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8 Nonsurvey and Partial-Survey
Methods: Extensions

8.1 Introduction

Regional input—output tables share with their national counterparts the problem of
becoming outdated simply because of the passage of time. But smaller geographic
scale introduces other problems. For example, if the only automobile assembly plant
in Michigan closes and its replacement opens (as the only such plant) in Tennessee, a
“national” table would still reflect automobile assembly (although perhaps under more
modern methods in the new plant) whereas that activity would disappear entirely from
a Michigan table and appear as a completely new activity in a Tennessee table. In addi-
tion, states or counties or even smaller economic areas may have fewer resources
available for the kinds of data collection needed for survey-based input-—output
tabhles — although since the economy is smaller (in terms of number of square miles
covered, numbers of active plants, etc.) the effort involved in surveying may be less.
In addition. when one is concerned with models in which two or more regions are
connected (ora single region and the rest of the country) shipments out of and into the
regions assume a much more important role —the former providing inputs to production
and the latter representing markets for outputs. Consequently. considerable efforl has
been devoted to estimation of interregional Aows of goods in an effort to construct
approximations to and estimates of the ajf' or ¢ coefficients of the IRIO or MRIO
models {Chapter 3.

As noted in Chapter 3, some of the earliest attempts at estimating interindustry rela-
tionships at a regional level employed national input coefficients along with estimates
of regional supply percentages showing, for each supplying sector, the proportion of
total regional requirements of that good that could be expected 1w originate within the
region. One procedure for obtaining this estimate for sector § was to find the ratio of
total regional output, less exports, of seéctor [, o the total output. less exports, plus
imports, of sector {. As in Chapter 3. for a particular region 7,

A T
I]l_' - |
YT —em
Thus, when none of good § was imported, p; = 1, and the assumption is that all of
the region’s needs for § can be supplied internally. The regional input coefficient matrix

347

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 347.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=381

Copyright © 2009. Cambridge University Press. All rights reserved.
May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable
copyright law.

http://site.ebrary.con/lib/mitlibraries/docPrint.action?encrypted=al 7e3b...

04/01/2011 15:06



Input-Output Analysis : Foundations and Extensions

2 of 52

Miller, Ronald

348 MNonsurvey and Partial-Survey Methods: Extensions

is then estimated as

AIT — f.AM
where p = [p{] and A" is the national technical coefficients matrix. As we saw in
Chapter 2, this represents a uniform alteration of each of the coefhicients in row i of A"
by py.

As we saw In secton 3.2, a regional input coefficient, uérl,-r. is defined as the difference
between a regional technical coefficient, afi. and a regional impon coefficient. aj;.
where 5 indicates “outside of r.” (When it is clear what particular region is intended,
the simpler notation rij =ay; — my is vsed.) If we have available a complete set of
intra- and interregional data (as is needed in constructing an interregional input-output
model, for example), then we observe the a;"s (and aj;'s) directly. However, if we are
trying to estimate a£,r from national data. the estimation problem can be posed in the
following way: {1} estimate a regional technical coefficient. (I:,, from the corresponding
national coefficient. ;. and then (2) estimate the regional input coefficient. ajf
proportion of the regional technical coefficient; that is. al‘i_'r:' = p:._:ia'.:i (where {} = p:'r =1}
Instead of estimating. a}; and aji’ we estimate aj; and p;. The two steps in this procedure
rr

for estimating aj; from af} would therefore be: (1) find e, = 0 such that

L ds s0me

afy = (o) i) (8.1)
and (2] find .H,-’r- = r; = 1) such that
ay = (Bp)iay) (8.2)

[Of course, if we indeed can find o}, and JJ.' for every f and §, this is equivalent to finding
a:_r‘ — ﬂ}”,-_',-','llﬂi_:]_ll where }»'r-; = Lmﬁ][- ;:;H-

The basic point is that in general there is not enough regional information to find
the w:, and ﬁr: For example, in the simple procedure described at the beginning of this
section, we see that (1) EIE was assumed equal to aFj—: in terms of (8.1, n'j:. =1 forall
f and j (region r and pational production recipes are identical ) and (2) each regional
purchaser, j, of input { was assumed to buy the same proportion of those inputs from
within the region: in terms of (8.2}, f=p] forall i,

In the absence of specific survey information, it is customary, at least initially, o
invoke assumption (1), This overlooks probable regional differences in product mixes
within a sector {as discussed in Chapter 3), especially at anything but the finest level
of disaggregation: it also ignores relative sizes and ages of firms within a particular
regional sector {with differing efficiencies, for example), differences inquality of capital
stocks. etc. The prevalent view in the mid-1980s was

.. in the absence of any information aboul many of these characteristics, one is left with very few
oplicns but o rdopl o very conservalive strategy, namely, one in which a minimum of speculation is
applied 1o the modification process. (Hewings, |955, p.47.)

We will now explore a number of nonsurvey technigues for regionalization of national
coefficients — through adjustments based entirely on published information on regional
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employment. income. or output, by industry — and see where they fit in the general
scheme given by (5.1} and (8.2). Later we will examine more recent and more compre-
hensive “regionalization” approaches: but since, historically, the techniques discussed
in section .2 have been used in a great many regional studies, it is imperative that we
understand them.

Letxf and 1" denote gross output of sector { in region r and total output of all sectors in
region r. respectively. and let 1ff and +" denote these (otals at the national level. Then
the simple location quolient for sector § in region r is defined as

1= ('T;'“"rr) 8.3
0 = Fr (8:3)
{often in the literature these are denoted by SLE%). In cases where regional cutput data
are not consistently available. or where analysts feel it is appropriate, other measures
of regional and national economic activity are often used — including employment
i probably the most popular), personal income earned. value added. and so on. by sector.
The interpretation of this measure is straightforward. The numerator in (8.3} indicates
the proportion of region r's total output that is contributed by sector i. The denomi-
nator represents the proportion of total national cutput that is contributed by sector {,
nationally. If LO{ = (0.034)/(0.017) = 2. sector {'s output represents 3.4 percent
of all regional gross output while. at the national level. sector {'s output represents
only 1.7 percent of the total national output. In a case like this — in fact, whenever
LOT = 1 —sector { is more localized, or concentrated, in the region than in the nation
as a whole. Conversely, if LO] = (0.015)/(0.045) = (.33, we understand that while
sector s ontpul 15 4.5 percent of the total national gross outpul. it represents only
1.5 percent of the gross cutput in the region. In this situation. sector { is less localized,
or less concentrated. in region r than in the nation as a whole.
MNote that simple algebra generates an olternative expression. namely

gy = (H22)

X ol
This telis a somewhat different “story.” The numerator measures the proportion of total
national output of commaodity § that is produced in region r. The denominator is the
proportion of total national output of all commedities that is produced in region r. But
the interpretation is much the same: L] = 1 indicates a commaodity whose production
is relatively localized in region r.

The simple location quotient has been viewed as a measure of the ability of regional
industry / to supply the demands placed upon it by other industries {and by final demand)
in that region, in the following way. If industry § is less concentrated in the region
than in the nation (L] < 1). it is seen as less capable of satisfying regional demand
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for its output, and its regional direct input coefficients, ajjf (j=1...., n) are created
by reducing the national coefficients, af, by multiplying them by LOT. However, if
industry i is more highly concentrated in the region than in the nation (LO] = 1), then it
is assumed that the national input coefficients from industry i.aj (f = 1.....n). apply
te the region, and the regional “surplus” produced by § will be exported to the rest of
the nation. Thus, for each row § of an estimated regional table,

LODay ifLQY < 1

cer e (8.4)
a;; Wig; =1 |

ag = l (

(I
[If a national sector is not present in the region (LQ" = 0), that row and column are
simply deleted from A".]

In terms of the general scheme in (5.1) and (5.2), we see that this procedure is
equivalent to (1) assuming «of = 1 for all i and § and (2) lening ﬁl"l = LQY when
LQ{ < 1and B = | when LO] = 1. Note that there is a distinct asymmetry in this
approach. When a sector is import-oriented (LQY = 1), the modification of the national
coefficient varies with the strength of the import orientation —a;}’ = (LQ])aj;. When a
sector is expont-oriented (LQT = 1), the strength of that orientation is not reflected in
the modification — HE;" = [I}aﬂ-.

A complication arises if the estimates of regional industry output that are obtained
using LQ coefficients exceed actual output for some industries. In this event, coeffi-
cients developed by this method have often been “balanced” to ensure that they do not
overestimate the regional output of each sector. The notion of a balancing method is
simply that if estimated coefficients generate a regional output for sector f {;) that is too
large (meaning 17 = a7}, then the row-i estimates, HE!' (for all f1. should be uniformly
reduced — multiplied by (x] /3)).

For example, calculate estimated sector ¢ output on the basis of actual regional
industry outputs (these are necessary data for this correction) and the L{-estimated
regional input coefficients (and regional final-demand purchase coefficients). For sector

i, thisis
i = Z ajixl + Z rf’;rj.-" (8.5)
) f

where

=
|

= estimated regional output of sector f,
f¥ = total regional final demand of final-demand sector f. and
estimated regional final-demand purchase coefficient of regional

)
Il

final-demand sector f from industry i.
The ¢jf elements reflect purchases of regionally produced output § by regional

final-demand sector f. Typically. the regional final-demand sectors will be personal con-
sumption expenditures. investment, state and local government, as well as both foreign
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and rest-of-the-country exports (a part of which will be federal government purchases,
except for those purchases made by federal installations located in the region). These
estimates are found in much the same manner as were the @) ; that is, using national
data and the region-specific location quotients. In particular,

(LON)Cly FLOT < 1
T =i b =i
T e L= (E.6)

where
= fi lfy
fir = national sales of industry { to final-demand sector f. and
fr = total national purchases of final-demand sector f.

Thus. when LY = 1. it is assumed that purchases of good i by final-demand sector
f are the same proportion of total sector { purchases in the region as in the nation.
For example, if purchases of electricity (sector i) by consumers (final-demand sector
f) constitute 3 percent of wotal consumer expenditures nationally (cjy = 0.03), and
if LOT = 1, then it is assumed that 3 percent of the total expenditures by consumers
in region r will be on electricity produced in region r;ef{ = 0.03. When L] = 1,
then the national proportion is modified downward. If LOT = 0.67, then it would be
assumed that only 2 percent of the total expenditures by consumers in region » will be
on electricity produced in region r;ejf = 0L02,

The next step in the balancing procedure is to calculate the ratio of estimated to actual
regional output; denote this by £, Then

2l = /i (8.7)

Each row of estimated regional input coefficients for which Z7 is less than one is adjusted
downward. That is. adjusted (“balanced™) regional input coefficients are estimated as

T qlr 1 [ —
r Zl.ajj Ler. < 1

i = . .
y ap  ifE =1

(8.8)

As noted above, in this LO and other quotient approaches, n-:-:i = | is assumed. The
observed national technology is uniform across regions; regional input coefhicients vary
only because of varying regional capacities to satisfy own-region demand. For some
kinds of production, this 1s quite reasonable; for others it i1s not. Coca Cola made in
Boston probably has the same production “recipe’” as Coca Cola made in San Francisco
ieven though local ability w supply any given input may vary ). However, an “airplane”
made in Seattle {forexample, a Boeing commercial airliner with two jet engines) is quite
a different product from an airplane made in Wichita (for example, a Cessna private
aircraft with one propeller engine). So in a model with a highly aggregated “aircraft”
sector, there is clearly non-uniformity in production recipes for “aircraft”™ across states
inthe USA, and the afl’-j- = | assumption is invalid. This is the product-mix issue. and the
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level of aggregation is decisive. In a model with a sector labeled “Commercial aircraft.
2 jet engines” it is apparent that wherever produced. two jet engines will be used per
aircraft. Similarly. for the “Private aircraft, one propeller engine” sector, one propeller
engine will be required per aircraft. At that level of disaggregation, the assumption of
constant {national) technology across regions {a{f- = 1) may be reasonable.

Another complaint made about this approach {and many of its variants, to be exam-
ined below) is that it underestimates regional trade since it ignores cross-hauling —
the situation in which a region exports and imports the same goods. Cross-hauling is
a generally observed phenomenon, but it is also difficult o capiure in an estimation
technigue. Toe take a very simple illustration, at a level of aggregation that includes a
sector labeled “agriculture.” a specific region (say Washinglon State) exports peaches
(to California, for example) and imports avocados (from California); both are products
of the “agriculture” sector. Using an L approach. a specific sector in a specific region
must be either a net exporter or a net importer of any particular good, When LEY = 1
industry i is seen as producing more than its share of the national output of 1§, and region
r 15 assumed to be a net exporter of the “excess” output of i. Conversely, if LQ} < 1, the
region is less than self-sufficient in good j and will therefore be a net importer of that
good. (When LT = 1. the region would neither impert nor export good k.) This quirk
of the location quotient approach thus leads to a tendency for underestimation of inter-
regional trade {agricultural products cannot be shipped from Washington 1o California
and also from California to Washington) and thus for overestimation of intraregional
economic activity, and therefore it also tends to generate regional multipliers that are
oo large.” Later in this section we will examine an approach that attempts to overcome
this problem.

There are several variants of the simple location guotient approach, all of which are
used in the same general way in adjusting national to regional coefficients. We examine
some of these in what follows. Since the L approach in (2.4) will never increase a
national coefficient {they are either left unchanged or made smaller). this procedure
is also called reducing the national coefficients table, and hence these are sometimes
referred 1o as reduction lechnigues,

This aff < afj characteristic of the L approach has also been called into question
(see. for example, McCann and Dewhurst, [998), A producer in sector f might use
rekatively fewer imported inputs than is reflected in the national coefficients for sector
J. and thus at least some regionally supplied inputs cowld be larger, per unit of output j
in that region than in the nation as a whole. And in general, if the national coefficient
is an average of observed regional coefficients, then some coefficients in some regions
should be expected to be above average while others in other regions would necessarily
be below average. One of the variants to be examined below (section 8.2 4) allows for
a:r" = c;'rfJ';.

