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V.V. Chistyakov
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Restoring Indifference Classes via Ordinal 
Numbers under the Discrete Leximin 
and Leximax Preference Orderings
Abstract. The leximin (leximax) preference ordering  compares two n-di-

mensional real vectors as follows: the coordinates of these vectors are first ordered 
in ascending (descending) order and then the resulting two vectors are compared 
lexicographically. It is well known that the leximin (leximax) preference ordering on 

n  is not representable (by a utility function). In this paper, given two integers ≥1n  
and ≥ 2,m  we consider the set X  of all n -dimensional vectors with integer coor-
dinates assuming values between 1 and m. Equipping X with the leximin (leximax) 
preference ordering induced from n , called the threshold (dual threshold) rule, 
every vector from X (and its indifference class) is canonically assigned a unique ordi-
nal number in such a way that a vector from X  is considered more leximin- (leximax-) 
preferable if it lies in an indifference class with greater ordinal number. We present 
a rigorous recursive algorithm for the evaluation of multiplicities of the coordinates 
in a vector from X via the ordinal number of the indifference class with respect to the 
ordering, to which this vector belongs. The novelty of our algorithm is twofold: first, it 
exhibits new properties of the classical binomial coefficients in their interplay with the 
leximin (leximax) preference ordering and, second, it relies on four integer parame-
ters, each one being obtained by a different cyclic procedure. The joint work of these 
procedures is based on our main theorem concerning some subtle properties of the 
enumerating preference function, which represents the leximin (leximax) preference 
ordering on X.

Keywords: weak order, indifference class, lexicographic preference, leximin, leximax, 
ordinal number, enumerating preference function.

JEL Classification: C020, C810, D790, E190. 
DOI: 10.31737/2221-2264-2018-39-3-1

1. Introduction 
The paper addresses the following problem. Suppose X is the set of 

all n -dimensional vectors 1= ( , , )nx x x  with integer coordinates ≤ ≤1 ix m  
for some integer ≥ 2m . We equip X with the leximin (leximax) preference 
ordering induced from n . Recall that, under the leximin (leximax), the 
coordinates of two vectors are first ordered in ascending (descending) 
order and then the resulting two vectors are compared lexicographically. 
The leximin (leximax) preference ordering partitions X  into indifference 
(= equivalence) classes, each of which being uniquely assigned an ordinal 
number with respect to the ordering in such a way that a vector from X is 
considered more leximin- (leximax-) preferable if it lies in an indifference 
class with greater ordinal number. The problem is to restore the whole indif-
ference class by knowing its ordinal number.

1 The authors express their sincere gratitude to Professor F.T. Aleskerov (NRU HSE, Moscow) for several stimulating 
discussions, concerning this paper, and encouragement.

Journal of the New Economic Association, 3 (39), p. 6–23
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The lexicographic, leximin and leximax preference orderings in dif-
ferent contexts have been studied extensively in the literature, mainly in the 
axiomatic approach (Bridges, Mehta, 1995; Chistyakov, 2014; d’Aspremont, 
Gevers, 2002; Fishburn, 1970, 1975, 1999; Moulin, 1988; Sen, 1970; Vilkas, 
1986). In general, no utility function exists for these preference orderings.

In this paper, we shall be interested in the leximin (leximax) prefer-
ence ordering, restricted to the above set X  of n -dimensional vectors. In this 
case, the interval of natural numbers [1, ]= {1, , }n n  can be interpreted as 
the set of agents, number ix  (between 1  and m ) — as the i -th agent’s grade, 
∈[1, ]i n , and vector ∈1= ( , , )nx x x X  — as an alternative estimated by the 

agents from [1, ]n . The preference ordering on X , corresponding to the 
leximin (leximax), which is originated from (Aleskerov, Yakuba, 2007; 
Aleskerov, Yakuba, Yuzbashev, 2007) for = 3m , is called the threshold rule 
(dual threshold rule). The complete axiomatic characterization of the rule(s) 
for arbitrary integer ≥ 3m  was given in (Aleskerov et al., 2010a, 2010b); dif-
ferent perspectives of the rule(s) were considered in (Podinovskii, 1975).

The axioms used in the characterization of the threshold rule are 
Pairwise Compensation, Pareto Domination, Noncompensatory Threshold and 
Contraction. In order to get a better feeling of the threshold rule, we present 
a small citation from (Aleskerov et al., 2010b, p. 628—629). 

“The Pairwise Compensation axiom means that if all agents, but two, 
evaluate two alternatives equally, and the two agents put ‘mutually inverse’ 
grades, then the two alternatives have the same rank in the social decision 
(which may be interpreted as ‘anonymity of grades’). 

The Pareto Domination axiom states that if the grades of all agents for 
one alternative are not less than for the second alternative and the grade of 
at least one agent for the first alternative is strictly greater than that of the 
second one, then in the social ranking the first alternative has a higher rank 
than the second alternative. 

The Noncompensatory Threshold axiom reveals the main idea of the 
threshold aggregation: if at least one agent evaluates an alternative as ‘bad’, 
then, no matter how many ‘good’ grades it admits, in the social ranking this 
alternative is ranked lower than any alternative evaluated as ‘average’ by all 
agents. 

In this context, the Contraction means that if for two alternatives the 
evaluations of some agent are equal, then the agent may be ‘excluded’ from 
the consideration when the social ranking is constructed, and the social deci-
sion is achieved by the remaining agents’ evaluations.” 
The real-life applications of the threshold rule were presented in 

(Aleskerov et al., 2014) for the evaluation of the bank branch performance 
and (Goncharov, Chistyakov, 2012) for noncompensatory ranking of stu-
dents of the National Research University Higher School of Economics (to 
mention a few).

In contrast to the general case of the leximin (leximax) on n  , 
for the threshold preference ordering of X , a surjective utility function 

Restoring Indifference Classes via Ordinal Numbers under the Discrete Leximin... Journal NEA,
No.  3 (39), 2018, 
p. 6–23
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of the form Φ → : [1, ]= {1, , }X s s  exists for some integer s . Interestingly, 
the explicit formula for Φ  can be given combinatorially in terms of bino-
mial coefficients (see (Aleskerov, Chistyakov, 2013b; Chistyakov, 2009; 
Chistyakov, Kalyagin, 2008) and Theorem 1 in Section 2). Since Φ  repre-
sents the leximin (leximax) on X , the collection ∈



{ : [1, ]}X s  of coun-
terimages −≡ Φ ∈ Φ



 

1( ) = { : ( ) = }X x X x  is exactly the family of all indiffer-
ence classes with respect to the leximin (leximax) preference ordering. 
In other words, the problem above can be reformulated in terms of 
‘inversing’ the discrete function Φ  as follows: given ∈ [1, ]s , restore the 
class −Φ





1= ( )X . So, knowing the ordinal number of (the indifference class 
of) the alternative ∈x X  it will be possible to obtain the whole collec-
tion of agents’ grades 1, , .nx x  To the best of our knowledge, it is the 
first time in the literature that the aggregation procedure (which is the 
threshold rule based on the leximin on X ) permits to return back the 
rather ‘big’ input data 1, , nx x  by means of the relatively ‘small’ aggre-
gate ordinal number of x .

We do not aim at the applications in this paper, concentrating on 
the mathematical problem of inversing the ‘discrete’ function Φ.  The real-
life applications are postponed until subsequent publications.

We solve the problem of restoring the indifference classes by pre-
senting a rigorous recursive algorithm. Its novelty is twofold. First, it exhib-
its new properties of the classical binomial coefficients in their interplay 
with the leximin (leximax) preference ordering. Second, the algorithm 
involves four integer parameters n, m, L, and   (indexed by ∈[1, ]j m ), 
each one being obtained by a different procedure: n  is obtained through 
the decomposition of the natural ‘interval’ [1, ]s  into a disjoint union of 
smaller intervals, m  — by subtracting 1, L  — by putting n  and m  into a bino-
mial coefficient, and the ‘new’ value of  — by subtracting L  from the ‘previ-
ous’ value of  . This ‘cyclic procedure’ is made possible to work successfully 
by our main result, Theorem 3, concerning some subtle properties of the 
function Φ.

The paper is organized as follows. In Section 2, we review certain 
definitions and auxiliary facts and recall explicit formulas for the enumer-
ating preference functions representing the leximin/leximax preference 
ordering on X  (Theorems 1 and 2). Our main result, Theorem 3 in Section 
3, is devoted to the evaluation of multiplicities of coordinates in a given vec-
tor from X . The algorithm for restoring indifference classes in the case of 
the leximin preference ordering on X , based on Theorem 3, is presented 
in Section 4 and illustrated by an example. Finally, in Section 5, the restor-
ing of indifference classes in the case of the leximax is reduced to the case of 
the leximin preference ordering and the corresponding algorithm.

2. Preliminaries
We begin by reviewing certain definitions and facts needed for our 

results.

Journal NEA,
No.  3 (39), 2018, 
p. 6–23
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Throughout the paper n  is a positive integer and n  is the set of all 
n -dimensional vectors 1= ( , , )nx x x  with real coordinates ∈ix  . Given two 
nonnegative integers k  and l  with ≤k l , the set + { , 1, , }k k l  is denoted by 
[ , ]k l  and said to be the (natural) interval with endpoints k  and l  (if >k l  , 
we set ∅[ , ]=k l ). Of main interest below is the set ⊂=[1, ]n nX m   , with 
integer ≥ 2m , of all n -dimensional vectors 1= ( , , )nx x x  with coordinates 
∈[1, ]ix m . The elements of [1, ]m  may be interpreted as ordered grades 

< < −1 < 2 1 <m m , and the elements of [1, ]n  — as agents (criteria, param-
eters, entities, or properties). The number of elements in [1, ]nm  is equal to 
[1, ] =n nm m .

A vector ∈ ny   is said to be lexicographically preferred to ∈ nx   (in 
symbols, ∠nx y ) provided 1 1<x y , or there is ∈[2, ]k n  such that =i ix y  for 
all ∈ −[1, 1]i k  and <k kx y . It is well known (Fishburn 1970, 1975) that the 
lexicographic preference ∠n  on n  is transitive (i.e., ∠nx y  and ∠ny z  imply 
∠nx z ), the negation of ∠n  is of the form: ¬ ∠( )nx y  iff (=if and only if) ∠ny x  

or =y x , and ∠n  is trichotomous (i.e., either ∠nx y, or ∠ny x , or =x y ). 
Thus, ∠n  is a linear order on n .

Putting the coordinates of ∈1= ( , , ) n
nx x x   in ascending (respec-

tively, descending) order, we denote the resulting vector by 

* * *
1= ( , , )nx x x  

with ≤ ≤

* *
1 nx x  (resp., by * *1 *= ( , , )nx x x  with ≥ ≥*1 *nx x ) and call it 

the nondecreasing (respectively, nonincreasing) representative of x. If X  is a 
nonempty subset of n , we set ∈* *= { : }X x x X  and ∈* *= { : }X x x X .

A vector ∈ ny   is said to be preferred to ∈ nx   in the sense of the leximin 
(resp., leximax) provided ∠* *

nx y , also written as ∠*
nx y  (resp., ∠* *nx y , also 

written as ∠*nx y ). It is well known (Bridges, Mehta, 1995; Fishburn, 1970; 
Sen, 1970; Vilkas, 1986) that the lexicographic ordering ∠ ,n  as well as the 
leximin ∠*

n  and leximax ∠*n  preference orderings, are not representa-
ble on n , i.e., there is no (utility) function ϕ →: n   such that, given 

∈, nx y   , ∠nx y  iff ϕ ϕ( )< ( )x y . It is to be noted that ∠*
n  and ∠*n  are not 

linear orders on n : if we set ∈( , )x y P  iff ∠*
ny x  (or ∈( , )x y P  iff ∠*ny x ), 

then P  is a weak order on n  in the following sense (Aleskerov, Bouyssou, 
Monjardet, 2007).

A binary relation P  on a set X  is said to be a weak order on X  if it 
has the following three properties, for all ∈, ,x y z X : 

(i) ∈( , )x y P  and ∈( , )y z P  imply ∈( , )x z P  (transitivity); 
(ii) ∉( , )x x P  (irreflexivity); 
(iii) ∉( , )x y P  and ∉( , )y z P  imply ∉( , )x z P  (negative transitivity). 
The inclusion ∈( , )x y P  is conventionally interpreted as ‘x  is pre-

ferred to y’ (with respect to P ). The indifference relation PI  on X , induced 

Journal NEA,
No.  3 (39), 2018, 
p. 6–23
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by P , is defined as usual by: given ∈,x y X , ∈( , ) Px y I  iff ∉( , )x y P  and ∉( , )y x P  . 
Clearly, PI  is an equivalence relation on X .

A weak order ϕ( )P  on a set X , generated by a nonconstant function 
ϕ →: X , is defined as follows: given ∈,x y X , set ∈ ϕ( , ) ( )x y P  iff ϕ ϕ( )> ( )x y  . 
Clearly, ϕ∈ ( )( , ) Px y I  iff ϕ ϕ( ) = ( )x y . A binary relation P  on X  is said to be 
representable (by ϕ ) if ϕ= ( )P P , in which case ϕ  is called a preference (or util-
ity) function for P  (note that preference functions for P  are determined 
nonuniquely in general).

From now on, ≡ , =[1, ]n
m nX X m  with integers ≥1n  and ≥ 2m .

The monotone representatives of ∈1= ( , , ) [1, ]n
nx x x m  are of the 

form 
−

−

−

−





2 11

21 1

( ) ( ) ( )* ( )

( )( ) ( ) ( )
*

= (1 ,2 , ,( 1) , ),

= ( ,( 1) , ,2 ,1 ),

m m

m m

v x v x v xv x

v xv x v x v x

x m m

x m m
 (1)

where ∈( ) =|{ [1, ]: = }|j iv x i n x j  is the multiplicity of grade ∈[1, ]j m  in
x , and ( )jv xj  denotes , , ,j j j  repeated ( )jv x  times (if ( ) = 0jv x , the 
term ( )jv xj  is omitted in the notation of *x  and *x ). Note at once that 

*
*( ) = ( ) = ( )j j jv x v x v x  for all ∈[1, ]j m  and 

+ + ∈1( ) ( ) = for all [1, ] .n
mv x v x n x m  (2)

It was shown in (Aleskerov, Chistyakov, Kalyagin, 2010b) that if =[1, ]nX m , 
then 

−
+ − + −

+ −
−

* 1
* 1 1

( 1)!
| |=| |= = = ,

!( 1)!
m n
n m n m

n m
X X C C

n m
 (3)

where ( ) [ ]≡ −= !/ !( )!k n
n kC n k n k  is the usual binomial coefficient if ∈[0, ]k n  , 

and 0! = 1.
The leximin ∠*

n  and leximax ∠*n  preference orderings on =[1, ]nX m  
can be given alternative characterizations (more suitable for our purposes) 
as follows. Given ∈x X , define two vectors ( )v x  and ( )v x  from −1[0, ]mn  by 

−1 2 1( )=( ( ), ( ), , ( ))mv x v x v x v x  and − 1 2( )=( ( ), ( ), , ( )).m mv x v x v x v x  The threshold 

preference order −1mP  (resp., dual threshold preference order −1mP ) on =[1, ]nX m , 
which is a weak order on X , is defined, for ∈,x y X , by (Aleskerov, Yakuba, 
Yuzbashev, 2007; Aleskerov, Chistyakov, Kalyagin, 2010b) 

− − − −∈ ∠ ∈ ∠1 1 1 1( , ) iff ( ) ( ) (resp.,( , ) iff ( ) ( )).m m m mx y P v x v y x y P v y v x

It was shown by (Aleskerov, Chistyakov, 2013b) that 

− −∠ ∈ ∠ ∈*
1 * 1iff ( , ) , and iff ( , ) .n m n my x x y P y x x y P  (4)

In what follows, we treat ∠*
n  and ∠*n  in terms of −1mP  and −1mP , respectively. 

The indifference relations PI , corresponding to −1= mP P  and −1= mP P  , 

are of the (same) form: ∈( , ) Px y I  iff ( ) = ( )v x v y  iff ( ) = ( )v x v y , i.e., taking 

into account (2), ∈( , ) Px y I  iff ( ) = ( )j jv x v y  for all ∈[1, ]j m . This means 

that ∈( , ) Px y I  iff * *=x y  iff * *=x y  iff vectors x  and y  can be transformed 

Journal NEA,
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into each other by certain permutations of their coordinates (which may 
be interpreted as the anonymity of agents from [1, ]n ). Given ∈x X , let 

∈ ∈[ ] = { :( , ) }P Px y X x y I  be the indifference (=equivalence) class of x , and 
∈/ = {[ ] : }P PX I x x X  be the quotient set of X with respect  to PI . Clearly, 

the number of elements / PX I  in / PX I  is equal to (3).
A weak order P  on a finite set X  gives rise to the canonical rank-

ing of X  (Aleskerov, Bouyssou, Monjardet, 2007; Hausdorff, 2005), which 
we recall now. Given ⊂ ,Y X  let ( ) ( ){ }π = ∈ ∉ ∈: � , ��for��all�� �Y y Y x y P x Y  
be the set of the most preferred elements from Y  with respect to P  . 
We set ( )′ = π1X X . Inductively, if ≥ 2k , and nonempty disjoint subsets 

−′ ′…1 1, , kX X  of X  such that −′ ′∪…∪ ≠1 1kX X X  are already constructed, we 
put ( )( )−′ ′ ′= π ∪…∪1 1\k kX X X X . Since X  is finite, there is a unique pos-
itive integer ( )= Ps s X  (more precisely, = / Ps X I ) such that  

=

′=
1

�U
s

k
k

X X  

(disjoint union). Now, setting − +′= 1k s kX X  for [ ]∈ 1,k s , we obtain the collec-

tion [ ]{ }∈ =: 1, /k PX k s X I  of indifference classes (called the canonical rank-
ing of X), partitioning X , which characterizes P as follows: given ∈,x y X , 

( )∈,x y P  iff ∈ lx X  and ∈ ky X  for some [ ]∈, 1,k l s  with <k l . In other words, 
x  is preferred to y  with respect to P  iff x  lies in an indifference class with 
greater ordinal number. Clearly, ( )∈, Px y I  iff ∈, kx y X  for some [ ]∈ 1,k s .

Define the function [ ]→: 1,P X sΦΦ=  in the following manner: 

given ∈x X , since  
=

=
1

�U
s

k
k

X X  (disjoint union), we have ∈ kx X  for some 

unique number [ ]= ∈ 1,xk k s , and so, we set Φ ( ) =x k . Thus, ( ) =y kΦ  for 
all ∈ =[ ]P ky x X , and 

( ) ( ) ( ){ }∈ = ∈ = = ∈Φ : xxx X y X y x k x X for  all  .Φ Φ

The function Φ  is well-defined, uniquely determined, and surjective (from 
X  onto [ ]1,s ) preference function for P . In (Aleskerov, Chistyakov, 2013b; 
Chistyakov, 2009) it is called the enumerating preference function for P  (EPF, 
for short). Any other preference function ϕ →: X , representing P  (i.e., 

( )∈,x y P  iff ( ) ( )ϕ > ϕx y ), can be expressed by means of Φ as follows: there 
is a strictly increasing function [ ]→: 1,f s  such that ( ) ( )( )ϕ =x f xΦ  for all 
∈x X .

If →: / PJ X X I  is the canonical surjection defined by =( ) [ ]PJ x x  , 
∈x X  , and [ ]→ : / 1,PX I sΦ  is the quotient function given by 
Φ Φx[ ) =(  ]

P
( ),x  ∈x X , then ( ) ( )=Ф Ф ( )x J x for all ∈x X . Clearly, Ф  is a 

bijection between / PX I  and [ ]1,s .
In the case when =[1, ]nX m  and −= 1mP P  or −= 1mP P , we have (cf. 

(3)) −
+ −= = =* 1

1/ m
P n ms X I X C . Furthermore, the enumerating preference 

functions Φ for −1mP  (corresponding to the leximin (4) ) and Ф  for −1mP  

Journal NEA,
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(corresponding to the leximax (4)) can be given combinatorially in terms 
of binomial coefficients as presented in Theorem 1 below (cf. (Aleskerov, 
Chistyakov, 2013b, Theorems 3.1 and 6.1)). To formulate it, we adopt the 
convention that + =1 0k

kC  for all integers ≥ 0k  and =0
0 1C , and set 

] [= +…+ ∈ ∈1( ) ( ) ( )��for��all�� [1, ���and��� 1, ] .�n
j jV x v x v x j m x m

Theorem 1. 
A. The EPF −

+ − Φ = → 
1

1: 1, ] 1, ]n m
n mX m C  for −1mP  is given by 

 
( )

−
−
− + − −

=

= +∑
1

1
1

( ) 1 
j

m
m j
n V x m j

j

x CΦ  for all ∈ .x X 2 (5)

B. The EPF  1
1Φ : 1, ] 1, ]n m

n mX m C −
+ − = →   for −1mP  is of the form 

( )

−
−
+ − + −

=

= −∑
1

1
1 1

1

( ) �  
j

m
jm

n m V x j
j

x C CΦ  for all ∈x X .3

By Theorem 1 (A), given a vector ∈[1, ]nx m , we know the ordinal 
number  ( )= xΦ  of its indifference class =



[ ]Px X  under the leximin order-
ing ∠*

n  of [1, ]nm , corresponding to the weak order −= 1mP P . In addition, if 
∈[1, ]ny m , we have ∠*

ny x  iff ( ) −∈ 1, mx y P  iff ΦΦ >( ( )y)x  (by Theorem 1 (B), 
similar conclusions hold for the leximax ordering  ∠*n  and −1mP ).

The purpose of this paper is to solve the inverse problem (for 

−= 1mP P  ): given ] [ −
+ − ∈ = 

1
11, 1, m

n ms C , restore the indifference class 


X  , i.e., 
those vectors =x X ∈ [1, ]nm , for which Φ = ( )x  or, equivalently, =x [  ]

P 

X  
(in other words, find the inverse ‘value’ 

 

 ( )1(Φ) [ ]Px− =

  of the bijection 
 [ ]Φ : / 1,PX I s→ ). Since { }= ∈ =[ ] : ( ) ( ) ,Px y X v x v y  the problem amounts to 
the evaluation of the multiplicities 1( )v x , …, −1( ),mv x  which together with 
equality (2) gives the nondecreasing representative *x  of x  from (1).

For instance, for  2m =  we have −
+ − = +1

1 1m
n mC n , =1 1P P  on X X×  with 

=[1,2]nX , and  2Φ( ) Φ( ) ( ) 1x x v x= = +  for all ∈x X . So, given [ ]∈ + 1, 1n , we find 
∈



x X  (i.e.,  Φ( )x =  ) iff = − +1( ) 1v x n  and = −2( ) 1v x  iff ( )− + −=  * 1 11 ,2nx . 
In this way, we have restored the indifference class =

1 1
[ ] [ ]P Px x  from its ordi-

nal (or aggregate) number  Φ( )x =   under the weak order =1 1P P  (note that 

− −≠1 1m mP P  for any integer ≥ 3m ).
The possibility of restoring the indifference class [ ]Px  via its ordi-

nal number  Φ( )x =   under the threshold preference order −= 1mP P  on 
=[1, ]nX m  in the general case ≥ 3m  was indicated in (Aleskerov, Chistyakov, 

2013b, Theorems 3.2 and 3.3), which we recall as Theorem 2.
Theorem 2. Suppose   is a positive integer and =0n n . We have :
a) −

+ − ∈ 

1
11, m

n mC  iff there is a unique collection of −2m  integers −…1 2, , mn n  
satisfying −≤ ≤ 10 j jn n  for all [ ]∈ −1, 2j m  such that [ ]−∈ + + + 21, 1 mL L n , 

where 
−

−
+ − −

=

= ∑
2

1
1

;
j

m
m j
n m j

j

L C

2 More explicitly,
− −−

= = +=

Φ = + + +
−∑ ∑∏

12

1 10

1
( ) ( ) ( ) 1.

( )!
( )

m jm m

i m
j i jk

x k v x v x
m j

  

3 More explicitly, 
 −−

−
+ −

= ==

Φ = − +∑ ∑∏
11

1
1

1 10

1
( ) ( ) .

!
( )

j jm
m
n m i

j ik

x C k v x
j
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b) given −
+ − ∈ 

1
11, m

n mC , ∈


x X  (i.e.,  Φ( )x =  ) iff −= −1( )j j jv x n n  for all 

[ ]∈ −1, 2j m , − −= + + − 1 2( ) 1m mv x L n , and = − −( ) 1mv x L . 
However, no explicit procedure how to evaluate numbers −…1 2, , mn n  

via the given number   was presented in (Aleskerov, Chistyakov, 2013b). 
In this paper, to evaluate these numbers, we present a rigorous recursive 
algorithm.

3. Main Theorem
Our recursive algorithm for restoring indifference classes is based 

on the following theorem concerning (more subtle) properties of the EPF 
Φ from (5).

Theorem 3. Let [ ]∈ −0, 2k m , −≤ ≤ ≤…≤ ≤ =1 1 00 k kn n n n n  be 

integers, and  −
+ − −

=

=∑ 1
1

�
j

k
m j

k n m j
j

L C  (with =0 0L ). Given ∈ =[1, ]nx X m  such that 

( ) −= −1j j jv x n n  for all [ ]∈ 1,j k , and [ ]∈ 0, ki n , we have 
 1 1

1 2 1 ( )      Φ( ) 1, . m k m k
k k k i m k i m kv x n i iff x L C C− − − −
+ + − − + − − = − − ∈ +   (6)

Furthermore, if −…1 2, , mn n  (and so, −…1 2, , )mL L  are already calculated, we get 
 

2( ) Φ( ) 1m mv x x L −= − −  and − −= −1 2( ) ( )m m mv x n v x . 
P r o o f. We divide the proof into four steps for clarity. In the first 

step, we need the formula for the summation of binomial coefficients over 
successive lower indices (see (Graham et al., 1994, formulas (5.9) and 
(5.10))): given two nonnegative integers p  and q , 

+
+ + + + + + +

=

+ +…+ = =∑ 1
1 1 1

0

=1 .
q

p p p p q
p k p p q p q p q

k

C C C C C  (7)

Step 1. First, we show that 
 1

1 1 ( )  iff   Φ( ) . m k
k k k i m kv x n i x L C − −
+ + − −< − > +  (8)

Let ∈[1, ]ny m  be such that its nondecreasing representative *y  is of 
the form ( )− − −−−= … +11 21* (1 ,2 , , , 1) , ,k k kn n n in nn n iy k k m  i.e., −= −1( )j j jv y n n  for 
all [ ]∈ 1,j k , + = −1( )k kv y n i , =( ) 0jv y  for all [ ]∈ + −2, 1j k m , and =( )mv y i  . 
Making use of (5), let us calculate the value  Φ( ).y  In order to do this, note 
that 

[ ] [ ]= − ∀ ∈ = − ∀ ∈ + −� ( ) ��� � 1, ,��and�� ( ) ��� � 1, 1 �j j jV y n n j k V y n i j k m  (9)
(and, by (2), =( )mV y n ). If = 0i , we find, by (5) and (9), 

 
( )

1

11
1 1

Φ( ) 1.
j

k m
m j m j

n n m jn n n m j
j j k

y C C
−

− −
− + − −− − + − −

= = +

= + +∑ ∑
In the second sum at the right, the summation index [ ]∈ + −1, 1j k m , which 
implies ( )− − ∈ − −  1 0, 2m j m k , and so, −

− − =1 0m j
m jC . It follows that 

 ( )*
1

1
Φ( ) Φ 1 1.

j

k
m j
n m j k

j
y y C L−

+ − −
=

= = + = +∑  (10)

Now, if ≥1i , we have, by virtue of (5), (9), and (7), 
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− −
− − −
+ − − + − − − + −

= = + = +

− −
− − − − −
− + − + − − + + − −

=

Φ = Φ = + + + + =

= + + = + = +

∑ ∑ ∑

∑

1 1
* 1

1 1 1
1 1 1

1
1 1 1
1 1 ( 1) 1 1

1

( ) ( ) 1 1

1 .

