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Abstract. The actual scientific problem of national economy arising from practical managerial needs is to discover
the implicit inter-industry marginal relations between components of the net output and components of the gross
output of industries taking in account revenues and expenditures of industries. The goal of this paper is to highlight
the application possibilities of the input-output analysis for theoretical investigations and for managerial needs.
Methodical innovation the marginal analysis under selected ceteris paribus constraints in various mixed forms is
offered. In order to demonstrate the offered method in action, as the object of the research the industry
“Agriculture, hunting, forestry” in Estonia, Latvia, Lithuania and Finland was selected. The mathematical tool of
the offered method is the Gauss-Jordan elimination or pivot transformation of the linear systems derived from the
input-output model, which allows to calculate large sets of marginal economic indicators. It should be noted that
each number in these linear systems contains important economical information that could be useful for
comparative statics and managerial decision making. Some of marginal indicators discovered trough the offered
input-output analysis are well-known and already used traditionally, but for all that thanks to pivot transformation
realized in the various mixed forms create new indicators that usually are not immediately apparent in simple
linear systems but are revealed step by step.
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Introduction

The input-output model characterizes the economy as a system of production, distribution, and
consumption among economic agents who relate to one another through purchasing and selling of
commodities [1-5] (W. W. Leontief). The immediate expenditures with respect to the unit of gross output
(coefficients of direct expenditures) estimated from statistical data assumptions about the linearity of
connections between basic indicators allow to construct the input-output model in a form of system of
linear equalities and linear inequalities. This system shows in the explicit and implicit forms the complex
inter-industry marginal relations between the components of the net output and components of the gross
output of industries. The expenditure of one agent is decomposed in the revenues of other agents, but
revenue of the same agent is decomposed in the expenditures of other agents. Gross revenue and gross
expenditure of the agent are the indicators with the same amount but constructed in different ways due
to unequal concepts.

The input-output model is a useful widespread technique in economic analysis and policy making
because of holistic mathematical approach and clear economical interpretations of indicators [6-13].

Significant work about input-output models has been done by line of researchers in order to
investigate different markets. Several authors have written about input and output, for example, Ashyrov
et.al [12] looked at the Italian construction sector, Isard et al. [9] developed methods of inter-regional
analysis, Yoo and Yang [13] discussed the water utility in Korean economy, Cai and Mak described
tourism linkages [11]. The signals about growing interest to the Input-Output Economics is already
appearing. Some recently published works, such as Oosterhaven [14], Mukhopadyay [15] and Tan et al.
[16] demonstrate the modern applications of the input-output analysis. The diversity of input-output
research has looked at various current issues recently, such as the Catalonian financial crisis [17],
footprints of tourism [18], fishery during Covid-19 [19] and sustainability of fishery and coastal
management [20]. Therefore, the usage of input-output calculations is still a very useful research tool
for various sectors, including those analysed in this paper. The authors have already used the input-
output approach in various other studies concerning different industries of Estonia, Latvia, Lithuania
and Finland [21-25].

Materials and methods

Economic production defined by the System of National Accounts (the internationally agreed
concepts, definitions, classifications and accounting rules) states [26]: “Production is an activity carried
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out under the responsibility, control and management of an institutional unit, that uses inputs of labour,
capital and goods, and services to produce outputs of goods and services.” (SNA, 2025).

The industry can be considered as an abstract subject-producer transforming bought multiple factor
inputs into gross output what being sold generates value added. In order to produce gross output, the
industry has to buy intermediate domestic or imported resources. In order to get money, the industry as
an abstract subject-producer must sell its net output. The gross value added of industry forms as the last
balancing indicator after buying, producing, selling actions.

The National Input-Output Table characterizes balanced results of the selling-purchasing activities
of each industry as a structure of gross output due to two equations: direct and dual. Direct equation
presents gross output as a sum of sales; the dual equation presents gross output as a sum of purchases.
Equilibrium means that for each industry total revenues equals total expenditures.

The marginal analysis of the equilibrium offered in this paper can be organized in various aspects.

Typical research questions that arise are:

“What will happen with some of indicators if one of them gets perturbation A, but same other remain
constant?”;

“How should the definite line of indicators be changed in order to cause the change A of the definite
indicator?”