! Robison and Milker (1991 cabeubate the amount of overestimetion of intraregional trade in u model for a small
multicounty area in Idaho.
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8.2.2 Purchases-Only Location Quotients
The purchases-only location quotient (FLO) for sector { in region » relates regional to
national ability to supply sector f inputs, but only to those sectors that use f as an input.

That is,
JJ'.- I
PLO" _( (/X ) (8.9)
I

where r and r" are regional and national output of good §, as before, and where x* and
" are total regwnal and national output of only those sectors that use { as an input. The
idea here is simply that if input § is not used by sector &, then the size of sector ks output

is not relevant in determining whether or not the region can supply all of its needs for

input i. [For example, whether or not region r can supply all of its needs for potatoes
isector i) is probably not affected by the amount of automobiles produced (sector k) in
region r, since potatoes are not a direct input to automobile manufacturing.] PLOY is
used in the same way as LQ] to uniformly adjust the elements in row § of a national
coefficients table, as in (8. 4).

8.2.3  Cross-dndustry Quotients

Another variant is the cross-industry quotient { C/(). This allows for differing modifiers
within a given row of the national matrix; that is, it allows for differing cell-by-cell
adjustments within A" rather than uniform adjustments along each row. What is now
of interest is the relative importance of both selling sector { and buying sector § in the
region and in the nation. Specifically.

f
cror, = ( Yl (8.10)
i -.":F-.l'r'rljl

Then

o Jiciohat e cigh <

W e )=

(8.11)

The idea is that if the output of regional sector i relative to the national output
of { is larger than the output of regional sector j relative to the national output of
sector J [C[Qj:; = 1). then all of {’s needs of input { can be supplied from within the
region. Similarly. if sector § at the regional level is relatively smaller than sector § at
the regional level [C.FQ"' = 1), then it is assumed that some of f's needs for § inputs will
have to be imported. ane that CIQ} = LOY /LQ]. Note also that CIQj; = 1 (along the
main diagonal, when /=), and henLe this technique would make no adjustments to
on-diagonal coefficients. This has been called into question, and often the diagonal ele-
ments are adjusted using their associated LQ;'"s in place of CIQ] (Smith and Morrison,
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1974: Flegg, Webber and Elliott, 1995). More completely. then.

A

(CIg)a}, if CIQY < | o
al o WCIQ) > | LE s

- |wenat ifLor < .
rro__ | i =
] _| *""L. L) = 1 fori=jf

8.2.4  The Semilogarithmic Quotient and ity Variants, FLO and AFLQ

Rewrite Ly in (8. 3) as LOT = (xf /x]' )+ {x, (o). This clearly distinguishes the measure
of the relative size of the regional (selling) sector (x] x') and the relative size of the
region (xr/xy ), but the sizes of buying sectors are ignored. The cross-industry quotient
includes relative sizes of both selling (x]/x}') and buying (x{ /x) sectors but contains
ne Xy Sy term. In the 1970s, Round conjectured that an appropriate approach should
include all three measures. He propesed. among othars, a “semilogarithmic quotient
(SLOQ)Y" which he defined (Round, 19784, p. 182) as

S.LQE- = Lo/ log, (1 + LQJ’-J

suggesting that it *. .. was devised simply to account for all three ratios in 2 way
which maintains the basic properties of both the LQ and CIQ methods.”™ Notice that
logy(1+L0}) = 1 when LO] = 1 and soin that case SLOj, = L} for LO; > L. loga(1+
LOT) = 1 and the adjustment means that SLQEI. < LT and the reverse is the case when
L = L Rewriting SLQE}- we have

ELQE- =[xl /2!y = (272" log, {1 + [i.rj,’,.".r;'] + (A

and we see that along with relative sizes of both industries, f and j, this includes the
regional size component in both numerator and denominator but not in such a way that
the terms cancel out.

Perhaps surprisingly, applications using this SLO generally failed w demonstrate
any particular improvement over simpler measures like L0 and CIQ.'-‘ This spurred
attempts to include these three factors in a measure that might perform better. One
approach was developed in several articles by Flegg and others — hence the acronym
FLO. (See. for example, Flegg, Webber and Elliott, 1995; Flegg and Webber, 1997,
20400, and references cited in those articles.) This measure is generated by modifying
the CJ’QL. o incorporate an additional measure of the relative size of the region: namely,

FLQ;; = {MC'IQ;;

< “The semilogarithmic form is arbitrary, but is among the simplest Euul:hnnﬁ which muintuins basic propertics
of the [quoticnt] values without further parwmeterization.” {Round, |/ p. 152, note 4.) The first mention of
this quotient seems o be in Smith and Morrison (1974, p. 43): they md.u:'m: Ihal it was suggested ina personal
commamication from Round dated 1971, See also Flege, Webber and Ellioat { [ 695).

3 For example. in Smith and Morrison (1974) and Harrizan, MeGilviay and McNicoll (1241,
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where k = {log,[1 + (xg/x))}*.0 = § < 1.* Then

|2 5, r
o (LY ]ﬂJ if FLO; <
4 ?:'r if FLOG = |
Flegg ef al., as well as many other regional analysis, use employment rather than
output as the relevant measures of regional and national activity: these are xp and
a for the region and the nation, rﬂ&pecmeiy s0.xp/xp provides an alternative Lo the

31t ol .nr."h"\ ag a mancara ol
SRR R is 1

t o < rala racional ciza Thav aleq nea amnlavmant
Ul i d measure 1 i

outpu relative regional size. They also nse employmen
as the measure of sector f and j activity (output). The general idea is lo reduce national
coefficients less for larger regions — on the belief that larger regions import {relatively)
less than smaller ones.” The problem, however, is that the analyst must specify a value
of 4 in advance (£ in the earlier formulation in foomote 33, and it is not at all clear what
this value (or range of values) should be. Empirical work has suggested that & = 03
seems Lo work well in a varety of situations (see the articles by Flegg and associates
cited above). The approach has been shown to be an improvement in at least one stady
that compared L, CIQ and (the earlier version of) FLQ for a region in Finland for
which there were also survey-based coefficients to serve as a standard against which
to measure the estimates (Tohmo, 20¢4). (Problem #.4 asks the reader to examine the
behavior of ¥ for various values of xf /xf and & to see how this adjustment might work.)

An additional variant of the FLQ is designed to reflect regional specialization (Flegg
and Webber, 200(1}. This was developed in response to the observation (McCann and
Dewhurst, [998) that such specialization might lead to increased intraregional pur-
chases (by the specialized industry} and hence to intraregional input coefficients that
were larger than their national counterparts. As noted earlier, national coefficients can
never be increased by any of the quotient techniques examined thus far In this case,
the proposed augmentation of the FLQ (termed AFLQ) is

r P 5 F
AFLQY, = lloga(1 +LQJ,:J]FLQ;J; !ELQJ. = 1
i FLQY. if LOT = 1

and so
v |AFLOY A LYY > 1
Y% = (FLGpal  FLOY <1

This adjustment term, [log, (1 +L@{)]. is the modifier used for Round’s SLOY, only
now it appears as a multiplier and not a divisor. Now FL{ is increased in those cases
{only} in which sector j is refatively specialized in region r {(when LQ;' = |,s0[logail+
I_Q‘r]l = 1}. For example, as LQ_", increases from | o5, log,{1l +.I'_QFJ goes from | 1o
2 535 (There are some issues regarding the possibility of a national coefficient being

4 Flepe und Webber (1997} use * in their formulation because they used & i an eorlier and less successful
version of their formula - FLQ':, =nf WIS where b= vk (o loga |1+ ieg A2
% This logic |3LL'1 been questioned. Sce Brand IJN 1. McCann and Dewhurst (199%) oad replics from Flegz and
Webber (| 997 und 2000, respectively).
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increased to more than 1.00) The argument 15 that a large industry () in a particular
region may attract in-movement to the region of firms in other sectors that supply
J:hence s infravegional input purchases may be larger than the national coefheient
would suggest. However. limited empineal evidence suggests that not much is gained
in performance over FLQ by this augmentation (Flegg and Webber, 20007,

525 Supply-Demand Pool Approaches

The supply—demand pool (507 technique estimates regional from national coeflicients
in much the same way as the procedure that was used to balance the regional coefficients
estimated by the simple location quotient technique. National technical coefficients are
taken as the first approximation to regional coefficients: Regional output by sector
is then found. as above, by multiplving each of these coefficients by the appropriate
actual regional cutput of that sector (and similarly for final-demand sectors, but using
the national final-demand input proportions. ¢y ) and summing:

= Z apaf + Z i (8.12)
¥ !

Then the regional commodity balance. b7, is caleulated for industry / as b} = f — i,

If this balance is positive {or zero ). using national coefficients as estimates of regionzal
coefficients does not generate an overestimate of regional production and so af = ufj
and cff =g'E:. are acceptable estimates. However, if the balance is negative. national

coefficients are too large, in the sense that they generate unrealistically high regional
outputs, by sector, so @ = aj(x; /i]) and ¢if = ey (x7 /X]) — the national coefficients
are reduced by the amount necessary to make the regional balance for that sector exactly
zero. Summarizing,
o el 3 = Fr -
w | T ADag ifb <0

W) o H =0

(B.13)
i

In terms of the general approaches in (5.1) and (5.2). we see that the supply-demand
pool technique assumes that uﬂ = 1. as do all of the quotient techniques mentioned
above. Further, {E:.t{ﬂ:’ when & — X} <0 and ﬁ’-_’; =1 when 1/ — 3] = (. As with
the L{)-based techniques. only reductions of nationzl coefficients are possible and
cross-hauling is not captured.

8.2.6  Fabrication Effects

Round (1972, 1978a, 1953) has suggested an adjustment to account for differing
regional “Tabrication” effects that reflect differing value-added/output ratios for a
specific sector across regions. Define the regional fabrication effect for sector j in

region rois
L— {w]al)
- Fi | 4
o p—p e A S (8.14)
I — (w
L — {wi/x})
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In the numerator. w{ is total value-added payments by sector f in region r and xf is, as
usual, gross output of sector j in . Thus :wj'.'f.tj'} is the proportion of the total output
of sector f in region r accounted for by value-added elements, and 1 — {w_;',.f.lf} is the
proportion of total output that 15 due to interindustry inputs from the processing sectors
{including imports). Roughly, then, the numerator represents the relative dependence of
sector | in region ron inputs from itself and all other sectors. For example, if u_",-r = 5400
and.r_r-’ = 51000, then 1 — in'j-’f.x]r] = {1.6: 60 percent of the value of sector s total output
is derived from inputs from producing sectors. The denominator in (5.14) is this same

_1'}' = 51000000, so that the denominator in (5. 14315 (.7 at the national level sector

S is relatively more dependent on industrial inputs and relatively less dependent on

vilue-added inputs. For this example, J:i," = 0.6/0.7 = 0,857,
Round suggests that pf be used as aj in (8.1). so that the estimate of aj; (for i =
I.....n}is found as
u; = mjrrfag-l
This 15 2 column moedification, as opposed to the row modifications of the quotient-like
techniques — the entire jth column of A" is multiplied by g/ to generate an estimate
of the jth column of A", The idea is that since interindustrial inputs are relatively less
important to industry {'s production in region r than ot the national level. national input
coefficients for sector j should be scaled down. Similarly, if of = 1. then all of the
elements in the kth column of A" would be scaled upward. to generate the estimates
of aiit = 1,....n). Unlike most L{-based techniques, mational coefficients can be
increased with this approach.” This aj; can then be further adjusted to create an estimate

: : : s s
of :IEI.’ via a quotient-like modification.

8.2.7 Regional Purchase Coefficients
Work at the Regional Science Research Institute {as discussed, for example, in Stevens
and Trainer, 1976, 1980 and in Stevens f al., 1953) concentrated on estimation of what
are essentially the regional supply proportions, pf, that were mentioned in section ¥. |
(and earlier in Chapter ). These were termed regional purchase coefficients (RPCs) in
the RSR1 work: they operate uniformly across rows, as do L{-based methods. In terms
of (8.1}, oa{f- =1 and, in (8:2), I", = pi (= RPC]).

The regional purchase coefhicient for a sector 1s defined as the proportion of regional
demand for that sector’s output that is fulfilled from regional production. Formally, for
region » and good 1,

RPC] =" /2 + 7"y

B This “fubrication” adjustment is similar in spirit to the column adjestments (the 5's) in the RAS updating
procedure, which muliiply all elemenis in the kth column of the cocfficient matrix by 5. This is what Stonc
teemed thie “fabrication effect” - the possibility that there is a change in the proporiion of value-added inputs in
u sector’s output sver time.
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where. as in Chapter 3. z/" accounts for shipments of good { from producers in r to
all buyers in r and zI* represents imports of i from outside r to buyers in r." Dividing
numerator and denominator by ",

RPC; = 1/[1 + 14z /5]

Effort was concentrated on estimating the magnitude of the relative shipments lerm.
7" /7. Assuming that relative terms designate ratios of values in region r to national
vilues. relative shipments are estimated as a function of relative delivered costs {made
up of relative unit production costs and relative unit shipment costs). These, in turn.
depend on relative wages, refative output levels, and average shipping distances from
producers within and outside region r. Various relationships between RPCT and proxies
for these relative terms have been proposed and fitted by regression technigues to
data that are available in US published sources such as County Business Patterns,
Census of Transpartaiion, and Censuy of Manufactires, as well s a national input—
output technical coefficients table. Comparisons with LQ-based approaches suggest the
superiority of this method (Stevens, Treyz and Lahr, 1989). An alternative approach to
estimation of RPCs (at the county level in the USA) is suggested by Lindall, Olson and
Alward { 2006) in the context of a gravity model for estimating intercounty commodity
Aows.”

