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MULTIREGIONAL ANALYSISWITH USE OF
REGIONAL ACCOUNTS
AND INPUT-OUTPUT TABLES

Abstract

Authors construct Regional input-output tables (11 products of goods and ser-
vices) on the basis of regional accounts and National input-output table (120 products)
by 79 subjects of the Russian Federation.

Information of the Regional input-output tables is used for three types of mul-
tiregional models (size 79 x 11): @) input-output model; b) optimization model with vec-
tor criterion function; ¢) model of economic equilibrium.

Multiregional economic analysis is conducted by the following directions: 1)
export-import impact on the regional economy; 2) possibilities of decreasing of regional
trade deficit; 3) possibilities of levelling of regions by the level of final consumption of
households per head.



1. Introduction

On the 40 Congress of ERSA (Barcelona, 2000) was presented the paper «Com-
parative regional analysis on the base of the System of aggregated input-output tables».
It contained the results of research by the construction of 79 Regional Input-Output ta-
blesfor 1997.

Regional Input-Output tables (RIOT) were compiled on the base of the National
Input-Output table (NIOT) at producers’ prices for 1997 (product by product, dimension
93 x 120), the Regional accounts data (on that moment had been accessed the produc-
tion account and some elements of the use of income account) and other regional data
(Granberg, Zaitseva 2000).

Two types of administrative division of the Russian Federation were used: a) by
subjects of federation, b) by federal districts. RIOTs were constructed by 79 subjects of
federation from 89.Y Calculations by interregional models were conducted by 7 federal
districts.

The paper consists of three parts. In the first part is presented the analysis of net
export by 79 RIOTSs. In the second part — analysis of Multiregional Input-Output model
by 7 federal districts. In the third part - described optimisation model and analysed pos-

sibilities of decreasing of regional trade balance deficits.

2. Impact of net export on the economy of regions

The main feature of the technique of the regional input-output tables construc-
tion is evaluation of net export by products as difference between output and sum of in-
termediate consumption and final domestic demand. Using of the balancing method for
estimation of net export is caused by unavailable or unreliable information.

Sum of net export by regions must be equal to net export of the country because
sum of trade balances between all regions of the country is equal to zero. As aresult of
assumptions, which were made for construction of regional input-output tables and re-
lated with lack of statistical data and features of national technique of gross regional
product estimation, thisruleisfailed (Granberg, Zaitseva 2000, 1999, 1998). Sum of net
regional exports exceeds net export of Russianearly in 2 times.

46 regions have positive net export (export surplus) and 33 regions have nega-
tive net export (import surplus). As sum of net regional exports is afew overstated, the

number of regions with import surplus may be greater in fact.



Comparison of net exports by regional and the produced Gross regional Product
(GRP) shows that ratio of net export to GRP isin interval +20% in the most regions
(66). This ratio amounts +50% only in one region (Tumen oblast). In 3 regions (North-
ern Osetija, Tyva, Ingushetija) import surplus amounts more than 50% to GRP.

Table 1.
Distribution of regions by Ratio of net export to GRP.
Ratio of net export to GRP Number of regions
40% - 50% 1
30% - 40% -
20% - 30% 3
10% - 20% 16
0% — 10% 26
-10% - 0% 15
-20% - -10% 9
-30% - -20% 4
-40% - -30% 1
-50% - -40% 1
-50% and less 3
Total 79

Regulating of regions by ratio of GRP per head to average (see chart 1) shows
that the import surplus and maximum ration of import surplus to GRP are characteristic
for the regions with the least level of GRP per head. These regions can be related to
group of the recipients of the Russian economy.

In most cases, regions, where GRP per head amounts from 50% to 80% of aver-
age, have insignificant net export in comparison with GRP in these regions. Net export
is positive in the most regions, where GRP per head exceeds 80% of average. These are
the pronounced donor regions. The most interesting exception is Moscow city. On the
one hand, Moscow city has the 2™ place in Russia by GRP per head, on the other hand,
it has import surplus.