=
j

k m m
m j m j i
n m j i m j k i m j

j j k j k

m k
i m k m k

k i p k i m k k i m k
p

y y C C L C

L C L C L C

  (11)

Since − −
− − =1

1 1m k
m kC , (10) implies that (11) holds for = 0i  as well.
In order to prove (8), suppose + < −1( )k kv x n i . Since −= −1( )j j jv x n n  

for all [ ]∈ 1,j k  and ( )+ +< − =1 1( )k k kv x n i v y , we find −∠ 1( ) ( )mv x v y , and so, 

( ) −∈ 1, mx y P  (and ∠*
ny x , by (4)). Noting that, by Theorem 1 (A), Φ is a pref-

erence function for −1mP , we get  Φ( ) Φ( )x y> . Taking into account (11), this 
proves the ‘only if’ part in (8).

To prove the ‘if’ part in (8), we assume that  1
1,Φ( ) m k

i m kkLx C − −
+ − −> +  i.e., by 

(11),  Φ( ) Φ( )x y> . Theorem 1 (A) implies  ( ) 1, mx y P −∈ , and so,  ( ) ( )1mv x v y−∠  , 
where the two vectors −= …1 1( ) ( ( ), , ( ))mv x v x v x  and −= …1 1( ) ( ( ), , ( ))mv y v y v y  
are given by 

− + + −= − − … − …1 1 2 1 1 2 1( ) ( , , , , ( ), ( ), , ( )),k k k k mv x n n n n n n v x v x v x  (12)

( ) −
−= − − … − − … ∈ 1

1 1 2 1( ) , , , , ,0, ,0 [0, ] .m
k k kv y n n n n n n n i n

Since −= − =1( ) ( )j j j jv x n n v y  for all [ ]∈ 1,j k  and ≥ =( ) 0 ( )j jv x v y  for all 

[ ]∈ + −2, 1j k m , the definition of the lexicographic order −∠ 1m  (on −1m ) 
implies + +< = −1 1( ) ( ) .k k kv x v y n i  This completes the proof of (8).

Step 2. In this step, we show that 
 1

1 2 ( )    iff  Φ( ) 1. m k
k k k i m kv x n i x L C − −
+ + − −> − < + +  (13)

Let ∈[1, ]nz m  be such that its nondecreasing representative *z  is of 
the form ( )−− − −−= … + +1 2 11* (1 ,2 , , ,( 1) , 2) ,k k kn n n n n in n iz k k k  i.e., ( ) −= −1j j jv z n n  
for all [ ]∈ 1, ,j k  + = −1( )k kv z n i , + =2( )kv x i , and (if + ≤3k m ) =( ) 0jv z  for all 

[ ]∈ + 3,j k m . Let us evaluate  Φ( )z  by means of (5). Since = −( )j jV z n n  for 
all [ ]∈ 1,j k , + = −1( )kV x n i , and =( )jV z n  for all [ ]∈ +2,j k m , applying (5), 
we get  

( ) ( )
( )

−
− +− −

+ − − − −− − + − + −
= = +

= + + +∑ ∑
1

1
1 11 1

1 2

( ) 1.
j

k m
m km j m j

n m j m jn n i m k
j j k

z C C CΦ

In the third term at the right, the summation index [ ]∈ + −2, 1j k m , which 
implies ( )− − ∈ − −  1 0, 3m j m k , and so, −

− − =1 0m j
m jC . It follows that 

 ( )* 1
2Φ( ) Φ 1.m k

k i m kz z L C − −
+ − −= = + +  (14)

To prove (13), suppose + > −1( )k kv x n i . Since −= − =1( ) ( )j j j jv z n n v x  
for all [ ]∈ 1,j k  and + += − <1 1( ) ( )k k kv z n i v x , we find −∠ 1( ) ( )mv z v x , and so, 
( ) −∈ 1, mz x P . By Theorem 1 (A), Φ  is a preference function for −1mP , and so, 

 Φ( ) Φ( )z x> , which together with (14) proves implication (⇒ ) in (13).
In order to prove implication (⇐ ) in (13), we assume that 

 Φ( ) Φ( )x z<  , where  Φ( )z  is given by (14). Applying Theorem 1 (A), we 
find ( ) −∈ 1, mz x P , and so, −∠ 1( ) ( )mv z v x , where ( )v x  is given by (12) and 

−∈ 1( ) [0, ]mv z n  — by ( )−= − − … − − …1 1 2 1( ) , , , , ,� �,0, ,0 .k k kv z n n n n n n n i i  Since 

−= − =1( ) ( )j j j jv z n n v x  for all [ ]∈ 1,j k , the definition of −∠ 1( ) ( )mv z v x  implies 
that either 
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a) + +− = <1 1( ) ( )k k kn i v z v x , or 
b) (if + ≤3k m ) +− = 1( )k kn i v x  and + += <2 2( ) ( )k ki v z v x , or 
c) (if + ≤4k m ) +− = 1( )k kn i v x , += 2( )ki v x  and + += <3 30 ( ) ( )k kv z v x , or 
d) (if + ≤5k m ) +− = 1( )k kn i v x , += 2( )ki v x , and there is [ ]∈ + −4, 1p k m  

such that = =0 ( ) ( )j jv z v x  for all [ ]∈ + −3, 1j k p  and = <0 ( ) ( )p pv z v x . 
Let us show that possibilities b), c), and d) cannot hold. In fact, if 

any one of the three possibilities holds, then += +1( )k kn v x i , and so, by (2), 
we get 

( ) ( )+ − +
= =

+…+ = − = − − = − − = = +∑ ∑1 1 1
1 1

( ) ( ) ( ) ( ) ,
k k

k m j j j k k k
j j

v x v x n v x n n n n n n n v x i

whence += +…+2( ) ( ).k mi v x v x  It follows that +≥ 2( )ki v x , and so, b) is impos-
sible. Furthermore, if += 2( )ki v x , then =( ) 0jv x  for all [ ]∈ + 3,j k m , which 
implies that c) and d) cannot hold as well. Thus, only possibility a) above 
holds, which proves implication (⇐ ) in (13).

Step 3. Assertion (8) implies + ≥ −1( )k kv x n i  iff 1
1Φ( ) m k

k i m kx L C − −
+ − −− ≤  , 

and assertion (13) implies + ≤ −1( )k kv x n i  iff  1
2Φ( ) 1m k

k i m kx L C − −
+ − −− ≥ + . This 

completes the proof of assertion (6).
Step 4. Now suppose that, by means of (6), the numbers −…1 2, , mn n  

are already calculated, which corresponds to the case = −2.k m  Noting that, 
for all [ ]∈ −1, 2j m , we have −= −1( )j j jv x n n  and, by (2), 

( ) ( )−
= =

− = − = − − = − − =∑ ∑ 1 0
1 1

( ) ( ) ,
j j

j i i i j j
i i

n V x n v x n n n n n n n  (15)

by virtue of (5) , we get 
 2

1 2
1

Φ( ) ( ) 1 ( ) 1.
j

m
m j
n m j m m m

j
x C v x L v x

−
−
+ − − −

=

= + + = + +∑  Since 

the value of −2mL  is already known, we find 

2( ) Φ( ) 1.m mx x L −= − −v  (16)
On the other hand, putting = −2k m  in (6), we get 

( )− − = − − − =1 2 1 1m k m m , and so, assertion (6) reads as follows: given 
[ ]−∈ 20, mi n , we have 

 [ ]1 1
1 2 2 1 2( ) iff Φ( ) 1, 1, 1 iff  Φ( ) 1.m m m i i mv x n i x L C C i i x L i− − − + − = − − ∈ + = + + − = +    

(17)
 [ ]1 1

1 2 2 1 2( ) iff Φ( ) 1, 1, 1 iff  Φ( ) 1.m m m i i mv x n i x L C C i i x L i− − − + − = − − ∈ + = + + − = + 
From here and (16) , we conclude that 

( )1 2 2 2 2( ) Φ( ) 1 ( ).m m m m m mv x      n         i    n               x     L n v    x− − − − −= − = − − − = −  (18)
This completes the proof of Theorem 3. ▄

Remark. Theorem 3 applies in the particular case when = 2m  as 
well: in fact, we have = 0k , = =0 0kL L , and, for ] [∈ =  00, 0,i n n , assertion 

(6) means that (given ∈[1,2]nx ) = −1( )v x n i  iff  { }1 1
1Φ( ) 1, 1i ix C C i+ ∈ + = +   

iff   Φ( ) 1,  x i= +  whence  ( )1 2Φ( ) ( ) 1 ( ) 1x       n    v   x            v   x= − + = + . Hence, if  Φ( )x= , 
then = − 1i , = − = − +1( ) 1v x n i n  and = −2( ) 1v x , i.e., ( )− + −=  * 1 11 ,2nx , 

[ ]∈ 0,n . 
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Remark. The quantities ( )−1mv x  and ( )mv x  in Theorem 3 
and Theorem 2 are coherent (=the same) in the sense that, by (18), 

− −= + + − 1 2( ) 1m mv x L n  and, by (16), = − −( ) 1mv x L , where −= 2mL L  and 
 Φ( )x= . 

4. Algorithm for Restoring Indifference Classes
Let ≥ 2n  and ≥ 3m  be integers, =[1, ]nX m , and −= 1mP P  be the 

threshold preference order on X  (corresponding to the leximin ordering 

∠*
n). Given a number ] [ −

+ − ∈ = 

1
11, 1, m

n ms C , we are looking for members x  

from the indifference class  { }:Φ( )X        x     X       x= ∈ =


  (the EPF Ф for −1mP  given 

by (5)), which is equivalent to finding multiplicities ( )1v x , …, ( )mv x  in the 
nondecreasing representative (1) of ∈



x X .
The idea of the recursive algorithm, restoring ∈



x X , lies in the fact 
that the interval −

+ −  
1

11, m
n mC  can be decomposed into the following disjoint 

union of (adjacent) natural intervals: 
− − −
+ − + − + −

=

   = + =   

1 1 1
1 2 1

0

1, 1,
n

m m m
n m i m i m

i

C C C  (19)
 − − −

+ − + − + −
=

 = + + 

1 1 2
2 2 2

0

1, �.
n

m m m
i m i m i m

i

C C C  (20)

We will apply the following ‘cyclic procedure’. Suppose numbers n, m, L 
and   are such that 

−
+ − − ∈ 

1
11, .m

n mL C  (21)

We set ′ = −  L . By (21) and (19), there is a unique number [ ]∈' 0,n n  such 
that 

( )
( )− −− − − −

+ − + − + − + − + − −
 ′  ∈ + = + +   

1 11 1 1 1
' 2 ' 1 ' 2 ' 2 ' 1 11, 1, .mm m m m

n m n m n m n m n mC C C C C  (22)

Now we set ′ = −1m m  and ′−
′ ′ ′+ − + −′ = =1

2 1
m m
n m n mL C C . By (22), we find that 

−
+ −′ ′ ′ ∈ + + 

' 1
' ' 11, m

n mL L C , and so, −
′ ′+ −′ ′  − ∈ 

' 1
11, m

n mL C .
Having obtained (21) for the new (primed) numbers ′n , ′m , ′L  and 

′
 , we reduced the dimension (at least in m), and may apply the procedure 
one more time. In order to evaluate the multiplicities ( )jv x , in what follows 
we combine the cyclic procedure with Theorem 3 by introducing nonneg-
ative integers j  and defining numbers = jn n , = jm m , ′= jL L  and −=  1j  

and their primed counterparts +′ = 1jn n , +′ = 1jm m , ′
′ ′+ −′ = 1

m
n mL C  and ′ =  j  

appropriately.
Before we turn to the general algorithm, for the sake of clarity we 

first present the initial part of it (having its own additional details) when the 
first three multiplicities ( )1v x , ( )2v x , and ( )3v x  are evaluated. Note that the 
‘nonprimed’ numbers 0L ,…, −2mL , to be used below, are exactly the num-
bers from Theorem 3.

4.1. Evaluation of ( )1v x
We set =0n n, =0m m , =0 0L , and = 0 , where 1

1Φ( ) 1, m
n mx C −
+ − = ∈   . 
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Since −
+ − ∈ 

1
0 11, ,m

n mC  (19) implies the existence of a unique [ ]∈1 0,n n  such 
that 

] [ ( )
( )− −− − − −

+ − + − + − + − + − −
 ∈ + = + + 

1 1 1 1 1

1 11 1 1 1
0 2 1 2 2 1 11, 1, .mm m m m

n m n m n m n m n mC C C C C  (23)

Noting that the first interval here coincides with the interval from (6) with 
= 0k  and = 1i n , and  0 0Φ( )x     L= − , by Theorem 3 (with = 0k  and = 1i n ), 

we find 
( ) = − = −1 0 1 1.v x n n n n  (24)

If =1 0n , then, by virtue of (2) (and (23) ), ( ) ( ) ( )= =…= =2 3 0mv x v x v x .

4.2. Evaluation of ( )2v x

Now, knowing ≤ ≤11 n n, we set = −1 0 1m m , −
+ − + −′ = = = 1

1 1 1

1
1 1 2 1

m m
n m n mL L C C  , 

and ′= − 1 0 1L . By (23), −
+ −′ ′ ∈ + + 

1

1 1

1
0 1 1 11, m

n mL L C , and so, −
+ − ∈ 

1

1 1

1
1 11, m

n mC . 
From (19) (with n  replaced by 1n  and m  — by 1m ), we obtain a unique num-
ber [ ]∈2 10,n n  such that 

] [ ( )
( )− −− − − −

+ − + − + − + − + − −
 ∈ + = + + 

11 1

2 1 2 1 2 2 2 1

1 11 1 2 2
1 2 1 3 3 1 11, 1, .mm m m m

n m n m n m n m n mC C C C C  (25)

The first interval here is of the form − − − −
+ − − + − − + 2 2

1 1 1 1
1 2 1 11,m m

n m n mC C  and coincides 
with the interval from (6) with =1k  and = 2i n , equality (24) holds with 
≤ ≤ =1 01 n n n , and ( )1 1Φ x     L= − . By Theorem 3 (with =1k  and = 2i n ), we 

get 
( ) = −2 1 2.v x n n  (26)

If =2 0n , then by (2) and (24) , ( ) ( ) ( )= =…= =3 4 0mv x v x v x .

4.3. Evaluation of ( )3v x

Knowing ≤ ≤2 11 n n , we set = − = −2 1 1 2m m m , −
+ − + −′ = = 2

2 2 2

2
2 3 1

mm
n m n mL C C , 

and ′= − 2 1 2L . By (25), −
+ − ′ ′∈ + + 

2

2 2

1
1 2 2 11, m

n mL L C , and so, −
+ −

 ∈ 

2

2 2

1
2 11, m

n mC . 
By (19) (with n  replaced by 2n  and m  — by 2m ), there is a unique number 

3n  from [ ]20,n  such that 

( )
( )− −− − − −

+ − + − + − + − + − −
  ∈ + = + +   

22 2

3 2 3 2 3 3 3 2

1 11 1 3 3
2 2 1 4 4 1 11, 1, .mm m m m

n m n m n m n m n mC C C C C

The first interval here is of the form − − − −
+ − − + − − + 3 3

2 1 2 1
2 2 2 11,m m

n m n mC C  and coincides 

with the interval from (6) with = 2k  and = 3i n , ≤ ≤ ≤ =2 1 01 n n n n  , 
equalities (24) and (26) hold, and ( )0 1L L′ ′= − −2 1 2L′= −  =  

1 2

1 2
0 1 1 2 1 2Φ( ) .m m

n m n mC               C                     x     L− −
+ − − + − −= − − = −

 By Theorem 3 (with = 2k  and 
= 3i n ), we find = −3 2 3( ) .v x n n  If =3 0n , then by (2), (24), and (26), 

= =…= =4 5( ) ( ) ( ) 0mv x v x v x .
Now, we are in a position to present the general algorithm.

4.4. Recursive Algorithm for Restoring ( ) ( )…1 , , mv x v x

The initial input data (for = 0j ) is as follows: 
1

0 0 1 0 1 1 ,   ,   0,   and  , where Φ( ) 1, . m
n mn n m m L L x C −

− − + − = = = = = = ∈    
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Assume that, for [ ]∈ −0, 3 ,j m  we already know integers 

−≤ ≤ ≤…≤ ≤ =1 1 00 j jn n n n n , = −jm m j , ′ =0 0L , + −′ = 1
j

j j

m
j n mL C  if ≥1j , and 

 
1 1Φ( )j jx L− −= −  such that −

− + −
 ′− ∈ 

1
1 11, j

j j

m
j j n mL C , and we know that 

−= − = − … = −1 1 2 1 2 1� ( ) ,�� ( ) ,�� ,�� ( ) �j j jv x n n v x n n v x n n  (27)
(the previous line being treated as empty if = 0j ). In Sections 4.1—4.3, the 
validity of this assumption is explicitly verified for = 0,1,2j , respectively.

We set − ′= −  1j j jL . Since −
+ −

 ∈ 

1
11, j

j j

m
j n mC , by virtue of (19) (with 

n  replaced by jn  and m  — by jm ), there exists a unique +  ∈ 1 0,j jn n  such 
that4 

( ) ( )+ +

− −

+ − + −
 ∈ + =  



1 1

1 1

2 1
1,�j j

j j j j

m m
j n m n m

C C  (28)

( ) ( ) ( ) ( ) ( ) ( )
( )

+ + +

− −− −

+ − − + − − + − −
 = + +  1 1 1

1 11 1

1 1 1 1 1 1
1,� .jj j

j j j j j j

mm m

n m n m n m
C C C  (29)

The interval in (28) coincides with the interval from (6) with =k j  and 

+= 1ji n ; we have equalities (27) with −≤ ≤ ≤…≤ ≤ =1 1 00 j jn n n n n , and 
 ( )1 1 1Φ( ) Φ( ) .

j

m j
j j j j n m j jL x L C x L−

− − + − −′= − = − − = −   (30)

By Theorem 3 (with =k j  and += 1ji n ), we get + += −1 1( ) .j j jv x n n  If + =1 0jn , 
then, by (2) and (27), + =…= =2( ) ( ) 0j mv x v x , so we may assume that + ≥1 1jn

 
. 

Now, we set + = −1 1j jm m  and ( ) ( )
+

+ +
+ + −
′ = 1

1 1
1 1

j

j j

m
j n m

L C  (cf. (29)), note that (30) 
holds and, by (29), 

( ) ( )
( )+

+ +

−
+ + −

 ′− ∈  


1

1 1

1
1 1

1,� .j

j j

m
j j n m

L C

Thus, our assumption (preceding (27)) holds with j  replaced by +1j . 
We set + +′= − 1 1j j jL , take into account equality  

1 1Φ( )j jx L+ += −  (which 
follows from (30) ), and repeat the whole procedure once again.

Putting successively = … −0,1,2, , 3,j m we obtain integers 

− −≤ ≤ ≤ ≤ ≤ =2 3 1 00 ...m mn n n n n, and so, integers −…1 2, , mL L , and 
 ( )1 1 2 2 2 2 2 ,  ,  ,  Φ . m m mL L L x L− − −= − = − … = − = −       By Theorem 3, we 
conclude that 
( ) [ ] ( ) ( ) ( )1 2 1 2    1, 2 ,   1,   and  . j j j m m m m mv   x      n        n       j         m            v    x                               v      x      n         v     x− − − −= − ∀ ∈ − = − = −

Let us verify that if ∈x X  satisfies conditions on the previous line, then 
 ( )Φ x = . In fact, by virtue of (5) and (15) , we have 

( ) ( ) ( )
−

−
+ − − − −

=

= + + = + − + =∑ 

2

1 2 2
1

1 1 1
j

m
m j
n m j m m m

j

x C v x LΦ

( )− −= + − − + = 2 2 1 1 .m mL L
 (31)

Remark. Equalities for ( )−1mv x  and ( )mv x  may also be written in 
the form ( )− − −= −1 2 1 �m m mv x n n  and ( ) −= −1 .�m m mv x n n  It suffices to denote 

[ ]−∈ 20, mi n  in (17) by −= 1mi n  and note that, by (16), ( )− =1m mn v x , and so, 
= 0mn . 

Let us illustrate the above algorithm by an example (with small 
dimensions).

4 For the sake of better (nonambiguous) readability, number +1jn  is written as ( )+1jn .
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Example 1. Let =11n  and = 6m , so that = 11[1,6]X  and 
−
+ −= = = =* 1 5

1 16 4368m
n ms X C C . We are going to restore the indifference class 

2202X  under −= =1 5mP P P  (corresponding to ∠*
11), i.e., ( )= … ∈1 11, ,x x x X  

such that ∈ 2202x X  (or = ( )xΦ  with = 2202 ). For this, we evaluate the 
quantities …1 6( ), , ( )v x v x .

Since intervals at the right-hand side in decomposition (19) are 
adjacent, we calculate only the right endpoints −

+ −
1

1
m
i mC  for = …0, ,i n, noting 

that −
− =1

1 1m
mC  (for = 0i ) and − =1m

mC m  (for =1i ).
Step 1. Set =11n , = 6m , and [ ]= ∈0 2202 1,4368 . The right end-

points are of the form −
+ − +=1 5

1 5
m
i m iC C , = …0, ,11i , and assume the values5: 

i 0 1 2 3 4 5 6 7 8 9 10 11

+
5

5iC 1 6 21 56 126 252 462 792 1287 2002 3003 4368

It is seen from the table that =0 2202 belongs to [ ]+2002 1,3003  , 
which corresponds to =10i . Thus, ′ =1 2002L , =1 10n , and ( ) = − = − =1 1 11 10 1v x n n

( ) = − = − =1 1 11 10 1v x n n  .
Step 2. Set = =1 10n n , = − =6 1 5m , and ′= − = − = 1 0 1 2202 2002 200L

′= − = − = 1 0 1 2202 2002 200L , so that [ ]∈1 1, 1001 . The right endpoints −
+ − +=1 4

1 4
m
i m iC C , [ ]∈ 0, 10i , are 

given by 

i 0 1 2 3 4 5 6 7 8 9 10

+
4

4iC 1 5 15 35 70 126 210 330 495 715 1001

Number =1 200  belongs to the interval 126+1, 210  , which corre-
sponds to = 6i . It follows that ′ =2 126L , =2 6n , and = − = − =2 1 2( ) 10 6 4v x n n .

Step 3. Set = =2 6n n , = − =5 1 4m , and ′= − = − = 2 1 2 200 126 74L , 
and so, [ ]∈2 1, 84 . The right endpoints −

+ − +=1 3
1 3

m
i m iC C , [ ]∈ 0, 6i , are as follows: 

i 0 1 2 3 4 5 6

+
3

3iC 1 4 10 20 35 56 84

Number =2 74  belongs to the interval 56+1, 84  , which corre-
sponds to = 6i . Hence, ′ =3 56L , =3 6n , and ( ) = − = − =3 2 3 6 6 0v x n n .

Step 4. Set = =3 6n n , = − =4 1 3m , and ′= − = − = 3 2 3 74 56 18L  , 
which implies [ ]∈3 1, 28 . The right endpoints −

+ − +=1 2
1 2

m
i m iC C , [ ]∈ 0, 6i , are 

given by 

i 0 1 2 3 4 5 6

+
2

2iC 1 3 6 10 15 21 28

Number =3 18  belongs to the interval 15+1, 21  , which corre-
sponds to = 5i . Hence, ′ =4 15L , =4 5n , and ( ) = − = − =4 3 4 6 5 1v x n n .

5 In computing binomial coefficients, the reduction formula ( ) ( )1 1 / 1  k k
n nC n C n k+ = + + − , [ ]0,k n∈ , is efficient. For 

instance, if 6i =  (see the table), we have ( )5 5
11 1011/ 6 11 252 / 6 462C C= = × = .
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Step 5. Set ′= − = − = 4 3 4 18 15 3L . Noting that −= 4 2m  and 

−=4 2mn n  with the initial value = 6m , we conclude that = − = − =6 4( ) 1 3 1 2v x  , 
and ( ) = − = − =5 4 6( ) 5 2 3v x n v x .

Thus, =1( ) 1v x , =2( ) 4v x , =3( ) 0v x , =4( ) 1v x , =5( ) 3v x , and =6( ) 2v x  , 
i.e., ( ) ( )= =* 1 4 0 1 3 21 ,2 ,3 ,4 ,5 ,6 1,2,2,2,2,4,5,5,5,6,6 .x  Finally, let us calculate 
the value ( )xΦ  by means of (5). Since =1( ) 1V x , =2( ) 5V x , =3( ) 5V x , =4( ) 6V x  , 

=5( ) 9V x  (and =6( ) 11V x ), we get (cf. (31)) 

Φ
 

( )
−
− + − −

=

= + = + + + + + =∑
5

6 5 4 3 2 1
14 9 8 6 211 6 1

1

( ) 1 1
j

j
V x j

j

x C C C C C C

′ ′ ′ ′= + + + + + = + + + + + =1 2 3 4 6( ) 1 2002 126 56 15 2 1 2202.L L L L v x

5. Restoring Indifference Classes for the Leximax
The restoring of indifference classes via their ordinal numbers 

under the leximax preference ordering ∠*n  of =[1, ]nX m  (corresponding 
to the dual threshold preference order −= 1mP P ) can be reduced to the case 
of ∠*

n  (and −= 1mP P ).
Let ] [→  : 1, 1,r m m  be the function given by ( ) = − +1r j m j , [ ]∈ 1,j m  

(this function ‘reverses’ the natural order of [ ]1,m ). Define the vector-func-
tion = →: [1, ]nX m Xr  by ( ) ( ) ( )( )= …1 , , nx r x r xr , ( )= … ∈1, , nx x x X . Clearly, 

( )( ) =r r j j  for all [ ]∈ 1,j m , and ( )( ) =x xr r  for all ∈x X . Furthermore 
(Aleskerov, Chistyakov, 2013b; Aleskerov et al., 2010b), given [ ]∈ 1,j m  and 
∈x X , we have 

( )( ) ( ) ( )= ,j r jv x v xr  (32)

( ) ( )( )=v x v xr , ( ) ( )=*
*( )x xr r , and ( ) ( )= *

* ( )x xr r .

Suppose −
+ − ∈ 

1
11, m

n mC  is given (note that ( ) −
+ −≡ = = 1

* 1
m

P n ms s X X C  if 

−= 1mP P ). In order to restore the class 


X  (i.e., ∈x X  such that  ( )Φ x =   
with  Φ given by Theorem 1 (B)), we make use of the following observation. 
Since, for [ ]∈ 1,j m  and ∈x X  (cf. (32)), 

 
( )( ) ( )( ) ( ) ( ) ( ) ( )− +

= = = = − +

= = = =∑ ∑ ∑ ∑1
1 1 1 1

,�
j j j m

j i m i kr i
i i i k m j

V x v x v x v x v xr r

we have, by (2), ( )( ) ( )−− =j m jn V x V xr , and so, (5) and Theorem 1 (B) imply 

( ) ( ) ( )

1 1

1 1
1 1

Φ ( ) 1 1
m j i

m m
m j i
V x m j V x i

j i
x C C

−

− −
−

+ − − + −
= =

= + = + =∑ ∑r

1 1
1 1Φ( ) 1 1.m m

n m n mC x C− −
+ − + −= − + = − +

 (33)

We set −
+ −= − + 

1
1 1m

n mC . Since −
+ − ∈ 

1
11, m

n mC , we find, from (33), 
 ( )( ) 1

1Φ 1, .m
n mx C −
+ − = ∈  r 

 (34)
Making use of the algorithm from Section 4.4 and taking into 

account (34), we restore the values (32) for all = …1, ,j m  (i.e., … 1( ), , ( )mv x v x ).