828 “Community” Input-Cutput Models

In section 3.6 we cited Robison and Miller { [958, 1991 yand Robison ( 1997 ) asexamples
of “regional” input—output modeling at a very small spatial scale:

Our grealest departure from the traditional 1-0 approach stems from o fundamental redefinition of
region. The traditional 1-0 approsch models wniform regions, e g counties and mullicounty areas.

states, and s0 on. In contrast, we build models for punctiform regions, ic., models constructed for
individuul cities, towns, and hamlels. {Robison, |07, p. 326.)

Robison and Miller {1991 ) introduce ideas from Central Place Theory in modeling
such small area economies — here a small Idaho timber (logging/sawmills) economy,
the “*rural West-Central ldaho Highlands Highway 55 economy™ (six communities, five
containing sawmills, with a combined population around 20,000). The authors suggest
that principles from that theory can help 1o guide construction of such “inlercommu-

nity” input-output models. For example. they consider an intra- and intercommunity
Ay - A

coefficients matrix of the sort A = : ‘o : . where communities 1,....m
Al -+ Ampm

7 n the context of the multiregional input—output model (Chapter 3}, these coefficients are the &7 — for example.

a5 in (3.27). However, in the MRIO model, they arc uscd to modify o regional matrix, A™, tht is not assumed
simply to be the same 05 A”. the national table. In tenms of equations (5.1 1 and (42}, in the MRIO model aEI +1;

at least for some £, f und v, and 3 = of7 forall @
¥ Since these puthors wse o pruvity model formulation. there is further discussion of their work below in
section 5.0 1.
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are arranged from upper left to lower right in descending hierarchical (rank) order. Then
strict hierarchical trade (meaning that goods Aow primarily from higher- to lower-order
places) would be reflected in an A matrix that is (close to) upper-triangular {zeros below
the main diagonal).” In such multiregional economies cross-hauling is much less likely
to be present, and hence estimation techniques that fail to account for cross-hauling
{such as L and SDP approaches, as noted above) may be acceptable regionalization
approaches.

Robison (1997) discusses hybrid procedures to esimate rade among such places
i a set of hierarchically siructured areas (the upper-right off-diagonal elements in A)
as well as other special features of small-area rural economies such as their extreme
openness and the importance of transhoundary income and expenditure flows. In this
case the application was for a rural two-county region in central Idaho (total population
less than 12,0007 which was disaggregated into seven community-centered sub-county
regions.

County-level data from IMPLAN (“impact analysis for planning”™) form a basis
for much of the estimation, but further disaggregation to subcounty community level
regions is required. For some data, surveys were used: for others, published sources
contribute information (for example. business listings in local telephone directories):
in stll others, SDP and/or LQ estimates were generated. Other applications of these
ideas can be found in Hamilton e al, {1994),

829 Summary

It is worth noting that these approaches (or variants) are frequently used in applied
regional analysis. Even the straightforward location quotients of section 3.2, 1 are often
employed. Forexample. in the USA, multipliers for any selected single- or multi-county
region can be purchased from the Bureau of Economic Analysis of the US Department
of Commerce through their Regional Impact Modeling Svstem (RIMS I1). " This syslem
uses location quotients Lo derive estimates of intraregional inpul coefficients. As noted
earlier, these intraregional coefficients will tend (o be overestimated; in fact, Robison
and Miller { 1953} advise caution in wsing either RIMS or IMPLAN estimates in small
area studies — specifically:

We argue that pool and gquotient techniques, used in nonsurvey models such as IMPLAN and RIMSIL
should not be applied to a single county situation, or to any aggregation of counties that @& nol. in some
sense, 4 functional economic arca [p. 1523] . .. Becawse of the likelihood of cross-hauling when state
and functional economic boundaries diverge. we suspect thal many of these models of stales [e.g.,
RIMSH | possess overstated multipliers . . - There could be large errors in reported RIMSI multipliers
for states |p. 1529].

* The guthors recognize that there can be shipments up the hicrarchy: “Whit sbout trade in the opposite direction,
from lower to higher-order places? Examples from mural segions would inchede azricultural and other raw
malerials shipped 1o higher-order places for processing, Rurl economics are simple and normally raw materials
trade will have to be obtained from ohservation rather than technigee’™ (Robisen, 1997, pp. 335-3300

1 Currently these are hased on 2004 nutional inpui-outpul eccounts and 2004 regiopal economic accounts, Sce
US Department of Commerce (| 997 ) also www.bea zov.
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As another example. the bulk of the discussion in Gerking ¢f al. {2001} deals with
imaginative ways of filling in for “suppressed” data at the county level {due to disclo-
sure concerns), in order to estimate industry-specific employment at the county level,
These employment data are used to calculate county-level location guotients which are
then used in the usual way to regionalize {down to the county level) a national direct
coefficients table. The authors argue that estimating at the lowest possible level of sec-
toral aggregation has the effect of minimizing the consequences of the no cross-hauling
feature of location quotient reduction technigues. The approach is illustrated with an
economic impact anaiysis of an energy project for a county in Wyoming.

It is generally recognized that the reduction techniques discussed above are less
than totally successful. Yet the need for input—output data at & regional level continues
to increase and has stimulated much discussion and many approaches. Often, these
are hiybrid techniques which include use of the RAS procedure {originally devised for
updating national input—output information ) along with additional information. We turn
to some of these developments next, looking first at the use of RAS for regionalization
ol a national input—output table.

8.3  RAS ina Regional Setting

As we saw in section 7.4, the RAS technigue generates a coefficient matrix for a
particular yeazr. A{1). given observations on total outputs, total interindustry sales. and
total interindustry purchases for that year —x(1}, wi 1), and v(1}. and using as a starting
point an earlier coefficient matrix, A{(0) While it is inherently a mathematical technigue.
we have also seen that the economic notions of uniform substitution and fabrication
effects are compatible with the procedure. Since coefficient tables for regional input—
output models are essential for regional analysis. one way to have a wider vanety of
tables available for various regions of a nation is te apply the same RAS principles.
where we utilize a (relatively up-to-date) national input—output table, A", and current
marginal information about regional economic activity — x7, u”, and v". Or, for that
mutter, instead of A", one may have a current inpui-output table for some otfher region
in the country, 5, and then use the known A* as the matrix to be adjusted to satisfy the
observed marginal information for region r. Thus, instead of using the RAS procedure
to adjust coeflicient matrices across time {the updating problem), it has also been used
to adjust coefficient matrices across space (the regionalization problem). To the extent
that & national table. A", reflects an average of input-output relationships in various
regions of the nation, the minimization of “information distance™ or “surprise” that is
inherent in the RAS technique may also be appropriate at the regional level. Or if there
is an inpul—output coefficient table for a region. s, that is thought (o be economically
similar to the region in question, r, then this same “minimal surprise” characteristic of
the RAS procedure is possibly an attractive one.

On the (different) problem of updating an existing regional table via RAS-like tech-
niques, see, among others, the early work of McMenamin and Hanng (1974} {and also
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the Giarratani, 1975, comment on this wnrl-;}'" and Malizia and Bond {1974}, Many
studies have compared results from the BAS approach with one or more of the reduc-
tion technigques in section .2 for deriving a regional from a national input—output table.
We illustrate this kind of comparison in the following section: More recently. analysts
have combined both kinds of techniques into hybrid approaches. We examine a few
examples in section ¥.5. Later, in section 8.7, we consider the additional problem of
estimating interregional flows in order o create o model for twe or more connected
regions.

8.4 MNumerical llustration

In Table 5.1 we present illustrative results from application of some of these technigues
to estimate matrices for Region | (North China) from the three-region, three-sector data
set For China for 2000. (These were used for illustration in Chapter 3, section 3.4.6.)
More detuiled results — for example. the complete 3 x 3 coefficients matrices and
their associated Leontief inverses, are shown in Web Appendix 8W.1 for the interested
reader. This is done in part because, as always when comparing matrices, & good deal of
individual detail is inevitably lost when summary measures are used. Coefficients and
inverse matrices were estimated using LQ, CIQ, FLOLAFLQ. RPC. and RAS techniques,
first on an unadjusted national table, A", created by spatial aggregation of the data in
Chapter 3, and then on a regional technical coefficients table, A", created using Round's
fabrication effect adjustment, where A" = A"4".

Differences between survey-based total intraregional intermediate inputs and those
in each of the estimated mairices (column sums of A™ and each estimate, A are
one way o condense r° pieces of information (here 9) into n. Differences in column
sums of each of the Leontiel inverses, L™ and each of the L {intraregional output
multipliers) are another {and more frequently used) summary measure. Both of these
mask individual cell differences in the process of summation down the columns. We also
include one additional measure. the mean absolute percentage error (MAPE), already
used in section 7.4.2. This is the average of the percentage differences in cormresponding
cells of A" and A" or of L' and L' (irrespective of whether positive or negative), so
it too masks a wide variety of individual differences.

Motice that RAS always estimates total intraregional intermediate inputs cormrectly.
In this small set of examples RPC was the best of the quotient techniques and RAS
performed best overall, on the basis of either intermediate inputs or multipliers. The
fabrication adjustment suggested by Round appeared to be a significant help for RPC
only. and only when assessed on the basis of the average percentage difference. It muxde
no difference for RAS because the initizl matrices {with and without the fabrication
adjustment) were very close. These results pertain only to this one small illustration.

1 & particular featare of the McMengmin-Haring approsch is tht it employs the RAS technique on am entire
transactions table. including the sules to final-demand sectors and the perchases from value-sdded sectors. That
is. 0’ and ¥ are oot needed:; only %7 is used. This relaxes the data requirements but imposes the biproportionality
ussumption on not only the inlerindustry trunsactions bat also on find-demand ond vidoe-odded data. This is
the basic point rused by Giarvatani ¢ 1975,
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Table 8.1 Total Intraregional Intermediate Inputs and Intraregional Output Multipliers

http://site.ebrary.con/lib/mitlibraries/docPrint.action?encrypted=al 7e3b...

for Region 1 (North China) Caleulated from Several Regionalization Technigues

Average

Total Intraregional Percenlage Percentage

Intermediate Inputs Differences® Difference”  MAPE®
Survey 02891 05781 0.3460
Using A"
L 03lbG 06774 04019 054 17149 1596 1423 12.41
i 03169 06717 04022 0o 1620 16.03 1396 12.54
FLg 0.2541 05189 03113 —12.10 —1023 —1l8 — 184 1304
AFLED 0.2541 05290 03113 —12.10 —B.50  —1018 —10.26 12.449
RPC 02827 058500 03495 —-2.19 1149 .84 141 7.17
HAR 02891 05781 0.3460 1] i i L] 694
Using Round™s A” = A" 0"
Lg 00,3222 06720 03943 11.45 16.24 1375 1382 12.17
i 03225 06663 0.3945 11.56 1527 1382 1355 12.31
FLg L2585 05148 03054 —1057 —1095 —11490 —11.14 13.33
AFLD 02585 05247 03054 —10.57 —923  —|1.890 1057 12.79
RPC 028TT 05803 03420 —48 .38 —1.08 0.657 .11
RAS 02891 05781 0.3466 L L1} L1} ] 694

Average
Intraregional Output Percentage Percentage
Multiplicrs Differences” Difference MAPE

Survey 1.5311 21115 16620
Using A"
L 16765 2.5684 19201 050 2l.63 1553 1555 25.06
)] 16734 254850 19148 0249 2067 1521 15064 23.74
FLQ 14309 19204 1.5515 —6.55 —E.63 —b.65 —7.28 15.93
AFLE 1.4353 19550 15578 —6.26 —-7.22 —6.27 —0.58 14.81
RPC L5108 201318 L6700 —1.33 .96 148 0027 3.50
RAS L5219 21145 lehls — o0 14 —{.01 0257 2.79
Using Round™s A” = A" 0"
Lg 16841 2.5425 1. 8933 RURY 241 1392 1477 2376
)] Laslo 25226 1.3EH2 0.Tg 19.47 13.61 14.249 22.46
FLQ 143649 19172 1.5375 —6.15 —49.20 —7449 —T742 16.45
AFLD 14413 15463 1.5436 —5.87 —T7.82 =712 —b.94 15.35
RPC L5179 21163 16524 —L86 .23 —{1.58 0567 33
RAS L5219 21145 lehls — o0 14 —{.01 0257 2.79

exch seclork are frequently wsed.

o

= Thas is [[(1'A — FAY@TA] = 100}, where “@

5 This is a simple, unweighted average. Yarous kinds of weighlings {e.g. using some measure ol the sige ol

< Calculuked as [“)—"' o %' = 104

AN (S |

indicates element-by-element division.

9 This is the average ol the absolute values of the dillerences, so that the negatives aml positives do mol cancel oul
© Caleulated as |[(F'L —i'L) @ i'L] = 100].

Iy -
* Caleutated as (57 T e b 1K
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Other applications (and other measures of error) could easily generate different out-
comes In terms of rankings of the techniques. Problem 5.9 asks the reader to create
similar results for either {or both) of the other two regions, the South and the Rest of
China, in the Chinese data in Chapter 3. Results for those exercises are shown in the
Solutions, for those who want to bypass the work. As can be seen, the sizes of emors
vary a great deal across the three region results, and in one case FLQ and AFLQ perform
very badly. Generally. RAY is seen to provide the best results.

Orver the years there have been many empirical studies, generally much larger than the
illustration in Tabie 5.1, in which various location quotient approaches o regional coef-
ficient estimation, often along with RAS, have been compared. and, nol unexpectedly,
the results have varied. Examples include (but are not limited to) Czamanski and Malizia
{1969}, Schaffer and Chu ( 1 9659). Hewings (1969, 1971), Round { 197 2), Momson and
Smith (1974}, Smith and Morrison (1974}, Eskelinen and Suorsa ( 19800, Cartwright,
Beemiller and Gusteley { 1951). Alward and Palmer (1981} Hamigan, McGilvray and
McNicoll (1981), Sawyer and Miller (1953), Stevens, Treyz and Lahr (195%9), Flegg
and Webber (2000}, Tohmo ( 2002) and Riddington, Gibson and Anderson (2006). As
always, the results often depend on the statisticis) used to rate the technigues.

