve:

ld_ s

ydx by +bx+byx’’

It is necessary to know the four moments of
observed distribution and in order to find a
curve of bigger communality we find moments
of 5th, 6th and bigger degrees™. Here Slutsky
talks about K. Pearson’s warning on the fact
that errors of moments higher than the fourth
range are significant and increase rapidly with
the greater the value of the moment’s range.
“That’s why the curve’s coefficients calculated
with these means also should not be reliable™.

Moving on to find coefficients in the equation
y =flx, a,, a,,--a,) that provides the best ap-
proximation of observable data. E. Slutsky of-
fers a rule in which fairness was justified by K.
Pearson in the article “On the Systematic Fit-

ting of Curves™.
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In order to select a good “theoretical curve
Y=o, ¢y, ¢y c,) for the empirical curve, it is
necessary to express the square and moments
of the first curve in terms of its parameters (c;,
¢y, " ¢,) and to equate them to the square and
moments of empirical curve™.

With this method a statistician was faced with
many calculating difficulties, which were simpli-
fied with the help of Sheppard corrections that
allowed a statistician to find the true values of
central moments. In addition E. Slutsky ana-
lyzed the technique for finding the coefficients
of not just linear functions but also parabolic
curves when approximating the distribution

curve.

4. Slutsky’s discussions on the theory of
correlation

Slutsky started the analysis of the theory of
correlation with consideration of the term of
correlation dependence: “.--we say that several
values are correlated if each set of the values of
all variables except one variable corresponds
with the whole complex values of the last vari-
able, Moreover the arithmetic mean of each
variable varies according to the values of others
and frequency with every combination of vari-
able values that come across are the function of

223

these values™. Addressing the correlation table

he noted that it was nothing but “usual combi-
nation tables well-known to every statistician”*.
The parallel between the correlation and com-
bination tables was also shown later by A. Tchu-
prov, who emphasized that the correlation table
allows not only the ability to bring whole totali-
ty of present numbers to “convenient-looking
forms™, but also gives an opportunity to over-
come calculating difficulties which, as men-
tioned before, were very problematic at that

time. The regression line, adequate to empirical
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material within probable errors, can be used as
criteria for the determination of the types of re-
gression, linear or nonlinear. Slutsky included
the nonlinear regression with undeveloped
ones and focused firstly on analyzing linear re-
gressions. Later in the 1930-1960s the linearity
of regressions was specifically described by
many scientists, but first by A. Goldberger.
Goldberger named at least three reasons for
preference of linear regression over nonlinear
regression; 1) the fact that variation of variables
is limited with particular (essential) limits:
2) the fact that primary measurements of vari-
ables are made quiet rough and a mathematical
“delicacy” such as choosing the type of regres-
sion equation is unlikely to significantly im-
prove it; and finally 3) if there is multi-col-
linearity, i.e. the multiple linear relationships
between independent variables, also increases
preference of linear regression that contain only
original variables and not their functions™.
Slutsky started his exposition by identifying re-
lationships between two items on district bud-
get expenses (budgetov uezdbych zemstv) —
the share of expenses on education and the
share of expenses on supporting the district
management which was based on data from 359
districts in 1901. Later he showed that the
same methods could be applied when studying
connections between the average prices of rye
in Yelets and Samara from 1893 to 1903, that is,
he showed the applicability of correlation meth-
od to cross-section data as well as to time se-
ries.

From a modern viewpoint, E. Slutsky’s expla-
nation of correlation coefficient is quite remark-
able. He represented it as a square root of the
product of regression coefficients y to x and x to

y: 1, =JtgaxtgP. If there is no correlation then
regressions coincide with axis of reference, i.e.