Journal NEA,
No.  3 (39), 2018, 
p. 6–23

V.V. Chistyakov, K.O. Chumakova



21

Let us illustrate this procedure by an example.
Example 2. As in Example 1, we assume that =11n , = 6m , = 11[1, 6]X  , 

and so, −
+ −= = = =1 5

* 1 16 4368m
n ms X C C . Let us restore the indifference class 

2202X  under −= =1 5mP P P  (corresponding to the leximax ordering ∠*11), i.e., 

( )= … ∈1 2 11, , ,x x x x X  such that  Φ( )x =   with = 2202. In order to do this, we 
evaluate the quantities ( )=6 1( ) ( )rv x v x , …, ( )=1 6( ) ( )rv x v x .

We set −
+ −= − + = − + = 

1
1 1 4368 2202 1 2167m

n mC , and ( ) = −7r j j  if 

[ ]∈ 1, 6j . As in Example 1, we calculate only the right endpoints −
+ −

1
1

m
i mC  in 

the decomposition (19) for = …0, ,i n , whose values, for the first four steps 
below, are presented in the corresponding tables in Example 1.

Step 1. Set =11n , = 6m , and [ ]= ∈0 2167 1, 4368 . Since 

[ ]∈ +0 2002 1, 3003  (which corresponds to =10i ), we have ′ =1 2002L , 
=1 10n , and, by virtue of (32), ( ) ( ) ( ) ( )( )= = = − = − =6 1 11 11 10 1rv x v x v x n nr .

Step 2. Set = =1 10n n , = 5m , and ′= − = − = 1 0 1 2167 2002 165L , so 
that [ ]∈ +1 126 1, 210  (corresponding to = 6i ). We find ′ =2 126L , =2 6n , 
and, by (32), ( )= = − = − =5 1 22( ) ( ) 10 6 4rv x v x n n .

Step 3. Set = =2 6n n , = 4m , and ′= − = − = 2 1 2 165 126 39L , and so, 

[ ]∈ +2 35 1, 56  (which corresponds to = 5i ). Hence, ′ =3 35L , =3 5n , and, by 
(32), ( ) ( ) ( )= = − = − =4 2 33 6 5 1rv x v x n n .

Step 4. Set = =3 5n n , = 3m , and ′= − = − = 3 2 3 39 35 4L . We have 

[ ]∈ +3 3 1, 6  (which corresponds to = 2i ), and so, ′ =4 3L , =4 2n , and, by 
(32), ( ) ( ) ( )= = − = − =3 3 44 5 2 3rv x v x n n .

Step 5. Set ′= − = − = 4 3 4 4 3 1L . Noting that −= 4 2m  and −=4 2mn n  
with the initial value = 6m , we conclude that ( ) ( ) ( )= = − =1 46 1 0rv x v x , and 

( ) ( ) ( ) ( )= − = − =2 4 4 16 2rv x n v x n v x .
Thus, ( ) =1 0v x , ( ) =2 2v x , ( ) =3 3v x , ( ) =4 1v x , ( ) =5 4v x , and 

( ) =6 1v x , i.e., ( ) ( )= =* 0 2 3 1 4 11 ,2 ,3 ,4 ,5 ,6 2,2,3,3,3,4,5,5,5,5,6 .x  Let us calcu-
late the value 

 
( )Φ x  by means of formula in Theorem 1 (B). Since ( ) =1 0V x , 

( ) =2 2V x , ( ) =3 5V x , ( ) =4 6V x , ( ) =5 10V x  (and ( ) =6 11V x ), we get 
 
( ) ( )

5
6 1 5 1 2 3 4 5
11 6 1 16 0 3 7 9 141

1

Φ
j

j
V x j

j

x C C C C C C C C−
+ − + −

=

== − = − − − − −∑
( ) ′ ′ ′ ′= − − − − − = − − − − − =1 4 3 2 14368 4368 0 3 35 126 2002 2202.v x L L L L

Remark. From (34) and (19), there is a unique [ ]∈ 0,i n  such that 
 ( )( )1 1

2 11 Φ ,m m
i m i mC x C− −
+ − + −+ ≤ ≤r  and so, by (33), we get ( )1 1 1 1

1 1 1 21 Φ .m m m m
n m i m n m i mC C x C C− − − −
+ − + − + − + −− + ≤ = ≤ −

( )1 1 1 1
1 1 1 21 Φ .m m m m

n m i m n m i mC C x C C− − − −
+ − + − + − + −− + ≤ = ≤ −  This gives rise to an idea of the following decomposi-

tion of the interval −
+ −  

1
11, m

n mC  into the disjoint union of (adjacent) natural 
intervals: 

− − − − −
+ − + − + − + − + −

=

   = − + −   
1 1 1 1 1

1 1 1 1 2
0

1, 1,� .U
n

m m m m m
n m n m i m n m i m

i

C C C C C
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Applied in place of (19), this decomposition may be used to develop 
an alternative recursive algorithm for restoring ( ) ( )…1 , , mv x v x  in the case of 
the leximax ordering ∠*n of =[1, ]nX m ; then, the case of the leximin order-
ing ∠*

n  of X  can be reduced to the former case by means of (33) written 
as  ( )( ) 1

1Φ 1m
n mx C −
+ −= − +r   with  ( ) 1

1Φ 1, m
n mx C −
+ − = ∈   . We omit further details. 
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Abstract. The goal of this study is to identify the causal relationships between 

the electricity price, its demand and the coal price on different time-scales for three 
markets: the zone Europe — Ural (EU) and Siberia (SI) of the Russian market ATS, and 
the English market — APX Power UK. The used methodology — multi-scale adaptive 
causal analysis — include empirical mode decomposition and Granger causality test. 
This allows moving from the research on the source data level to a more detailed level 
of the time-series components. Our results show that such well-known stylized facts, 
as the impact of demand weekly seasonality on the electricity price and co-directional 
long-term movement of electricity prices and the primary fuels prices are confirmed 
for ATS EU and APX markets, while for ATS SI we did not find sufficient evidence of 
these. In practical terms, this suggests the need to take into account various factors 
for the construction of electricity price models for forecast and risk control in these 
markets.

Keywords: electricity price, pricing mechanism, Granger causality, empirical mode 
decomposition.
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1. Introduction
Global world tendency to liberalization of electricity markets posed 

a number of the new non-trivial problems before the scholars and practitio-
ners in modeling, risk management and forecasting (Weron, 2006; Haldrup 
et al., 2010; Carmon, Coulon, 2014). The complexity of their solution 
depends mainly on the unique product to trade — electricity — as a con-
sumption commodity. It has some very special features: non-storable nature, 
coincidence of production and consumption time, high price volatility, 
sharp price outliers, short-time inelastic demand for price, mean-price 
reverting, different technologies for energy generating with principally dif-
ferent marginal costs. The specialties of electricity as a commodity are natu-
rally reflected in the price formation mechanisms. Pricing is a very impor-
tant aspect of electricity market functioning because of a branch being 
highly capital-intensive and long periods for building and electricity objects 
functioning.

In the classical economic pricing theory a demand is considered 
as one of the main factors influencing the electricity price. This factor is 

1 The reported study was funded by Russian Foundation for Basic Research (RFBR) according to the research project 
No. 16–06–00237 A.
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important for modeling electricity price (Pirrong, Jermakyan, 2008; Fuss et 
al., 2015).  On the part of supply a price is formed firstly under the influence 
of variable costs, determined at the thermal power plants by the expenses in 
fossil fuel resources — i.e. gas, coal and heat oil. At the same time many coun-
tries generate most part of electrical energy at the thermal power plants (in 
Russia its share is 65%, in Great Britain — 60%).

So, the equilibrium market price reflects not only the influence of 
demand for electricity, but also to a greater degree — the external determi-
nants — fuel prices. These fuel prices are often considered as fundamen-
tal drivers of electricity prices are (Pirrong, Jermakyan, 2008; Howison, 
Coulon, 2009; Fuss et al., 2015; Zachmann, 2013; Carmon, Coulon, 2014). 
In our research we shall be analyzing the influence of demand and fuel 
prices on electricity price. Thus, if the first indicator is an internal market 
factor, the second — the external factor, that can lead to shifting inverse sup-
ply curve to the right or to the left.

One of the methods of pricing mechanisms’ analysis in the electric-
ity market that was widely spread in literature is causal inference and its spe-
cial instrument — the Granger causality testing. It allows disclosing mutual 
influence of fossil fuel and electricity markets; the instrument was applied 
in a number of researches. (Ferkingstad et. al., 2011) showed that changing 
the coal prices (contrary to the case of gas prices) did not make contempora-
neous influence on the German electricity market. At the same time in the 
long run electricity prices in Germany and in the Scandinavian countries 
and the gas price in Great Britain correct each other before they are really 
balanced. In (Moutinho et al., 2011) the authors showed the long-term co-
integration vector, that can explain co-evolution of gas and electricity prices 
in Spain. In (Menezes et al., 2016) the authors conclude: when we observe 
a trend of electricity prices, it would highly likely reflect a trend in the fos-
sil fuel markets. Just so, one could find the influence of gas and coal prices 
dynamics on the prices of electricity in the APX British markets. 

Though Granger causality testing is the effective method of 
research, it is worth mentioning that analysis is based on the level of origi-
nal data. One can seldom find the attempts to explain the internal dynamics 
of the time-series under consideration for different time scales. As shown in 
(Uritskaya, Serletis, 2008; Alvarez-Ramirez, Escarela-Perez, 2010), electricity 
prices demonstrate the time-scale dependent behavior (short-term fluctua-
tions, medium-term dynamic breakthrough cases, long-term trends). These 
authors conclude that electricity markets should be analyzed using more 
detailed level — the models beyond monofractal approach.  

To fill these gaps in economic literature we propose the multi-scale 
adaptive causal analysis (Yu et al., 2015) based on the empirical mode 
decomposition of time-series (Huang et al., 1998; Wu, Huang, 2009; Torres 
et al., 2011). We analyzed three day-ahead electricity markets (DAM): 
price-zone Europe — Ural (ATS EU) and Siberia (ATS SI) at the Russian 
power exchange ATS in the period from 01.04.2011 till 31.12.2013 and 
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the British exchange APX Power UK during the period from 24.02.2014 
till 02.07.2016.

Our research differs from the earlier ones by the following new ele-
ments. Firstly, we assume the causality and direction of influence are time-
scale dependent. Secondly, we develop the idea of L. Yu and co-authors (Yu 
et al., 2015), but we use modern and more stable procedure of time-series 
decomposition into the empirical mode and take into account the statistical 
significance of the time-series components. We also use a modern method 
of trend-cyclic component filtering, proposed in (Afanasyev, Fedorova, 
2016). Thirdly, we draw our research (of the Russian markets) on the prices 
of thermal coal (brands “D”, “T” and “SS”), which are not published in the 
open press, that make similar researches more difficult in general case.

2. Research Methodology 
2.1. Multiscale adaptive causal analysis
Multiscale approach principally consists of two main steps (Afanasyev 

et al., 2015; Yu et al., 2015):
1) decomposition of the original time-series into a set of unobservable 

components with different oscillation periods;
2) applying different methods of analysis to the components (modes) 

recieved.
Modes should be either independent or weakly connected in the 

cross-scales for every component should reflect the influence of different 
internal factors, giving way to analyzing the complex mechanisms of their 
interactions.

At the first step one should use the procedure of the observable 
time-series decomposition into the latent components: trend, cyclical, sea-
sonal, noise. The most frequently used methods for that may be Fourier 
transform and wavelet decomposition.

Unfortunately, both are characterized by some shortages: it cannot 
deal both — with nonstationary and nonlinear time-series, as well as has the a 
priori defined decomposition basis. Empirical mode decomposition (EMD), 
proposed by (Huang et al., 1998), allows to overcome these issues. EMD is a 
very local and highly data-adaptive method; so it requires no assumption on 
stationarity and linearity, no a priori defined decomposition basis. 

On the second step one carries the analysis of the components 
obtained. Here different econometric instruments may be used. So, to get 
an answer to the question, how the demand and a price in the electricity 
market is connected in different time scales, D. Afanasyev (Afanasyev et al., 
2015) calculated time-dependent intrinsic correlation (Chen et al., 2010). 
In (Yu et al., 2015) the authors use linear and nonlinear Granger causality 
test for detecting spill-over effects between the European emission allow-
ances market and the Brent-oil market. In this article we propose the idea of 
multi-scale adaptive causal analysis, which we use here for analyzing pricing 
mechanisms in the electricity market.  

Journal NEA,
No.  3 (39), 2018, 
p. 25–42



28

2.2. Empirical mode decomposition
Empirical mode decomposition (Huang transform) allows getting 

the original time-series in the intrinsic mode functions (IMF). The IMF sa-
tisfies two conditions (Huang et al., 1998):

1) a number of extremums and zero-crosses should be equal or differ, 
but not exceeding 1;

2) at any moment the mean of envelope based on the local maximums 
and envelope  based on local minimums, is equal to zero.
In (Huang et al., 1998) the authors proposed the following algo-

rithm IMFs extraction from the observed time-series xt.
1. Initialize a procedure, assuming decomposition residual =0, ,t tr x  

while the first IMF index i = 1.
2. Extract IMF with number i (this procedure is called “sifting”):

a) define = =0, , ,�  1t i th r k  (h – IMF candidate);
b) find local maximums and minimums of hk–1,t;
c) interpolate local maximums and minimums by cubic spline 

and determine upper uk–1,t, lower lk–1,t  and envelope hk–1,t 
correspondingly; 

d) calculate mean value of envelopes mk–1,t = (uk–1,t + lk–1,t) / 2;
e) subtract from hk–1,t the calculated mean values hk,t = hk–1,t – mk–1,t;
f) if hk,t does not satisfy IMF definition (see above), than increment 

k = k + 1 and move to the step 2.b. In the opposite case define the 
intrinsic mode function IMFi,t = hk, t and move to step 3.

3. Calculate the residual ri,t = ri–1, t – IMFi, t.
4. If ri,t has two or more extremums, than increment i = i + 1, and move 

to step 2. In the opposite case the procedure is stopped, and ri,t is 
defined as the decomposition residual Rt of the time-series xt.
Thus, in iterative construction the algorithm consists of the upper 

and lower envelopes at the extremums of the time-series with the following 
subtracting of their local mean (i.e. mean in every point of a time-series) 
from xt (or from the residual ri,t of the current step). In practice sifting 
routine (see step 2 of algorithm above) is being repeated until the Cauchy 
type stoppage criteria would be reached: − −= − < δ∑ 2 2

1, , 1,  /   ,( )k k t k t k t
t

SD h h h  
where δ is the user defined level of tolerance, which is usually chosen less or 
equal to 0.05.

The original time-series xt may be reconstructed as a sum of all 
IMFs and residual rt. While the IMF index increased the mode frequency 
is reduced. That is why IMF characterizes the internal dynamics of the con-
sidered time-series at different time scales: from short-term (several first 
IMFs indexes) to long-term (several last IMF's indexes and decomposition 
residual).

It is important to note that IMF satisfies orthogonal condition only 
empirically. This condition is imposed on the basis functions of the time-
series decomposition in mathematically more rigorous approaches (for 
example Fourier transform or wavelet decomposition). The term «empiri-
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cally» implies that scalar product of two modes would not always be equal 
to zero, but would always be small enough to neglect. In this sense the com-
ponents are independent (quasi-orthogonal), and this is why they reflect 
different internal drivers of time-series dynamics and is an interesting object 
of research. 

In a number of recent researches the authors proposed EMD 
modifications, which could partly overcome a problem of mode mixing of 
described above sifting routine: the different oscillation frequencies can 
be localized in single mode or single frequency can be distributed in dif-
ferent modes. The authors Z. Wu and N. Huang (Wu, Huang, 2009) intro-
duced ensemble empirical mode decomposition (EEMD): to the original 
time-series N white Gaussian noise realizations is added, a EMD routine 
is carried for every noise-polluted trajectory, while the resulting IMFs can 
be reached by ensemble averaging. In (Torres et al., 2011) the authors pro-
posed complete ensemble empirical mode decomposition with adaptive 
noise (CEEMDAN). CEEMDAN as compared to EEMD adds noise not to 
the original time-series xt

, but to the residual ri–1, t, obtained at every iteration 
of EMD routine. In this case, it is not the noise itself used, but its i-th mode 
(i.e. time scale) obtained through the EMD. So, the noise in CEEMDAN is 
adaptive and does not produce additional input into the original signal, 
since its influence is averaged at every step of the routine.

Following (Torres et al., 2011; Colominas et al., 2012), let us denote 
by  ( )E   the i-th IMF extraction operator ( =0( )t tx xE ), while IMFi,t  is mode, 
which is found using CEEMDAN. Taking r0, t = xt, =1i , this method may be 
presented as the following algorithm.

1. Extract the first mode for K realizations of the white noise 
+α–1,� –1 – ,1( ),� ki t i i tnr E  where α –1i  is a ratio of noise to signal variation, 

while ( ), 0, 1 .k t Nn  Find mode i of the original signal as ensemble 
average:

− − −= + α∑, 1 1, 1 1 ,( ) ( ( )). 1/  i t i t i i k t
k

IMF k E r E n  

2. Calculate residual  −= −, 1, , .i t i t i tr r IMF
3. If   ,i tr  has at least two extremums, we repeat the routine for  = +1.i i

It is worth to note that the decomposition residual tr  of CEEMDAN 
is practically equal to zero, hence we does not take it into account further. 
The last mode ,i tIMF  (and in some cases there will be several last modes) is 
either a monotonous curve, or has not more than one extremum. Though 

,i tIMF  in this case is not strictly an intrinsic mode function (see above the 
necessary conditions), but in the original work (Torres et al., 2011) as well as 
in some other researches the authors use the term “mode function” still. An 
example of IMFs, obtained by CEEMDAN, is shown in the Figure 1.

In (Colominas et al., 2012) it was shown that CEEMDAN is stable to 
the amplitude change of added noise. The precision of restoring the origi-
nal signal does not depend on signal-to-noise ratio (SNR), while the global 
minimum of signal reconstruction error founded at α = 0,2 . CEEMDAN 
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also demonstrates highly effective computing resources usage, because of 
much less number of iterations at sifting, than EEMD. Taking these facts 
into account, we use CEEMDAN for extracting of IMFs. 

Though methodology of our research in general is based on the 
idea, proposed in (Yu et al., 2015), it is worth noting the added value of this 
paper. Firstly, we use CEEMDAN — a more advanced modification of decom-
position algorithm which solves some issues of classic EMD.  Secondly, we 
exclude modes statistically equal to noise. To do this we use a test, proposed 
earlier by (Flandrin et al., 2004). Thirdly, to obtain long-term component 
from the original time-series we use detrending procedure, proposed ear-
lier in (Afanasyev, Fedorova, 2016)2.

2.3. Granger causality test
If the historic information about weak stationary time-series xt helps 

predicting of another weak stationary time-series yt one should state that xt 
is Granger-cause yt (Granger, 1969). Mathematical definition is formulated 
out of the adverse statement:  xt  is not the Granger-cause for yt  if equation 

+ += *
1 1   ,( | ) ( ) |t t t tPr y I Pr y I  where Pr is conditional (on information set) 

probability distribution of time-series yt; and = … …1 1 , , , },{  ,  t t tI x x y y  is a 
full information set till the moment t, while = …*

1 } , ,{   t tI y y  is an informa-
tion set without information on the process xt  till the moment t.

To test the bi-directional Granger causality the following procedure 
can be used.

1. We make the Dickey—Fuller unit root test for considered time-
series at the levels. If a test does not decline the null hypothesis at 1% level, 
we move to a higher level of differences. The procedure is repeated until the 

Figure 1

Empirical mode decomposition obtained by CEEMDAN (example of electricity price in 
Europe — Ural price zone of the Russian market)

100 200 300 400 500 600 700 800 900 1000
6.4
6.6
6.8
7
7.2
7.4

−0.1
0
0.1

IM
F 1

−0.05
0
0.05

IM
F 2

−0.1
0
0.1

IM
F 3

−0.1
0
0.1

IM
F 4

100 200 300 400 500 600 700 800 900 1000
−0.1

0
0.1

IM
F 5

−0.1
0
0.1

IM
F 6

−0.1
0
0.1

IM
F 7

−0.1
0
0.1

IM
F 8

−0.1
0
0.1

IM
F 9

100 200 300 400 500 600 700 800 900 1000
6.8
7
7.2

IM
F 10

El
ec

tr
ic

it
y

pr
ic

e

2 The description of methodological aspects of IMF testing and trend filtration requires the extended account. That is 
why to decrease the article we propose to learn the works enumerated.
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stationarity is confirmed and the new integration (difference) orders Ix and 
Iy are defined. For the further analysis we chose common integration order I 
= max(Ix, Iy) and transform series xt и yt accordingly.

2. We than estimate vector autoregression model (VAR) for P lags 
from 1 to 30:

0 0  ,  ,t i t i i t i t t i t i i t i t
i i i i

y a a y b x u x c c x d y v− − − −= + + + = + + +∑ ∑ ∑ ∑
where i = 1,…, P, while ut and vt are the independent and identically dis-
tributed model errors with zero mean and constant variation. Using Akaike 
information criterion (AIC) we select optimal lag PAIC, minimizing AIC.

3. To adequacy check of VAR(PAIC) model, estimated at the previous 
step, we make Breusch—Godfrey test for the residuals, which null hypoth-
esis states — the residuals are not serial correlated. If test’s p-value is less 
than 5%, we decline H0, re-estimate model parameters and test the residuals 
autocorrelation for a model with increased number of lags PBG = PAIC + 1. A 
number of lags we denote PBG ≥ PAIC for which we cannot observe autocor-
relation of residuals.

4. To test Granger causality we perform F-test on the joint equality to 
zero the coefficients of VAR(PBG) model for two cases:

H0: xt is not the Granger-cause for yt, i.e. bi = 0, i = 1,…, PBG;

H0: yt is not the Granger-cause for yt, i.e. bi = 0, i = 1,…, PBG.

3. Data
In this research we considered three electricity day-ahead markets: 

price-zones Europe — Ural (ATS EU) and Siberia (ATS SI) at the Russian 
power exchange ATS in the period 01.04.2011 — 31.12.2013 as well as British 
market APX Power UK in the period 24.02.2014 — 02.07.2016. Choice of 
these periods is made mainly by the availability of data reason.

The daily averaged buying electricity price (for 24 hour trading 
periods) was used for the Russian market provided by the Administrator of 
Trading System (ATS Ltd.3) published in the web-site “ATS” Ltd. We consider 
every price zone (ATS EU and ATS SI) as an independent market because 
of their geographical remoteness, differences in fuel-mix for the electric-
ity generation while neglecting electricity transmission between them. We 
use arithmetical mean of 24 hours’ values of its forecast as an indicator 
of demand, available at the site of «System Operator of the United Power 
System», Joint-stock Company (SO UPS, JSC)4. 

The fuel-mix of the thermal power generation in the Russian elec-
tricity branch is represented by two main types of fossil-fuel: gas and coal. 
According to IEA data during 2011—2013 about 49% of electricity genera-
tion was of gas, and 15.5% was of coal5. But we did not include gas into our 
research, and analyzed only the coal market; and there were three reasons 
for that.

3 «SO UPS», JSC: wholesale market of electricity and power (http://br.so-ups.ru/).

4 «SO UPS», JSC: wholesale market of electricity and power (http://br.so-ups.ru/).

5 See Report of the International Energy Agency. (https://www.iea.org/statistics/statisticssearch/report/?country=
Russia&product=electricityandheat).
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Firstly, there is a state monopoly on gas trade while its price for 
the industry companies is defined by The Federal Tariff Service. They are 
revised not more than two times a year. That is why we can expect that in 
the short- and medium-term periods we shall not see their influence. At the 
same time the slow varied gas price defines only long-term equilibrium elec-
tricity price.

For qualitative verification of this assumption we had extracted a 
long-term component of electricity price (using empirical modes decom-
position based on CEEMDAN algorithm (Afanasyev, Fedorova, 2016)), fil-
tered it away from the original time-series and computed linear correlation 
between gas price and the obtained short-term component of electricity 
price. Correlation coefficient was insignificant at 10% for both markets, and 
reached 0.02 for ATS EU, and 0.04 — for ATS SI. Let us note the fact that 
in the price zone Siberia correlation between long-term components of gas 
price and electricity price turned to be significant at 1% level, but is weak 
enough (correlation coefficient is equal to 0.38). 

Secondly, decomposition procedure of stepwise time series of gas tar-
iffs, though technically allowing to extract intrinsic components, but their 
interpretation and real internal mechanisms of tariff pricing are doubtful.

Thirdly, our research is focused primarily on the market pricing 
mechanisms (but not on monopoly) that are more interesting from the sci-
entific and practical points. 

Data on coal prices was granted to us by one of the largest inter-
national analytical agencies, but we do not disclose here the name on its 
demand. There is no coal trade in Russia at any centralized commodity 
stock-exchange that is why the agency is forming the price by question-
ing the major actors in the market. We used available data for the largest 
Russian regions: Leningrad, Moscow, Ryazan, Smolensk and Sverdlovsk 
Oblasts (price zone Europe — Ural), as well as Kemerovo, Novosibirsk and 
Tomsk Oblasts (price zone Siberia).

The prices include the averaged transportation costs (half-carriage 
rent). For every price zone we used three most popular brands of the ther-
mal coal in Russia: “D”, “T” and “SS” (in growing calories’ values). We used 
as a proxy-price the arithmetic average of different brands coal prices, 
which were used in the corresponding regions of price zones Europe—Ural 
and Siberia, because their usage is different in the regions, while a coal con-
sumption data in the regions was not available for us.

We used daily spot index as an electricity price on the British mar-
ket (APX also call it the “basу-load price”), which is arithmetic average of 
48 half-hour prices weighted by the volume. Weighting is carried for three 
types of contracts: half-hour, 2-hour and 4-hour block contracts6. As proxy 
to electricity demand we used arithmetic average of 48 half-hour values of 
indicated demand7. 

The structure of thermal generation in Britain consists mainly of gas 
and coal. For all that, according to Energy and Climate Change Committee 

6 Data in the adapted form may be found at https://apxgroup.com 

7 Data found at http://bmreports.com/ 
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(ECCC) in 2014 both types of fuel generated about 30% of electricity8. To 
support the logics of our research, we considered only coal market for UK, 
since we included only coal market research for Russian. Data on coal prices 
for Russia was received from Quandl9; it is futures’ API2 CIF ARA price 
(continuous contract MTF1, front month of delivery). Coal prices were con-
verted from USD to GBP10.

 8 See iconographic — at the official site of UK Government (https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/449424/Chapter_5_Electricity.pdf). 

  9 See https://quandl.com/data/chris/cme_mtf1.
10 Exchange rate of the Bank of England (http://bankofengland.co.uk/).

Figure 2

Electricity and coal prices time-series (log-transformed) in the markets Europe—Ural (ATS EU), 
Siberia (ATS SI) and APX

Figure 3

Electricity prices and demand time-series (log-transformed) in the Europe—Urals (ATS EU),  
Siberia (ATS SI) and APX markets
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Following the multiplicative model of electricity price with expo-
nential supply curve, proposed in (Pirrong, Jermakyan, 2008), we carried 
out the log-transformation for prices, but left the demand in the original 
scale. Figures 2 and 3 show the time-series of electricity and coal prices, as 
well as demand (for illustration purpose the demand is scaled in such way 
that mean demand value is equal to the mean electricity price). Table 1 
shows descriptive statistics of the data.