8.5 Exchanging Coelficients Matrices

Early inapplied regional input—output work it was thought that an allernative 1o adapting
a national table 1o reflect the economic characteristics of a particular region might be
to adapt an existing table for some other region or, indeed, simply to use a table for one
region as representing another region as well. For example. a coefficients table for a
particular wheat-growing county in North Dakota might reflect very well the economic
interrelations in another wheat-growing county in North Dakota, or probably also in
South Dakota or Nebraska, However, less plausible would be the use of a survey-
based table for Philadelphia (o represent interrelations in the Boston or, less likely, San
Francisco economy. How much and what kind of modifications would be necessary
are much more complicated gquestions, In this regard. one can only make very broad
and general statements; for example, if in the opinion of experts. two regions are very
similar economically, then it is possible that a coefficients table for one of them may
prove to be sseful for the other also. Or it may be useful with appropriate modification:
the problem 15 always how to decide what needs to be modified and how to go about
doing it.

As an example of coefficient exchange at the regional level, Hewings ( [977) used a
survey-hased table for Washington State for 1963 (Bourque and Weeks, 1969) 1o esti-
mate Kansas interindustry structure in 1965; he also used a survev-based Kansas table
for 1965 (Emerson, [96%9) 1o estimate Washington's structure in 1963 After appropri-
ate classification of the two tables into a comparable set of sectors, it was clear {rom
inspection that there were many individual coefficients that were vastly different in the
two tables. In a simple coefficient change, estimating Washington output with Kansas
technology, as " = (1-AR W ang similarly, estimating Kansas output with Wash-
ington technology, = (1= A" i was found that aggregate errors (for total

http://site.ebrary.con/lib/mitlibraries/docPrint.action?encrypted=al 7e3b...

Miller, Ronald E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.
Cambridge, , GBR: Cambridge University Press, 2009. p 363.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=397

Copyright © 2009. Cambridge University Press. All rights reserved.

May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable

copyright law.

04/01/2011 15:06



Input-Output Analysis : Foundations and Extensions

18 of 52

Miller, Ronald

o MNonsurvey and Partial-Survey Methods: Extensions

output, summed over all sectors) were 4.8 percent (overestimate) for Washington and
—12.6 percent (underestimate ) for Kansas. However, as usual with aggregate measures
of error, individual sector estimates were often very far off; the worst in Washington
was overestimated by 336 percent and the worst in Kansas was overestimated by 114
percent. Thus, straightforward coefficient exchange could not be considered a success.

However, using the RAS procedure in conjunction with Kansas survey-based infor-
mation on total intermediate outputs, total intermediate inputs, and total output. by
sector, produced far superior results, That is, the Washington table {instead of a national
tabiel was “balanced” by the RAS technigue to conform io the observed Kansas
marginal information. With the modification, total estimated Kansas output was under-
estimated by only 0008 percent, and the largest error for an individual sector’s output
wis only {1195 percent.

To emphasize the relative importance of the marginal information in the RAS pro-
cedure, Hewings also “balanced™ an artificial coefficient matrix made up of random
numbers {but with column sums less than oneh. That is, the “base” matrix was a totally
artificial one, which did not correspond to-any national or regional table. Using a ran-
domly generated new final-demand vector. he compared “true” gross outputs (using the
actual Kansas table) with the RAS-adjusted Washington table and the RAS-adjusted
random table. In these two cases. the total Kansas output., summed over all sectors.
was overestimated by only 0.028 percent and underestimated by 0.192 percent. respec-
tively. The worst errors in individoal sector outputs were 3.7 percent (Washington table)
and 3.6 percent {random table). The main lesson from this experiment appears to be
that information on region-specific sectoral total imtermediate outputs, w, and inputs.
v, along with sectoral gross outputs, x, are of dominant importance (as opposed to the
base matrix) in an RAS adjustment procedure. (For a comment on the Hewings study
and a reply. see Thumann. 1975 and Hewings and Janson. 1980, Also. see Szyrmer.
1989, for a discussion of experiments that indicate the importance of correct target-vear
marginal information in an BAS procedure. )

8.6 Estimating Interregional Flows

Earlier in this chapter, we examined some techniques that have been proposed and used
to estimate regional inpul coefficients from existing regional or national tables. If two
or more regions are 1o be connected in the model, then interregional coefficients are
also needed. In Chapter 3 we saw what data are necessary in both the interregional and
multiregional cases, and an example was provided from multiregional data for China
in 2004 {in section 3.3.5).

Because of the extremely detailed data that are necessary for o full interregional mode]
and becavse the US multiregional model was itself an extremely ambitious and time-
consuming project. there are not many existing tables of interregional commuodity fows
or their associated coefficients that can be used as “base™ tables 1o be updated, projected.
or exchanged. Rather, a number of proposals have been explored for estimating these
flows between sectors and regions. The techniques are sometimes relatively advanced,

E.; Blair, Peter D.. Input-Output Analysis : Foundations and Extensions.

Cambridge, , GBR: Cambridge University Press, 2009. p 364.
http://site.ebrary.com/lib/mitlibraries/Doc?id=10329730&ppg=398

Copyright © 2009. Cambridge University Press. All rights reserved.

May not be reproduced in any form without permission from the publisher, except fair uses permitted under U.S. or applicable

copyright law.

http://site.ebrary.con/lib/mitlibraries/docPrint.action?encrypted=al 7e3b...

04/01/2011 15:06



Input-Output Analysis : Foundations and Extensions

19 of 52

B.6 Estimating Interregional Flows 365

and a thorough survey is beyond the scope of this book. We indicate only some of the
broad ideas that have been used.

8.6.1 Gravity Model Formulations
Many versions of gravity model formulations have been proposed and explored for
estimating commodity Aows between regions. The basic idea is that the flow of good
I from region r to region 5 can be looked upon as a function of {1} some measure
of the total output of { in r.a7". (2} some measure of the total purchases of ¢ in 54"
and (3) the distance (as a measure of “impedance™) between the two regions, ™. One
straightforward function, taking inspiration from Newton's observations on gravity
tand hence the name for this class of models), would involve the product of the two
“masses” (a7 and ;') divided by the square of the distance. A bit more generally,
(bl ydf " apu

&= - gy

(8.13)

where ¢f. o} (alternatively. &) and e; are parameters to be estimated. {In the strictest
Newtonian form, ¢; = 2.}

As noted in Chapter 3, the gravity approach was suggested initially in an input—output
context in Leontief and Strout ( 1963): it was also explored in Theil (1967). Leontief
and Strout suggested the relatively simplified form

Fexs
=3 gp (8.16)
1
where x" is labeled the “supply pool™ of good { in region r, x;7 is labeled the “demand
pool” of good { in region 5, 17 is the total production of commodity { in the system and
" is a parameter. The authors write:

The multiplicative form in which the wtal cutput of good i in the exporting and its totul input in
the importing regions enler into [(5.15)] permils 0s o charsclerize it as a special type of Gravity or
FPotentinl Model. It implies that there can be no Aow from region - to region £ il either one of those two
magnitudes is cqual to zero. The introduction of the aggrezate outpul of good § into the denominator
impliey that, if the aggregate cutput (1], as well as output [£]] in region roand wtal input (57| in
region &, double. the flow of thal good from region ¢ o region 5 will double oo, [Leonticl { [H06)
p. 226. The suthors use g and b in place of rand 5.]

Notice that the denominator in this formulation [{5. 16)] 1s aspatial: that is, its magnitude
is unrelated to any measure of “distance” between r and 5. Rather. it provides the
Rexibility necessary so that if, for good i, the supply pool in r. the demand pool in 5 and
total output all increase by p percent, then 7{” increases by that same percent {assuming
QF = 0). So the Qf term has something of the look of E{f?' from (8. 15).

An important feature of this kind of formulation is that cross-hauling is allowed: that
15, good § can be shipped simultangously from r o 5 and from s to r. Specifically, if
ax . xy’, and x;7 are all nonzero, and if @FF = 0 and " = (. then both 77 = 0 and

o =0

T
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The most optimistic scenario is that values of 1, x7. x; L and z{* are known from some
base period or for some subset of transportation data. In that case. one can evaluate the
parameter OFF from those data, as

where overbars indicate known values. Leontief and Strout also discuss a number of
alternative ways of estimating the &7 in cases where there is no base-case information.

Polenske ( 1970k tested the Leontief-Strout gravity approach, using Japanese inter-
regional Aow data. She alse compared the gravity formulation with the Chenery—Moses
MEIO model {section 3.4} and one other alternative. known as a “row-coefficient” ver-
sion of the MRIO model. The gravity and MRIO estimates were about equally good
and lar better than those obtained from the row-coefficient model (Polenske, 19700,
Estimates based on gravity models have also appeared in Uribe, de Leeuw and Theil
(1966) and Gordon {1976) among others. Lindall, Olson, and Alward (2006) use a
gravity formulation 1o estimate gross trade flows for some 509 commodities and 3140
counties in the USA, One outcome is that their results allow for estimation of a set
of regional purchase coefficients (RPCs) for each county. using their results for each
county's commodity § trade with itself divided by total county demand for .

The gravity approach was embedded in a general entropy-maximizing framework in
a number of papers by Wilson. An overview is provided by Wilson (1970, especially
Chapter 3).'* Cannections with information theory have been suggested, and this has
been thoroughly explored by Batten (1982, [983) and applied in Snickars (1979},
Batten’s empirical studies combine iterative (RAS-like) methods with a maximum
entropy formulation and. if required, additional variations (“minimum information
gain” procedures). (See Batten, 1983, especially Chapter 5 and Appendix E.) Batten
and Boyce { 1956) review gravity-based and other spatial interaction models.

86.2  Two-Region Interregional Models

A pumber of estimation methods for interregional models are simplifications or varants
of the quotient technigues discussed above. Essentially. they use some measure of a
region’s import or export orientation with respect to each good: and if region r is found
to bee an exporter of good i, then it is assumed that all the requirements for f in region r
will be met by local production and hence there will be no imports of [ to region r
{no cross-hauling). One important feature in a two-region interregional model is that
one region’s (domestic) exports of a particular good are the other region’s (domestic)

12 & compact discussion of MRIO, pruvity, and eniropy-maximizing models can also be found in Toyomane
(1955). He wlso develops and applics two allemative multinomial legit models of trade cocfficients 1o an
Indonesian example. Amano and Fujita (19770) combine MRIO and econometric models 1o allow both input
coefficicnts and trade cocfficients o chunge over time. Detuils of these masdels are beyond the scope of this
ok,
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imports. From (8.4), since

- (LODal ELOT <1
A B 77

then. in a two-region interregional model (with regions r and x),

e [ = 10D 1O <1
i 0 ifLO! = |

For example. if LO] = 0.65, then the assumption is that 35 percent of the needs of
input | by sectors in region » will be mel by imports from region .

A simple procedure of this sort was used in early studies by Nevin, Roe and Round
{ 1966) fora two-region model in the United Kingdom and by Vanwynsberghe { 1976) for
a three-region Belgian model. Examination of a wide vanely of nensurvey lechniques
im an (especially two-region) interregional setting is contained in a series of papers
by Round (1972, 1978y, 1978h, 1979, and 1983), o which the interested reader is
referred. An allernative approach used in several Swedish regional studies is outlined
in Andersson (1975} and modifications are suggested in Bigsten (1981 ). As we will see
below, there have been attempts Lo modify the two-region approach for caseés in which
more than two regions are present.

8.6.3 Two-Region Logic with more than Two Regions

The logic of the “baluncing™ inherent in two-region models — where one region’s
{domestic) exports of { are the other region’s (domestic) imports of | — appears 1o have
first been extended to more than two regions by Hulu and Hewings { 1993; five regions):
later examples include Hewings, Okuyama and Sonis (2001 four regions) and Bonet
{2015; seven regions). The essential idea is 1o use localion guotients, a sequence of
two-region moedels, and an RAS balancing approach. A three-region setting is adequate
to illustrate the process.

I. Consider a two-region context where regions 2 and 3 have been aggregated; let
r =region | and 7 = the rest of the economy (the remaining two regions ). Use loca-
tion quotients for r to estimate A™ = [@}]'] in the usual way from a known national

: (Lo ifLOT = 1
coefficient matrix, A" all Gidaj o . Then import coeffi-

A ) ifLO = 1
cients from the rest of the economy o r, A™ = [uE,frJ. are found as .r.r:-}-’ = f.r:-}- - .:r:}".
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Similarly, find AT = lagfl using location quotients for the aggregate “rest of the
economy’ region (regions 2 and 3 in this case). Finally, imports from region 1 to

the rest of the economy, A’ = [aj-_;fl. are found as aj-_f = n:-} - aEi’-'. The result is
Al 4l —I
Al J
2. Repeat this procedure for each of the other possible two-region partitions (r =
AL AT |' AP A® "|
2F = 4, 3and 7 = 3,7 = 1,2, giving . . and . _—
A A"J L AT AT J
This information can be arranged as in the table below. Missing, of course, are the
interregional coefficients ishaded areas).
All Al
A A2
}‘.'1'1 A?.:;
Aj] Ai] A"‘-"‘-
3. Convert coefficients to flows. For example, using known outputs x' and x', find
A 11 A I j“l [} Zl] ZL I o )
. o R = - ~|. Similar calculations can be
A]] A I 0 i] ZI | ZL I
made for r = 2 and 3, producing
7l Al
e g2k
ZJR Z.‘._‘
AL R EE
{The three Z7 matrices that are generated in these calculations are ignored. )
4. The (shaded) off-diagonal flow matrices remain to be estimated. If these empty cells

are filled with initial estimates, an RAS procedure can be applied. The extremely
simplifying assumption 1s made that imports to any particular {on-diagonal) region
come equally from all other {here both) regions; e.g., 27! = Z%' = (1;2)2"". Thus
all cells now contain initial estimates.
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rnll Sl e R
?” zjl z¥¥
A
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5. Eliminate the co-diagonal matrices, Given the row and column margins, which

balanced table. (The table conforms to the column sums by the way in which it was
constructed, but not to the row sums. )

0 A Ak 7! i
ZE! 0 z:.’i zﬂ
g3l 31 g 733

Zil F2 zj_"l

If the presence of null matrices creates convergence problems (as it did in the arti-
cles cited), reintroduce the on-diagonal matrices, alter the margins accordingly, and
reapply RAS.