Irina ELISEEVA

tgo — =0, tgB =0, therefore, the correlation co-
efficient equals zero. If correlation turns into
linear functional dependence, then lines of re-
gression are coincided, and the sum of angles o
and B will be equal to 90° In this case

\/tgaxtg(QO—a) = \/tg(xxctg(x =1. According to
the ideas of E. Slutsky, these features make
geometrical means of regression coefficients a
convenient measure of the correlation. Nowa-
days this determination of correlation coeffi-
cient is rare, it was replaced by its interpreta-
tion as a measure of degree of deviation
compatibility of variables y and x from their
means y and ¥, i.e. in the foreground comes

i(xi -X)(-¥)
cross product moment: MT and,
therefore, the formula of correlation coefficient
that includes this value becomes common:

3 (-2 - 7)

_ =1
Ty =
NG,0,

This formula is also mentioned by E. Slutsky
and he called it “the basic formula of correlation
method™.

E. Slutsky emphasized the conventionality of
least-squares method which is usually used to
estimate the parameters of regression equa-
tions. He noted that the regression could be
produced by the absolute sum of distances be-
tween points on a line and empirical regression
points would be the least, it is possible to find
the line of regression for which the sum of
squares of distances will be the least. It all de-
pends on what the distance between empirical
regression line and theoretical is taken as the
common. E. Slutsky placed a lot of emphasis on
the next expression:

(i) (@)
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Where x and y are presented as deviations
from their arithmetical means.

Therefore

y=a+bx or (in case of multiple regres-
sion) y=a+bx +---+bx,

Based on this expression E. Slutsky made
the interesting conclusion that “in case of linear
regression, presentation of the typical combina-
tion of arithmetical means is possible. Quetelet’
s “average person” who has the average height
for his age, the average sizes of different or-
gans, average abilities and etc., is not some-
thing unreal because as range of statistical re-
searches have shown (especially Pearson
school) in anthropology it is possible to apply
linear formulas to all kinds of characteristics
with a very small margin of error™.

In his book E. Slutsky analyzed not only prin-
ciple and methods of construction of linear re-
gression equation and correlation measure-
ment, but also determination of average error
of pair regression equations. Without exaggera-
tion E. Slutsky can be called the true guide of
correlation theory ideas in Russia. As P. Kly-
ukin writes, Slutsky “got engaged with mathe-
matical statistics and alone he efficiently devel-
oped biometric direction of F. Galton — K.
Pearson in Kiev’™. Slutsky’s work was simply
not just a retelling of the biometric school’s
ideas, but contributed to the development of
them which can be shown by the fact that E.
Slutsky’s paper on “the Criterion of Goodness
of Fit of the Regression Lines and the Best
Method of Fitting them to the Data™ was pub-
lished in the Journal of the Royal Statistical Soci-
ety, in 1914. The article contained criticism to-
wards the biometric school about solving the
problem of regression estimation and that is
why his work did not go unnoticed. In a letter
on June 19th 1919, O. Anderson (1887-1960), a
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fellow of A. Tchuprov, wrote, “as far as I can see
E. Slutsky’s work is right by its idea and can be
considered to be the first approximation to solv-
ing the raised problem and it was the first at-
tempt to approach regression lines in the terms
. Further O. Anderson

of Pearson’s criteria 3>’

also noted that Slutsky’s paper got a response
from not only Pearson’s followers, but Pearson
himself. Pearson’s followers’ publications are
really just further developments and improve-
ments on the ways determined by Slutsky. As
Anderson had written: “if Pearson is right that
E. Slutsky’s research can not be considered as
the final solution of the problem, then his ap-
praisal of the author’s work is still not fair and is
full of personal irritancy with the author and are
loosely based on scientific reason. Pearson’s ad-
justments to E. Slutsky’s formulas made the
comparatively minimal changes to the values of
coefficients calculated by Slutsky to the both
given numeric illustrations and to application of
new formulas. I suppose that Slutsky’s work
identifies him as a great expert of Pearson’s cri-
teria and the methods of statistical research
connected with it and showed that a person
equal to Slutsky’s ability can be rarely found in
Russia today™".

The book Textbook of mathematical statistics
(1914) by R. Orzhentsky is perhaps less intel-
lectual in its ideas and style, but is still very im-
portant for the introduction of the ideas of cor-
relation in Russia.