Total net export is calculated for showing up indirect influence of external links
on economy of region. Calculation were conducted by formula X" = (I — A)™* V, where
V —vector of net export (direct net export), X" — vector of outputs induced by net export
(total net export).
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Tumen oblast
Moscow city
The Sakha-Jakutija Republic
Chukchi Autonomous Area
Magadan oblast
Samara oblast
The Republic of Komi
Krasnojarsky kraj
Kamtchatka oblast
Khabarovsky kraj
Ikrutsk oblast
Tomsk oblast
Sakhalin oblast
Murmansk oblast
The Republic of Tatarstan
Perm oblast
Sverdlovsk oblast
St-Petersburg
The Republic of Bashkortostan
Kemerov oblast
Amur oblast
Omsk oblast
Vologda oblast
Cheljabinsk oblast
Arkhangelsk oblast
Nizhniy Novgorod oblast
Jaroslavl oblast
The Republic of Khakasija
Orenburg oblast
Novosibirsk oblast
Primorsky krgj
The Republic of Karelia
Lipetsk oblast
Udmurtija
Moscow oblast
Volgograd oblast
Belgorod oblast
Leningrad oblast
Saratov oblast
Uljanovsk oblast
Rjazan oblast
Kursk oblast
The Republic of Burjatia
Kirov oblast
Kostroma oblast
Novgorod oblast
Chita oblast
Smolensk oblast
Kaluga oblast
Stavropol kraj
Tver oblast
Voronezh oblast
The Republic of Mordovia
Astrakhan oblast
Orlov oblast
Tulaoblast
Vladimir oblast
Krasnodar krgj
Kaliningrad oblast
The Republic of Chuvashia
Jewish autonomous oblast
Kurgan oblast
Rostov oblast
The Republic of Marij-El
Altay krgj
Pskov oblast
Penza oblast
Brjansk oblast
The Republic of Altay
Tambov oblast
lvanov oblast
The Republic of Kabardino-Balkaria
The Republic of Adygeja
The Republic of Karachaevo-Cherkessija
The Republic of Tyva
The Republic of Kamykija
The Republic of Northern Osetija
The Republic of Dagestan
The Republic of Ingushetija
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Table 2.

Grouping of regions by volume of direct and total net export.

Number
of re-
gions

1. Direct and total net export is positive total > direct 45
total < direct 1

2. Direct net export negative (import surplus), total net export positive 4
3. Direct and total net export is negative total > direct (by module) 28
total < direct (by module) 1

Total 79

The total net export by module essentially exceeds direct net export in the most
regions of Russia. It is evidenced to the effect that indirect interregional and abroad ex-
changes strengthen orientation of direct exchange. Direct and indirect exchanges have

opposite direction only in 6 regions of 79.

3. Multiregional I nput-Output model (MRIOM)

Unification of the Regiona Input-Output tables in MRIOM is conducted with
use of two coefficients:

di" — share of import surplusin output of product j inregion',

¢’ — share of export surplus of product i in region r in sum export surpluses of
product i.

For calculation of such coefficients we made some assumption: if net export of
product i in region r is positive, then farther it is considered as export of product i from
region r, if net export of product i in region r is negative — it is considered as import of
product i inregionr.

Anaog hypotheses had been applied in the Globa Input-Output model of
W. Leontief (UN World Model) (Leontief 1977).

Table of symbols:

X" —vector of outputsin regionr,

Y' —vector of domestic final demand in regionr,

V' —vector of export from region'r,

W —vector of import in regionr,

A’ —matrix of direct input coefficients of regionr,

C" — diagonal matrix of export coefficients,

D" — diagonal matrix of import coefficients,



S’ —vector of national export,
S" —vector of national import,
| —identity matrix,

m — number of regions.