8.6.4 Estimating Commeodity Inflows lo a Substate Region
Liu and Vilain (2004} start with known commodity flow data for US states from the
1993 US Commodity Flow Survey (US Department of Commerce, 1993) and national
commaodity-by-industry input—outpuot data, They derive commodity inflows toa substate
region using features of a supply-side. commodity-by-industry model and secondary
data on the région’s industrizl structure, Their two-step procedure first scales each
commaodity s national “output coefficients” (using the terminology of the supply-side
input—output model which is discussed in Chapter 12) to a state level. These coeffi-
cients are commadity sales to industries as a proportion of the selling sector’s outpul,
rather than commaodity purchases as a proportion of the buying sector’s output; they
represent the distribution across buyers instead of across sellers in the wsual 1npul-
output model. The second step then scales the state-level coefficients o a regional
{substate) level. In both cases, the scaling is done using location guotients, but on
these output coefficients, rather than on input coefficients as in the approaches of
section 8.2,

Given a national Use matrix, UY, and total commodity outputs, gV, find BY =
ig* ) '0", where F)‘.,}r indicates the share of total commodity ¢ outpul that is sold o
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industry _,l'."l Convert these national output shares to the state-level shares using state-
specific location quotients. [The authors use industry earnings as the basis for their
location quotients but recognize that other alternatives {e.g.. employment} are possi-
ble.] That is, create B =B" {Iqs:l where lqs = 1LQ§| and LQ}E 15 the earnings-based
location quotient for sector ¢ in the state.” In contrast to the way in which location
quotients. are used for regionalizing national input coefficients (sections B.2.1-8.2.4}),
if a given LQS“.:- I then the associated b""' (for all f) are increased. Mext, normal-
ire the elements in each row of BY by dwld]ng by the row sum (o that all row
sums in the normalized matrix will equal 1) — B =B B~ so b" ifl.-' y ;bE}'
Each bﬂ- is an estimate of the proportion of commodity ¢ shipped into the state that
will be used by industry § in the state.'” Let m¥ be a vector of inflows 1o the state
of the m commaodities (known from the Commaodity Flow Survey). Then the matrix
o= wm' B apportions the inflows of the m commaodities among the i industries
(including households): .ﬂ}j 15 the amount of commaodity / flowing to industry f in the

state. {In the notation of Chapter 3. this is an estimate of :-,rif, an element in the MRIO
model. )

The next step moves to the regional (substate) level. Estimate another matrix of loca-
tion guotients, LQ", this time for the region, measuring the relative representation of
each industry in the region. Then define p® = pS{IqR} =m’ ﬁs{lqn}: ,c‘-lg is an approxi-
mation of the amount of commaodity § shipped to the state that 1s vsed by industry j in
the region in question.'” In terms of transportation planning, row sums of p* may also
be of interest; they are estimates of the total amount of each commodity that is shipped
to the region — ¢ = pfi= [;g‘.-“q]1 where :3‘.-?' is the total regional inflow of commaodity 1.

The authors apply the method to commaodity inflow to seven states and compare
their results with known inflows (from the 1993 Commodity Flow Survey: that is, they
assume the “regions” are in fact states in order to have data with which to compare their
estimates). For six of the seven states. mean absolute percentage errors (MAPEs) were
between 16 and 30 {with large varation among commaodities) and for one state, the
MAPE was 71. This method is compared with results from the Jackson et al. approach,
discussed immediately below.

13 We use upper-case superscripts “M," “5" und “#"' to denole mation, (subnational} state and (substate) region.
rr:s]lncli'rt]}'. since lower-case superscripts are penerully reserved for individual wnd distinet regions je.g., “r”
and 5™

12 This notation is a bil uneonventional. The veclor of lecation guolicnts for the stale is denoted by lower-case
bold letters, lq® (our convention for vectors througbout this book), but its elements are upper-case, L@}, to
conform with the usual convention for representing location quotients, as in section £.2 |, even though the
usual notation for chements of the Ig® vector would be .

9 The normalization is done so that 100 percent of the inflow of cach commodity will be wsed up by purchasing
sectors in the stafe. The authors work with & closed maodel, s houschold consumption of imparied commaditics
is uccounted for,

18 Notice that these arc akin tothe regional sales coefficients of Costerhaven and his colleagues in the Netherlands
[section §7 2],
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8.6.5 Additional Studies

Commodity Flows among US States

Interregional Social Accounts Madel (ISAM). In two articles (Jackson et al., 2006,
Schwarm, Jackson and Okuvama, 2006) single-state SAMs are constructed wvsing
data derived from IMPLAN. ({In the second article, the acronym ISAG is used.
for faterregional Social Accounts Generator.) The authors estimate interregional
commodity-by-industry flows connecting the states in an attempt o improve on the
commodity Aow survey (CFS) data from the Bureau of Transportation Statistics.
The system consists of 51 regions (states plus DC). 54 indusiry/commodity sec-
tors, 4 factors of production. and 18 institutions. The primary effont 15 to derive
an estimating equation o distnbute known regional domestic exports (from the
single-region 8AMs) from each region Lo each other domestic region in the model.
{Intraregional flows are generated in the construction of éach of the single-region
SAMs. and they are assumed to be correct.) The authors assume that distributions
of exports from one region to all others are fixed. while export levels vary with regional
production.

The preferred estimating equation is a function of transportation costs (interregional
distances ) and region-specific commaodity demand. It has the form

iR '[“'.IT}HI exp(—fid") e
4T Y Wl exp(—pid™)
T

where wy is a measure of region 5's demand for imponts of commodity § and d™ is
some measure of the distance between r and s, and where o and f are elasticities on
commaodity demand and distance, respectively. These elasticities are estmated in an
optimization model in which a measure of total absolute deviation between estimated
flows and their associated observed benchmark flows is minimized. { The many details,
including how a set of benchmark figures is generated. are relatively complex. The
interested reader is referred to Jackson ef al., 2006.) Al various points, biproportional
(RAS) adjustments are required to ensure consistency with known national figures.

National Interstate Econamic Model (NTFEMO). An ambitious project 1o revitalize the
US MRIO maodel is underway at the University of Southern California in its Center
for Risk and Economic Analysis of Terrorism Events (CREATE). This effort updates
the outdated US MRIO models for 1963 and 1977 (Chapter 3} in a framework of 47
sectors and 52 regions (50 states, the District of Columbia and the Rest of the World)
and uses the model in many empirical applications, There are numerous publications,
beginning around 2003, that discuss the derivation of the model and various extensions
and applications; these include Park et @l. (2004) and Richardson, Gordon and Moore
{20017, especially the chapters by Park ef al. and Richardson et al.).

The basic model-building idea is o integrate data from 2001 IMPLAN state-level
input—outpul models (for intrastate coefficients) with commodity flow data from the
U'S Department of Transportation’s 1997 Commodity Flow Survey (for interregional
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coefficients) in an MRIO framework. There are many issues with the data sets alone —
for example, reconciling the 509 IMPLAN sectors with the 43 sectors in the CFS data
and dealing with the absence of interstate trade in services and many other empty
cells in the CFS data. Instead of a gravity-model approach (as in the work of Jackson
etal., above), NIEMO uses a doubly constrained Fratar model {a biproportional matrix
balancing technique — similar to RAS — from the transportation engineering literature )
o generate interregional coefficients.

This work has been extended in many directions: {a) 1o a supply-driven model, for
example, to quaniify effects of terrorist attacks on ports (Impornt disruptions), (b) to a
price-sensitive supply-side model, incorporating exogenous price elasticities of demand
and (c) to a fexible model, in which input and output coefhicients matrices are alterad
in an RAS procedure s a result of natural disaster or terrorist attack. Among the several
applications. in addition, are assessments of the sectoral/spatial impact of an outbreak
of mad cow disease. Mexico-US border closure and attacks on theme parks.

An Optimization Model for Interregional Flows  In Canning and Wang (2005 ),
the authors formulate a quadratic programming problem to estimate interregional,
interindustry transaction flows in a national system of regions. They choose a mathe-
matical programming approach because of the flexibility that such a format provides for
incorporating constraints {adding-up constraints, upper and/or lower limits on values
of individual variables, etc.). While the ultimate goal is to estimate the elements of a
several-region interregional input—output (IRIO) model, practica! considerations man-
dated that a simpler multiregional {MEIO) model be used. (These models are explored
in Chapter 3.} Variables to be estimated are regional inputs (ignoring regional origind,
z;;-and interregional fows (ignoring sectoral destination). . The approach requires
a national input—cutput table and regional data on gross outputs (27}, value added (v}
final demand (f;"), exports to foreign destinations (] ) and imports from abroad (m] ).

Specifically. consistency conditions for variables z* and z;j in the MRIO model
require:

1. For each commaodity § and region r. total output is completely distributed to users
{intermediate and final) in all regions plus overseas

"
s r r
E I tep =4

5=l

2. For each i and r, the value of gross output is attributable to intermediate inputs
{regardless of their origin) plus primary inputs {value added)

n

E zﬁr + 1':- = l{

=1
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3. Total requirements {(intermediate plus final) for { in r are completely met by
shipments from all regions {including rj plus imports from overseas

n 9
- i 8T r
Yoa+E =) A+

=1 =]

4. Intermediate purchases of commaodity { by sector j in region r, when summed over
all regions, must equal the national {superscript & ) transaction amount

o g
i = &y

r=1

[n addition, constraints from the national accounts specify that regional output,
vilue added, final demand. foreign exports and imports. for each commodity i
when summed over all regions, are equal to their associated natiomal totals. That
is, X0 = X = T =Y Y e =) and X, =
These linear equations can be incorporated easily as constraints inte a mathematical
programming format,

Subject to these (or similar) constraints. the authors suggest an objective function
in which deviation from prespecified “estimates”™ of the unknowns is minimized. In
their formulation. this takes the form of a weighted quadratic function. There are many
options for how this is specified, and the details are beyond the scope of this book.

The authors present one application to a 4-region, 10-sector data set.'” The results
for this one application indicated relative success with respect to estimates of the
interregional fows (7/*), with mean average percenlage errors (MAPEs) in the
4-7 percent range, while MAPEs for the regional inputs {z,}'J were less impressive (in
the 15-20 percent range). Notice thal a two-region model (region r and the rest of
the nation) could be cast in this format. taking advantage of the adding-up constraints
above,

8.7 Hybrid Methods

In this section we summarize a few of the (many) approaches that have been used
by researchers in many parts of the world to derive regional input—output data. This
repreésents only a small sample of real-world studies, virtually all of which use a hybrd
approach with a combination of “superior data”™ or partial surveys and RAS orother tech-
niques. As will be seen, these methods often embed the {intrajregional table estimation
problem in a larger several-region system. Because of their tendency to (at least origi-
nally) focus on a regional table, we include them here rather than below, in section 5.8,
on estimating interregional Hows. However, the division is rather arbitrary, since some
of the approaches in the later section also generate estimates of intraregional data.

1T The “rezions” were large — Japan, the USA. the EUL and the rest of the world.
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7.1 Generation of Regional Input—Output Tables (GRIT)

A great deal of work has been done by Jensen and West and their colleagues in Australia
on procedures for deriving input—output tables for varous regions of that country,
starting with a national table, employing allocation and quotient methods and paying
attention to “superior data’” and expert opinion when and as available. They have namead
this the GRIT technique, {See, for example, Jensen, Mandeville and Karunaratne, 979
or West, 1990k) It has a long history, beginning in the late 1970s (those results are now
known as “GRIT 7). Medifications led to “GRIT U™ in the 1980s and then a version
for estimating two or more regional tables and merging them into an interregional table
{“GRIT LUI")."" It is generally described as consisting of five steps (see Hewings and
Jensen, 19846, for example):

1. Identify and adjust a “parent™ table. Generally this will be a national table from
time (f — 1) for the country in which the region of interest is located. This may
be a transactions table or a coefficients table. Assume that the table incorporates
competitive imports, so that the coefficients are true national technical coefficients,
A"t — 1). This will generally need 1o be updated from time (f — 1) to time  using
RAS or some alternative technigue — A™ (1 — 1) — A™"(1)."

. Use some allocation or quotient method to convert national 1o regional coefficients:

agi (1} = rpa;i (1) and then adjust for regional imports (e.g.. using regional pur-

chase cuefﬁfcientsz to produce an initial estimate of intraregional inpul coefficients,
a:J'-"i!} = .ﬂ{a,:j’u}.

. Insert superior data from surveys. expert opinion, etc.

4. Define the appropriate regional sectors, usually through (weighted) aggregation of
the national sectors. Insert additional superior data again. after the aggregation. in
those cases where such information is known only at this more aggregated level. This
might be done especially for “critical” (e.g.. “inverse-important”) cells, however
determined (see section 12.3.3). The results are a prototype regional transactions
table, Z'{p) = [z{p)] |, with an associated coefficients matrix A" (p) and Leontief

R

(]

inverse, L (p) = [1 — A" (p)]~ "

5. Using supertor data and opinion once again — for example, by comparing multipliers
derived from L™ {p} in step {4) with those for “similar” regions — derive final versions
of L A", and L™,

Over the recent past, increasing emphasis has been placed on oblaining superior
data from the outsel, including extensive searches of published data (public and private
sources ) and special requests to national, state and local government agencies, followed
by surveys.