The three classifications that were used in this paper are the following.

e The National Input-Output tables (NIOT) are available thanks to the World Input-Output
Database (WIOD) [27] with its unified structured statistical information in monetary terms - in
current prices, expressed in millions of US dollars. Using WIOD we refer [28] to Timmer et al.
(2015).

o NIOT is constructed by utilizing the national accounts. The System of National Accounts (SNA)
[26] is the internationally agreed standard set of recommendations on how to compile measures
of economic activity and forms a basis for economic analysis and policy formulation

e The International Standard Industrial Classification (ISIC) [29] is a globally accepted standard
for industry classification. The industries in ISIC are strictly defined and internationally
accepted.

In the mathematical sense this research is based on linear algebra.

In the more practical sense this article is based on the mentioned above significant publication of
Miller and Blair [3; 4; 30] and on the famous and very widely used Andersen, Sweeney and Williams
[31] quantitative approaches.

Herein is a short explanation of the theoretical framework and methods used.

In order to be concise, the matrix form of the input-output model in monetary terms will be used.

Economy consists of n industries, each industry produces one and only one product, but different
industries produce different products.

Under the axiom of linearity, the input-output model is expressed in form
direct model X =A X+,

dual model P=ATP +V,

where A =(ai;) e R"", (i,j =1, 2, ... n) - the matrix what characterizes interindustry technological
linkages in monetary terms;
P=(p.p2... pn)" € R™* - vector of prices indices, initially P=(11... 1);
X = (X1 X2 ... Xn)T € R™! - vector of gross output;
Y =(y1Y2...Yn)" € € R™!-vector of final product or net output (final demand);
V = (V1 Vz...Vn)" € R™! - vector of value added with respect to unit of gross output.

Equality X = AX +Y means that gross output of the industry equals intermediate sales plus net
output.

Equality P = AT P + V means that the price of product equals intermediate purchases plus value
added.
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The concept of value added in microeconomics, macroeconomics and in NIOT.

In microeconomics an acceptable definition of firm’s created value added is given by Blomqvist,
Wonnacott & Wonnacott [32]: “Value added. Value of the product sold less the cost of intermediate
products bought from other firms”.

The macroeconomic concept of value added created by an industry is explained in the European
Central Bank (ECB) Glossary [33] and European system of accounts [34]: “Value added (gross) is total
output less the intermediate consumption”. Gross domestic product (GDP) is the standard measure of
the gross value added created through the production of goods and services in a country during a certain
period.

Eurostat [35] explains: “Gross domestic product = compensation of employees + gross operating
surplus + net taxes on production and imports.”

The National Input-Output table and models derived from it show the logic of the definitions given
by ECB and Eurostat.

As it was shown, each industry in their production process as intermediate consumption utilizes
products bought from domestic industries and from foreign industries (imports). Total intermediate
consumption is explored in the special row under the code I1_fob.

The last row of NIOT shows the gross output of industry: (GO | Gross output at basic prices).
Gross output minus total intermediate consumption is called gross value added (GVA).

The gross value added represents the payments to primary factors of production [36].

In NIOT the gross value added is divided in 6 categories (Table 1).

Table 1

Components of gross value added. Codes and descriptions in NIOT

Code Description
TXSP Taxes less subsidies on products
EXP_adj Cif/ fob adjustments on exports
PURR Direct purchases abroad by residents
PURNR Purchases on the domestic territory by non-residents
VA Value added at basic prices
INtTTM International Transport Margins

For the separate industry GVA = GO — II_fob.

e Value added (gross) = Output at basic prices — Total intermediate consumption.

e Value added (net) is defined as follows: VA = GVA — TXSP — EXP_adj — PURR — PURNR.

e Value added net = gross value added — taxes less subsidies on products — Cif/ fob adjustments
on exports — purchases on the domestic territory by non-residents.

It should be critically remarked that NIOT does not explore the complete structure of value added
(“compensation of employees + gross operating surplus + net taxes on production and imports”) and it
makes impossible to investigate the distribution of created wealth between different economic agents.