Orzhentky, similarly to Slutsky, reviewed the
theory of distribution curves and later moved
on to the analysis of correlation theory. He was
not as mathematically talented as Slutsky and
maybe that is the reason why his work did not
leave as large of an impact as E. Slutsky’s book,
however his work still had many positive as-

pects to it. Aside from its ultramodern title, its
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value came mostly from the fact that his work
named all of the Russian scientists who had
contributed to the introduction of the ideas of
variational statistics and theory of correlation.
He mentioned V. Kosinsky, V. Vasiliev, A. Leon-
tovich, E. Slutsky. This shows his knowledge of
national statistical literature and his aspiration
to give credit to the preceding researchers.
However, it should be noted that the term
“mathematical statistics” defined by R. Or-
zhentsky doesn’t correspond to the modern un-
derstanding of mathematical statistics as a sci-
ence about the estimation of parameters of
population and testing of statistic hypothesis of
parameters and characteristics of population. In
that sense mathematical statistics formed as a
separate area of knowledge a little bit later in
the 1920s to 1930s by efforts of R. Fisher (1890
-1962).

5. Concluding remarks-correlation theory
in Russian statistics after Slustky

In this paper we have clarified Slutsky’s role
in introducing correlation methods in Russia.
Finishing our review, let us emphasize that in
the beginning of the 20th century in Russia the
term “correlation” was used to determine the
degree of contingencies in changes of two or
more variables. And the coefficient of pair cor-
relation, regression equation, and standard er-
ror of regression equation were introduced to
Russian statistical science. An issue about qual-
ity of regression equation, linear and nonlinear
correlation was raised, and the research on
multiple correlation relationships were started.

The theory of correlation in Russia was faced
with a lot of challenges. The theory of correla-
tion became the “apple of discord” between
statistician-mathematicians and statistician-

non-mathematicians. “Statistician-mathemati-
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cians look down on the methods used by non-
mathematician statisticians as rough and
inconsiderate. Non-mathematician statisticians
leave questions unanswered and deny mathe-
matical ways as scientifically senseless amuse-
ment for fun to play with numbers and mathe-
matical symbols™. In this context we can see A.
Tchuprov’s vexation to the position of one of the
leading St. Petershurg’s statisticians A.A. Kauf-
man (1864-1919) who was quite skeptical about
correlation methods™.

Skeptical attitude toward correlation methods
in social research is not uncommon for Russian
scholars. The critical attitude towards the cor-
relation methods by J.M. Keynes is well-
known. Keynes thought that since there are no
independent events in economic reality, the ap-
plication of the theory of probability is under
question. Moreover, Keynes saw harm in using
mathematical methods because they create
clear numeric results which can look very per-
suasive, but these estimations in reality can be
unjustifiable and it is necessary to avoid them.
Based on this he considered the correlation es-
timation to be especially dangerous because it
can create visual relationships that are concep-
tually sound but absent in reality™. Keynes’
skeptical attitude towards the correlation meth-

ods would remain as an object of research.

Notes

Introduction of the Theory of Correlation into Russia and E. Slutsky

In the end of the 1940s because of the devel-
opment of the Soviet economic planning sys-
tems where there is no place for stochasticity,
reacting against the idea of stochasticity of so-
cial relationships, theory of correlation was al-
most completely excluded from social sciences
in Russia. Later in the 1950s it ended with the
official acceptance at the national Soviet Union
statistical conference in 1954™. Soviet statisti-
cians accepted the determination of statistics as
a separate “social science” that studied the
quantitative side of social production in its
union of productive forces, productive relations,
and phenomenon of cultural and political life.
Through the methodological union of statistics
that has many areas of application, understand-
ing of statistics as a science about method was
destroyed, and the barrier between social
knowledge and natural science was raised. The
persecution of the correlation theory was forced
at the time of persecution of genetics (1948).
Elucidation of the social background for accep-
tance of correlation methods since 1954 in Rus-
sia still remained as an object of further re-
search.

It has been many decades since the theory of
correlation in Russia took an appropriate place
among statistical methods of research including
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