4. Results 
Let us consider the results of the first stage of multiscale adaptive 

approach. The Figure 1 shows the examples of empirical modes decompo-
sition (CEEMDAN based) for electricity price in zone Europe—Ural in the 
Russian market. With the testing procedure proposed in (Flandrin et al., 
2004) we found that IMF1 and IMF2 are statistically equal to noise and thus 
are insignificant for our further analysis. We got the analogous results for 
the rest time-series.

Table 1

Descriptive statistics of electricity and coal prices (log-transformed) as well as demand 
for the Europe—Ural (ATS EU), Siberia (ATS SI) and APX Power UK markets

Statistics
Europe — Urals 

(ATS EU) Siberia (ATS SI) APX Power UK

E C D E C D E C D

Mean 6.90 7.67 86.47 6.47 7.22 23.30 3.69 3.69 26.63

Median 6.90 7.67 84.43 6.50 7.22 22.68 3.69 3.70 26.15

Standard deviation 0.11 0.02 10.46 0.15 0.04 2.96 0.13 0.12 2.90

Interquartile range 0.16 0.03 18.07 0.22 0.06 5.45 0.15 0.22 3.77

Variation coefficient, % 2 0 12 2 1 13 3 3 11

Asymmetry 0.19 –0.18 0.41 –0.47 –0.02 0.41 –0.16 –0.41 0.30

Excess kurtosis –0.33 –0.49 –1.06 –0.37 –1.12 –1.09 1.95 –1.06 –0.54

Jarque—Bera test, statistics 10.74 15.26 75.04 42.52 53.00 77.30 116.52 52.99 19.23

Jarque—Bera test, p -value 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Dickey—Fuller test, statistics –10.15 –2.61 –4.19 –10.20 –2.30 –1.77 –12.89 –2.02 –7.77

Dickey—Fuller test, p -value 0.00 0.29 0.00 0.00 0.44 0.71 0.00 0.58 0.00

Ljung—Box test, statistics 3900 5561 5250 3647 5866 5844 922 4116 1905

Ljung—Box test, p -value 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Notes. E — electricity price (log-transformed), C — coal price (log-transformed), D — demand (GW); 
H0 of Jarque—Bera test: sample from normal distribution with the unknown mean and variation; H0 
of Dickey—Fuller test: unit root vs. trend-stationary alternative; H0 of Ljung—Box test: no autocorrelation 
up to lag 12. Statistics for ATS EU and ATS SI are given for the period 01.04.2011 — 31.12.2013, for APX 
Power UK — 24.02.2014 — 02.07.2016.
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The oscillation period of modes from the 3rd till 8th varies from one 
week to four months while IMFs with the same indexes demonstrate nearly 
the identical oscillation periods. The results of trend-cyclical component 
extracting (Afanasyev, Fedorova, 2016) showed that modes with the periods 
more than four months are combined into long-term component. In that 
way, after the first stage of multiscale additive approach we got seven com-
ponents of every time-series, for which we further carry out causal analysis.

The Table 2 shows the results of Granger causality testing between 
price and electricity demand corresponding to the different time scales. 
As we can see all short-term modes are stationary, and their order of integra-
tion equals zero. The same is valid for mid-term modes with the period of 
one month. The order of integration of the modes with two month period 
and greater is not equal to zero (besides Siberia price zone on the Russian 
market). That is why we carried the corresponding transformations (dif-
ferences of the required range) for the further causal testing. Let us note 
that a number of VAR model lags founded through Breusch—Godfrey test 
is higher for the short-term modes as compared to medium-term modes.

Table 2

Multiscale adaptive causal analysis of the electricity price and demand 
in the Europe—Ural (ATS EU), Siberia (ATS SI) and APX Power UK markets

Time scare ADFE (I) ADFD (I) BG (p) FE FD
Influence  
direction

ATS EU

Original –10.71***

(1)
–9.08***

(1)
118.86

(26) 4.44*** 2.77*** E ↔ D

Short-term

< 1 week –19.97***

(0)
–24.21***

(0)
114.36*

(23) 5.56*** 1.61** E ↔ D

1 week –16.27***

(0)
–14.91***

(0)
161.05***

(30) 5.17*** 3.87*** E ↔ D

2 weeks –12.22***

(0)
–10.96***

(0)
94.73*

(19) 0.83 2.22*** E ← D

Medium-term
1 month –8.99***

(0)
–6.61***

(0)
65.77  
(16) 2.34*** 1.19 E → D

2 months –5.14***

(1)
–5.31***

(0)
25.15  

(6) 2.76*** 0.6 E → D

Long-term
6–12 months –4.51***

(1)
–4.22***

(0)
24.1  
(6) 3.67*** 1.54 E → D

> 1 year –4.39***

(2)
–5.75***

(0)
34.78  

(7) 0.17 1.14 E x D

ATS SI

Original –10.33***

(1)
–6.66***

(1)
55.2  
(12) 1.06 1.2 E x D
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Taking 5% as the acceptable level of significance and having ana-
lyzed F-statistics we come to the following conclusions regarding cause-and-
effect relations between the electricity price and electricity demand.

Time scare ADFE (I) ADFD (I) BG (p) FE FD
Influence  
direction

Short-term

< 1 week –15.48***

(0)
–23.2***

(0) 69.22 (14) 1.04 1.43 E x D

1 week –15.17***

(0)
–16.03***

(0)
132.76

(28) 0.66 0.49 E x D

2 weeks –11.66***

(0)
–10.91***

(0)
113.74

(24) 0.82 1.04 E x D

Medium-term
1 month –7.83***

(0)
–6.62***

(0) 33.79 (7) 1.3 0.87 E x D

2 months –5.37***

(0)
–7.23***

(1) 41.07 (11) 1.26 0.47 E x D

Long-term
6–12 months –4.76***

(1)
–4.16***

(0) 23.64 (7) 2.00* 1.07 E x D

> 1 year –3.99***

(2)
–3.94***

(0) 45.56 (8) 0.58 1.95* E x D

APX

Original –12.75***

(1)
–9.92***

(1)
56.91  
(14) 1.05 3.18*** E ← D

Short-term

< 1 week –13.53***

(0)
–20.19***

(0)
58.08  
(14) 0.72 3.22*** E ← D

1 week –10.57***

(0)
–12.93***

(0)
85.53  
(23) 1.19 3.72*** E ← D

2 weeks –9.17***

(0)
–8.75***

(0)
84.51  
(24) 1.33 3.96*** E ← D

Medium-term
1 month –6.62***

(0)
–6.03***

(0)
58.21  
(14) 0.58 1.57* E x D

2 months –4.89***

(1)
–5.6***

(0)
25.74  

(6) 1.75 0.7 E x D

Long-term
6–12 months –4.43***

(2)
–4.46***

(0)
27.15  

(5) 2.22** 0.36 E → D

> 1 year –5.84***

(4)
–7.06***

(4)
8.33  
(2) 1.19 0.56 E x D

Notes. Significance levels: «***» — 1%, «**» — 5%, «*» — 10%. Columns ADF show statistics of Dickey—
Fuller test, in brackets — an integration order I, for which the time-series is stationary at 1% of signifi-
cance; in column BG — LM-statistics of Breusch—Godfrey test; in brackets — a number of lags, included 
into VAR-model; in columns FE and FD — F - statistics of Granger causality test; in the last column — direc-
tion of influence on 5% level of significance. Analysis was carried for ATS EU and ATS SI for the period 
01.04.2011—31.12.2013, for APX Power UK — 24.02.2014—02.07.2016.

The end of table 2
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1. In the short-run demand is Granger-causality for electricity price 
in ATS EU and APX markets. This result shows that the short-term imbal-
ance between supply and demand may significantly impact electricity price. 
It is quite an expected result. Especially if we take into account that the sig-
nificant part of electricity generation in these markets is delivered by ther-
mal power plants for which the ability to use a reserve capacity is limited 
due to technological features. For one-week period the demand influence is 
explained by the seasonal features: in the weekend the consumption drops 
down, while the price is reduced accordingly.

At the same time the demand does not impact the electricity price 
significantly for the price zone Siberia in the Russian market. In our opin-
ion it is explained by fact that the significant part of generation in Siberia 
comes from hydro power plants which can flexibly change the operation 
regime, utilizing the "reserve" capacities to compensate imbalance between 
demand and supply. Note that in the zone Europe—Ural the causality is bi-
directional: changes in electricity price influence the demand also. This fact 
gives evidence to the consumers’ ability to relatively quickly change their 
demand for electricity.

2. We cannot find the demand influence on the electricity price in 
the medium-term in any market. We think such result can be explained by 
the ability of electric plants to utilize the necessary power reserves (or by 
themselves, or as a result of system operator regulations) in the time periods 
of one to two months,  independently on reference to generation structure 
of a specific market. This maneuver would make balance between genera-
tion and consumption in electricity market.

3. In the long-run the Granger causality can be found in the 6—12 
months oscillation periods corresponding to the intra-year seasonality of 
demand. Since we found the price impact on the demand and not vice versa, 
we may conclude that intra-year seasonality does not significantly influence 
electricity price in the considered markets. Granger causality was not found 
in trend-cyclic periods longer than one year. So, we can conclude that the 
long-term consumption changes do not impact significantly electricity price 
in ATS EU, ATS SI and APX markets.

It is important to note that results of Granger causality testing for 
the original (undecomposed) data do not always agree with the results for 
the components which have longer time periods, though one can expect 
that the later makes the major contribution in the time-series variations. 
This will give evidence to the fact that multiscale adaptive causal analysis 
allows to obtain more details from complex pricing mechanisms in the elec-
tricity market, concerning also the correlations on short- and medium-term 
periods, which can correct the overall result.

Table 3 shows the results of Granger causality testing between elec-
tricity and coal markets for the price time-series components attributed to 
different time scales. Taking (as before) 5% as the accepted level of signifi-
cance, we come to the following conclusions.
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1. In the short-run we could find the influence of coal price on the 
electricity market only in the price zone Siberia. This conclusion can be 
explained by two facts:

a) in general case the electric power plants form the coal reserves 
and sign medium-term contracts on coal supply. So, the coal price 
change does not influence the electricity price immediately (that is 
why we could not find its influence in ATS EU and APX markets); 

b) the major share of the thermal-power generation in Siberia comes 
from coal power station, that is why the spill-over of situation from 
coal market to electricity market comes much quicker that in two 
other considered markets.
2. In the medium-time period the coal prices do not influence the 

price of electricity. At the same time one can find the opposite direction of 
impact in the ATS EU market. It means that coal suppliers correct prices 
based on the electricity market conjuncture.

3. In the trend-cyclical scales of one year and more the coal prices 
significantly impact the electricity price in the ATS EU and APX markets; at 
the same time the influence has the opposite direction in the ATS SI mar-
ket. We consider the late is explained by the fact that though coal is the 
important fuel for electricity generation in Siberia but in the long-run the 
hydro-generation is the most influential; its share is about 60%, while coal 
suppliers need adaptation to the situation in the electricity market. 

Table 3

Multiscale adaptive causal analysis of the electricity and coal prices in the Europe—Ural 
(ATS EU), Siberia (ATS SI) and APX Power UK markets

Time scale ADFE (I) ADFC (I) BG (p) FE FC
Influence 
direction

ATS EU

Original –10.71***

(1)
–9.93***

(1)
97.39*

(19) 2.38*** 0.57 E → C

Short-term

< 1 week –19.97***

(0)
–22.19***

(0)
106.33*

(22) 0.86 0.46 E × C

1 week –16.27***

(0)
–14.3***

(0)
91.94*

(18) 1.25 0.89 E × C

2 weeks –12.22***

(0)
–11.6***

(0)
98.26 
(24) 1.26 1.27 E × C

Medium-term
1 month –8.99***

(0)
–7.77***

(0)
29.2 
(7) 2.77*** 1.11 E → C

2 months –5.14***

(1) –5.4*** (0) 25.2 
(6) 2.4** 0.88 E → C

Long-term
6–12 months –4.51***

(1)
–5.35***

(2)
26.73 

(5) 0.76 1.46 E × C

> 1 year –4.39***

(2)
–8.34***

(2)
39.75 

(8) 1.65 2.35** E ← C
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Time scale ADFE (I) ADFC (I) BG (p) FE FC
Influence 
direction

ATS SI

Original –10.33***

(1)
–9.14***

(1)
38.58 
(12) 1.21 2.22*** E ← C

Short-term

< 1 week –15.48***

(0)
–21.36***

(0)
53.16 
(15) 0.93 2.05*** E ← C

1 week –15.17***

(0)
–16.28***

(0)
115.34*

(24) 1.27 0.93 E × C

2 weeks –11.66***

(0)
–11.28***

(0)
112.86*

(23) 0.52 1.68*** E ← C

Medium-term
1 month –7.83***

(0)
–7.14***

(0)
64.43 
(15) 1.23 1.1 E × C

2 months –5.37***

(0)
–4.37***

(0)
33.21 

(7) 1.65 0.67 E × C

Long-term
6–12 months –4.76***

(1)
–3.94***

(0)
25.39 

(6) 0.55 0.8 E × C

> 1 year –3.99***

(2)
–3.91***

(2)
27.07 

(6) 2.88*** 0.56 E → C

APX

Original –12.75***

(1)
–7.93***

(1)
46.96* 

(9) 1.16 0.9 E × C

Short-term

< 1 week –13.53***

(0)
–18.87***

(0)
50.14  
(12) 1.06 0.77 E × C

1 week –10.57***

(0)
–14.52***

(0)
90.64*

(18) 0.9 0.82 E × C

2 weeks –9.17***

(0)
–9.17***

(0)
131.8*

(27) 0.86* 0.69 E × C

Medium-term
1 month –6.62***

(0)
–4.98***

(0)
50.79 
(11) 1.07 1.19 E × C

2 months –4.89***

(1)
–5.21***

(0)
42.85 

(9) 1.25 1.74* E × C

Long-term
6–12 months –4.43***

(2)
–3.91***

(0)
23.09 

(8) 3.18*** 0.42 E → C

> 1 year –5.84***

(4)
–7.17***

(4)
8.5 
(2) 1.16 3.99** E ← C

Notes. Significance levels: «***» — 1%, «**» — 5%, «*» — 10%. Columns ADF show statistics of 
Dickey—Fuller test, in brackets — an integration order I, for which the time-series is stationary 
at 1% of significance; in column BG — LM-statistics of Breusch—Godfrey test; in brackets — 
a number of lags, included into VAR-model; in columns FE and FD — F - statistics of Granger cau-
sality test; in the last column — direction of influence on 5% level of significance. Analysis 
was carried for ATS EU and ATS SI for the period 01.04.2011—31.12.2013, for APX Power 
UK — 24.02.2014—02.07.2016.

The end of table 3
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5. Conclusion
In this research we analyzed the problems of the internal and 

external determinants of electricity price, i.e. electricity demand and coal 
prices. We considered two price zones of the Russian market (Europe—
Ural — ATS EU and Siberia — ATS SI), as well as the British power exchange 
APX Power UK. Research methodology is a multiscale adaptive causal analy-
sis that includes the empirical mode decomposition and Granger causality 
test. The proposed approach allows us to move from studying the relation-
ships at the original data level to more detailed examination of the complex 
pricing mechanisms in electricity market at the different time scales.

Summarizing the obtained results we can conclude the following. 
Short-term electricity demand oscillations related to consumers’ business-
cycle influencing its price in the ATS EU and APX markets while in Siberia 
price zone this influence (relation) is absent. We also found very interesting 
phenomenon: statistically significant influence of price on demand for zone 
Europe—Ural while usually we can find a statement that in the short-term 
electricity demand is absolutely price inelastic. The intra-year seasonality of 
demand connected to natural climate cycles does not impact significantly 
the electricity price in considered markets. For the trend-cyclical time scale 
the same results were obtained.

We found the influence of coal price on the electricity price in the 
Siberia price zone at the short-run, but it was not found in ATS EU and APX 
markets. The first result is in line with the conclusions in (Ferkingstad et al., 
2011) where the authors showed an absence of the immediately spillover 
of situation from coal to electricity market. The second result is explained 
by the fuel structure of power generation at ATS SI, where coal is the major 
fossil fuel. Electricity price in ATS EU and APX markets is formed under the 
influence of coal prices dynamics at the trend-cyclical time scale. This con-
clusion agrees with the results of (Menezes et al., 2016), where the authors 
showed that electricity prices trend at APX highly likely reflects the trend in 
the coal market. At the same time in the price zone Siberia the coal influ-
ence was not found, because hydro-generation development in the long-run 
plays the major role in electricity generation.

Thus, we can state that pricing mechanism in the considered mar-
kets is complex; it depends on the analyzed time scales, and for each scale 
it is formed considering the specific features of market. For ATS EU and 
APX markets we could confirm such known stylized facts as the influence of 
weekly seasonality of demand on price and long-term co-direction of elec-
tricity prices and primary fuel, while we could not find the prove for this 
in the ATS SI markets.  From the practical points of view this evidences the 
need of considering different factors in electricity price forecasting models 
for different horizons as well as for risk management purpose.
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Using a Modified Erev—Roth Algorithm  
in an Agent-Based Electricity Market Model
Abstract.  Agent-based models (ABM) provide an important tool for analyz-

ing and predicting electricity markets behavior, making it possible to simulate activi-
ties of decentralized agents (e.g., producers and buyers) endowed with their specific 
objectives and available means. An ability to self-learn plays an important role in ABMs 
that simulate a bidding process at a wholesale market. Being engaged in repeated 
interactions agents progressively adapt to their environment and behaviors of their 
counterparts and learn to better predict the outcomes of their own actions. The paper 
presents a modified version of the original Erev—Roth reinforcement learning algorithm 
that factors in the distance between alternatives. The proposed modified algorithm was 
used as a learning tool for agents in an agent-based model, designed to simulate the 
day-ahead section of the Russian wholesale electricity market (Siberia price zone in par-
ticular). The substantial advantages of the modified algorithm over its original ver-
sion are highlighted. In particular, the modified algorithm is intrinsically interpretable, 
robust to a choice of discretization step and invariant to shifts of the payoff scale. On the 
whole, the proposed modified algorithm is altogether more flexible, than the original 
one. When the modified algorithm is used, it provides quite a good match between the 
simulated price dynamics and the actually observed market price dynamics.

Keywords: agent-based models, wholesale electricity market, day-ahead market, 
learning algorithms, Erev—Roth algorithm.
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1. Introduction 

The traditional economic models are premised on the assumptions 
that economic agents draw decisions on full and accurate information and 
behave rationally and that the underlying economy is in an equilibrium state. 
Other frequent assumptions include the homogeneity of economic agents 
and a symmetric equilibrium state. While the classic approach to modeling 
economic systems proves to be a very convenient one, it has always received 
a lot of just criticism. One can refer to the findings, displaying that some-
times people behave in real-life in ways, quite different from those assumed 
by the traditional economic models (see, for example, Kahneman, 2003).

The so-called agent-based models (ABMs) are free from the 
above said assumptions regarding full and accurate information, rational 
behavior and homogeneity of economic agents and equilibrium state of 
an economy, and represent a promising new type of modeling (Makarov, 
Bakhtizin, 2009; Makarov, 2012). ABMs are based on performing computer 
simulation experiments with artificial societies, so as to analyze and predict 
real-world developments. An artificial society is comprised of autonomous 

1 This study was supported by the Russian Foundation for Basic Research (project 18-010-00728).
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entities called agents. Agents draw their decisions according to some algo-
rithms and can be characterized by a limited rationality, an ability to self-
learn, to adapt to their environment and to reproduce the most beneficial 
behaviors.

The key advantages of agent-based simulations are especially evi-
dent when it comes to modeling foreign electricity markets (Weidlich, 
2008; Weidlich, Veit, 2008; Guerci, Rastegar, Cincotti, 2010; Ringler, Keles, 
Fichtner, 2016). When modeling a wholesale electricity market it is critical 
to keep in mind that agent (electric power generators and buyers) operate 
as autonomous entities, which constantly interact and do so in quite compli-
cated ways. The agents, operating at such markets, usually possess a certain 
degree of market power and they take this fact into account when choosing 
their actions. The agents are also responsive to their environment and rou-
tinely gather information concerning their own standing and a current mar-
ket situation. Moreover, the agents behave proactively and tend to experi-
ment with different behavior strategies, seeking to enhance their profits. 
Drawing on ongoing interactions with counterparts, the agents are also able 
to self-learn to predict the outcomes of their activities.

Due to its perfect flexibility, the agent-based approach makes it pos-
sible to capture the above mentioned market features within a single model 
and thus to avoid some broad assumptions. Agent-based modeling also 
offers a very important advantage, that is, to replace natural experiments 
with the real-life energy systems that are extremely expensive and difficult 
to implement, with feasible computer-driven experiments. For instance, 
ABMs can be employed for analyzing the effects of various critical events, 
such as changes in trading rules, crisis situations, etc.

Simulating how agents self-adapt and self-learn through the course 
of repeated interactions is one of the key aspects in designing an ABM. An 
agent is considered to be adaptive if it satisfies the following two criteria: 
“the actions of the agent in its environment can be assigned a value (per-
formance, utility, payoff … or the like) … and behaves so as to increase this 
value over time” (Holland, Miller, 1991). Within the context of agent-based 
modeling of liberalized electricity markets the agents (suppliers or buyers) 
normally learn to predict market prices or to maximize their profits.

A wide variety of approaches to simulating the processes of agents’ 
adaptation and self-learning can be readily found in the research literature. 
This paper considers the reinforced learning algorithm, proposed in (Erev, 
Roth, 1998; Roth, Erev, 1995), as this learning algorithm is most frequently 
applied to electricity markets simulations (see, for example, (Nicolaisen et 
al., 2001; Koesrindartoto, 2002; Sun, Tesfatsion, 2007; Rupérez Micola et al., 
2008; Veit et al., 2009)). The papers show how the authors have applied the 
modified version of the said algorithm for developing the ABM of Russia’s 
electricity market at the day-ahead level for Siberia price zone.

The existing models of the Russian electricity market are generally 
based on exploring the models of imperfect competition (Ayzenberg et 
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al., 2013) and as a rule, address various aspects of how firms exercise their 
market power (Vasin, Dailova, 2013). The authors have taken the different 
approach based on simulation modeling of an infinitely repeated double 
auction (infinite dynamic game) with agents’ learning. What is more, the 
existing models draw on the aggregate approach to the Russian electricity 
market, i.e. with taking no consideration to players’ heterogeneity and indi-
vidual behaviors. Instead, we have developed a model, where demand and 
supply are disaggregated through the inhomogeneous self-taught agents, 
which are progressively adapting to market operations. Therefore our ABM 
may provide insights into the microfoundations of how the electricity mar-
ket performs. In the longer term ABMs of this kind may be useful in solv-
ing real-life problems by both regulators (e.g., for assessing the impacts of 
changes in trade regulations) and market players (for selecting appropriate 
trade strategies with a market simulator).

Noteworthy, the extent, to which the model developed can be veri-
fied, is constrained by the nature of input data which is available to us in the 
anonymized form only. The unavailability of detailed data makes it impos-
sible to compare the behaviors of the simulated agents with those of real-
world companies operating in the market. Also our model is built on a rela-
tively simplistic understanding of the wholesale electricity market, that is, 
without regard to how the day-ahead electricity market is affected by other 
two sectors of the wholesale market — the free bilateral contracts market and 
the balancing market. Moreover, the model outputs can be influenced by 
our initial assumption that no limitations were imposed over cross-flows of 
electric energy in the second price zone.

These simplifications within the model may indeed result in some-
what inaccurate predictions of the market behavior. Since the model is veri-
fied insufficiently, the outcomes it produces should be treated with some 
caution. With that, the authors believe that agent-based modeling in gen-
eral and the ABM of electricity markets in particular, is an especially promis-
ing avenue for future research, and thus it is important to gain further ABM 
experience in simulating the Russian market, despite certain shortcomings 
that are inevitable at the current stage of research.

In Section 2 we review the body of existing studies on the agent-
based modeling of free electricity market with the emphasis on the learning 
models. In Section 3 we analyze the shortcomings of Erev—Roth algorithm 
and propose ways of modifying the algorithm so as to eliminate its flaws. 
The results of our computations are presented in Section 4.

2. Current Approaches to Agent-Based Simulation 
of Electricity Markets 
2.1. Agents’ adaptation and learning
Discussing adaptation process in a population of agents, (Haasdijk, 

Eiben, Winfield, 2013) pointed out, that “adaptation occurs through three 
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fundamental adaptation mechanisms: evolution, individual learning and 
social learning”. As a rule it is adaptation and learning at an individual 
(agent) level that is meant, when electricity markets are described. In other 
words, agent-based models of the said markets take into consideration 
neither adaptation through evolutionary selection of the most success-
ful agents, nor social learning, where agents adopt each other’s behavior 
strategies.

The existing literature suggests a number of different approaches 
to the issue. In some electricity market ABMs agents’ behaviors are defined 
by rigid models of the environment, built-in by the developers guided by 
common sense or a body of expert knowledge on the system simulated. 
With that, an agent in such a model learns scarcely anything, but how to 
adjust the few parameters of the internal model. The algorithms like that 
are non-universal and often are inapplicable to ABMs, other than that for 
which it was originally developed. We may refer to the models presented in 
(Bower, Bunn, 2000; Liu et al., 2012) as examples, — each with some spe-
cific rules that govern how bid prices would change in response to various 
factors.

With that, many approaches to the issue of agents’ adaptation are 
fairly general and do not employ any rigid models of the environment (for 
example, Q-learning, genetic algorithms and other algorithms, that will be 
discussed below). 

The majority of learning algorithms can be classified as the rein-
forcement learning ones (Kaelbling, Littman, Moore, 1996; Sutton, Barto, 
2016). When reinforcement learning algorithms are employed, the agents 
learn to select appropriate actions dependent on the situation at hand, 
through the trial and error method. The environment provides some 
reward for an agent’s successful behavior thus reinforcing it.

One of the most common approaches to reinforcement learning 
for the purposes of electricity market ABMs is based on the Erev—Roth 
algorithm (Erev, Roth, 1998; Roth, Erev, 1995) as the latter is applicable 
for action selection from a finite set of available actions. The Erev-Roth 
algorithm was popularized in the study (Nicolaisen et al., 2001) (see also 
(Koesrindartoto, 2002; Weidlich, Veit, 2006; Rupérez et al., 2008; Veit et 
al., 2009). In (Sun, Tesfatsion, 2007; Veit et al., 2009) the softmax function 
was used to set up action selection probabilities. The function allows vary-
ing a degree of action selection randomness (degree of experimentation) 
through the coefficient choice.

The reinforcement learning algorithms can take into account how 
an agent’s actions would impact both his immediate reward and also a future 
situation and a flow of his future rewards. Furthermore, an agent is able to 
think several moves ahead. Q-learning, proposed in (Watkins, 1989) and 
being the most renowned algorithm of the kind, is applied to the Markov 
decision-making process. Each “state”—“action” pair is associated with some 
estimate of discounted future rewards, called a Q-value.
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Within a standard Q-learning algorithm, an agent always selects an 
action with the maximum Q-value (the so-called greedy action choice). In 
(Harp et al., 2000) a random choice through a softmax function is com-
bined with the simulated annealing (Boltzmann selection process). As 
the temperature parameter decreases, the agent’s selection is more and 
more driven towards the greedy action selection, thus changing the bal-
ance between exploration (experimentation) and exploitation in favor 
of exploitation. A similar modification (SA-Q-learning) is employed in 
(Bakirtzis, Tellidou, 2006), where an agent can select, with a certain prob-
ability, rather random, than the best action, and at that, the probability 
depends on Q-values of those actions and on a temperature parameter as 
well. In (Krause, Andersson, 2006) the authors preferred to use a simplified 
version of Q-learning with ε-greedy action selection which does not take into 
account the state.