Then equations ook like:

(I-AYX -V +W=Y,(=1,..m) Q)
W=D'X, (r=1,...,m) 2
Vi=Czw+Ss-3" ©)

The main task: estimation of vectors X', V' and W on different variants of vector
Y and matrixes C" and D".
MRIOM is constructed by 7 federal districts, which were established by decree
of President of Russiain May 2000: (1) Central, (2) Northwestern, (3) Southern, (4)
Volga, (5) Urd, (6) Siberian and (7) Far-Eastern.
Matrix has dimension 154 (2x11x7).
The analytic calculations with use of inverse matrix are alowed to define:
» dependences of outputs, export and import of regions from final demand
of different regions and national net export,
* outputs, export and import by different regions induced by final demand

of each region.

Table 3.
Distribution of Central federal district output
(percent)
On final demand of federal districts Onna Total
tional
D 2 (©) 4 ©) (6) M | et ex-
port

Industry 96,1 0,0 0,3 0,5 04 0,5 0,1 2,1 100
Construction 99,1 0,0 0,1 0,1 0,1 0,1 0,0 04 100
Agriculture 98,3 0,0 0,2 0,3 0,2 0,2 0,0 0,8 100
Other activity by
goods production 59,6 0,8 35| 152 90| 119 1,8 -1,8 100
Transport 95,2 0,1 0,5 0,8 0,5 0,8 0,1 2,1 100
Communication 58,2 0,1 0,3 1,7 2,3 0,5 0,1 36,8 100
Trade 89,1 0,0 2,3 3,0 12 32 0,2 1,0 100
Housing 97,3 0,1 0,2 0,3 0,2 0,3 0,1 1,6 100
Health, education, cul-
ture 96,5 0,0 0,0 0,0 0,1 0,0 0,0 34 100
Science 20,5 0,1 0,2 0,3 41 3,0 16 70,4 100
Banking and manage-
ment 85,9 17 0,8 2,3 2,1 0,5 0,8 5,8 100
Tota 91,1 0,1 0,7 13 0,8 12 0,2 4,6 100




Output of Central federal district induced by domestic final demand of Central
district is 91% and induced by national net export - 5%. Output of Central district in-
duced by final demand of Volga and Siberian federal districts is also significant. Distri-
bution of science output is very interesting: output induced by domestic final demand of
Central region amounts only 20% and national net export - more than 70%. “Other ac-
tivity by goods production” works for final demand of other federal districts to a greater
extent: 15% of output induced by fina demand of Volga district, 12% - Siberian dis-
trict, 9% - Ural district.

Table 4.
Outputs of federal districts induced by final demand of Central district
(percent)
Federal On final demand
districts ,
o o -
o st
2 E z
(e} >
& o g
) 5 s g
c 2 = § o]
S e |5 8 3 ®
>~ |8 [2 |88 |5 o > o
§ 15 12 |%5/8 |2 s |E|c |8 |E
2 |28 |5 |Bs|s |E |8 |2 |8 |2 |§ |2
£ |0 |< |B63|F |O |F | |T |B |a |F
Central 629 | 854 | 736 | 871 | 825| 944 | 91,7 | 841 | 87,2 | 880 | 89,7 | 783
Northwest-
ern 01| 01| o1| 01| 08| 00| 01| 01| 01| 00| 01| 01
Southern 03| 01| 46| 01| 04| 01| 01| 02| 02| 01| 02| 05
Volga 134 | 52| 128| 46| 51| 20| 30| 57| 46| 43| 37| 80
Ural 206| 80| 51| 71| 84| 31| 44| 87| 69| 66| 55| 11,2
Siberian 26| 11| 38| 09| 16| 04| 06| 11| 09| 09| 08| 17
Far-Eastern 01| 01| o1| 01| 11| 00| 01| 01| 01| 01| 01| 01
Total 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Central federal district basically works on itself and on national net export, oth-
ers federal districts actively participate in provision of final demand of the Central fed-
era district. Output of the Central district only on 78% provides the domestic final de-
mand. Most actively in provision of domestic final demand of the Central district work
Ural and Volgadistricts: 11% and 8% accordingly.

The participation of other federal districts in provision of final demand of the
Central district on industrial products is especialy great: on 21% it is provided for the
output of Ural district and on 13% - Volga. Besides, the final demand of Central district
on agriculture products more than on quarter is provided for the output of VVolga, Ural,
Southern and Siberian districts.