The value-added creation problems in agriculture are investigated in several of recent papers, for
instance [37], “Projecting value added in agriculture in Latvia” (Pilvere, Krievina, Nipers 2018) devoted
to the value-added increase problem in connection with the Common Agricultural Policy of the
European Union. It suggests the following main conclusion: “If the Common Agricultural Policy of the
European Union is not changed after 2020 (baseline scenario), the value added of agriculture in Latvia
is expected to increase by 33% in 2030 and by 80% in 2050 when compared with 2017 (ibid.).

Results and discussion

In a broad sense, the scientific importance of these research results offers a look into methods of
linear systems that can create original, complete and flexible comparative statics with ceteris paribus
principle utilization.
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Also, this paper is devoted to the comparative statics of the value added with respect to the gross
output and with respect to the net output in the industry “Agriculture, hunting, forestry” (NACE
A01_A02) comparing indicators of Estonia, Finland, Latvia, Lithuania.

The empirical material of the study is the OECD IOT (OECD 2023) [38] database that is freely
available and a very useful empirical tool for economic research and structural analysis at the
international level as it highlights inter-industry relationships covering all sectors. The OECD database
comprises information on 45 sectors of the national economy over the period 1995-2020. The Input-
Output Tables (I0Ts) that are used in this research describe the sale and purchase relationships between
producers and consumers within an economy.

The Nomenclature of Economic Activities (NACE) is the integrated classification system for
products and economic activities, as specified in Regulation (EC) of the European Parliament and of the
Council [39].

In NIOT following the United Nations industry classification system (ISIC) agriculture (A) is
classified into three industries AO1 (Crop and animal production, hunting and related service activities),
AO02 (Forestry and logging), A03 (Fishing and aquaculture).

The definition of the industry A0l “Crop and animal production, hunting and related service
activities” (SCEA, 2008) [40]:

“This division includes two basic activities, namely production of crop products and production of
animal products, covering also the forms of organic agriculture, growing of genetically modified crops
and raising of genetically modified animals. This division includes growing of crops in open fields as
well in greenhouses. Group 01.5 (Mixed farming) breaks with the usual principles for identifying the
main activity. It accepts that many agricultural holdings have reasonably balanced crop and animal
production, and that it would be arbitrary to classify them in one category or the other.

This division also includes service activities incidental to agriculture, as well as hunting, trapping
and related activities.”

The first sublevel of the industry A01 is defined as:

AO011 Growing of non-perennial crops;

A012 Growing of perennial crops;

A013 Plant propagation;

A014 Animal production;

A015 Mixed farming;

A016 Support activities to agriculture and post-harvest crop activities.

The comparative marginal analysis of equilibrium referring to the industry A01_02 and AO3 in the
Baltic States and Finland was carried out under various selected ceteris paribus constraints.

Tables 2, 3 contain coefficients from the initial system Y =(I — A) X and coefficients after
sequentially first and second pivot transformation (Gauss-Jordan elimination).

As it was stressed before, we consider the numbers in Tables 2, 3 as proper marginal indicators.

Therefore, Tables 2, 3 provide significant information in the form of differential quotients.

Is important to stress that in order to ensure the correct interpretation of these discovered original
numbers, it is necessary to have perfect understanding of the marginal sense of all input-output linear
expressions.

For clarification, here are some detailed examples.

Example 1. Let us compare and discuss the numbers (x <> A01_02; y « TTL_AO01_02) in tables
EST-1, FIN-1, LVA-1, LTU-1. These corresponding numbers are 1.1905; 1.1373; 1.2833; 1.095. The
proper marginal values added are 0.4230; 0.6348; 0.5096; 0.4747.

So, the change of net output of the industry A01 02 by Ay =1, keeping gross output in A03
unchanged, requires increasing of gross output in the industry A0O1_02 by 1.1905; 1.1373; 1.2833; 1.095.
At the same time, it will cause the value added increasing by 0.4230; 0.6348; 0.5096; 0.4747.

It is easy to interpret 1.095 because the industry A01_02 in LTU is more productive than in other
three countries. We can also understand the number 1.2833 for LVA what confirms the well-known sore
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problem. We can be delighted with FIN success in A01_02 with 1.1373 in spite of geolocation. The
number 1.1905 for EST, in our opinion, positively impacts workers in the industry A01_02.