16 4 deseription of much of this history can be found in West, Morison and Jensen | 19657}
19 1f the imitial tables are national transactions (exports excluded s then the import element for each sectos (columa)
must be allocuted up that column to the individual enries,
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Table 8.2 Components in the DEBRIOT Approach
Intra- and Interregional Regional Sales 1o
Transactions To Region v To Region s Domestic Murkets

From Kegion r
From Repgion v
Regional Use of

Domestic Products - -

8.7.2  Double-Entry Bi-Regional Inpui-Output Tables (DEBRIOT)

Researchers in the Netherlands have developed an extensive set of regional (and inter-
regional) input—output tables for that country. [See Oosterhaven, 1981, for work up
until the 19805, Boomsma and Crosterhaven, 992, for a description of the DEBRIOT
approach and Eding et al., 1999, for the procedure when one starts with regional Make
isupply) and Use tables.] Most of these are of the two-region sort — the region of
interest (r) and the rest of the country (5). The primary object is to estimate an intrare-
gional transaciions matrix, £ (the elements in the light gray area in Table 8.2). Toward
that end. the procedure requires estimates of regional sales to domestic markets and
regional use of domestic products. the elements in the dark gray areas. As a result of the
two-region nature of the accounts, the approach also generates Z7. " and £ (the
matrices in the medium gray areas).”

The approachis based on observation that firms in the Netherlands are generally better
informed about the spatial destination of their sales than they are about the spatial origin
of their purchases. Thus attention is directed not primarily to purchase data (as is the
case with regional purchase coefficients) but to information on the sectoral and spatial
destinstion of sales. Also, there is an almost total absence of guotient methods, and
hence the inherent upward bias associated with the no cross-haoling feature of those
methods may be mitigated.

These major components of DEBRIOT are:

1. IV = [EE}"], the regional domestic wse matrix for region r. Here the superscript
n indicates the nation, ie. r + 5 So zji is the use by sector j in region r of
i goods produced domestically, in either r or 5. Estimate the regional technology

mutrix (transactions) by applying national technology coefficients, (7' /x{'). assumed

20 1 all cases. F (a matrix) is wsed to allow for disagzeregation of firal demand, including possibly houscholds
distinguished by income brackets. efc. In the simplest of models, we would have [ (a vector). In this brief
sumumary we use F (bunsactions) mutrices, In o commodity-by-industry accounting setting, ooc would deal
with U { Use) matrices,

2 Recall that notation such as &7 describes transactions between sectors in two spatially distinet regions. r wnd
5. Here Z™ describes purchases by sectors in r from the national pool of domestic cutpats, some of which
come from sectors in r and some from seetoes in s
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known, to regional total use, also known: z‘;}-'z {;&'f,\:‘r'}_xf.ﬂ Next, it is assumed
that each Ej_',.r can be broken down into its domestic and foreign components: 77 =

ke

L

gy =3 — (myfzeg =11 — (mfz)lzy

Lj = if/ Zif

Construct Z" = &

I
¥

He

ey ri L e mrvm el
[MEITEAEgi I Y CLEI ANnany.

=]

“if

zi” 4+ mf;. This may be done by using the national import coefficients, mj), to reduce
by the natienal proportion of imports of [ to total use of |

i

] similarly from information on rest-of-nation output, .7, and

B AL [ E}}'], the regional demestic sales matrix for region r. Survey to find an overal!

regional domestic export coefficient for sector i inregion r. £ = (7 +£7) /(e —eT).
The denominator 1% total domestic sales of § made in r, the numerator is the total
amount of § made in r that went 10 &, and so this ratio is the proportion of r's total
domestic sales of  that went to 5. Similarly. (1 — ) =" is the proportion that
remained in r.~ Using £, estimate nonsurvey region r domestic sales coefficients
as a weighted average of the demand structure of the rest of the country and the

region of interest:

i

= I ) + O =

+ 11

The denominator in the first bracketed expression is the total amount of i from all
domestic sources (r + &) that is demanded in region 5, and so the expression in
brickets is the proponion of that total used by sector § in 5. Multiplication by "
(the proportion of +'s domestic sales of { that went (o 5) generates an estimate of the
proportion of domestically supplied ! from r used by § in 5. The second bracketed
term on the right represents the proportion of the totzl amount of § from all domestic

sources used by sector [ in r. Thus the sum on the right-hand side represents the
proportion of domestically supplied { from r used by j in the nation. Then the
regional sales to the domestic market are estimated as 77" = s7'(xf — ef). Construct

Z™ F". and F" similarky.
3. Construction of £, Z™, and £, Note, initially. that

0 R N g

g (max) = min(zy' . 7
from which

Zjj (min) = zif' — zif (max)
and

zif tmin) =z} — 77 (max)

¥

!
obove). but that detnil need not concemn s at this point.

Boomsma and Oosterhuven use :I.J{ = |:.;_F-"'[IF - 1';' j |{.rj' — ] b to acoount for Round's fabrication effect (see

23 These have been culled regional sales coefficients (RSC). in contrast to regfonal parchase cosfficients (RPC)

that were discussed in Chapter 3 and carlier in this chapter.
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Survey “important” cells {again, however defined) to find cell-specific domestic

export coefficients £, Then 77 = 173z, from which, by subtraction, zj}" =z -
3{{:‘ ={l— !l‘f};;}‘. For all other cells in Z”.z#}"(max} is decreased until it reaches a

level that is consistent with the overall domestic export coeflicient £, from which
17 and 737 can then also be found.—
4, Finally, Z" =" — 2™ — 2" — I,

8.7.3  The Multiregional Input—Ontput Model for China, 2000 (CMRIO)

Early work on national input—output tables in China apparently began in the 1960s.
Starting in 1987, the National Bureau of Statistics (NBS) produced survey-based tables
every five years (1987, 1992, 1997, etc.). and regions (provinces) construct their own
regional input—output tables {except Tibet and Hainan). with the same sector classifi-
cations and for the same years as the national tables. {See Chen, Guo and Yang, 2005,
Also see Polenske and Chen, 1991, for a history of Chinese input—output work up to
that time. )

There also was some early work on connected-regional models, with three regions
and ten sectors. A much more ambitious multiregional model for China was produced
for the year 2000 (CMRIO), with eight regions {provinces) and four levels of aggrega-
tion — three. eight. 17, and 30 sectors. [ The main references are Institute of Developing
Economies—Japan External Trade Organization (IDE-JETRO}. 20003 and Okamoto and
Thara, 20055 The IDE-JETRO publication contains results for three, eight, and 17
sectors; the 30-sector data are on an accompanying CD-ROM disc.] Details concern-
ing the construction of this ambitous data set are contained in Okamoto and Zhang
{2043}, who note that regional economic dispanty ... has become the main topic for
Central government of China” (p. 9). and this underscored the need for a multire-
gional input—output approach. Similar observations are made in Okamoto and Ihara
ip. 2017

Recent studies on the regional development of China have shown thal regional disparity has
become a significant problem and thiz has led many policy makers and researchers o pay atten-
tion to the issue of how we might develop the underdeveloped regions of the nation, 1t should
be noted, however. thal most of the approsches 1o date have focused on the siluations in specific
regions. rather than considering inerregional interdependency. Therefore, in order 1o add some-
thing substuntinl to these previous studics. we Telt the need to consider the inlerregional feedbuck
effects sndfor spatial interactions quantitatively. This was the main reason why we compiled a full-
scale interregional input-cutput medel for China as a uscful analytical tool for considering spatial
ECOTOMY.

24 Details sbound. and can be found in Boomsma and Oosterhaven, |002,

5 IDE in Tokyo. Jupan, was founded in 1960 s an organization under the jurisdiction of the then Ministry of
Intermational Trade and Industry (MITI; now the Ministry of Economy. Trade and Industry} to act as a social
science institule For basic and compeehensive rescarch activities in the arcas of cconomics, politics, and social
issecs in developing countrics and regions. In July 1998 it merged with the Japan Extermnal Trade Organization
(JETRO) and became 1IDE-JETRO. It is now a major source of input-output datn assembly and anabysis.

25 The puthors use “interregional” in @ general sense. The implementation is o hybrid spproach but cssentially in
the “multiregional” style (estimation of interregional trunsactions o, not -7,
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The compilation consisted of three broad phases of essentially two steps each:

1. Collection and estimation of exogenous data. Provincial input—output data were
collected (these are unpublished data that cannot be accessed by foreigners), with
attempts to check for consistency with national data. Estimates were required for
provincial value added, final demand, and foreign trade. The final result of this phase
is a collection of regional input coefficients for each region.

2. Estimation of interregional commodity flows. Survey data were collected from over
SiM1“important” enterprises. For other commaodities, estimates were generated using
aLeontief—Strout gravity model approach (section 5.6 . complemented by superior
data, where available. This phase generates sets of interregional trade coefficients.

3. Compilation of the multiregional model. Here the results of the two earlier phases
were joined together and the (inevitable) discrepancies reconciled.

The various chapters in Okamoto and Thara (2005) explore a number of applications
of the CMRIO model with the goal of analyzing such important regional economic
phenomena as interregional multipliers, feedbacks and spillovers and spatial linkages.

8.8 International Input—Outpul Models

881 Introdiction

The notion of extending the several-region input—output model framework to several
couniries apparently first appeared in Wonnacott (1961), who created a connected
Canada-USA two-country model. In what follows we explore several more elaborate
applications of this idea — involving more than two countries — including examples
for Asia, the European Community. and other many-country models. The model strue-
tures follow exactly the logical lines of the interregional or multiregional cases. In
some instances, data collection is made easier because of the “national” nature of
the “regions.” For example, while “export” and “import™ figures are ofien sketchy or
nonexistent for regions. they are often available. in various forms, for a nation’s external
trade.~'

5482 Asian International Input-Ouiput Tables

The idea of modeling the input—output connections among Asian nations became attrac-
tive to scholars in that area because of the emerging interdependence of many Asian
economies, Initial work was carried out by researchers at the Instimute of Developing
Economies (IDE) in Japan, Their first attempt at an “international™ input—output table
began in 1963; it covered six "mega-regions™ (North America, Europe, Oceania, Latin
America, Asia, and ]npan:l.:“ In various publications, these and subsequent tables have

X! There can be many compatibility issucs with regard Lo o comntry’s cxport and import data — for example.
distinguishing competitive vs, oncompetitive imports, valustion of imports at ex cusloms prices and exports
it producers’ prices.

28 This cun be viewed us an early example of a “global™ or “workd” model. Sce section & .3, below,
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alsobeen labeled “multinational ™ and “multilateral.” These are more appropriate labels,
since the work builds on an MRIO (Chenery—Muoses) framework.

A comprehensive history of the IDE work on international inpul-output tables can be
found in Institute of Developing Economies {2006a), especially Part 1: “Compilation
of the Aslan international input—output table.” {This material is also covered in the
“Introduction” in Furukawa, 1986.) The historical overview encompasses three phases.

The first phase (1973-1977) launched comprehensive development of an inter-
national input—-output structure for East and Southeast Aslan countries — three
national tables {Indonesia, Singapore. and Thailand) and three “bilateral” tables
{Korea—Japan. USA—Japan, and Philippines—Japan) were produced.

The second phase (1978-1982) encompassed construction of a 1975 multilateral
table among ASEAN { Association of Southeast Asian Nations) countries, Japan,
Korea, and the USA. This included estimation of national tables for 1975 where
necessary (and updates for Malaysia, Philippines. Singapore, and the USA and
construction of bilateral tables for Indonesia—Japan, Thailand-Japan. and Korea-
Japan). Finally. these were linked together as a single international (multilateral )
table for 1975, This work was completed in 1983,

In the third phase (1988—present) an international table was created for 1985, now
including China and Taiwan. Since then IDE has created multilateral tables every
five vears — thus far for 1990, 1995, and 2000 — with 10 countries and 7-, 24-,
and T6-sector levels of agoregation.™

As might be imagined, the data compilation problems are enormous. For example,
the 10 different national tables exhibit o number of differences. These tables must all
be made “consistent™ in order to be included (as on-diagonal blocks) in the overall
multinational table.’™ In estimating the international wransactions, export vectors and
import matrices are created in a very detailed set of proceduores {and then converted
to producers’ prices). Import statistics are relied on more heavily than export. because
import data are more carefully collected for customs duties in each country. Details can
be found, for example. in IDE-JETRO {2006a), Part 1. IIT'"Linking of the tables.”

This work provides an extremely rich data set for empirical studies that make use
of aralvtical methods that depend on input—output data sets. Among these are link-
age analysis (both sectoral and spatial) and other techniques designed to assess relative
importance of sectors (or regions ). These topics are covered in some detail in Chapter | 2.
Representative examples include Sano and Osada (1998 [sector linkages]: Meng et al.
{2006) [linkages for 1985, 1990, 1995, and 2000 for sectars within each country and
across countries] and Kowamori and Meng (2006} [sectoral linkages over ime within
individual countries, evolution over time of total intermediate inputs {sectoral input

2% The countrics are: Ching, Indonesia, Japan, Korca, Malaysia. Philippines, Singupore, Tuiwan, Thailund, und
the USA. The dota appear in Institie of Developing Econamies (2000b).

30 From IDE-JETRO (20000, p. 15): ... ene of the most complicated, nerve-racking tasks of compilation is the
sdjustment of national tables (o conform to 4 common format”
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structures ) and total final demands {sectoral demand structures ), linkages between coun-
tries. the impact of Beijing Olympic Games-related investments on regional economic
growth in Chinal. Using the 1990 and 2006 Asian input—output data sets. Kuwamori
{2007 ) examines the relative importance of each of the 10 countries on each of the oth-
ers, as well as specific industries in those countries, via the “hypothelical extraction™
process (also Chapter |2). The emerging influence of the Chinese economy is made
clear through comparison of some of the results from the 1990 and 2000 data.