Another common approach to simulation is based on applying 
genetic algorithms (GA), where rules of the behavior are represented as of 
as chromosomes (e.g., chromosomes may be encoded into bit sequences). 
Agents’ adaption to the environment occurs through the evolutionary 
selection of the most fitted behavioral rules and involves such mecha-
nisms of natural evolution, as inheritance, crossover, mutation and selec-
tion. It is important to clarify, that if the population of the rules for a single 
agent is considered, this is social learning, but from the point of view of 
the population of agents, this is individual learning. Genetic algorithms 
were employed for simulating electricity markets in (Richter, Sheblé, 1998; 
Nicolaisen, et al. 2000; Cau, Andersen, 2002), to mention some.

Of certain interest is also how learning classifier systems (LCS), that 
combine an ordinary reinforcement learning with genetic algorithms, are 
used for designing agent-based models (Holland et al., 2000; Urbanowicz, 
Moore, 2009). The main difference between LCS and ordinary reinforce-
ment learning is a capability of the former to make generalizations. As com-
pared to Q-learning-based algorithms, the LCS-based algorithms are more 
flexible, since these may be employed beyond the scope of Markov decision 
processes and do not require an agent to have a particular goal. (Bagnall, 
Smith, 2000; Bagnall, Smith, 2005) presented a simulation model of the UK 
wholesale electricity market that applied a so-called XCS version of LCS, 
where the fitness of classifiers is determined rather by the accuracy of the 
classification, than by the classifiers’ strength (Wilson, 1995). However, the 
architecture of LCS-based algorithms is quite complicated and becomes a 
critical drawback, when used to design ABMs. For instance, a description of 
the XCS-based algorithm in (Butz, Wilson, 2002) suggests, that it requires a 
large number of parameters to be tuned.

2.2 Modeling suppliers’ behavior
A rich panorama of studies on agent-based simulation of liberal-

ized electricity markets is dominated by the papers, where agents that make 
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up the population are suppliers, aimed at profit maximizing, while mar-
ket demand is assumed to be exogenous. These kinds of papers are con-
sidered in this section. However, a few researchers have chosen to address 
buyers as well, and the correspondent models will be discussed below in the 
Section 2.3. Other reviews of free electricity market ABMs can be found in 
(Weidlich, 2008; Weidlich, Veit, 2008; Zhou et al., 2007; Sensfuß et al., 2007; 
Guerci, Rastegar, Cincotti, 2010; Lisin et al., 2013).

J. Bower and D. W. Bunn (Bower, Bunn, 2000, 2001) have explored 
the electricity market of England and Wales. They sought to make a model-
based comparison of price dynamics at a day-ahead market against price 
dynamics at a short-term bilateral market, as the latter was at the moment 
under consideration as a replacement for the former. In (Bower, Bunn, 
2001) the same model was applied to the German electricity market, and 
the authors explored, how mergers influenced market prices. The conclu-
sion was made, that mergers would result in significantly stronger increase 
of electricity prices, as compared to the pre-reform situation. The new mar-
ket arrangements enabled suppliers and buyers to directly interact and thus 
to set day-ahead electricity supplies and prices individually. It was expected 
to allow for some deals to be done at lower prices. However, the results of 
simulation experiments proved that to introduce the new market arrange-
ments would be a false decision, since contrary to the expectations; the sim-
ulated model had not shown any decrease in prices.

In (Visudhiphan, 2003) a search for optimal price-bidding strate-
gies at a day-ahead market was done, employing three alternative learning 
algorithms; it was shown that repeated price biddings play important role 
in the market dynamics, while the traditional static models are unable to 
capture this dynamics.

A. Weidlich and D. Veit (Weidlich, Veit, 2006) had constructed a 
simultaneous model of a day-ahead market and a balancing market. Like in 
(Nicolaisen et al., 2001), the modified Erev—Roth algorithm for suppliers’ 
learning was employed. In (Veit et al., 2009) the authors took their research 
a step ahead and applied the model proposed in (Sun, Tesfatsion, 2007), for 
exploring the wholesale electricity market of Germany.

T. Krause and G. Andersson (Krause, Andersson, 2006) have 
explored market concentration and the policy used by the system operator 
at the day-ahead market, employing the Q-learning algorithm for suppliers.

A. Bagnal and G. Smith in (Bagnal, Smith, 2005) presented the 
agent-based model of the UK market before the introduction of the New 
Electricity Trading Arrangements (NETA). The authors sought to find out, 
whether autonomous adaptive agents (suppliers), employing the hierarchi-
cal XCS-based algorithm, could be able to learn an optimal strategy when 
competing against non-adaptive agents, and also whether any cooperation 
between agents could develop without an overt collusion. While the authors 
emphasized that the complexity of their agent learning algorithm differen-
tiated their model among the related ones, they did not provide any argu-

E.A. Gaivoronskaia, A.A. Tsyplakov Journal NEA,
No.  3 (39), 2018, 
p. 43–67



49

Using a Modified Erev—Roth Algorithm in an Agent-Based Electricity Market Model 

ments on how that high complexity actually contributed to more valuable 
results than those generated with the use of the other learning methods.

In (Liu et al., 2012) the authors compared price and contract vol-
umes dynamics for two different pricing mechanisms at the wholesale elec-
tricity market, i.e. pay as bid (PAB) against market-clearing price (MCP).

2.3. Modeling suppliers and buyers behaviors
D.W. Bunn and F. Oliveira (Bunn, Oliveira, 2001) have applied 

agent-based modeling to the new NETA market in the U.K. Unlike Bower 
and Bunn studies, in the said paper the authors have simulated not only 
suppliers’ but also buyers’ behaviors within the frameworks of both a day-
ahead market and a balancing market. The balancing mechanism for a new 
market is considered and a range of predictions concerning market opera-
tion is obtained.

I. Praça with the co-authors also consider buyers as separate agents, 
although lacking any market power, and simulate the aggregated demand 
as inelastic with respect to price. In (Praça et al., 2003) Praça and her co-
researchers explored how agents respond to changes in the market con-
ditions, while in another paper (Praça et al., 2004) they compare agents’ 
behaviors under diverse pricing mechanisms.

The authors of (Nicolaisen et al., 2001) applied the Erev—Roth algo-
rithm for agents’ learning. They explored how the changes in concentration 
and suppliers’ capacities would impact the electricity market. The resultant 
findings proved to be comparable with their earlier researches, where simu-
lated buyers and suppliers used genetic learning algorithms (Nicolaisen et 
al., 2000). The authors have developed the AMES (Agent-Based Modeling 
of Electricity Systems) software package for experimental studies of whole-
sale electricity markets, described in (Tesfatsion, 2008; Li, Tesfatsion, 
2009). While the model stipulated, that only suppliers could learn, its 
positive aspect was taking into consideration physical constraints. There is 
a range of studies on constructing the market simulation model with the 
Erev—Roth reinforcement learning, see, for example (Sun, Tesfatsion, 2007; 
Koesrindartoto, 2002).

T. Cau and E. Anderson (Cau, Anderson, 2002) simulated an imag-
ined model of a free electricity market with a special accent on learning. 
They employed the genetic learning algorithm for simulating agents’ price 
biddings. They arrived at the resulting conclusion that learning improved if 
possible environmental states were taken into account by the introduction 
of a discrete variable.

 A. Bublitz with the co-authors (Bublitz et al., 2014) developed an 
agent-based model of the German electricity market with short-term uncer-
tainty factors (such as power plant stoppage or fluctuating renewable energy 
sources). The authors came to the conclusion that the outcomes of simula-
tions, run on the basis of that model, were well capable of replicating histori-
cal market results.
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Analyzing the literature on AB modeling, one can generally con-
clude, that it is quite a rare case for modelers to consider bilateral contracts 
(free or regulated). Similarly such factors, as transportation costs and grid 
constraints are rarely taken into account, while potentially these factors can 
have an effect on trade outcomes. A typical ABM of electricity market simu-
lates the trading system, which intermediates trade on the actual market. 
The trading system administrator controls the bidding process and deter-
mines equilibrium prices. The agents are given a discrete or continuous set 
of available alternatives (for instance, price—volume bundles), and select a 
certain alternative by focusing on profit, that depends on current wholesale 
prices, and on agents’ individual characteristics, such as power generation 
costs, retail prices etc.

3. The Erev—Roth Algorithm and Its Modifications 
3.1. Selection of a learning algorithm
When designing an ABM, one should select those learning algo-

rithms, which are well fitted to the specifics of the underlying agent-based 
approach. There are, for instance, powerful systems of artificial intelligence 
that allow solving such nontrivial problems, as car driving, playing chess etc. 
However, one should avoid applying the said systems to agent-based model-
ing. The reason is that first, it is difficult to fine-tune a model including 
sophisticated agents, and second, complicated algorithms, as a rule, decel-
erate computations.

We believe that simple intuitive single-step algorithms of reinforce-
ment learning are the best choice for simulating a wholesale electricity 
market. Since agents at such markets do not need to figure out the conse-
quences of their actions several periods ahead, there is no point to employ 
either Q-learning, or XCS algorithms based on Q-learning. When choos-
ing between genetic learning algorithms and that of Erev—Roth, the latter 
seems preferable, since with all other characteristics comparable, it is defi-
nitely simpler. It is for the above reasons that the majority of electricity mar-
ket ABMs employ the Erev—Roth algorithm.

3.2. The original algorithm
The Erev—Roth reinforcement learning algorithm was proposed in 

(Roth, Erev, 1995; Erev, Roth, 1998) as a model for simulating human beha-
vior in game situations. Roth and Erev have demonstrated that the algo-
rithm is quite coherent with real-life behavior in experimental games and 
quite simple; yet it is good at simulating a range of psychological features of 
decision making.

The basic insight underlying any reinforcement learning algorithm 
is that a propensity to undertake an action should be increased if it produces 
favorable results and should be decreased if results prove to be unfavorable. 
In addition, the Erev—Roth algorithm is able to capture such psychological 
aspects, as experimenting, forgetting and also a way, how an agent’s indi-
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vidual experiences influence its preference of one action over another and 
its inclination to experiment.

The original Erev—Roth algorithm (ERA) comes as follows. For each 
action 1, ,j J= …  available to a learning agent over the time period 1t = , 
some initial level of value t

jS  — that is, a propensity to select this action, is 
introduced. If an action tk , selected at a time period t  results in reinforce-
ment (reward) 0tR ≥ , an agent’s propensity to select this same action for 
the next time period varies by the following rule:

( ) ( )
( )

1 1 ,
1 �

/ 1 �

;

, .

t t
t t
j j t t

R e j k
S f S

R e J j k
+  − == − +  − ≠

 (1)

where: [ ]0; 1f ∈  is a recency parameter; e  is an experimentation param-
eter (i.e. the extent to which an agent is willing to undertake trial actions in 
order to gain experience). A. Roth and I. Erev proposed to introduce the 
following parameter values: 0,1f = , and 0,2e = .

The recency parameter f  determines, to what extent an agent is 
inclined to change his action selection as compared to a prior time period. 
Due to the multiplier ( )1 f−  forgetting occurs, that is, over the time the 
effect of past experiences tends to reduce to zero.

With given propensities t
jS  an action is selected in a random man-

ner: �tk j=  with a probability, calculated as follows:

1
/ � .

Jt t t
j j ii

p S S
=

= ∑  (2)

For the propensity values t
jS  not to decrease over time and prob-

abilities jp  to remain positive, reinforcement tR  should stay nonnegative. 
A reward within a game-theoretical setting is determined by a player’s pay-
off in a game. The authors have proposed to use an increasing function 

( )t tR R= π , where tπ  was a payoff gained in a previous time period, and 
applied the formula t t

minR = π − π , where minπ  represented a minimum pos-
sible payoff.

3.3. Shortcomings of the original algorithm
Along with its many attractive features, the Erev—Roth algorithm has 

certain shortcomings.
1. It is not invariant to a constant change in the reward tR . Ideally, an 

action selection should not depend on minπ , as in many situations such a pay-
off may correspond to extremely unbeneficial outcomes of actions selected. 
However, such dependence does exist, when (1), (2) and t t

minR = π − π  are 
employed.

2. As reported in (Nicolaisen et al., 2001), if t
minπ = π , propensities

t
jS  for all actions tend to reduce proportionally, so that probabilities t

jp  stay 
unchanged, while it is desirable for a probability of wrongly selected (i.e., 
resulted in low payoffs) actions to reduce. So the authors of this paper pro-
pose to introduce some modification to the formula (1)
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However, such a modification is perceived as being arbitrary enough 
to be agreed with. What is more, the proposed modification fails to solve 
other ERA problems.

3. Being a one-dimensional numeric value, t
jS  serves a dual func-

tion. On the one hand, it reflects how frequently an action j  is undertaken 
(we shall denote this frequency as an “experience” for the purposes at hand). 
On the other hand, its value tends to increase the more the higher payoff 
is obtained on average, when an action j  is selected. As a consequence, the 
actions that were not very successful, but were frequently selected in the past, may 
get an unjustified advantage.

4. The t
jS  value is not easily interpretable, since it is measured in the 

same units, as a reward tR , but one would find it difficult to get an insight 
into what it exactly means.

5. As A. Roth and I. Erev initially envisioned, not only the selected 
action, but also alternative actions should be reinforced to maintain agents’ 
propensity to experimentation. The idea is embedded in formula (1). ERA 
authors supposed that in some cases the algorithm might be modified 
through an additional reinforcement of those alternative actions that are 
close in some sense to the selected one. In particular, if alternative actions 

1, ,j J= …  are arranged by the degree of similarity, (1) can be replaced with 
a formula that captures reinforcements of two adjacent actions (Erev, Roth, 
1998):  

( )
( )

1

1 ,

1 /2, 1;

0 otherwise.

;t t

t t t t
j j

R e j k

S f S R e j k+

 − =
= − + = ±
 −

 (4)

Nevertheless, Erev and Roth did not propose any other generalized 
approach to solving the above mentioned problem.

6. If potentially possible actions are represented by a continuum, 
one has to discretize it. If a big discretization step is chosen, the resulting 
grid would be too rough. With a small step, however, J  value would be 
high, and agents would learn too slowly. The problem gets especially chal-
lenging, when an agent selects several continuous values at once. Suppose, 
for instance, that we have a rectangular grid with 10 price levels and 10 
output levels, then 100J = , meaning that agents can achieve some rea-
sonable degree of learning, only after learning through hundreds periods 
(rounds).

3.4. The modified algorithm
Each rule (action) �j  in the proposed algorithm is associated with 

two different values. One is the expected payoff t
jΠ , and the other is the expe-

rience Wt
j . This way of splitting a parameter into two values resembles the 

idea, that underpins the XCS-based algorithm, where (if compared to tra-
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ditional LCS-based algorithms) an additional parameter of classifier experi-
ence is introduced.

Assume that rule tk  is employed in period t  and yields payoff tπ  . 
Then a new value of expected payoff for each rule j  would equal to the 
weighted average of an actual payoff tπ  with the weight t

jλ  and of the previ-
ous expected value t

jΠ  with the weight 1 :t
j−λ

( )1 р 1 .t t t t t
j j j j
+Π = λ + −λ Π  (5)

The coefficient [0;1]:t
jλ ∈  regulates the rate of learning. The closer 

t
jλ  is to 1, the quicker the expected payoff tends to change. In coherence 

with the Erev—Roth idea, learning takes place not only for the selected 
action, but also for alternative actions, and for different actions learning 
occurs at different rates.

The coefficient t
jλ  is calculated by the following formula:

( ) 1., / Wt
jj
tt j k += δλ  (6)

where ( ) [ ], 0;1tj kδ ∈  represents an increment in experience for a rule j . 
It depends on a closeness between rules j  and tk . It is supposed, that the 
greatest increment in experience occurs for a rule tk :

( ), 1.t tk kδ =  (7)

Experience values for all the rules change in accordance with the 
following formula:

( ) ( )1W 1 W , ,t t t
j j j k+ = −ϕ + δ  (8)

where ϕ  is a measure of forgetfulness, that equals to zero or to a minor posi-
tive number. If 0ϕ = , experience will be accumulated infinitely. Otherwise it 
would be capped by the following value:

( ) ( )21 1 1 1/ .+ −ϕ + −ϕ +…= ϕ  (9)

Accordingly, if one and the same rule j  is selected over a fairly large 
number of periods, then the coefficient t

jλ  for this rule will converge to ϕ.
The higher Wt

j  value, the less the actually obtained payoff would 
influence the expected payoff:

( )
( ) ( ) ( )1

,

1 W ,

t
t t t t
j j jt t

j

j k

j k
+

δ
Π =Π + π −Π

−ϕ + δ
. (10)

Therefore we can insight into why a rule is being learnt: either 
because this very rule or a neighboring one has been selected just recently 
( ( ), tj kδ is close to 1), or because it is still learnt poorly and needs to be 
trained further (i.e. the value of �t

jW  is low enough).
If compared to the original algorithm, in this case forgetfulness is 

applied to experience, but not to the expected payoff, that is naturally rea-
sonable and corrects the above mentioned drawbacks of a complex non-
interpretable factor t

jS .
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The structure of ( ), tj kδ  function is determined by the nature of the 
model. For this purpose quite a universal equation can be proposed:

( ) ( )( ), exp , �,t tj k L j kδ = −γ  (11)

where γ  is a positive coefficient; ( ), tL j k  — some relevant function, that 
sets the distance between the rules j  and tk  ( 0�L ≥ , ( ), 0t tL k k = ). If, for 
example, we follow the logic of (4), proposed by Erev and Roth, we are to 
take ( ), 0tL j k =  for a pair of adjacent rules 1�tj k= ±  and ( ), tL j k = +∞  for 
all other rules.

The effect of a payoff obtained for a rule tk  on other rules j  can be 
regulated by varying the value of the coefficient γ. The higher γ, the less the 
above effect would be.

Furthermore, the underlying principle of rule selection is an impor-
tant consideration with a learning algorithm. It would be natural to arrange 
things so, that the bigger the payoff a rule is expected to generate, the 
higher the probability that an agent would selected it. Since a payoff may 
have a negative value in some situations, in general one cannot arrange for 
probabilities to be proportional to expected payoffs. It would be a generic 
enough approach to have a probability of j  rule selection proportionate 
to the value ( )exp t t

jα Π . And what is equally important, when payoffs are 
shifted by a constant value, probabilities would still stay invariant.

Therefore it is reasonable to take the following probabilities:

( ) ( )1
exp / exp .

Jt t t t
j j ii

p
=

= α Π α Π∑  (12)

The similar function is employed for electricity markets agent-based 
simulations, in particular, by J. Sun and L. Tesfatsion (Sun, Tesfatsion, 
2007), in the Erev—Roth algorithm modification. As for its form, it is a for-
mula for computing the probabilities of alternatives selection in the multi-
nomial logit model. This function is referred to as the softmax function in 
the body of literature on learning algorithms. The 0tα ≥  coefficient in (12) 
determines the degree of irrationality and experimentation when selecting. 
With 0tα =  the selection will be equiprobable, while with tα →∞  the rule 
with the greatest expected payoff will be selected.

If you change a tα  coefficient over time and let it grow infinitely (for 
example, 0t tα = α ), an agent will ultimately give up experimentation and 
resort to a rule, which it considers to be the best one. This kind of behavior 
corresponds to a well-known optimization algorithm — referred to as simu-
lated annealing method. This principle of selection is also frequently called 
after Boltzmann (Kaelbling, Littman, Moore, 1996; Sutton, Barto, 2016), 

because of its similarity to the Boltzmann’s distribution. With that, tα/
1

 is 
interpreted as the temperature parameter.

4. Modeling the Russian Wholesale Electricity Market 
4.1. Defining the model structure
The model involves market agents of two types: GN  — suppliers and 
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CN  — buyers. The agents trade through a bilateral (double-auction) market, 
controlled by the trading system administrator (TSA), and specify desirable 
prices and volumes through submitting bids. Since TSA is constrained in 
its actions (determined by a formula for calculating an equilibrium price 
and individual equilibrium volumes), hereinafter TSA is not considered as 
a separate market agent.

Each agent is characterized by a number of particular unchangeable 
parameters, such as minimum and maximum prices and volumes feasible to 
its bids, an average production costs (for suppliers) and an expected retail 
price (for buyers). The parameter values, chosen for the purposes of this 
paper, correspond to the day-ahead market for Siberia price zone within the 
wholesale electric power and capacity market of Russia. The choice of the 
parameters is described in (Rashidova, 2017). In total, our model involves 

53GN =  suppliers and 21CN =  buyers.
Simulations are run at discrete time points: 1, 2,t = … . In real-life 

markets daily trades for electricity supplies are based on one hour-long trad-
ing session per given day. As market conditions change throughout the day, 
we assume that the model captures a certain typical hour, and that t  is the 
index of the day.

At the start of period t  agents ought to submit their bids to TSA: 
( ,� )c c

i ip q , 1, , Ci N= …  on part of buyers and �( ,� )g g
i ip q , 1, , Gi N= …  on the part 

of suppliers (to simplify designations we omit the time index). As a result, 
step functions of aggregated demand and supply are formed, and their 
intersection determine the equilibrium volume *Q  (total volume of elec-
tricity purchase and sale), as well as the equilibrium price level *P  for all 
deals at a specified hour (Figure 1). Suppliers that have bidden for a price 
above the equilibrium level as well as buyers that have bidden for a price 
below the equilibrium level do not sell (purchase) electricity at that very 
hour.

Based on the bids submitted 
TSA further calculates the equilib-
rium price *P , and communicate it 
to agents. Also TSA informs the sup-
pliers of volumes *g

iq , they are to 
supply, and the buyers — of the vol-
umes *c

iq  they are to buy back. Then 
the agents draw on the said informa-
tion to calculate their profits. For a 
supplier the calculation looks like 
the following:

* *( ),g
i iq P C− . (13)

For a buyer:

( )* * .c
i iq r P−  (14)
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Illustrative example of balancing electricity market price 
and production
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The procedure of submitting bids is determined by the above-
described modified Erev—Roth algorithm (for the sake of simplicity herein-
after agents’ indices are omitted). Generally speaking, an agent may submit 
an arbitrary price—volume bid ( ),p q  with nonnegative p  and q . However, 
the learning algorithm requires having a finite number of rules, so we have 
to partition the intervals [ ]min maxP ,P  and [ ],min maxQ ,Q  by 20 and 8 equidis-
tant values respectively. Therefore a set of behavioral rules, out of which 
an agent can select ( , ),j jp q  1, , ,j J= …  and form a rectangular 20 8×  grid 
where 160J = .

For the purposes of our model an agent’s payoff is identified with 
its profit. Correspondingly, when initiated, each rule is associated with some 
initial level of an expected profit 1

jΠ . An experience parameter of a rule is 
initially set at quite a low level 1 1010jW −= . The above formula (8) employs 

1/ 50ϕ = . And the coefficient γ  in (11) is taken as equal to 15. So the dis-
tance between rules j  and tk  is calculated as:

( )
22

, .t tj k j kt

max min max min

p p q q
L j k

P P Q Q

− −  
= +   − −   

 (15)

The probabilities in (12) are calculated based on the expected prof-
its with a coefficient 0t tα = α , where 0 0,000001α = .

Further, we shall consider simulation experiments, conducted on 
the basis of the above described model. In technical terms the model is writ-
ten in the R programming language. Each experiment round encompasses 
100 periods (steps). We shall consider two kinds of learning, based on the 
original Erev—Roth algorithm (ERA) and on the modified Erev—Roth algo-
rithm (MERA), along with two different buyers’ bidding modes — price-
accepting bids and arbitrary bids. Although this paper describes only one 
run for each of the variants, on the whole, these findings do reflect the 
broader real-life market situation, as is proved through the analysis of 100 
runs for each variant considered.

4.2. Computer simulations: price-accepting bids
Under the mode of a price-accepting bid buyers choose only the 

supply volume, agreeing to accept whatever price is set. Correspondingly, 
the market demand is not price-elastic (Figure 2).

When MERA is employed, price, volume and profit tend to vary less, 
than with ERA, and on the average, at higher levels (Figures 3—4). With 
ERA any explicit trend for profit dynamics is not observed, as well as any 
deviation stabilizing tendency, thus demonstrating, that agents have learnt 
nothing and have not reduced the number of rules, which they consider 
most profitable.

With the MERA, the suppliers on average account for approximately 
63% of total profits (Figure 4). As for the ERA, suppliers’ share in total profits 
varies within a broad range with no signs of stabilization, and averages to 44%.
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The learning processes 
of specific agents are also worth 
of consideration. Let us look for 
example into how a supplier num-
ber 25 is learning. When the MERA 
is employed, its profit is positive 
and higher, than that under the 
ERA (Figure 5). Under the lat-
ter an agent’s profit also varies in 
a broader range. The reasonable 
explanation is that ERA does not 
distinguish between the nearest and 
distant rules, so the agents’ learning 
is loosely focused.

Figure 3

Price and volume dynamics

Figure 4

Dynamics of total profits and suppliers’ share in total profits
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Figure 2

Illustrative example of balancing electricity market price 
and volume under the price-accepting bidding
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Let us keep in mind, that 
in the case concerned each agent 
has as much as 160 individual rules 
(all the possible combinations of 20 
price levels and 8 production lev-
els), so on the whole all these can 
be thought as a 8×20 matrix. Table 1 
depicts price and production levels, 
underlying the set of rules for the 
supplier concerned.

With the MERA the influence of the profit, resulted from selection 
of a rule tk , on expected profits of the other rules depends on ( ), tj kδ . For 
the selected rule tk  we have 1δ = . The said value is high enough for the 
rules adjacent to tk  rule, while becomes almost zero for the rules distant 
from tk , as illustrated in Figure 6. Points at the “Price” and “Volume” axes 
denote the indices of admissible prices and volumes in the rule matrix.

Of special interest here is the experience parameter W , that shows, 
how much the rules have learnt. Figure 7 and Table 2 show the matrix for the 
rules’ experience parameter of Supplier 25 at the 100th iteration (round). 
The most experienced rule lies at the intersection of Line 7 and Column 10.

Figure 5

Profits dynamics for Supplier no. 25
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Table 1

Price and volume for the Supplier no. 25

Price,  
Rub/MW h

1 2 3 4 5 6 7 8 9 10

0.0 63.2 126.3 189.5 252.6 315.8 378.9 442.1 505.3 568.4

11 12 13 14 15 16 17 18 19 20

631.6 694.7 757.9 821.1 884.2 947.4 1010.5 1073.7 1136.8 1200.0

Volume, 
MW h

1 2 3 4 5 6 7 8

178.4 189.7 201.0 212.3 223.7 235.0 246.3 257.6

Figure 6

Supplier no. 25: Coefficient δ  for the rule at the inter-
section of Line 7 and Column 10
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Matrix for the rules’ experience parameter of Supplier 
no. 25, circular areas are proportionate to a rule’s 
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At a limit the value of parameter W  for the most experienced rule 
should tend to 50=1

ϕ/ . And only the level of 5.59 is reached by the 100th 
iteration (Figure 8). Therefore it is clear, that 100 iterations are insufficient 
for an agent to learn thoroughly. By extending the experiment up to 500 
iterations, one can observe that by the 300th iteration the best rule is already 
nearly learnt, but after that the agent switches to another rule. The chart in 
the left part of Figure 8 depicts the best rule at the 100th iteration, and the 
chart in the right part shows the same rule at the 500th iteration.

One can accelerate agents’ learning by introducing 0 0,0001α =  . 
When increased, the coefficient 0α  would positively influence agents’ 
learning speed. With a modest value of the coefficient 0α  W-chart will 
be represented as a polygonal line that subsides at some intervals. With a 
100-fold increase of 0α  W will grow logarithmically through the whole time 
period concerned. However, with maintaining 0α  at a high enough level, 
it would be impossible to draw the unambiguous conclusion that it is eas-
ier to predict a resultant price with the modified algorithm, as price would 
be varying in a broader range, than with the ERA. Given that, we purpose-
fully have introduced 0 0,000001α =  for our computations that had indeed 
slowed down learning, but on the other hand, made the whole MERA just 
as suitable for predictions, as the original ERA.