Example 2. Let us compare and discuss the numbers (x <> A03; y «> TTL_AO03) in tables EST-1,
FIN-1, LVA-1, LTU-1. These corresponding numbers are 0.9965; 0.8647; 0.8791; 0.9637. Marginal

values added are 0.4195; 0.4992; 0.5696; 0.4396.

Table 2

Coefficients of initial linear expressions (I — A) X, value added, and coefficients of these
expressions after two sequential pivot transformation (EST, FIN)

EST-0 X <> A01_02 X < A03 FIN-0 X <> A01_02 X <> A03
y < TTL_A01_02 0.8400 -0.0012 y < TTL_AO01 02 0.8793 -0.0016
y < TTL_AO03 -0.0001 0.9965 y <> TTL_AO03 0.0000 0.8647
value added 0.3553 0.4190 value added 0.5582 0.4982
EST-1 y TTL_A01 02| x < A03 FIN-1 y - TTL_A01 02| x> A03
X < A01_02 1.1905 0.0014 X < A01 02 1.1373 0.0019
y <> TTL_A03 -0.0001 0.9965 y < TTL_AO03 0.0000 0.8647
value added 0.4230 0.4195 value added 0.6348 0.4992
EST-2 y < TTL_A01 02 ly — TTL_A03| ... FIN-2 y — TTL_A01 02|y < TTL_A03
X <> A01_02 1.1905 0.0014 X <> A01_02 1.1373 0.0021
X < A03 0.0001 1.0035 X < A03 0.0001 1.1565
value added 0.4230 0.4210 value added 0.6348 0.5773
Source: authors’ calculations based on OECD I-O data 2020.
Table 3

Coefficients of initial linear expressions (I — A) X, value added = (VA) X, and coefficients of
these expressions after two sequential pivot transformation (LVA, LTU)

LVA-0 X <> A0l 02 X <« A03 LTU-0 X <> A01_02 X < A03
ly < TTL_A01_02 0.7793 -0.0060 |...y < TTL_A01_02 0.9130 -0.0150
y <> TTL_A03 -0.0005 0.8791 y < TTL_AO03 -0.0001 0.9637
value added 0.3971 0.5665 value added 0.4334 0.4325
LVA-1 y < TTL_A01_02] x < A03 LTU-1 ly < TTL_A01_02 x <> A03
X < A01_02 1.2833 0.0078 X < A01_02 1.0953 0.0164
y < TTL_A03 -0.0006 0.8791 y < TTL_AO03 -0.0001 0.9637
value added 0.5096 0.5696 value added 0.4747 0.4396
LVA-2 yoTTL_A01 02y — TTL_AO03|... LTU-2 |y TTL_A0L 02y < TTL_A03...
X < A01_02 1.2833 0.0088 X < A01_02 1.0953 0.0170
X < A03 0.0007 1.1375 X < A03 0.0001 1.0377
value added 0.5100 0.6479 value added 0.4747 0.4562

Source: authors’ calculations based on OECD 1-O data 2020.
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So, increasing of gross output of the industry A03 by 1 unit keeping net output in A01_02
unchanged, will cause an increase of net output in the industry A03 by 0.9965; 0.8647; 0.8791; 0.9637.
At the same time, it will cause the value added increase by 0.4195; 0.4992; 0.5696; 0.4396.

Industry A03 in EST with its 0.9965 has reached the state when almost all gross output becomes
net output. The value added 0.4195 shows that 42% of the industry AO3 expenditures flows into the
value added section (see Table 1).

In the present comparison A03 in LVA with its 0.8791 looks quite good.

Conclusions

1. The offered innovative multishaped and flexible application of pivot transformations (Gauss-Jordan
eliminations), using ceteris paribus principle, sufficiently extends the feasibility of informative
analysis of linear systems, allows to derive implicit connections and to calculate original marginal
indicators.

2. In order to elaborate rational managerial decisions with the help of input-output approach the line
of implicit economic indicators can be calculated, which allows to estimate the productivity of a
national economy and identify the most important obstacles.

3. The analytical multi-sided comparison of indicators of the industry “Agriculture, hunting, forestry”
in Estonia, Latvia, Lithuania, Finland in 2020 shows that the efficiency of the industry “Agriculture,
hunting, forestry”” may be ranked in this succession: FIN, EST, LTU, LVA.
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