8.8.3 “Hybrid" Many-Region Modefs for the EC

The formation of the European Community (EC) in 1971 [preceded by the European
Economic Community (EEC) from 1958] generated an interest in and need for con-
sistent economic data on each member country’s economic activities, not only internal
transactions bul also intercountry connections. Van der Linden and Oosterhaven (1995)
address the need for a consistent set of intra- and intercountry input—output tables for
the EC in order to address a variety of important policy issues, such as interregional
and intercountry income spillovers.

Presently Eurostat (the statistical office of the EC) produces consolidated tables for
the EC asa whole, including what amounts to Z" and x” for each of the member states. '
Additional information, including Z7 (where the *.” indicates shipments {rom all other
EC countries) and other import data, are also available. From these, the authors create a
kind of many-region (or many-nation) model for the EC that lies between the IR10 and
MRIO styles.”” The presence of Z and x™ permits calculation of intracountry input
coefficient matrices of the TRIO type, namely A = Z (%)~ !, From data on imports,
the anthors estimate o' = m}" /m;"; these are used across rows of Z7 to approximate
Z¥x £ r)y in standard MRIO fashion, namely, Z* = ¢"Z". There are problems
associated with accounting for services and with the kinds of prices in which the data are
available (e.g.. producers” vs. CIF or ex-customs prices). Also, there are discrepancies
with import and export data that are created by the use of the MRIO approach: for
example. initial estimates of country r’s total exports of commodity { to other EC
countries generally differ from the figure found by summing imports of § from r to each
of the countries. The authors use an RAS balancing approach to deal with these issues.

An illustration of the kinds of questions that can be addressed with these intercoun-
try EC models is provided by Hoen (2002). who uses these EC tables as the starling
point for his input—output analysis of the économic effects of European integration.
For example. he examines various multipliers and spillovers, and he presents a decom-
pesition of value-added growth, among others. all based on the input—output data. For
these purposes. however. he requires a set of data in constant prices. not current {as are
generated in the van der Linden and Qosterhaven work). To achieve this Hoen employs
an RAS approach and compares his results with those from the usual “double deflation™

31 See Furostat, 2007, for a thorough discussion, Some yéurs do not include tables for all member states; See van
, ter Linden nnd Oosterhaven, 1905, or Hoen, 2002, for details.
*2 This work builds on Schilderinck, 1984, where the first attempt at u consistent set of connected-country tables
for the EC wus presented.
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Table 8.3 Struciire of the TIIO Model

ASEANS 1 LR Fac S J& EA USA

ASEANS
1

7
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UsA

procedure. In fact, he suggests that double deflation can be viewed as a special case of
a more general RAS approach.

8.8.4 China-Japan “Transnational Interregional” Inpui-Owutput (THO) Model, 2000
This is another ambitious IDE-JETRO undertaking. 1t is a ten-sector mode! that com-
bines a “multinational” character — China, Japan, ASEANS (Indonesia, Malaysia, the
Philippines. Singapore, and Thailand), East Asia {Korea and Taiwan) and the USA -
with regional disaggregations of China into seven regions and Japan into eight regions.
Thus there are 18 geographic areas: some are true sub-national regions (the 15 in
China and Japan), one is a nation (USA}) and two are multinational areas (ASEANS,
East Asia). (Primary references are Inomata and Kowamori, 2007, and Development
Swdies Center, IDE-JETRO, 2007.) This is known as the “Transnational Interregional
Input—Cutput (TIIO)" model.

The tables are compiled from the 2000 Asian data (section 5.5.3) and the interregional
tables for China (section .73 ) and Japan: As might be expected. there were many issues
regarding data compatibility, and many assumptions were required to translate national
trade data 1o the regional level (in the cases of China and Japan). The overall structure of
this ambitious project is indicated in Table 8.3, Each cell contains a 10 10 ansactions
tor coefficients) matrix. We explore details of estimations in the lighter shaded area —
namely Chinese exports to Japan at the regional level in both countries. Estimation of
elements in the darker shaded area follows the sume approach.

Chinese Exports o Japan for fnfermediate Demand  We use Japan () as an
illustration of the external country — the lighter shaded portion of Table 8.3, Procedures
for ASEANS, East Asia. and the USA do not involve regional breakdowns for the
recelving (importing ) area, The object here is to include region and sector specificity for
the Chinese origins and Japanese destinations of Chinese exports to Japan, as indicated
in Table 8.4, where Z'™¥ = IEE-‘I forij=1,.... 10,
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Table 8.4 China-to-Japan Intermediate Transactions in TIIO

Jupancse Region

11 e I —ee 18

Chinese Cl z! £ £
Region .

Cr zrl z‘n zrli

(_'-“',r z'-” .. z-'-'-'- ... z'-fh

The following are known from trade data (m indicates Japanese import data,
indicates Chinese export data):
O yonal Chinese e . of & i to Jupanese sector § (= total Japanese i s by secher §
o= total Chinese exports of good § to Japanese sector § (= tofal Japanese imports by sector j of
good § from China),
-y
ni;, = Japunese region s imports of { from China,
_od E oy ) . .
m =% m = ol Japanese imports of § from China.
=1
I . . . . -
[Gmy. fmr ) s 100 = percentage of Jupanese imports of { from China that goes W region 5 in Japan
{eomparable to the ¢ data in MRIO models),
—rd
£ = L'_J_nm:.liu: region r exports of § to Japan,
) LY ) -
;. =% ¢y = olal Chinese exports of § W Japan,
r=1
o
) = 100] = percentage of Chinese exports of § to Japan that comes from region r in China.

-k
[te;. je;

Assumptions:

Cx _CJ
1. Each sector f in region s in Japan gets [{m; ",HF:]-_ ) 100] percent of its { from China.
(This is the standard MRIO model assumption.) That is,

. _Cx O
z,!_'? = (m;. [my. ]z,-_tr-—‘r

_Cs _CJ
Suppose I(.urj-_';,-'m,-_ }x 100] = 12 {meaning that 12 percent of the input of § for
each sector in region s in Japan comes from China); then if :E‘" = 2000, EE‘ = 240,
O
2. Each region r in China contributes |[|.":_ Jei ) = 100] percent of China’s exports of
i to Japan. Then

s O Ler i CF G5 O ey
Ly = lep fep ) = (ep e )im fmi )

Suppose I(Ej-._j,-'EEI} = 100] = 10; this means that 10 percent of Chinese exports of
i to Japan come from region r in China. Then 7 = 24.
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The authors recognize that this is admittedly a strong assumption {Development
Studies Center, 2007, p. 671

In general. it seems unlikely o assume that the propartion of inputs of [sector 1] in region 1 of China
to the inputs as a4 whole in the industry related 1o daily lives in Hokkaido [Japan region 1] is identical
to the proportion of the inputs in the industry related (o daily lives in the Kanto Region [Japan Region
8]. Even so, since there is no information available which proves that this is “not true™, estimation has
been made under the assumptlion [that the data on cach Chinese region’s input supply proportions)
are applicable to all [eight Japanese regions].

This produces the estimate of one element, 7, of the 100 in Z™, Similar calculations
are needed for each additional element in Z™ and for each of the remaining 55 matrices
feach 10 = [0} in Table 5.4,

Applications  This data set has prompted a large number of studies of interna-
tional linkages. including feedbacks and spillovers (Chapter 3. for individual countries
das a whole (all industries) as well as for individual sectors. Some of these results
appeared in [nomata and Sato (2007} and a large collection of such studies can be
found in Inomata and Kuwamori (2007),"

8.8.5  Leontief's World Mode!

Another example illustrating expansion from 2 “multiregional”™ o “multinational”
inpul—output perspective is to be found in Leontief's world model™ . This huge project
from the early 1970s was sponsored by the United Mations as part of its search for *_..
possible alternative policies to promote development while at the same time preserving
and improving the environment” {United Nations. 1973, p. 2).

The final version consisted of 15 regions {four advanced imdustrial countries, four
centrally planned economies and two groups of developing countries (three resource-
rich and four resource-poor), each with 48 sectors, including eight exhaustible resources
as well as eight types of major pollotants and five types of abatement activities (since the
mativation was one of environmental impacts). Data were assembled for the base year
of 1970, and projections were made to 1980, 1990, and 200{. National input—output
tables formed the basis of the intraregional data sets: various accounting practices and
sectoring schemes created many consistency issues.

For the interregional data. Leontief created “world trade pools”™ to model trading
relationships for each traded good. For each good and each region there are two sets of
parameters: import coefficients and export shares. For good § and region r, an element
of the latter specifies the proportion of the total amount of world exports of good ¢ that
is provided by region r to the world pool of good i.e] = ]/ EL, x7. The import

1 A paper by Oosterhaven and Stelder {2007) contains an extensive and informutive comparison of results from
four “hybrid™ models with the IDE-JETRO Asian 2000 tsble. The four alternative approaches reflect the
differing kinds of national impor! and export data that may be available in real-world situations — such as
with or withowl scpurate import matrices {in ex customs prices), with or without cxport matrices (in producers’
prices), and using RAS procedures at various stages in the process.

33 This is outlined in Leonticf, 1974 (his Nobel Memorial Lecture). The evolition of the model is presented in
Fontanw, 2004; sce also Duchin, 2004, for more background,
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shares indicate the volume of competitive imports as a fraction of domestic production
of the same good, m] = x"/x]. These parameters are estimated. based on observed
data (the x's) and expert opinion.

The world pool ides avoided the need for building an input—output international rade model, with
country-lo-country Aows for each commodity .. . [With Leontiels idea of world pools | .. nothing
is required o be known about the bilateral relations between regions, (Fontana, 2004, p, 32.)

In effect. this approach carries the simplification of the IRIO model one step bevond
the MRIO Formulation: /7 (IRIOY — -7 (MBI — 21" and = (World Madel),

Results from this project were published in Leontief. Carter and Petri ( [1977). Other
applications include Leontief, Mariscal and Sohn, 1983b, Leontief et al., 19834 and
Leontief and Duchin, 1983, However, as Duchin (2004) noted, the model generated
little in the way of long-term interest.

Among coonomists, even those in the 10 community have paid relatively litlle atiention 1o the World
Model .. . [Tlhe descendant of Leontief”s World Model was last used for research completed in the
carly 19905 {Duchin and Lange, | %94}, and the 1cam that did the analysis has dispersed (p. 59

In Duchin and Lange (1994} the world model framework was employed 1o examine
alternative environmental futures for the planet. It consisted of 16 world regions and
about 50 sectors. A sense of the broad-brush approach necessary in such an ambitious
world model is given in Appendix 5.1, where [89 countries are grouped into the 16
peographical classifications used in the model,

Duchin (2005) presents a generalization ol the World Model in 2 linear programming
format that is designed to be particularly applicable for analyzing scenarios dealing
with environmental impact and sustainable development. As Fontana (2004, p. 37)
notes “The Leontief world model was a stepping stone for explorers of the long-term
future of the world economy.”

8.9 The Reconciliation Issue

In section 7.2 we noted that problems can arise in constructing survey-based interindus-
try transactions tables when the row total for a sector differs from the column total for
that same sector. This happens also in hybrid approaches to both updating and region-
alization. Since one common approach o reconciliation uses an RAS approach. this
discussion was postponed until we had introduced the RAS technigue in its more usual
updating or regionalization role.

Some input-output tables (especially at the regional level) have been constructed
exclusively on the basis of information on purchases by sectors in the economy. A
sample of establishments in each seclor are asked to identify the magnitudes of their
inputs, by sector and by region — or at least whether the input came from inside the
region in question or was imported from outside that region, This is sometimes known
as the “purchases only™ or “columns only™ approach, since the transactions table {and

5 The complete List of countries and their eographic assiznments to world regions can be found in Appendix £
“World Mode| Geoeruphic Classification.” in Duchin and Lange {1994,
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hence the direct-input coefficients matrix) is compiled column by column. It depends
on information from establishments regarding the distribution of their costs. (This
was used in constructing the 496-sector Philadelphia table for 1959; see Isard and
Langford, 1971.) Similarly, a “sales only™ or “rows only”™ procedure depends entirely
upon information on the magnitudes of sales from a particular sector to.all other regional
sectors, and to final-demand purchasers. This relies on information from establishments
regarding the distribution of their products. [For a study that used this approach, see
Hansen and Tiebout, 1963, and recall that DEBRIOT (section 8.7.2) emphasizes sales
over purchases information. |

Usuazlly, there will be some {but not complete) information on purchases and some
{but also not complete) information on sales — for example, from a guestionnaire in
which firms are asked for data on both sales and purchases. Thus, for many cells
there may be two estimates of the zj; transaction. If one has independent estimates of
regional total gross outputs, .1';-'. from published sources, this of course means that there
will be two estimates of the regional direct-input coefficient. The issue then is one ol
reconciling the two estimates. {Early examples of empirical studies using both row and
column information include Bourgue et al., 1967; Bevers ef al.. 1970 Bourque and
Conway. 1977; Miemyk ¢t al., 1967 and Miemyk ef al, 1970.)

Often. the reconciliation is made entirely on the basis of the judgment of the
researchers. reflecting their knowledge of the regional economy and comparisons with
national coefficients: Bourque ef al. (1967) provides one such example. Building on
the general discussion in Miernyk ef al. (1970), in which an attlempt was made to esti-
mute the relative accuracy (reliability) of various pieces of information, Jensen and
MeGaurr (1976) propose a two-stage procedure. Let the two transactions estimates for
the i, jth cell be ri; and ¢y, from the “rows-only™ and “columns-only™ information. On
the basis of knowledge of sampling procedures and other features of the data and of
probable sources of error. a pair of what Jensen and MeGaurr termed reliability weights
are chosen for the two estimates, Let & denote this weight for the rows-only estimate
!k;j =, then (1 — k,;.j will be the weight for the columns-only estimate. Then, a first
approximation to the reconciled ransactions estimate for the [, fth cell is found as the
simple weighted sum -_'-r'lr = kijry + (1 — kijdej. The superscript | represents the fact
that this is a first estimate. For example, if one believed that a rows-only estimate fij
was “almost” completely accurate, its k; might be set at 0.9, if, in the judgment of the
researchers, the row and column estimates lor a particular cell were equally likely to
be correct. & would be 0.5 for that cell, and so on.