Northwestern and Far-Eastern districts practically do not participate in provision
of final demand of Central district. Southern district works only on supplying the final

demand of Central district on agriculture products.

4. Multiregional optimization model (with vector criterion function)

Researching of possibilities of decreasing of regiona trade deficit was con-
ducted with use of Multiregional optimization model (Granberg 2000). Final demand of
Russia as a whole (2) is maximized for different hypotheses about distribution of final
demand between regions (Pareto-optimization). For estimation of constraints by output
(M"), an assumption was made that actual volume of output may be increased only on
20%.

(I-AYX —d'Z-V+W >0, (4)
e(V -W)>4" (5)
Z-17Z>0, (6)
SV -SW'2D, (7)

X <M,

Where

Z' —domestic final demand of regionr,

o' —vector of structure of domestic final demand in regionr, Z al =1,

A" — share of domestic final demand of region r in national domestic final de-
mand, ZN =1,

D — vector of national net export (S'—S"),

A" —vector of regional trade balances,

e — identity vector,

V' —vector of export from region'r,

W —vector of import in regionr,

X' —vector of outputsin regionr.

In table 5 is shown the actual net export (trade disbalance) by federal districtsin
percents of GRP.



Table 5.
Net export by federal districtsin 1997 (4" acua)

(% of GRP)

Centra -17,2

Northwestern 4.8

Southern -50

Volga 14,2

Ura 33,2

Siberian 5,6

Far-Eastern 7,1

Five variants of adjustment of trade disbalance and their impact on final demand
is examined:

* maximization of final demand in condition of lack of limitations on trade balance,
* maximization of final demand for actual trade disbalance,
* maximization of fina demand in condition of proportional decreasing of trade dis-
balances on 20%,
» maximization of fina demand in condition of proportional decreasing of trade dis-
balances on 40%,
* maximization of fina demand in condition of proportional decreasing of trade dis-
bal ances on 50%.

Table 6.

Impact of trade disbalances on final demand and output by federal districts
(% of actual level for 1997)

Lack of limi- | Variants of proportional decreasing of trade
tations on disbalances (coefficient of decreasing)
tradebalance| 1 0,8 0,6 0,5
Final demand 120,1 116,8 113,55 110,3 108,6

Output

Central 119,2 119,6 119,2 118,9 118,7
Northwestern 119,1 116,1 112,7 107,5 104,9
Southern 118,9 118,1 115,9 113,7 112,4
Volga 119,4 113,5 107,5 101,9 99,1
Ural 118,2 112,1 105,0 101,5 98,8
Siberian 119,7 116,8 112,5 107,8 105,3
Far-Eastern 119,5 116,8 1129 108,9 106,1

Final demand in Russia as awhole is increased on 20,1% and outputs in regions
increase approximately on 19% in condition of lack of limitations on trade balance and

possible of increase of output on 20%. Siberian and Far-Easte districts come to the con-
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straint by output most close. In al other cases, only Central federal district comes to
constraint by output.

Decreasing of trade disbalances reduce both final demand and output. VVolga and
Ural district are forced to reduce output on 0,9% and 1,2% in condition of decreasing of
trade disbalances in two times. It is related with orientation of production in these dis-
tricts on the external markets - both interregional and foreign.

The realization of searching of quasi-equilibriums in the multiregional system
will provided.

Footnote:

1. The input-output table by Chechen is absent (there is not any information from this
region) and data by 9 autonomous areas are included in data of the corresponding krgj
and oblast. 9 Autonomous areas are included: Nenets - in Arkhangelsk oblast; Komi-
Permyak - in Perm oblast; Khanty-Mansi and Y amal-Nenets - in Tumen oblast; Taimyr
(Dolgan-Nenets) and Evenk - in Krasnojarsky kraj; Ust-Ordynsky Buryat - in Ikrutsk
oblast; Aginsky-Buryat - in Chita oblast; Koryak —in Kamtchatka oblast.
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