Table 2

A piece of matrix for rules’ experience parameter of Supplier no. 25

Volume
Price

8 9 10 11 12 13 14

6 3.06 3.21 3.63 3.29 2.55 2.58 2.19

7 2.48 3.81 5.59 5.53 4.39 2.93 2.43

8 2.37 3.90 4.94 3.15 3.15 2.63 3.53

Figure 8

Learning of Supplier no. 25 with the modified algorithm, 100 and 500 iterations
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4.3. Computer simulations: arbitrary bids
Now let’s have a look at what will change, if consumers start to sub-

mit arbitrary bids. It is observable (Figure 9), that with MERA the equilib-
rium volumes hardly vary after the 20th iteration, contrary to the case with 
price-accepting bids, where volumes demonstrate a definite tendency to 
vary broadly. The possible explanation may be that now, under the arbitrary 
bidding mode, buyers find themselves in a good position to exert nearly an 
equal bargaining power as that of suppliers. When the ERA is employed, 
price deviations prove to be significantly less, than under the price-accept-
ing bids mode.

When MERA is employed, volume tends to stabilize approximately 
after the 20th iteration, while with ERA volume levels are generally lower and 
approach the same level gradually. It signals, that with MERA agents have 
learnt faster, than with ERA.

With the MERA total profits also rapidly reach a certain level and 
vary insignificantly (Figure 10), meaning that the agents faster select a sin-
gle specific rule and stick to it. As compared to the selection process under 
price-accepting bids, the level of total profits at the final iterations would 
be only slightly higher. With the elastic demand and supply conditions and 
ERA-based learning the situation changes dramatically. Profit has got a ten-
dency to grow, driven by the sales volumes growth.

As a result of arbitrary bidding strategy the buyers exert a stronger 
bargaining power, than suppliers, and thus the latter account for a lower 
share in total profits (on average, with MERA it reaches up to 44%; see 
Figure 10).

For Supplier no. 25 parameter W  value at the 100th iteration has 
approached closely to 5, i.e., the speed of learning has remained nearly the 
same (Figure 11). And although reduced, his profit has become more easily 
predictable.

Therefore, when suppliers and buyers are permitted to submit arbi-
trary bids, payoffs distribution changes, becoming more equitable for buy-

Figure 9

Price and volume dynamics
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ers, while price and volume variations reduce. So both the equilibrium and 
the level of total profit become more predictable.

4.4. Findings and discussion
The economic rationale behind the proposed Erev—Roth learning 

algorithm modification is that for “price—volume” type bids the depen-
dence of learning on the distance between the rules is introduced. It is one 
thing, when today’s bid parameters differ from yesterday’s only slightly, 
e.g., by 1%, as it means, that an agent is involved in just local experimen-
tation. And it is quite a different story, when bid parameters are changed 
radically, for instance, by a factor of two, as it involves a revision of a pricing 
strategy. With minor changes of bid parameters an agent would expect to 
earn profit approximately equivalent to that, earned recently. And on the 
contrary, as a result of large changes in bid parameters the agent’s profit 
would change substantially. This logic is formalized through the modified 
algorithm, where each potential bid (i.e. each rule) is associated with a 

Figure 10

Dynamics of total profits and suppliers’ share in total profits
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Figure 11

Profits dynamics and learning of Supplier no. 25 with MERA
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certain parameter of experience, the changes in which depend on the 
distance between the rules. Unlike the original Erev—Roth algorithm, the 
learning process is arranged in such a way, that for any selected rule its 
nearest neighboring rules are stronger influenced by learning, than other, 
more distant rules.

The modified algorithm is more dynamic, since the agent’s pro-
pensity to experiment is not fixed, as in the original Erev—Roth algorithm, 
but rather tends to change over time, along with a progress in an agent’s 
learning: the later the iteration, the weaker the agent’s willingness to experi-
ment randomly becomes, since the agent has already learnt something. In 
other words, we have added some features of human learning to the original 
Erev—Roth algorithm.

However, the requirements, that the algorithm ought to satisfy, go 
beyond its theoretical merits and coherence with the economic content of a 
modeled activity. Another critical requirement: the algorithm-based model 
should produce outcomes, consistent with the real-life market outcomes 
observed. The process of checking up the consistency of the model out-
comes is referred to as model verification.

To verify the model and the underlying learning algorithm it is rea-
sonable to compare the prices, generated during model runs, with the real-
market wholesale electricity prices (Figure 12). Our comparison involves 
the modified algorithm, inelastic market demand, 1000 iterations, out of 
which the last 100 iterations are taken.

It is observable, that the simulation model prices tend to vary more 
intensely, than the actual price indices do, however, in general, the behavior 
pattern of the former is quite close to that of the latter. Moreover, the daily 

Figure 12

Equilibrium electricity price dynamics under our model and the dynamics of actual purchase 
price indices for electricity over 10.09.2017—01.17.2018 time period
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index of equilibrium purchase prices of electricity is to be treated as some 
averaged value, while day-to-day price variations for a given hour should be 
more pronounced and closer to those, generated by our model.

Therefore, we have succeeded in constructing a simulation market 
model, which generates outcomes, quite similar to real-life market perfor-
mance. The model facilitates experimenting with agents’ features and mar-
ket rules and predicting how agents would respond to changes in rules, and 
how the said responses would influence market situation.

Electricity buyers, operating within Siberian (second) price zone 
currently submit price-accepting bids, meaning, that they would agree to 
whatever price established by the market. Through experimenting with 
alternative forms of bidding on part of buyers we have found, that the more 
elastic demand is, the more stable the market price will be. Thus, if buyers 
are encouraged to bid for prices they wish to pay for electricity, price varia-
tions will reduce.

In practical terms it means, that when buyers adopt more active atti-
tude, one should expect a growth in trade volume within the other market 
segment — that of free bilateral contracts, where buyers and sellers negotiate 
prices directly, rather than through anonymous bids. By switching to more 
active attitude buyers’ would also help to unleash a potential for increase in 
total market profits, and therefore, in terms of public welfare it is important 
to increase price elasticity of market demand.

The constructed model is able to generate qualitatively new out-
comes, since it facilitates exploration of the microfoundations of market 
performance. In particular, one can examine the implications of changes 
in trade regulations, introduction of new wholesale market rules. Also a 
substantial advantage is that with the model one can explore and analyze 
the movement of the market towards the equilibrium state and how agents 
would respond and adapt to changed conditions. Generally speaking, any 
change in market conditions can lead to a revision of trading strategies. 
Since the model captures how agents are learning, it offers a valuable tool 
not only for exploring the market formation, but also for analyzing poten-
tial effects of new regulatory rules, or entrance of new players to the market, 
or introduction of new technologies.

5. Conclusion 
This paper reflects our attempts to take the insights on how to simu-

late behaviors of self-learnt agents in the frameworks of agent-based models 
one step forward. After examining the available literature in the field, we 
have concluded that it is reasonable to employ the Erev—Roth algorithm as 
the basis for further research, although the algorithm needs to be modified.

The main feature of the modified algorithm, proposed in this paper, 
is that differences in the learning rates for different rules used by the agent 
are determined by the experience of these rules and their proximity to the 
selected rule. By contrast with the original Erev—Roth algorithm, our model 
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allows to trace the extent to which a rule is learnt at each iteration and also 
the specific factors, which drive its learning.

Greater flexibility is considered to be an important feature of the 
modified algorithm, as when an agent is learning, its propensity to experi-
menting changes along the way, and the more experience an agent gains, the 
weaker its propensity to further experimentation becomes. What is more, 
the modified algorithm allows switching away from such abstract notions 
as “reinforcement” and “propensity” or willingness to more understandable 
notion of “expected profits”, while still stays focused on our core idea.

The proposed algorithm has helped us develop an agent-based 
model of the Russian wholesale electricity market. Further, we have run the 
resulting model to draw comparisons between the modified and the origi-
nal versions of the Erev—Roth algorithm and obtained a range of results. 
The major conclusion is that with the modified Erev—Roth algorithm agents 
tend to learn faster. Also profits and volumes are less exposed to random 
variations, tend to move upward along the trend and achieve a high level 
faster. Significant variations observed with the original algorithm even after 
a large number of periods mean that agents search for individually ideal 
rules very slowly.

General market efficiency can be analyzed based of total profits. As 
simulation experiments show, the modified algorithm makes it possible to 
achieve higher economic efficiency.

Agent-based modeling allows for experimenting with and compar-
ing between different modes of market performance. We have analyzed the 
effects of two types of bidding: when buyers bid for a price vs. price-accept-
ing bids. As our experiment has shown, the former leads to redistribution 
of profits in favor of buyers, and makes the market more stable and agents’ 
behaviors more predictable.
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Fair Value in Finance: Fifty Shades of Fairness 
Abstract. We discuss the concept of fair value (FV), practices and conse-

quences of its application in accounting and finance, its interplay with other social 
and economic concepts. Fair value is the price that would be received to sell an asset 
or paid to transfer a liability in an orderly transaction between market participants 
at the measurement date. Fair value is an alternative to the valuation of assets and 
liabilities at historic cost, presented in accounting and finance for several centuries 
and had ceased to satisfy markets in the last third of the twentieth century. The paper 
discusses the nature of fair value, the reasons and peculiarities of its implementation 
in the financial practices. It also shows that the main reasons for using the concept 
of fair value is growing financialization and the increased demand for transparency 
in economics and society. Two mechanisms illustrate the role of fair value in the eco-
nomic crisis of 2007—2009: the blowing-up of assets’ book values and the companies’ 
engagement in high volatility financial markets. The focus of discussion here is on 
the effects of fair value: procyclicality in the financial markets and the perils for sus-
tainable development. Fair value usage has already produced the modified principles 
and practices of financial accounting, leading to professional alterations (ethical and 
practical) of accountants and auditors. The analysis of the relationship between fair 
value and the concepts of honesty and fairness follows. The argument made here, is 
that, despite all its shortcomings, FV fully meets the principles of fairness with regard 
to financial markets.

Keywords: fair value, accounting, financial markets, financial reporting, 
transparency, financial crisis of 2007—2009, procyclicality, fairness, professional ethics.
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Introduction

Fair value (FV) has been one of the key concepts of finance and 
accounting in professional and academic discussions during the recent 20 
years. This concept is increasingly used in a variety of different practices: in 
finance and accounting fair value of assets and liabilities valuations is available 
to analysists in form of financial reporting, thus shaping the basis for market 
actors’ decision-making IFRS 13 defines fair value as “the price that would be 
received to sell an asset or paid to transfer a liability in an orderly transaction 
between market participants at the measurement date (an exit price)”1.

Fair value poses as an alternative to historic cost used in accounting 
and finance for centuries but ceased to meet the demands of financial mar-
kets since the last third of the 20th century. 

The concept of FV is currently front and center of the discussion on 
transparency of financial practices which fully justifies this type of estima-
tion for financial markets and decision making by all its participants/actors2. 
Majority of academic publications about FV is dedicated to the origins and 

1 International Financial Reporting Standard (IFRS) 13 “Fair Value Measurement”, Appendix A (http://www.ifrs.
org/-/media/feature/implementation/ifrs-13/education-ifrs-13-eng.pdf). For the definition of «fair value» see also: 
SFAS 157 (http://www.fasb.org/pdf/aop_FAS157.pdf).

2 Here and further on we use the term “actor” to imply any subject partaking in financial sphere: individual person, 
any group or community of people, a company, financial institution, the state. This term, initially used in B. Latour’s 
actor-network theory, is now widely used in social sciences and in finance, in particular. 
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technical origins of its application, i.e. the issues of why FV is the choice 
and how it is presented. Much less attention though is given to how its con-
ceptualization and use influence markets and society; i.e. the issues of FV 
objectives and implications. Furthermore, there is practically no Russian or 
English-language literature that addresses the social aspects of financial prac-
tices and the use of FV in particular. 

This study intends to provide critical analysis of the FV concept and 
associated financial practices that determine value of assets and liabilities in 
interactions of economic agents and how this valuation reflects information 
about them. We will consider the nature of FV, the particulars of its intro-
duction in financial markets practices, and its role in the economic crisis of 
2007—2009 as well as the effects of its implementation with a special focus 
on ethics.  In conclusion, we will demonstrate how FV relates to fairness and 
social justice. 

2. The Emergence and the Nature of Fair Value 
The debates about the use of “fairness approach” in accounting and 

finance lasted for more than a century (Zyla, 2012, p. 8—9). For a rather 
long time accounting and financial record-keeping has been based solely 
on historic cost (the price at the time of acquiring assets and issuance of a 
liability)3, in concomitance with the classical principles of accounting i.e. 
neutrality and prudence (conservatism). Historic cost permitted reliable 
and well-substantiated valuations of financial efficacy and financial perfor-
mance of economic agents. Nevertheless, with time and under various cir-
cumstances accounting and financial community has started a debate about 
using alternative valuation: various periods saw discussions about the use of 
market price valuations or economic costs ones or a combination of both. 
Since 1970s, yet another set of alternatives was put into this debate: current 
value, mark-to-market value and fair value with the latter one assuming pre-
eminence in financial practices and standards. 

The reasons to digress from the traditional systems of valuation are 
quite diverse; some of them has to do with the alteration of informational 
needs of economic agents and the society and another part — with the altera-
tion of markets and the society themselves. The primary cause of traditional 
historic cost criticism was high inflation of the 1970s (Edwards, 1975), 
which led to serious distortions of companies’ intangible assets. At the time, 
the respective solution was indexation of the depreciated value of assets 
that allowed reconciliation of the status of the assets with the change of the 
macroeconomic parameters although it failed to reflect the microeconomic 
specifics of individual assets, businesses and markets4. 

Acceleration of innovative technologies implementation in eco-
nomics and society in the 1980s, information revolution and globalization 
in the 1990s have led the companies and markets to put greater emphasis 

3 In accordance with norms and rules actual in various countries during different periods, historic cost can also include 
expenses of acquisition of an asset, setup costs, launching costs and so on in addition to its value expressed in prices 
at the time of effectuation.

4 In Russia this mechanism was used in 1990s when mandatory revaluations of fixed assets were carried out on the basis 
of the Russian Federation Government’s orders (see, for instance, http://stavstat.gks.ru/wps/wcm/connect/ros-
stat_ts/stavstat/resources/2d5ddd8040dccc35be7aff367ccd0f13/история+переоценки+основных+фондов.pdf). 
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on intangible aspects of their activities either had no historic cost or had 
accounting valuation, which bore no relevance to ensure financial efficacy. 
Many authors (see, for example, Zyla, 2012; Marra, 2016) consider these 
macroeconomic processes as main determinants of changes in practices of 
disclosure in finance. 

We, on the other hand, see microeconomic and socio-political 
determinants as more important: our focuses are financialization and trans-
parency required by markets and state.

Financialization. Following the period of high inflation in the 
1970s, economic growth and rapid expansion of financial markets in the 
1980—1990s have created preconditions for financialization, primarily in 
the USA. From a macroeconomic perspective, this meant an increase of 
financial sector share in GDP and a disproportionate increase of this sec-
tor's wage rates, greater accessibility of financial resources and services to 
all economic agents, and respectively greater institutional structure scale, 
scope and complexity and overall transformation of real assets. With respect 
to microeconomics, financialization means excessive increase of financial 
activity of economic agents that, in turn, is captured in growing share of 
financial operations in the overall corporate income. New economic envi-
ronment produced new opportunities for business: gaming stock exchange 
and markets of various financial instruments have become popular even for 
the real sector’ companies. If during the 1980s stock exchange operations 
were mostly the means to manage working capital and to hedge risk, then 
expansive financial markets have stimulated companies to join the race 
and seek new sources of financing such operations. The pursuit of credit 
required a demonstration of high performance indicators reflected in the 
value of assets and evidence of high credit worthiness, which, in turn, led 
to inflated balances. Accountants and financial experts were given a task to 
make sure that potential and actual investors are presented with attractive 
assets and finance picture of the company’s standing (sometimes by a way 
of deliberate exaggeration). Thus, valuation using historic cost would have 
been less effective especially for growing and high liquidity assets because it 
would not allow outsiders to discern the actual value looking at companies’ 
balances and therefore not being able to assess their current financial status 
and creditability properly.

Increase in transparency. Economic literature uses term “transparency” 
oftentimes in discussions related to financial reporting of the companies. 
Expansion of financial markets and the emergence of their new segments 
since the 1980s necessitated greater demand for greater transparency. At 
the same time, active growth of financial markets in Western countries went 
hand in hand with an ideological shift in public governance. The neolib-
eral doctrine for new public management (NPM) presumed quasi-market 
mechanisms of distribution and funding of public goods and non-commer-
cial services whereas management of public sector organizations (in educa-
tion, health care, etc.) viewed them as business units and therefore switched 
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to monitoring and control of these organizations based on quantitative/
mostly financial objectives (Diefenbach, 2009). This NPM emergence 
turned management towards managing the results not the processes. It was 
accompanied by rhetoric of transparency, openness and objectivity, based 
on adopted external ratings, systems of indicators, key parameter, public 
reporting and such. This approach “resonated with the ideas put forward 
by economists who argued in favor of proper selected indicators tied with 
deliberate incentives” (Bevan, Hood, 2006). The picture drawn by appropri-
ate reporting has become the source of new prospective profits in financial 
markets and public goods sector. It was this picture, indeed, that required 
proper methods of valuation of all components of performance. Trends in pri-
vate and public finance have become mutually reinforcing. By the early 
1990s, general movement to increased transparency of public information 
brought about new ways of valuation in both financial markets and the pub-
lic sector. 

 Newly needed approaches in asset valuation have been a subject of 
professional discussion initially as an idea. However, in December 1991 it 
became a reality, embodied in a standard of financial accounting SFAS 107 
“Disclosure of information about fair value of financial assets”5, followed by 
yet other standards introduced6. These new standards for asset/liabilities 
valuation used a similar approach. National elaboration of new standards 
US GAAP in the USA was in parallel motion with international initiatives in 
the same line7. 

Memorandum of reciprocal consent between the International 
Accounting Standards Board (IASB) and American Financial Accounting 
Standards Board (FASB) was the ultimate reflection of the convergence 
trend under way8. Half a year after the publication of this document IASB 
put forward a project of the new standard, specifically dedicated to mea-
surement of FV. The final adoption of IFRS 13 in 2011 and its Russian ver-
sion MSFO 13 came a year later9. Numerous publications have been already 
devoted to this standard10. It is important for this paper to mention a “fair 

 5 SFAS 107: http://www.fasb.org/jsp/FASB/Document_C/DocumentPage?cid=1218220123701&acceptedDisclai
mer=true. SFAS 106 was amended in 1996 by introducing standard SFAS 126 (http://www.fasb.org/summary/
stsum107.shtml). 

  6 A year and a half after SFAS 107 SFAS 115 «Accounting for certain investments in debt and equity securities» was 
enacted (http://www.fasb.org/summary/stsum115.shtml). SFAS 115 became a part of SFAS 159 in 2007 (http://
www.fasb.org/summary/stsum159.shtml)), and half a year later SFAS 119 «Disclosure about derivative financial 
instruments and fair value financial instruments» (http://www.fasb.org/summary/stsum119.shtml. was put into 
effect.  Amendments to SFAS 119 were enacted in 1999 by introducing standard SFAS 133 (http://www.fasb.org/
summary/stsum133.shtml)).

 7 Fair value usage requirement  is a part of standard  IAS 30 «Disclosures in financial statements of banks and simi-
lar financial institutions» (1990, https://www.iasplus.co m/en/standards/ias/ias30), IAS 32 «Financial instru-
ments: presentation» (1995, https://www.iasplus.com/en/standards/ias/ias32), IAS 38 «Intangible assets» (1998, 
https://www.iasplus.com/en/standards/ias/ias38), IAS 39 «Financial instruments; recognition and measure-
ment» (1998, https://www.iasplus.com/en/standards/ias/ias39) and others.

  8 See. https://www.iasplus.com/en/standards/ifrs/ifrs13#link8.

  9 (MSFO) IFRS 13 «Valuation of fair value» was put into effect in Russia by the order of the Ministry of Finance of the 
Russian Federation (N 106n) on July 7, 2012. 

10 Quite comprehensive professional commentaries are available in publications by major audit companies appearing 
right after the adoption of the standard. See, for example, http://www.ey.com/Publication/vwLUAssets/ey-apply-
ing-ifrs-fair-value-measurement/$FILE/ey-applying-ifrs-fair-value-measurement.pdf. IASB materials can be of inter-
est too, for example http://www.ifrs.org/-/media/feature/implementation/ifrs-13/education-ifrs-13-eng.pdf. 
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value hierarchy” introduced by IFRS 13, only. The hierarchy categorizes the 
inputs used in valuation techniques into three levels.

“Level 1 inputs are quoted prices in active markets for identical 
assets or liabilities that the entity can access at the measurement date. [IFRS 
13:76]… Level 2 inputs are inputs other than quoted market prices included 
within Level 1 that are observable for the asset or liability, either directly 
or indirectly. [IFRS 13:81]… Level 3 inputs are unobservable inputs for the 
asset or liability. [IFRS 13:86]”11.

In other words, level 1 sources are observable data about prices in 
active markets of identical assets/liabilities (for example, stock exchange 
quotes of securities). Level 2 sources are observable prices of similar assets/
liabilities in active and inactive markets, and data about interest rates, mar-
ket spreads and so on. In contrast to level 1 and 2 sources of level 3 provide 
non-observable data (expert estimates, judgements, management expecta-
tions and other hard-to-verify data).  It is Level 3 sources (and partly level 2 
ones) that afford maximum freedom to form a picture reflecting wealth sta-
tus of an economic agent.

3. Fair Value and 2007—2009 Crisis 
Since the beginning of the 1990s, FV has been considered as one 

of the best instruments of transparency in business (including attempts to 
adopt IFRS in various countries). Respective concepts and practices were 
viewed mostly positively in academic and professional literature. This same 
notion inspired over-optimism of investors in financial markets; moreover, 
top management’s bonuses became directly linked to market indicators 
(primarily current stock prices) as individual incentives for higher effi-
ciency. However, in 2010s these judgments have become ambiguous. World 
financial crisis of 2007—2009 and recession that followed it prompted a justi-
fied even though belated criticism of this concept among the practitioners 
of financial markets and the «academicians» alike. The FV implementation 
in financial markets should have been under critical review much earlier. 

A rather short period of the FV implementation has seen two major 
crises: the 2000—2002 Dotcom crisis of the high tech companies’ crash 
followed by the 2007—2009 one. Both crises started in the USA, while the 
first one led to massive collapse of dotcoms’ stock prices, the second one 
involved subprime mortgages. The first crisis did not generate grave eco-
nomic consequences outside of the US economy even though American 
security market regulators reacted to it with force (new order of control 
and financial activity regulation and information disclosure took shape in 
Sarbanes—Oxley Act and the like). Researchers increased their interest in 
issues of creative accounting, auditors’ responsibility and internal control. 
The second crisis, 2007—2009, engulfed the whole world and recession that 
followed is still in place until now, 10 years after the fact. It was this second 
crisis that brought about a new, extensive wave of financial and accounting 
studies about the role of information (including the types of valuations 

11 https://www.iasplus.com/en/standards/ifrs/ifrs13.
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used for public financial reports) in financial markets (for respective survey 
of literature see, for instance, Menicucci, Paolucci, 2016)).

What was the role of FV in 2007—2009 financial crisis? Some research-
ers (Küting, Lauer, 2009; Emerson et al., 2010; Masoud, Daas, 2012) are 
sure that implementation of FV for evaluating assets led to the crisis itself. 
More cautious authors (see, for example, Leuz, Laux, 2009; Pozen, 2009; 
Fahnestock, Bostwick, 2011; Leuz et al., 2012) suggested that if FV adoption 
did not directly bring about crisis, it certainly facilitated its unravelling12. 
What is the mechanism here?

We see two factors here. The first one has to do with inflating com-
panies’ assets value. It is natural to suppose in financial markets that the rep-
resentation of an individual economic agent financial performance attracts 
investors by the size of assets this company owns: it is also natural to see why 
this picture, exaggerated by a way of inflating related values and FV, based 
on expert estimates, is ready to oblige. These estimates are quite variable 
and depend on a number of factors objective and subjective so. 

It is highly unlikely that all of the assets are exposed in open and 
orderly markets under conditions of full information albeit IFRS and the 
US GAAP provide the opportunity to evaluate them in the absence of such 
markets through non-observable data (using level 3 of sources of FV13).  
Researchers note though that such evaluations are not effective in economic 
decision-making because the executives have levers to influence or mani-
pulate these indicators to serve their own goals (Harris, Kutasovic, 2010). 
It is fair value that is the cause of abuse of companies’ management (See 
Benston, 2003, р. 28, 39—41; Dechow et al., 2010). “Enron” scandal serves as 
an instructive example here (Benston, Hartgraves, 2002). Fair value served 
as an ideological basis for “creative” accounting, aiming at short-term maxi-
mization of companies’ stock prices.  The same concept of FV contributed 
to the development of “sales” paradigm of investor relations (Volkova, 2017, 
p. 66). 

Further interest in studying the role of FV in corporate defaults 
at the turn of the century soon faded as markets continued expansion in 
the first half of 2000s, and inflated company balances (even though some-
what curtailed by Sarbanes—Oxley Act) was advantageous for everybody. 
Microeconomic implications of adopting various sets of asset’ valuation 
rules by individual companies ceased to be of interest for researchers. The 
unravelling of the second crisis and its protracted nature produced renewed 
interest in asset valuations.  

Second factor that determines FV impact on financial crisis is com-
panies engaged in financial markets, i.e. acquiring risky securities with 
high volatility (the most vivid example here are derivatives)14 with intent 
to receive financial gain. The period of economic expansion and market 

12 See also analytical surveys: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2012:0782:FIN:EN: 
PDF and http://www.chicagobooth.edu/capideas/Jul06/1.aspx, http://www.chicagobooth.edu/capideas/
mar07/3.aspx.

13 Article 82 IFRS 13.

14 For FV implications for companies that used various financial instruments during the crisis and afterwards, for risk 
hedging see, for example (Beisland, 2010).
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growth before the crisis of 2007—2009 pushed companies toward more and 
more risky financial operations where newly acquired assets were assessed 
at FV, but actually their prices were inflated.  When these market bubbles 
started to burst, asset prices and other securities prices crashed and com-
panies found themselves loaded with highly leveraged and depreciated 
assets15. The majority of these assets were bought by excessive borrowing 
and thus the banks, which offered credit to meet high demand during the 
period of economic boom, found themselves in the same critical situation 
as the real sector companies (Jager, 2014). Depreciated assets of the over-
leveraged business could no longer support any further credit that led to 
bank assets quality to plummet, and bubble burst in credit markets too. 

During the 2007—2009 crisis, financial markets have experienced a 
peculiar interference of their various segments16. Financial derivatives bub-
ble crash led to consecutive bubbles bursting in other segments of financial 
markets and therefore entailed further crashes for a multitude of economic 
players including large businesses in both financial sector and in the real 
sector too. Hence, FV brought about pro-cyclical trends into financial mar-
kets (Wallison, 2008) and into bank balances as well as to the parameters of 
real sector businesses (Novoa et al., 2009). Much criticism in this context 
was aimed at valuations based on non-observable data using level 3 or, at 
times, level 2 sources (see, for example, Lustosa, 2017; Wang, Zhang, 2017; 
Lin et al., 2017).

Nevertheless, not all of the researchers agreed that FV was the 
cause and the accelerating force behind the crisis. D. Tarr (Tarr, 2010) and 
P. Wallison (Wallison, 2011) suggested that the US mortgage policy and 
inadequate level of government regulation of financial markets were to 
blame for the crisis of 2007—200917. These authors deem accounting issues 
insignificant and not worth discussion as a cause of such a major crisis. 