Inaddition to the total output vector, x*, suppose that independent estimates have been
made of the magnitudes of inal-demand purchases from each sector, so the final-demand
column vector is known, and also assume that there are estimates of all value-added
payments by each sector (including imports ), so the value-added row vector, va', is also
known.”” Then the total value of interindusiry transactions is given by 77 = i'(x" —
') = ¥, (o] — fi"), or, equivalently, by T = (x" — va"}i = ¥7; (] — va]). It is then

36 Here weresort to using va¥ for value added in sector j in region rbtcuusc\:l" will be needed for totul intermedinte
inputs in the BAS balancing technigoe that follows,
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necessary to check the total of the estimated transactions. 7' = ¥ Ej ?,_'r against this
(independently estimated) total Ggure, T7. If, as is very likely, these are not equal, each

z]_'., is scaled upward or downward through multiplication by T7/Z", This produces a

second set of estimates of reconciled transactions, z:;- — :i-b-i T'(Z : |. These estimates are
consistent in the aggregate, inthat 3, 3 qf, = T". This concludes stage one.

While the transactions 7; have now been adjusted so that they sum to the proper
aggregate flow, they must also be consistent with the individial row and column sums:
This is where RAS comes in. Since xf and ff have been independently estimated.
then total intermediate output for each sector, u;. is found as wf = xf — f;. Similarly,

given estimates of v:r_;'. then total intermediate input for each sector, vj-'. is found as

lrf = 1;' - mj-'. The issue then is whether EJ- z,é = uf. for each sector (i = 1.....n)
and also whether 3~ ; ES = 1';-'1 foreach sector{f = 1... .. nh. In general, not all of these

constraining equations will be met. and so the estimates in r,l.z- must be further adjusted
tor conform to the marginal information for each row and each column. This 1s exactly
the kind of problem for which the RAS technique is suited, and it is the procedure that
is suggested by Jensen and MeGaurr. This is stage two of the adjustment. The result
will be a third and final set of transactions estimates 7,} Given the estimates of 1] the
direct input coefficients can then be estimated .’

This approach has been discussed because it represents one formalized way of
attempting to incorporate subjective judgments (via the reliability weights) and also a
certain amount of objective structure {(via the RAS adjustments) in the reconciliation
procedure. Many researchers have incorporated alternative approaches to reconciling
conflicting estimutes. An example can be found in step 3 of the DEBRIOT proce-
dure (section #.7.2), above, and there is considerably more detail in Boomsma and
Oosterhaven (19497).

An entirely different approach was suggested by Gerking, in the context of a stochas-
tic view of input—cutput models (Gerking, 19764, b). He proposes that coefficients can
be estimated and that the reconciliation problem can be addressed using regression
technigues {Gerking. 1976c, 197% ). This generated a good deal of critical comment
and response in the literature. (For example. Brown and Giarratand, 1979 Miernyk.
1976, 1979: Gerking. 197%, c.) The reconciliation issue is far from settled: the range
of possibilities from wholly subjective to entirely mathematical is very wide indeed.

810  Summary

In this chapter we have looked at some options that are available for estimating a table
ol regional inpul-output coefficients when a full matrix of regional transactions is not

¥ 1f independent estimales of 7 und va! are not available, then one can employ the same procedure as outlined
above on an expunded transactions table; this woald include estimates from firms on not only their interindustry
transactions but also on sales io fnal-demand sectors and purchases from value-added sectors, In this case the
firsd reconciliation would scale ull transactions so that their total was 3, 47 (= 1'x). and the second reconciliation
would compare row and column sums against each 17 and 1}' This is, in facl, the procedure used by Jensen

and MeGaar (19760, 19771 in their discussion and in their empirical work.
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available. In the regional case, location-quotient like procedures and regional purchase
coeflicient information take advantage of comparative economic data on the region
vs. the nation of which 1t is a part. In addition, the RAS procedure is as applicable to
the regionalization problem as it was to the updating problem of the last chapter. And,
again, it 1s usual to find a combination of partial-survey information, expert opinion and
RAS (or RAS-like) techniques blended into a hybrid approach that generates superior
results. We also explored some real-world applications of these techniques in both sub-
and super-national studies,

Appendix 8.1 Geographical Classifications in the World Input—Output Model

The 16 world regions covering 189 countries in the World Input—Output Model are
{Duchin and Lange, 1994}

High-income North America (5) Japan

MNewly industrializing Latin America (5) Newly industrializing Asia (7}
Low-income Latin America (40) Low-income Asia (16)

High-income Western Europe (23) Muajor oil producers (15)

Medium-income Western Europe (8) Northern Africa and other Middle East (16)
Eastern Europe (7) Sub-Saharan Africa (34)

Former Soviet Union Southern Africa {(5)

Centrally planned Asia (3) Oceania (3)

Problems

£.1 The economy of the Land of Lilliput 1s described by the following input—output table:

Imlerindustry
Trunsuctions
Toal
A I Chutputs
A 1 3] 20
B B 2 15

Land of Brobdingnag is described by another input—output table:

Inlerindustry
Transuctions

Total

A " Chutputs
A 7 4 35
fif 1 5 15
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The economy of the distant land of the Houyhnhnms is described by yet another
input—-ouiput table:

Interindustry
Transactions
Tolal
A I Cutpuls
A 20 MLGT 100
B 236 348.33 I5

a. Compute the vectors of value-added, intermediate inputs. final-demand, and
intermediate outputs for each economy.

b. A Lilliputian economist is inlerested in examining the structure of the Brobdingna-
gian economy. Likewise, a Brobdingnagian economist is interested in examining
the structure of the Lilliputian economy. However, each economist only has avail-
able to him the value-added, final-demand, and twtal-output vectors for the foreign
economy, Each economist knows the RAS modification procedure and uses it
with the technical coefficients matrix of his own economy serving as the base A
muatrix, Which of the two economists caleulates a better estimate of the foreign
economy’s lechnical coefficients matrx in terms of mean absolute deviation {all
elements of A)}

¢. An economist in the distant land of the Houyhnhnms learned of the two other
economies [rom a world traveler. He becomes interested in the economic strectures
of these foreign lands but is only able Lo oblain the final-demand, value-added. and
total-output vectors for each economy from the world traveler. The economist
uses RAS with his own country’s A matrix as a base (o estimate the interindusiry
structure of the two distant lands. Which economy does he estimate more accurately
in terms of a mean absolute deviation? Do vou notice anything peculiar about
the comparative structures of the Lilliputian, Brobdingnagian, and Houyhnhnm
econamies’

d. The Land of Lilliput plans to build a new power plamt which will require the
following value of outputl (in muillions of dollars) from each of the economy’s
industries {directly, so it can be thought of as a linal demand presented tw the
Lilliputian economy) of [ = [100  150)", How accurate, messured as an aver-
age mean shsolute deviation, 15 the Houyhnhnms' estimate of the tolal industrial
activity (output) in the Lilliputian economy reguired 1o consiruct this power
plant?

8.2 Suppose the economies given in problem 5.1 are really three-sector economies where
the economy of the Land of Lilliput is described by the following input—output table:
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Interindustry
Transactions

A fi C Total Outputs
A | [} [a} 0
i 4 2 1 15
o 4+ l 1 12

The economy of the neighboring land of Brobdingnag 1s described by another inpul—
output table:

Interindustry
Transactions

A B c Total Outputs
A T 4 -} 35
) 1 5 | ]
& b 2 ¥ 3

The economy of the distant land of Houyhnhnms s described by yel another inpul-
outpul table:

Interindustry

Transuclions
A B o Totul Outputs
A 5.5 33 a3 1,101
I 22 I 55 32.5
o 23 ke | 55 ]

Solve parts 4, b, and ¢ of problem 5.1 for these new economies.
8.3 Consider the following inpul—outpul table for Region 1:

Tostal
A B Outputs

A 1 12 10
" 10

el
S
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We are inlerested in determining the impact of a particular final demand in another
region (Region 2). Suppose we have the following data concerning Region 2.

Value  Final Total
Added Demand  Outputs

A 10 11 15
B 13 12 20

Suppose that the cost of computing an EAS estimate of Region 2's input-outpul table

using Region 1's A matnx as o base lable is given by ney. where o is the number of

RAS iterations. One iteration is defined by one row and one column adjustment, that

is, A" = RAS (a row adjustment alone as the last iteration would also be counted as an

iteration). We ultimately wish to compute the impact of a new final demand in Region

2. This impact {the total outputs reguired to support the new final demand) can be

computed exactly or by using the round-by-round approximation of the inverse. We

know that: (1} The cost of computing the inverse exactly on a computer is o and the

cost ol using this inverse in impacl analysis is o2 (let us assume thal ea, = 100, that s,

the cost of computing the inverse is ten limes the cost of using il in impact analysis).

(21 The cost of a round-by-round approximation of impact analysis 18 me, where

s is the order of the round-by-round approximation, that is, f + A + A°F + .- +

Amf.

. Assuming that afourth-order round-by-round approximation is sufficiently accurate
(m = &), which method of impact analysis should we use (o minimize cost — {1} or
(27

b. What is the total cost of performing impact analysis. including the cost of the
RAS approximation (tolerance of 0.01) and of the impact analysis scheme you
chose ina?

. Il'the budget for the entire impact-analysis calculation is 7ep, what level of wlerance
can you allord: 0,01, 0001, (OG0T, 000001, or 0000017

8.4 Examine the behavior of the adjustment term that converts location-guotient approach

FLOW FLEA L = {loga[1 + (_1-",.f_r"}|}" for values of " /+" = 01,.1,.25..5,.75, and

| cross abulated with values of § = 0,.1,.3,.5, and 1.

8.5 The matrix of technical coefficients for a national economy, A", and the vector of

total outputs, XV, as well as the corresponding values for a target region, A% and x*,

are
AB30 0668 0087 318, 2886
AN = 1377 3070 0707 A= 4,953, 7006
603 2400 2999 14, 260, 343.0
0920324 0036 8.262.7
A¥ = | 0899 DB4Y 0412 =1 954304
A603 11T0 2349 170, 690.3
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Compute the matrix of simple location quotients {SLQ) and the estimate of the matrix
of regional technical coeflicients using the SLQ).

8.6 For the national and regional data specified in problem 5.5, compute the matrix of
Cross-Industry Quotients {CLEY) and the estimate of the matrix of regional technical
coefficients using the CLC).

8.7 Consider once again the national and regional dats specified in problem 5.5, Estimate
the matrix of regional technical coellicients using the RAS technique.

8.8 Compare the estimated regional matrices of technical coefficients computed in prob-
fems 8.5, S0, and 8.7, In terms of mean absolute deviation from the aciual regional
technical coefficients, which lechnigue provides the most accurate estimate”

8.9 Using the three-sector, three-region Chinese MRIO data for 2000 from Table 7,
creale estimates of the intraregional input coefficients and their associated Leontiel
inverses [or regions 2 (South China) and 3 (Rest of China), using the same reduction
technigues and measures ol diflference that appear in Table 5.1 for region 1 (North
China).

8.10 The following are the 1997 matrix of technical coefficients and vector of tolal outputs
for the State of Washington as well as the 2003 matrix of technical coellictents for the
United States, where the sectors are defined as (1) agriculure, (2) mining, (3) con-
struction, (4) manulacturing, (5) trade. transportation and wtilities, (6) services, and

{7y other:
CL134 0002 0082 0353 0019 0033 0006 M 7.681.0 7
0008 0160 0057 0014 0022 0002 0001 581.7
0072 0084 0066 0043 0074 L0196 0133 17.967.1
AW — | 0B6E 0287 0058 0766 0289 0244 0205 W 77,4837
0625 0278 0540 03525 0616 0317 (0480 56,967.2
0984 1207 0704 0596 1637 L1991 2224 109,557.6
| 0020 0031 0056 0019 0045 0051 0066 | | 11655 |

2225 0000 0012 0375 0001 0020 0010
0021 1360 0072 0453 0311 0003 0053
0034 0002 0012 0021 0035 0071 0214
AY | 1724 0945 2488 3204 0468 0572 1004
0853 0527 0012 0930 0643 0314 0526
0902 L1676 1339 L1261 1655 2725 L1842
D101 0140 0103 0214 0206 0200 0247

Using the RAS technigue, estimate the Washington State table using the US matrix of
technical coefficients as a starting point, Compute the mean absolute deviation of the
estimated state technical coefficients matrix from the actual state matrix,

Suppose mn problem 5,10 thal we do not know all of the lechnical coefficients for
the Washinglon State economy, A", but we do know several, namely a}\. o, and
agh. Using RAS as an estimating procedure. how do we incorporate knowing these

d.l
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coefficients only into the process of estimating the balance of the Washinglon State
technical coelficients using AYS as the initial estimate using the total outputs and
intermediate inputs and outputs that you found in problem 5107 Compule a revised
estimate of the Washington State economy. How does it compare with the original
estimate you found in problem 8. 107

8.12 Suppose in problem 5.1 you are able 1o determine from exogenous sources some
alternative technical coefficients, namely )b, ali, and o, Compute a revised esti-
mate of the Washington State matrix of technical coelficients using these known
coefiicients. Compute another estimaie using boih these and the previously identified
known coefficients (from problem &, 1 1), How does this yet again revised estimate of
the Washington State matrix of technical coefficients compare with the estimates you
found in problems 5. 10 and &, 117
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