Yet another group of authors declines to see the causality between 
the crisis and FV (Gervasio et al., 2012). They assert that crises do not occur 
because of accounting but because of immanent volatility of financial mar-
kets. The authors of the paper (André et al., 2009) aptly remarked that call-
ing FV responsible for the crisis is akin to medieval tradition to shoot the 
messenger of bad news. 

Majority of researchers though tend to agree that, in the era of trans-
parency, accounting ceased to be simply the carrier of bad news (Magnan, 
2009), or neutral technology of reporting and parametrization of economic 
activity (Leuz, Laux, 2009). Political agenda is increasing behind techni-
cal aspects of accounting.  Financial regulators spend a lot of effort (or, at 
least, they declare an intent) to provide guarantees of certainty to economic 

15 Mechanisms of financial bubbles building up and crashing see (Bonner and Wiggin, 2003, chapters 1, 2, 4).

16 Physics uses the term “interference” to mean reciprocal amplification or reduction of two or more waves with super-
imposition. Same term is present in other sciences like in genetics, linguistics and psychology too to denote either 
amplification or reduction of certain effects or events being simultaneously present. In the context of this study, we 
view economic cycles as waves and therefore when applied to financial markets periods of boom one can use interfe-
rence model too.

17 In any case, later work by P. Wallison asserts that state regulation of financial markets at the initial stages of the crisis 
was not the cause of the crisis itself. Moreover, the strengthening of state regulation under Dodd—Frank Act of 
2010 (tightening of financial services by banks and them being monitored by the government) has slowed American 
economy exit recession (Wallison, 2013, 2015).
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agents by controlling information, ensuring new requirements of transpar-
ency, implementing penalties for rules violation whereas professional com-
munities focus on developing new standards of record-keeping and report-
ing. Transparency requirements have become new language of interactions 
between the government and financial markets. Nevertheless, transparency 
alone though does not mean that either national or global markets are safe 
from losses. During the times of financial crises, informational exposure 
can indeed make crises more protracted causing panics and additional risk 
(Escaffre et al., 2008; Ryan, 2008).

Accounting and reporting institutions (organizations and bodies 
developing and adopting accounting standards, accounting and audit 
firms) are tightly integrated with currently prevalent business models and 
institutions of financial markets (Horvat, Korošec, 2015). FV suits all of 
these (or almost all of these) parties because it offers ample possibilities to 
produce financial indicators. Therefore, the economic crisis led to the criti-
cism of the principle of FV in academic literature only but not to the account-
ing standards crisis and rejection of FV principle. 

4. Implications of Fair Value Usage 
There are internal (concerning professional accounting communi-

ties) and external (concerning actors in financial markets and the overall 
economy) implications of FV usage. 

Internal aspects of FV use have to do with accounting practice 
changes and professional ethics alteration of people involved in accounting 
and reporting. Principle of accounting has undergone a revision with switch-
ing to FV. This revision introduced alternative view of neutrality, prudence 
and reliability (Walton, 1993, 2006; Allen, Ramanna, 2013; Power, 2010; 
Dixon, Frolova, 2013). Accounting practitioners saw the rules replaced by 
principles; the right to implement professional judgement has become a 
duty. Long time principles and postulates of neutrality, reliability and pru-
dence dominated reporting and accounting, they carried ethical weight for 
the professional community in accounting and audit. However, the intro-
duction of fair value has changed values and advanced relevance (orienta-
tion of information for the user of reporting) and faithful representation. 

External investor emphasis, interested only in short-term return 
from investment, has become evident in international reporting standards 
and actual accounting and reporting practice: this focus is also obvious in 
the way financial reports are presented, and in the content of professional 
certification exams. Professionals are guided to produce a financial picture 
that, in turn, produces quite a few negative implications, including degra-
dation of professional ethics in the accounting community. Accountants 
seek possible rationalization (in fact — justification) of hypothetical esti-
mates in nonexistent asset/liabilities markets instead of evidential verifi-
cation (based on empirics)18. The ideology of audit is undergoing change 
too: when auditors encounter with difficulties verifying FV, they primarily 

18 The title of the study by one of the famous academic authors “Fair Values: Imaginary Prices and Mystical Markets” is 
quite indicative here (Bromwich, 2007).
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look into evaluating procedures of obtaining data and internal control instead 
of verification of respective data and ensuring against distortions. Thus 
verification emphasizes compliance with internal procedures of informa-
tion exchange in accordance with accepted standards of such exchange (in 
fact, FV valuations are not the object now; rather the ways in which FV is 
obtained) and ignores veracity of data in financial reporting. 

External FV implications include dubious contribution of these 
FV valuations into sustainable economic growth in addition to their above-
mentioned procyclical nature for financial markets. The issue of sustainable 
growth bore impact of FV valuations in the European Union, which objec-
tives19 of social fairness, highly competitive social market economies largely 
depend on stable growth. Some authors note (Palea, 2015), that FV prin-
ciple jeopardizes relations between  proprietors, managers and hired labor 
and the long-term strategies of the overall society. 

5. Ethnical Aspects of FV Estimations 
Majority of publications on FV, including the ones cited in this 

work, uses functional approach (Burrel, Morgan, 1979), that suggests ratio-
nal explications of social phenomena, and deductive argumentation which 
allows to trace relationship between factors and /or events, but they do not 
imply normative and /or moral judgements. According to such paradigm, 
FV interest comes from the practices of financial reporting, disclosure of 
information, disguising certain aspects of companies’ activity, embellishing 
indicators of asset potential, etc. The question, whether FV should be used 
at all is mostly ignored. This begs a question to what extent FV valuations 
correspond to the notions of honesty and trust in relationships among vari-
ous actors: people, companies, markets, investors. The number of publica-
tions addressing moral and ethical issues of financial assets valuation and 
respective principles and practices is much smaller, compared to that of 
discussing their technical aspects. As we suppose, the source of this asym-
metry is functionalism and positivism as the main feature of the mainstream 
of financial and accounting research. 

Critical paradigm can be an alternative to functionalism in social 
research: this paradigm assumes overall structure of social reality as rid-
den by deep conflicts and contradictions that should be considered and 
explained. Concerning reporting and financial aspects, the competence 
in the use of financial instruments (FV valuations, for example) is deemed 
insufficient. Instead, the question should be: whether these instruments 
should be used at all, if they are fair and a good fit from the social and ethi-
cal perspective, and in the long run?  

The first wave of such discussions about the meaning of fairness 
in accounting practices (in audit, in particular) took place in scientific 
and professional literature in the 1970—1980s. It preceded the introduc-
tion of fair value concept into standards of financial reporting.  Fairness 
then was interpreted in two different ways: as compliance with accepted 

19 According to the text of Lisbon Treaty of 2007.
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standards and integrity and as responsibility in compiling reports, tak-
ing into account expectations of prospective users. “Fairness is a quality that 
should underlie the preparation of financial statements, but it is not a 
property that can be objectively measured by the auditor” (Cohen, 1978, 
p. 13). Both interpretative approaches met criticism: the first one — for 
the lack of content (“an empty box”) because assumed compliance with 
standards was mandatory and not discretionary — whereas the second one 
was overly subjective when “user orientation” meant FV to agree with user 
“biases”. 

Independently of academic discussion about ethical issues 
of accounting practices, financial standardization bodies (Financial 
Accounting Standard Board (USA) and International Accounting Standard 
Board) extended their activity. They developed and introduced FV stan-
dards in full accordance with proverb saying: “The dogs bark but the cara-
van goes on”. During the period of rapid financial markets growth at the 
end of 1980s and the beginning of the 1990s, the parties that stood to be-
nefit the most from inflated balances heavily lobbied for this activity: banks, 
investment companies, large audit businesses and the like. As a result, ethi-
cal debates have ceased for about three decades yielding to initially techni-
cal aspects of FV and later to its effects on the economic crisis. It was only 
very recently that the interest to reopen ethical debate about accounting 
practices has come back.

The renewed interest here is brought about, as we suppose, by 
two factors: firstly, the emphasis on all aspects of sustainable growth cur-
rently typical for all social sciences (Cortese-Danile et al., 2010;  Özsözgün 
Çaliskan, 2014; Dillard, Brown, 2014; Dillard, 2015; Mintz, 2015); secondly, 
increasing amount of accounting research and publications that address 
non-orthodox theories and paradigms (Mraovic, 2008; Gill, 2009; Curtis, 
Williams, 2014; Campbell-Verduyn, 2017)20. Both of these two factors came 
about in the wake of the economic crisis. 

From the standpoint of morality, fairness means that any actions of 
an accountant or an auditor can be viewed as honest or dishonest. The ques-
tion then is whether it is honest to use concept of FV to describe real state-
of-the-art in company. 

Let us look at this question using the principal–agent theory. The 
parties that make decisions about what valuations they will use, i.e. accoun-
tants, managers, auditors and other, — choose the approach and the method 
of measurement so the obtained result contributes to the high score of their 
performance. Note: it is not high score for the company — it is the score for 
their personal performance! Thus, financial result (accounting profit) and 
market value (estimated by external investors) become not only a product 
of their business activity but also a result of decisions made by above men-
tioned parties through their valuation choices. “In abnormal situations or 
absence of a market, the measure found is always inexact and subjective, 
and therefore is not correct to call fair the quantity resulting from this arbi-

20 See also yearbook on «Research on Professional Responsibility and Ethics in Accounting» published by Emerald — 
http://www.emeraldgrouppublishing.com/products/books/series.htm?id=1574-0765. 
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trary calculation” (Lustosa, 2017, р. 5). Transparency of accounting data, 
rigidity and accuracy of financial results calculation appear to be illusory. 
Such behavior jeopardizes investors (principals) interest, and is in conflicts 
with principles of honesty and therefore the implementation of FV calcula-
tion is unethical. 

A number of studies demonstrates that FV implementation (espe-
cially with the use of level 3 sources) aids arbitrariness in presenting many 
articles of assets and liabilities (Badenhorst, 2014; Marra, 2016), lowers 
the quality of recording information as a whole, and also increases the 
probability of financial reportings revisions after its publication (Lin et 
al., 2017). Such FV implementation also leads to an increase of short-term 
bond issue probability and cost of debt (Wang, Zhang, 2017), as it contrib-
utes to overall decline of profitability for stockholders. Such actions, prone 
to these effects, are dishonest to the investors of given company or markets 
overall. 

Discussion of ethical issues has always been a sideshow in account-
ing research field21. The practices of FV application are based on concept 
of rationality and not ethics. As mentioned by “Forbes” observer L. Moyer 
(Moyer, 2008), «rules of accounting that obstruct rationality cannot be 
good». Can they be fair though? 

6. Is Fair Value Fair? 
Philosophers distinguish two forms of fairness. The differences 

stem from distribution principles: fairness based on equality (the same to 
everybody) — retributive fairness, or based on personal properties (dignity, 
needs, etc.) — distributive fairness. Which one is fairer when it comes to the 
distribution of resources (including information): equality or consideration 
of individual features?

This question has been front and center of theory and practice 
debates since Antiquity and especially while formulating social government 
policies. 

This study deems accounting reporting information provided for 
the users, as a distributed resource. Such information in financial markets 
can be supposed as a good necessary for market functioning. This informa-
tion does not match with other goods and can't be reduced to them. 

The basis for historical cost reporting is neutrality, prudence and 
reliability and these principles imply equality of all users of accounting 
information following the definition of retributive (equalizing) fairness. 
If one omits the question about the extent of actual neutrality of accounting 
practices, permitted by classical principles, then one can recognize historic 
value as fair estimate.  

However, this follows for the fair value too! The consideration 
of individual user groups’ interests makes this valuation fair in distributive 
fairness sense. 

21 Fairness is not only a financial notion but also a political and social one.  It is noteworthy that discussions of fairness 
of information disclosure in 1980—1990s were typical for accounting as well as for New Public Management (NPM) 
introduced in the practice of governance in various countries (Rasinski, 1987). Debates on core NPM principles, 
i.e. transparent, fair and equal access to public goods and information, resonated with similar debates about fair-
ness in accounting and reporting. Nevertheless, results of these debates led to different results and implications for 
accounting and public policies. 
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Contemporary notion of distributive fairness stems from the notion 
of the society as “a cooperative venture for mutual advantage” (Rawls, 1975, 
p. 4). Principles of fairness are intrinsically agreed norms, accepted by free 
and rational individuals driven by self-interest; these norms are a result of 
agreement about “principles it would be rational to adopt given the contrac-
tual situation”22 (Ibid., p. 16). To sum up, even though most of the debates 
are about fairness of norms and principles, fairness in the end does not come 
from norms but from the original position of stakeholders. As far as each 
situation might have a number of possible views, one can imagine a number 
of competing sets of fairness principles too. Hence, there is a considerable 
challenge to establish a fair procedure of choosing a prevalent set of prin-
ciples that would serve as guide for the future. 

In our case, a cooperative venture, generating and consuming infor-
mation, is financial system, and basis for the norms developed is principles 
of open access and usage of information. Processes of discussing standards 
and principles in all cases (IFRS or national standards of given countries) 
were quite lengthy. These discussions were open for comments and critical 
remarks. In this sense, they were largely a fair game. 

This issue about the new principles of asset/liabilities valuations 
can thus point to the need (if any) to react to the new situation in financial 
markets and in the world economy overall. 

Period of rapid and prolonged growth of nominal prices of 
resources and assets have deemed FV estimates reasonably fair. Moreover, 
market asset/liabilities valuations as well as the ones based on levels 2 and 
3 types (and historic value too) also can be judged as fair (or unfair for that 
matter) if they meet user interests and not contested by users. As long as no 
members of financial community complain about specific facts one consid-
ers all estimates a priori fair. 

It might seem paradoxical at first sight that considering individ-
ual user group interests at the root of distributive fairness does not in fact 
contradict the idea of equality. Actors, operating in financial markets in 
accordance with FV principles, are equal as the ones that operate (or have 
operated in other situations) in accordance with historic value principles.  
Equality of all potential users of accounting and reporting data is a part of 
traditional professional accounting principles of neutrality and prudence 
and requires historic valuation. The fairness of FV estimates is based on the 
interpretation of equality as opportunity to access and the use of certain goods 
(information, in particular)23. Staying away from individual implications, we 
can assert that FV means equality of real user’s interpretation and usage of 
information available on the market, i.e. given to them exogenously. 

We see here that even in a rather specific area like asset/liabilities 
accounting, there are different approaches to adopt equality and fairness 
and to include diverse valuation methods in financial practice, despite 
decades of discussions about unification and standardization.  

22 Rawls notes: “This connects the theory of justice with the theory of rational choice” (Rawls, 1971, p. 16).

23 It is important to mention that we use here only two interpretations of fairness out of the multitude of them, dis-
cussed by philosophy and sociology. Our conclusions are based on distributive notions of fairness and they are in 
conflict with some authors’ views about fairness and ethics being identical (Kozlovski, 1999), or fairness and honesty 
being identical (Rawls, 1995).
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7. The Future of Fair Value 
Experts differ in details of future applications of FV: some of them 

state that sole use of FV is wrong but can serve as a complement to more reli-
able estimates (see, for example, Benston, 2003, p. 21); when others agree 
that FV can be limited to certain segments of financial markets. In the study 
by (Novoa et al., 2009) the authors prefer FV valuation in the banking sec-
tor because it brings procyclical trends just unintentionally and because of 
the inadequate level of transparency. Full enough disclosure of information 
allows markets to assess companies’ financial performance properly: hence, 
those authors recommend greater transparency as a cure for the crisis. 

Social and distributive policies of the developed countries in the 
recent decade are notably stepping back from principles of equal distribu-
tion, primarily in interpretation of goods/needs heterogeneity and their 
non-comparability; a concern about differentiation of areas of fairness has 
taken over the concern for integration (Ricoeur, 2000, p. 89). Finance and 
accounting are a part of socio-economic processes as a whole; and all mea-
surements — historic cost and fair value, — are there to co-exist for a long 
time. It seems to us that unification is hard to expect in the future. 

In order for all information transparency systems to work and pro-
vide lower risks for investors, whilst corporate information systems nation-
ally and internationally undergo harmonization, it is important to standar-
dize information exchange instruments and practices among interested parties as 
a part of financial reporting standardization. In recent practices of investor 
relations24, one can find fundamental value estimations25, which has been 
long in use in investment analysis (see, for example Blanchard, Watson, 
1982; Giusti et al., 2014). The current use of fundamental value is minimal 
in accounting due to the sophisticated nature of its mathematical apparatus 
for practical computations. Nevertheless, we suppose this concept to be pro-
spective for the new generation of accounting standards. 
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Abstract. Small and medium-size enterprises (SME) public support is 

an important component of the economic policy of the developed countries. As it 
is strongly hoped in Russia, SME public support will help to diversify the domestic 
economy and switch it over to the innovation-driven development path. The paper 
addresses three basic issues at the heart of the domestic SME support policy, namely: 
(1) whether the SME sector is sufficiently developed and enjoys sound growth oppor-
tunities? (2) How does its development level correlate with the overall efficiency of the 
national economy? (3) And how can the domestic SME impact the innovation poten-
tial of the economy? Despite earlier suggestions no evidence was found that SME in 
Russia were under-developed or played a key role in improving overall efficiency and 
reorienting the economy towards innovations. The author’s studies show that SME 
support policy is intrinsically incapable to meet the goals, for which it is meant in the 
first place. What is worse, this policy turns out to create further maladjustments in the 
economy. It is further discussed how factors’ advantages impact small business deve-
lopment in certain industries. Also the author justifies the assumption that the speci-
fics and role of Russia’s SME, as compared to those in the developed countries, rather 
result from the overall macroeconomic problems, inherent to the domestic economy, 
than from insufficient government support.
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1. Introduction 

The U.S. Small Business Administration (SBA) was created in 1953. 
In 1990-s the researchers of entrepreneurship started to express watchful 
skepticism about the very concept of SME support policy — in their view, 
it was just like “spreading butter too thin across bread” (David Birch, Scott 
Shane, Joshua Lerner, David Story). D. Birch provided data that only 3% of 
small businesses enjoyed high growth rates and bore a heavy load of con-
tributing to economic development and growth of employment (Yudanov, 
2007). According to some European and American researchers, «the role 
of starting entrepreneurship as a jobs' creator and economic growth driver 
is greatly exaggerated. When a government provides financial support to 
each and every starting business, public funds are clearly spent inefficiently” 
(Chepurenko, 2012, p. 109). The critics usually reserve the role of innova-
tions driver to SME. As if following these findings, over 1990—2013 Japan 
had cut the ‘Financial backing of SME’ budget item from ¥154.7 billion to 
¥26.5 billion (or nearly eightfold!) (Vilensky, Lylova, Mozhaev, 2015). The 
impact of the said measure on Japan’s growth rates still waits to be explored.

It is unreasonable to argue that the new trends have become a main-
stream. The majority of governments still held the same viewpoint on the 
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issue over that period and would not measurably reduce SME public sup-
port. It is especially typical for Russia to consider small and medium-size 
business as “a magic bullet that will … conduct all sorts of … economic wiz-
ardry” (Shane, 2009, p. 141—142). The common idea is that it is SME sector 
that should act as a “locomotive” (Biryukov, 2004), a key to transforming the 
“noncompetitive” domestic economy into an efficient vibrant and innova-
tion-driven one (Vilensky, 2004, p. 246; Movchan, 2014). So SME sector is 
given much attention in the practical policy.

Traditionally SME in Russia are estimated along the following 
lines:

1) SME sector is under-developed in Russia;
2) non-competitiveness of the domestic economy is directly related to 

the low level of SME development. An increase of SME’s share in the 
economy will enhance both competitiveness and efficiency of the 
domestic economy;

3) a transition to innovation-driven economy is impossible without 
SME development.
A positive relationship between SME development and commit-

ment to innovations-driven economic growth is typically justified by the 
significantly bigger role of SME in the developed countries. The majority 
of studies on the issue addresses various forms of SME support or ways to 
increase the share and role of small business in the national economy. The 
usefulness of support in and of itself is taken just as an axiom. The follow-
ing goals are declared as the core: to catalyze innovations, to provide new 
jobs, to improve living standards, to raise budget revenues to foster entre-
preneurial mentality across the society and to increase the specific weight of 
the middleclass. The latter two goals can hardly be regarded as the economy 
related ones. What is more, it is commonly believed that mentality, being a 
subjective factor, adapts to economic conditions, rather than the reverse. It 
was the widespread outburst of entrepreneurial spirit in Russia at the begin-
ning of 1990-s that proves the primacy of economic factors over mentality, 
and broader —over institutional conditions. The ‘shuttle’ trade (‘chelnok’-
trade) practices, which in essence amounted to an archaic form of trade, 
emerged due to market imperfection and sheer differences in internal and 
external prices. But once the domestic market got established and price 
levels aligned, these practices melted away. Also any relationship between 
middle class portion of the population and economic growth rates were not 
found. And even the concept of middle class per se is quite blurred. So, the 
existing bunch of different approaches to the issue of SME support intrinsi-
cally suggests that the issue needs to be further clarified.

2 Are SME in Russia Underdeveloped?
All assertions, that Russian SME sector is underdeveloped, are 

backed by its far less specific weight in the economy (as registered by domes-
tic statistics), than in the developed countries. In 2010—2013 small business 
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on average accounted for 22.65% of employment, medium-size business — 
4.2% and SME in total — 26% (Small and Medium Business in Russia, 2014). 
These numbers are really not that impressive, given the corresponding fig-
ure for the most developed economies exceeding 50%. However, the above 
data for Russia is accompanied by the note “without concern for external 
part-time workers”. And the “part-timers” cohort reports significantly higher 
indicators: 48.9% for the SME sector overall, or nearly one half of active 
population. There is no data on part-timers’ contribution, yet, if taken into 
consideration, this cohort would radically change the insights on the actual 
role of SME in employment.

The shadow economy, mainly represented by small and medium-
size businesses, substantially distorts statistical data, while lacks any reliable 
statistics to be properly assessed. According to RosStat estimates, the unof-
ficial (‘grey’) employment reaches 20% (Small and Medium Business in 
Russia, 2014). “Based on the demand-for-cash method, the World Bank and 
the Johannes Kepler University reported, that in 2011 the share of shadow 
(‘grey’) economy equaled to 7.0% in the USA, 7.5% in Austria, 8.0% in 
Switzerland, … 49.8% in Belarus, 50.5% in Russia and 68.8% in Georgia” 
(Petrov, 2015). If we add one-third of external part-timers’ employment and 
the minimum value of unofficial employment to the official SME sector 
employment, the total figure will be 63%, or discernibly higher, than in the 
USA, where even larger enterprises can be qualified as SME. “The relative 
weakness of the Russian SME sector in the quantitative terms, as compared 
to the global benchmark, is undoubtedly persists, but it is by no means cata-
strophic” (Vilensky, 2004, p. 247). However, “what is usually hidden behind 
Russian SME’s quantitative parameters, pretty similar to those in developed 
countries, is a different qualitative content” (Vilensky, 2004, p. 247).

Russian SME’s share in gross domestic product (turnover) was 
also modest and 2010—2013 averaged to 26.9% of the turnover (Small and 
Medium Business in Russia, 2014) — a bit higher than that of employment, 
but far behind both corresponding figures — for the developed countries 
and the estimates of employment in Russia cited above.

So, does it follow, that the explanation of low employment statistics 
is groundless, and the indicator itself evidences that SME in this country are 
underdeveloped? Not necessarily. First, its shares in GDP and employment 
are distorted by the ‘grey’ component of the economy. Second, the higher 
share of SME in employment than in GDP is typical to all the countries, as 
it will be shown below. Third, like any other rent-based economy, Russia is 
specific in that the huge rent-based (or super-efficient) sector with its sig-
nificantly greater contribution to GDP than to employment tends to bias 
the gap between the corresponding figures for the other industries in favor 
of employment. Also “the reliability of statistics is normally restricted by per-
sistent concealment or underreporting by SMEs’ management on taxable 
characteristics and in the first place those related to profits (Vilensky, 2004, 
p. 247).
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Another question is whether there exist any criteria of optimal bal-
ance between SME and large business. No uniform theoretic criteria are 
known, as exemplified by significant differences in accounting standards 
for SME in different countries. Neither there is general consensus on what 
extent the growth rates are shaped by the share of SME sector in a given 
economy. There are underdeveloped economies with very few or even no 
sizable enterprises and with the exclusive dominance of SME. Yet such 
economies do not evolve into highly-developed ones and their growth rates 
usually come short of satisfactory. Consequently the assertion that SME in 
Russia are underdeveloped is senseless.

Moreover, there are strong reasons to suggest that the SME sector is 
exuberantly developed, and given the current conditions, it would be unwise 
to further enhance its role in the economy. Here are the reasons for that:

1) over the past 15 years the service sector (S-sector)1, which is pretty 
much the domain of small business, has been the major growth 
driver of Russia’s GDP or, put simply, it has been growing much 
faster, than the other sectors;

2) in the absence of factor advantages it is a high profitability resulting 
from excess of demand over supply, that is considered as a criterion 
of a sector under-development. Dramatic declines in the numbers 
and turnovers of SME in the wake of dramatic drops in oil quotes 
and tax burden growth, do mean, that the market is generally satu-
rated and profitability in the SME sector is quite low, while further 
growth is limited to the level of solvent demand.
The negative dynamics in S-sector revenues and employment that 

consistently follow the negative dynamics in extractive resource revenues 
and purchasing power of the population confirm the dependence of 
S-sector on income, generated outside its sphere. The latter, for one thing, 
argues for the market saturation, and for the other — runs counter to the 
widely held opinion, that SME should drive household income and sol-
vent demand. Since the majority of small and medium-size businesses are 
related to S-sector, the problem concerning the prospects of incomes and 
solvent demand growth boils down to the question of whether it is possible 
to achieve sustainable growth based on the S-sector?

The answer is no. Since the open (tradable) sector (O-sector) is 
a major producer of the essential goods, nowadays it is impossible to meet 
people’s primary needs and hence to maintain the very existence of the 
society without well-established O-sector or a substitute rent-based sec-
tor (Chigrin, 2015, p. 220). Indeed there is not a single large country in 
the world that has achieved high living standards exclusively through the 
S-sector development. “It is universally accepted that service sector is highly 
labor-intensive and incapable of providing any significant labor produc-
tivity growth” (Mikheeva, 2005, p. 78). These findings look all the more 
convincing, when one considers the levels of S-sector development across 
the Russian Federation regions. Per capita output of paid services exceeds 

1 Henceforward the “service sector” is meant as a non-tradable and thus not exposed to external competition sector.
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the national average in the regions where household incomes exceed the 
national average figure (Mikheeva, 2005, pp. 86—87). The hypothesis that 
it is the high level of paid services development, that produces high house-
hold incomes in these regions, is groundless for the following reasons.

1. It cannot be argued that the said regions are more favorable for 
S-sector in terms of institutional framework or natural environment 
(in the resort regions, which are more favorable for service industry, 
this sector is less developed).

2. The Western Siberia and Central regions have other sources for 
the higher, than average household incomes to be derived from — 
namely, the generated of reallocated resource rent.
Therefore, the overall economic growth is causally related to the 

growth of open sector or the raw material sector as its substitute, while the 
S-sector growth prospects are determined by the growth of incomes earned 
in the other sectors. The example of Russia is especially illustrative. The li-
near correlation between GDP and oil quotations is 98.6%2. It is the S-sector 
that by and large provided the synchronizing of GDP and oil quotes dyna-
mics, as at that time the survived part of the O-sector was benefiting from 
the weakening ruble. The above said undermines the thesis, that SME sec-
tor is underdeveloped in Russia.

3. SME Share And Efficiency Of The Economy 
Some of the advantages held by SME are evidently mythologized. In 

particular, flexibility and agility (capability to quickly adjust manufacturing 
programs and structures of output) are supposed to be sheer advantages of 
SME overbig business. Yet it is the labor-intensive (L-intensive) industries, 
which demonstrate the highest flexibility and agility. No machine can match 
a human in the range and flexibility of operations readjustment.

It seems that the features of labor-intensive industries are ascribed to 
SME because the latter operate predominantly within the most L-intensive 
service sector. Meanwhile, science- and technology-intensive industries 
involve capital in the first place (including intellectual capital), regardless 
the scale of operations. And capital-intensive production operations are 
generally far less flexible or agile. It is equally impossible to re-profile either 
a blast-furnace or a microchip plant to produce anything else than their 
core products. However, L-intensity is a synonym for low labor productivity 
and hence its advantage is pretty disputable.

What is more, pursuant to the Stolper—Samuelson theorem (that 
the growing demand for one factor would diminish the demand for other 
factors), artificial stimulation of L-intensity would mean the worsened busi-
ness environment for C-intensive (capital-intensive) industries and there-
fore threatens to undermine investment into the technology-oriented sec-
tor. As a result, intensity of L-factor will grow relative to C-factor, and along 
taking a toll on the efficiency and growth rates will lead to further structural 
degradation.

2 The correlation coefficient is calculated based on the average annual data for 1995—2012; for GDP calculations are 
in current U.S. dollar prices, and Brent crude oil prices are used. Data sources: IMF, WEO Database for the corre-
sponding years.
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Various incentives systems are used to increase SME share in an 
economy. Foreign incentive systems encompass some very cost-intensive 
support measures, such as:

  tax benefits;
  preferential loans and loan guarantees;
  training and easy access to information;
  intellectual property protection;
  gratuitous subsidies on R&D programs (Japan);
  research funding;
  protection of interests in government procurement activities.
Thus governments absorb some portion of SME’s costs. Along with 

the other methods costs are reallocated through bolstering of budgetary 
bodies (in terms of functions, staff and running costs). The impact on effi-
ciency of a national economy is commonly discussed in terms of a share in 
employment, tax revenues, government procurement or exports. However, 
the said indicators are irrelevant to measuring the overall efficiency. So, how 
does the said costs reallocation affect the efficiency of the whole system? 
Committing resources to a certain sector implies diverting resources away 
from other sectors. It means that sectors that are not granted benefits suf-
fer from worsened economic conditions and weakened investment appeal. 
Also, all these measures create artificial advantages for one sector over the 
others.

Moreover, it is well known that corrupt incentives are an inherent 
and indispensable part of any administrative reallocation of resources. SME 
public support obviously triggers a series of specific structural and institu-
tional changes, which in theory can only negatively affect the overall effi-
ciency of the economy.

In fact, there are conflicting opinions on the matter. On the one 
hand, the expert community widely recognizes, that service sector is inca-
pable to substantially drive up labor productivity (Mikheeva, 2005, p. 78). 
Meanwhile, elsewhere in the world SME tend to operate predominantly in 
the S-sector. On the other hand, SME are strongly believed to boost effi-
ciency and competitiveness of the economy (Kiryushin, 2011; Movchan, 
2014; Biryukov, 2004). Still, there is really no answer to the question: if SME 
are indeed more efficient, than big business, why the former needs to be 
supported by the government, while the latter is growing successfully in and 
of it?

Despite the frequently found differences in the data on SME’s contri-
bution to GDP and employment, as estimated by different sources, the global 
statistics generally provide the evidence that, as a rule, SME contribute sig-
nificantly more (by 5—37%) to employment, than to GDP. Thus, according 
to “Resource Сenter for Small Business Enterprises” Fund, in 2007 SME in 
EU-27 countries generated 58% of total value added and 67% of employ-
ment (The growing small and medium-size business in Russia and abroad, 
2010). For Germany the figures were 60.0% of employment, 51.8% of gross 
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value added and 37.8% of turnover (Information about the Development …, 
2013). In Japan the corresponding figures stood at 70% for employment and 
about 52% for GDP (Research of Forms of Support …, 2014). In the Taiwan 
Province of China SME contributed 78% to employment and 45% — to GDP 
(Biryukov, 2004). In South Korea the corresponding figures were 87.5% 
of employment and nearly 50% of GDP respectively (Small and Medium 
Business…, 2016). The U.S.A. is the only national economy in the world, 
where SME contributing 50% to employment generate more than 50% of 
GDP (as reported by U.S. SBA). And as Fortune magazine put it in May, 
2012, 500 top biggest corporations generated $11.7 trillion of sales revenues 
in 2011, which exceeded two thirds of the U.S. GNP for that year.

Thereby, labor productivity is persistently lower in SME sector, than 
in big business. This fact should be regarded as regularity. First, financial 
resources re-allocation in favor of SME at the expense of large-scale indus-
trial production, being the very essence of SME encouragement, improves 
economic conditions and thus actually reduces efficiency requirements on 
the companies. Hence, increasingly more poorly-performing companies 
turn out to be viable and survive in the market, pushing down productiv-
ity and efficiency averages. Second, SME are predominantly engaged in the 
L-intensive service sector, where productivity is typically not too high.

No data is available on the relationship between the expenditures 
on SME support and the overall growth rates of an economy. However, there 
are fast-growing developing economies with scarce SME support budgets 
(for instance, China or India). And to the contrary, affluent economies of 
Europe and North America, which run expensive programs of SME sup-
port, show lower than average growth rates. This is not to prove that SME 
support negatively affects efficiency and growth rates of an economy; yet, it 
provides no evidence of the SME’s support positive impact on an economy.

Therefore, our hypothesis concerning the generally negative impact 
of SME support on overall efficiency can be assumed as proved.

And how do things stand with the other SME support goals, such 
as enhancing employment, living standards and budget revenues? Yet, in 
this regard the impact of SME support is far from being as definite and con-
sistent, as supporters of conventional view argue, as international scholars, 
whose studies are referred to in the opening section, have proved it, draw-
ing on various statistical data. The same conclusions follow from the thesis 
that SME support negatively affects the overall efficiency of the economy. 
Other things being equal, the living standards are determined by produc-
tion efficiency. And so, any measures, that cause decline in efficiency, are 
unable to facilitate living standards improvement. Tax revenues follow the 
same pattern: household incomes go down because of decreased efficiency, 
thereby eroding the tax base. This effect is further aggravated by tax cuts 
provided under SME support programs.

At first glance it seems quite reasonable to support SME so as to 
boost employment. SME are mainly engaged in the S-sector, where labor 
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and resources prove to be the most intensive factors. Hence it follows, 
that SME support is a time- and cost-effective way to boost employment. 
However, given the side effects such reduced overall efficiency and under-
mined investment in the technology sector, in the long run the resulting 
growth in employment would be anything but sustainable. Still, economic 
growth remains the best remedy to unemployment.

4. Is it Possible to Switch to Innovatoin-Driven Economy with 
Underdeveloped SME?
So far we have actually identified SME with the S-sector, which is 

relevant for Russia, but not for developed countries. Although in the lat-
ter case the role of SME is substantially lower in science-intensive industries 
than in S-sector, it is quite prominent. And it is obviously that very SME 
sub-sector, which is strongly expected to energize science-intensive indus-
tries in Russia. To evaluate SME contribution to the innovative capacity of 
the national economy we need to consider the SME’s advantages over big 
business within the innovative sector and SME’s position in the respective 
production chains. The advantages of large-scale production are known to 
be associated with the economies of scale, low transaction costs and capac-
ity to focus substantial funds on R&D. These advantages make it possible 
for large-scale concerns to dominate at the global markets of quantity-pro-
duced, higher-complexity and knowledge-intensive goods.

The advantages of small and medium-size business stem from low 
administration costs, transparent stimuli, agility and ability to stay closely 
in touch with a market. The said features are conducive for SME to domi-
nate the S-sector (the limited local markets) and the industries where, for a 
variety of reasons (such as the limited room for automation and technology 
competition), the economies of scale are simply inconceivable. Drawing on 
the above advantages we can identify several specific O-sector niches occu-
pied by SME in the developed countries.

1. Traditional L-intensive industries: the apparel industry and some 
branches of agricultural industry (with little room for automation and tech-
nology competition).

2. Goods intended for quite narrow world markets — produced in quanti-
ties ranging from several units up to several tens of thousands of units(with 
no scope for economies of scale).

3. Artificially narrowed markets (with a monopolistic consumer). Large-
scale concerns often have up to several thousands of small-scale highly spe-
cialized suppliers. The case is best exemplified by South Korea, as is men-
tioned above: SME in that country account for 87.5% of total employment 
and almost 50% of GDP. The other half of GDP is obviously generated by 
big business, which employs the remaining 12.5% of active population. It 
means that per worker GDP in big business is seven times as much, as in 
small and medium-size enterprises. With that, due to some structural spe-
cifics, Korean SME sector is poorly suited for the role of an important con-
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sumer or generator of innovations. The overwhelming majority of Korean 
SME is bound to contracts with one of Chaebol conglomerates, such as 
Samsung or LG.

One may naturally wonder why such inefficient production patterns 
are not squeezed out by the more efficient ones. Undoubtedly, it is in no 
small part due to SME public support or the policy of preserving traditional 
economic setups. This insight confirms the above drawn conclusion that 
SME public support is underpinned by mainly non-economic motivation. 
As a tremendous gap in productivity as we see in South Korea is, indeed, a 
rare one. Yet, nowhere in the world SME has exceeded productivity that of 
large-scale concerns.

4. Venture capital investments, intended to introduce new products, 
technologies of business models to the market. In this case SME may be 
perfectly competitive, given that no market for a product to be introduced 
is already existent, and it leaves no scope for economies of scale. The most 
common are two models: 1) venture investments of the large concerns 
which establish small enterprises in order to create new products or test 
new ideas; 2) establishing the start-ups by initiative groups or individuals 
with the purpose to capitalize existing ideas and experiences.

In the former case the process is initiated by big business which 
invests its own capital and if successful, takes possession of all the benefits. 
In the latter case funding is normally provided by banks or government 
bodies, or raised from venture capital funds. However, once a new product 
promises to become a success, big market players with advantages over SME 
on the global market would show up seeking to acquire it. And eventually 
one of behemoth businesses would purchase the innovative manufactur-
ing enterprise or the rights on a new product or simply develop the similar 
product in-house. In the latter case a small-business originator of a product 
is squeezed out of the market. Indeed, the most successful start-ups are typi-
cally considered to be those that would readily be purchased by large-scale 
concerns.

The condition for the emergence of breakthrough startups is the 
maturation of technical capabilities through the development of related 
industries, a new culture and competencies. PC market evolution is a good 
example here. By the time Apple’s Macintosh prototype was designed, the 
then technological developments in microelectronics, electronic data stor-
age and retrieval hardware had already created all the necessary means and 
preconditions. All that was left for Macintosh to accomplish was to figure out 
how to assemble the available components. First analogs were introduced, 
but failed. At that time no PC market existed, and it was the first successful 
PC model, that gave rise to it. The PC market is now well-established and 
already divided among a certain group of players. The most recent start-
ups with business potential comparable to Apple’s, were launched as long 
ago, as the first half of 1990-s. And it is nearly improbable for such a startup 
to be launched within the present-day IT industry. Whether startups of the 
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sort mentioned do crucially need public support, still remains the pending 
issue. The stories on how B. Gates, S. Jobs or M. Zuckerberg gained tremen-
dous business success with no funding from U.S. SBA evidence that no over-
protection (hot-house conditions) is required to put a truly breakthrough 
idea into practice.

The above is irrelevant for Russia, since in fact no domestic cutting-
edge industries are able to draw on own science and technology infrastruc-
ture. At best Russian industries follow the catch-up development model. 
Therefore any game-changing startups are less likely to appear, than in the 
countries with a range of well-established industries, able to develop and 
master new cultures and competencies.

5. IT sector. When arguing that SME are at the frontline of innova-
tions, we often refer to the IT sphere, software programming and internet 
services. Indeed the IT sector is a very specific one, mainly because the 
nature of its products is intangible. As a result at least two stages fall out of 
a traditional production chain “development — testing — development and 
deployment of technologies — production/manufacturing — sales — after-
sale follow-up (servicing)”, namely, those of “development and deployment 
of technologies” and “production/manufacturing”. The production cycle 
comes down to “development — testing — sales — after-sale follow-up (ser-
vicing)”. Elimination of the material production stage dramatically reduces 
capital intensity thus making it impossible for large-scale manufacturers to 
exploit their major advantage — the economies of scale.

So, the scale of business is determined by the scope of tasks at hand. 
Compound, complex software packages are usually developed by big com-
panies, while easier software products may be developed by SME or even 
individual programmers. However, breaking-through innovations, which 
revolutionize production methods or remarkably enhance product quality 
and living standards, mainly come in the form of high-profile software prod-
ucts like computer operating systems, computerized development/design 
systems, database management systems etc. And only the big companies can 
provide the necessary technical expertise and resources to develop such 
systems.

The specific nature of IT sector is also proved by the competitive 
positions of IT industry in Russia. Starting from the early 1990-s the annual 
growth rates of software and IT services exports consistently averaged to 
more than 25% (Export of the Russian Software…, 2015, p. 52), significantly 
outpacing both the overall exports growth and all the more so — that of 
non-resource industries. SME play a prominent role in software exports. 
Companies with turnover up to $5 million account for 4.5% of IT export 
revenues (ibid, p. 52), while statistics on SME exports is unavailable (appa-
rently, because it is deemed insignificant).

Two of three software companies included in the RBC 50 top tech 
companies rating were among the top three ones (RBC’s Rating, 2016). 
Among 50 top companies only 16 were privately owned, only 17 were not 
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engaged in the production of military-related equipment and only four 
(including all three IT ones)produced consumer products or services. 
Therefore, beyond the scope of public support and government con-
tracts the domestic IT sector, as compared to other high technology sec-
tors, operates in a very different business environment. This is obviously 
the result of significant differences in factor intensities of production, and 
the proof, that factor advantages really exist in the Russian economy and, 
moreover, make a sizable difference in terms of the domestic industries’ 
efficiency.

So when it comes to manufacturing sphere, it is big business that 
benefits, generates demand and provides funding of innovative activities in 
the first place. Big business can afford conducting R&D on its own or to fund 
R&D conducted by small business, while SME normally have to raise funds 
from outside sources. This finding somewhat agrees with international 
scholars’ conclusions. Thus, A. Cooper argued, that it would be mainly the 
small firms that would fuel growth of modern economies, as far ago as in the 
middle of 1960s. What he considered to be the primary advantages of small 
firms were high professional skills and creativity of engineering staff. To his 
opinion, the reason was that small firms used to hire already experienced 
specialists, while big business hired inexperienced novices (Cooper, 1997). 
As one can readily guess, large companies provided SME with talents and 
competencies. The whole burden of recruiting, selecting and training inex-
perienced newcomers to forge them into seasoned professionals befalls on 
the shoulders of big companies. W. Baumol “emphasizes a critical comple-
mentarity between the roles of larger and smaller entrepreneurial firms in 
innovation activities” (Chepurenko, 2012, p. 106). IT sector tends to be an 
exception, since IT-oriented SME are relatively self-sufficient and indepen-
dent of big business.

It is a widely shared view in domestic periodicals that “small business 
is a priority in Western countries as a key contributor to innovations, while 
corporations are left to introduce SME-generated R&D results into commer-
cial production” (Komissarov, 2011). With that, the word ‘priority’ seems to 
be a bit of overstatement. Given that small and medium-size business holds 
especially strong positions in the U.S. economy and even stronger positions 
as a major employer, U.S. SME account for less than 25% of patents issued 
(Business Research..., 2016, p. 191—192). “Small and medium-size enter-
prises in EU countries significantly lag behind large corporations in terms 
of innovation activities’ indicators, with small firms falling dramatically far-
ther behind” (Antonchikov, 2013). “Over 2004—2010 German SME’s expen-
ditures on R&D had grown by 71% and reached €8.7 billion (or nearly 15% 
of total expenditure) (Information about the Development …, 2013). The 
above statistics is hardly indicative of any priority.

More specifically, in the developed countries SME maintain their 
own sustainable and important niche in innovations. With that, the entire 
niche is viable not least due to the public support programs and frequently 
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owing to direct public financing. It therefore follows, that in reality SME’s 
research activities cost more to the society, than those of large businesses, so 
the latter actually incur the major costs of innovation-driven development. 
If neither big business nor a national economy as a whole needs innovations 
and generates no demand for innovative products, as is the case in Russia, 
then SME’s innovation activities almost always become uneconomic.

Thereby, to portrait SME as the core element of efficient economy 
and the driver of innovation-led development means to overstate the actual 
importance of SME. Without demand for innovations on the part of both — 
big business and the economy — SME will fail to play the role of “innovations 
generator” or to reorient the economy to a non-resource-based innovation-
led growth path. The relevant issue to address is neither why SME in Russia 
are underdeveloped, nor why Russia’s SME consistently lack the innovative 
dimension, but rather — why business as a whole got stuck in no progress 
in terms of innovative dimension, regardless sizes and scopes of businesses.

5. Conclusion: on the Origins of Uncompetitiveness 
Summarizing the above, we can argue that there are neither theoret-

ical nor practical grounds to suggest that artificial SME encouragement and 
support can improve overall economic efficiency or make an economy more 
oriented towards science and technology sphere. Rather the said practices 
are inconsistent with the theory that to maintain equal economic conditions 
(free competition) for all economic actors is the best way to enable produc-
ers to resort to the most efficient patterns of organization available in their 
business context, and generally to enhance the overall economic efficiency. 
And on the contrary: artificial incentives for SME normally result in further 
structural imbalances.

Many authors point to the crucial differences in the SME’s role in 
the Russian economy as compared to their role in the developed countries 
(Biryukov, 2004; Vilensky, 2004, p. 247; Kiryushin, 2011; Movchan, 2014). 
Drawing on this assertion it is further concluded that SME support polices 
are ineffective just as a result of insufficient care on the part of authorities 
(Movchan, 2014; Chepurenko, 2012; Kiryushin, 2011). So, among the range 
of objective and subjective causes only a single cause is highlighted and fur-
thermore — it is a subjective one.

The above approach leaves many questions open. Are the reasons, 
that make domestic SME so dissimilar to their foreign counterparts, rooted 
in the differences of the support patterns, or in the domestic administra-
tive and legal environment, or in the macroeconomic conditions? Are the 
incentives for SMEs to really change their behavior of administrative or of 
economic nature? Is it possible to create effective incentives for innovation-
driven growth through certain changes in administrative law environment, 
or factor advantages in this regard do really matter more? Are the challenges 
and specifics of domestic SME inherent to small business per se, or stem 
from the general problems and challenges of the Russian economy?
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SME support is in essence an adjustment of economic conditions 
largely in favor of services sector, where the majority of SMEs operates else-
where in the world. If we aim at improving technology sector competitive-
ness, the adjustments should be made in favor thereof, or, in other words, 
based on industry-related, factor intensity characteristic rather than on 
a scale of operations. Yet, as previously stated, to a large extent SME are 
encouraged to innovate by a demand for innovations on part of big busi-
ness, while in Russia the latter (as opposed to other countries) does not ge- 
nerate any of it. Consequently, until this situation persists, no form of SME’s 
innovation activities support, including the most efficient ones, will yield 
anything but limited effect and will fail to switch the economy to the innova-
tions-driven growth mode.

It is then logical to suggest, that the similar reasons stand behind 
a close similarity of approaches to innovations and SME survival. Factor 
advantages, covered in the previous section, are probably one of the rea-
sons. There are several superefficient rent-based industries in the Russian 
economy, driven by outside, rather than domestic efficiency factors (that is 
world resource markets prices). It is these factors that determine the export 
potential, foreign exchange earnings and to a large extent — ruble exchange 
rates. In 2017 the real effective exchange rate (REER) index of ruble was 
1.77 as compared to that in 2000, and in 2013, at the apex of stagnation, — 
2.053. The cited ratio simply that all production factors and manufacturing 
costs generally tend to become proportionally more expensive as compared 
to external competitors. And that is a reasonable explanation why Russia’s 
O-sector is mostly uncompetitive.

This fact seems to explain why both large and small businesses are 
systematically disinclined to support innovations. Science-intensive sectors 
are the most open and vulnerable part of the O-sector. However, this expla-
nation is not that widely accepted. The truth is that the differences in eco-
nomic conditions and in domestic and external manufacturing costs in the 
first place, are not taken into consideration. So how it can be possible, that 
an increase in manufacturing costs does not affect competitiveness? How 
can it be possible, that apparent factor advantages in some industries do not 
impact the efficiency of other industries? And what is more, these questions 
have never been posed.

Current state and specifics of SME and more widely, of business in 
general, can be considered as an outcome and creator of specific macroeco-
nomic environment (factor advantages, currency overvaluation) as well as 
the objective determinants thereof. If this is the case, then current develop-
ments can be considered as a rich source of data for analyzing macroeco-
nomic causes. Or as the outcome of successes and failures of the adminis-
tration system. In the latter case the efforts will apparently be focused on 
searching of and correcting the errors as well as on introducing changes in 
the current institutional arrangements. The preferred approach will make 
the difference in how the problem will be interpreted, and how successfully 
it will be addressed.

3 World Bank. World Development Indicators.
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Introduction. Economic Growth and 
Structural Changes in the Russian 
Economy in Comparison with Foreign 
Countries 
Lately the rates of economic growth in 

Russia have dramatically slowed down: the aver-
age annual GDP rate of growth in 2009—2017 was 
0.7% compared to 6.9% in 1999—2008. There are 
several reasons for this slowdown. Some experts 
suggest that these reasons stem from completion 
of economic transition from plan to market and 
respective structural shifts. Following the trans-
formational recession of the 1990s and economic 
expansion of the 2000s, Russian has become “a 
new normal economy” with stable and low rates 
of economic growth (Bessonov et al., 2010). 
Other experts see the reasons for the slowdown 
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in exhausted model of economic growth driven 
by primary commodities, loss of competitiveness 
of oil-producing sectors and the “Dutch disease” 
(Mironov, Petronevich, 2015), and later, the drop 
in oil trade earnings that were essential in prop-
ping up domestic demand and production while 
disguising institutional inefficiency and mounting 
investment risks (Akindinova et al., 2016). In any 
case the opportunities for economic growth acceleration 
are linked with the change of the economic growth model. 
This new model should incorporate reduction of 
the able-bodied labor (employable) and ageing 
population, limited access to financial resources 
and advanced technology due to economic 
sanctions.

The industrial structure of the Russian 
economy has changed very dramatically in con-
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stant prices2 during the 2000s. Reduction of 
agriculture and industry went hand in hand 
with expansion of the services, i.e. informa-
tion technology, financial sector, business and 
consumer services. The share of public sector 
services (education and healthcare), has gone 
down though during the same3. The share of 
mining sector remained quite high despite 
some drop. All of these structural changes 
reflected a combination of international and 
domestic trends typical for the period in ques-
tion: post-transition expansion of the Russian 
economy, worldwide growth of the service sec-
tor, increased earnings from oil and natural gas 
production and strengthening of the ruble. As 
a result of the latter two trends, the non-trad-
able sector has grown at a higher rate and new 
institutional structures came about to facilitate 
redistribution of oil, gas, monopoly and other-
wise rent earnings. 

Post 2008—2009 crisis decline in economic 
growth rates was accompanied by slowdown of 
structural shifts. Nevertheless, the service sec-
tor continued to grow and its share increased in 
synchronicity with world trends during the same 
period. 

There is quite a bit of literature about cross-
country comparison of structural shifts. UNCTAD 
(Trade and Development Report, 2016) put out 
a study of aggregated economic sectors dynamic 
since 1970. European Commission special report 
(EU Structural Changes, 2015) describes in detail 
the more recent trends during the past 15 years. 
The share of manufacturing in the EU countries 
from 2000 to 2014 has dropped by 3.5 points — 
from 18.8 to 15.3%. The strongest reduction of 
manufacturing was characteristic for countries 
where the respective share was quite low originally 
(Figure 1). 

The recent crisis has not hampered surpass-
ing rates of growth of the service sector, attending 
to consumers and business needs, either in Russia 
or in a number of the developed countries like 
France, the USA or the United Kingdom. At the 
same time the existing gap between the emerging 
and the developed countries (including resource-
rich countries) in the area of information technol-
ogy and communications keeps widening. Russia 
is falling behind the developed countries in this 
respect despite increasing share of this area in its 
economy. The share of this sector has gone up 
by 0.6 p.p. over the period between 2005—2015 
whereas respective share growth in Great Britain, 
Germany and the USA reached 1 p.p. and higher. 

Share of education in GDP has been gradu-
ally going down (especially in the developed coun-
tries) over the last decade. The switch of some of 
the education functions to information systems 
has contributed in part to this trend. Russia, how-
ever, manifests a dramatically more protracted 
tendency (almost two times lower respective indi-
cator, compared to the developed countries peers) 
of education GDP share (see Figure 1). The gap 
between the developed and the developing coun-
tries in healthcare and information and computer 
technology spending is rapidly widening whereas 
in Russia healthcare GDP share in constant prices 
is not only quite low but also shrinking which is 
not typical for the developed nations. 

1. Russian Economy Macro-Sectors: Data 
and Methodology
Against the background of global struc-

tural shifts, Russia is affected by the country spe-
cific ones which are more prone to path depen-
dent industrial structure rather than its alteration. 
The process of Russian institutional transforma-
tion gave way to a peculiar economic model with 

2 Using current prices for the analysis of structural changes in gross added value does not allow to separate price dynamic from 
the dynamic of physical production. This is quite essential for the Russian GDP which is quite dependent on highly volatile 
hydrocarbon prices. Gross added value in constant prices is better for capturing the underlying trends in production. 

3 It is noteworthy that current market prices calculated share of education and healthcare services in GDP has remained 
practically unchanged while the share of general government sector went up. According to the methodology of Rosstat, the 
increase of budget expenditures has little impact on the physical amount of budget services and they mostly reflect the use 
of the GDP deflator. There are, however, alternative expert estimates of public sector dynamics that cite higher growth of 
the physical volume of public sector services compared to the official numbers. World Bank, OECD and other international 
organizations publications usually consider data about education and healthcare state expenditure as a share of GDP. Such 
estimates are oftentimes higher than the GDP share of the respective activities in produced GDP because it includes inter-
mediate consumption. 
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three macro-sectors (not counting the public 
one), varying levels of profitability and relation-
ship with the state, different access to rent and 
divergent adaptation mechanisms vis-a-vis chang-
ing external economic conditions. These sectors 
are: primary commodities sector, non-primary 
commodities large business sector and small and 
medium-sized business one4. We can condition-
ally attribute each economic activity to one or the 
other of above mentioned sectors because of prev-
alent specific financial model there5, even though 
technically the boundaries of the sectors do not 
perfectly coincide with the boundaries of the eco-
nomic activity. 

In order to estimate each macro-sector 
structural characteristics and its reaction to exter-
nal conditions changes, we constructed model 
accounts of gross value added (GVA) in market 
prices for each industry broken down by types 
of  primary incomes generated. Our calculations 
covered 2011—2016 period and we used indus-
trial classification (General Classification of Gross 
Economic Income (OKVED — the Russian acro-
nym)) for 2007 for compatible estimates6. Making 
respective calculations we used direct data from 
national income accounts7, i.e. certain types of 
primary income groups by industry, received in 
the course of production and derived from data 

Figure 1 
Sectoral share in GDP of Russia (in constant 2016 prices) in comparison to foreign countries (in constant 2015 
prices), %% 

Note. RUS — Russia, AUS — Australia, GBR — United Kingdom, DEU — Germany, MEX — Mexico, USA — USA, 
TUR — Turkey, FRA — France, CZE — Czech Republic.

Sources: OECD, The Russian Federal State Statistics Service (Rosstat), authors’ calculations.
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4 This approach was initially used in Akindinova, Kuzminov, Yasin (2016).

5 In the work by Akindinova, Kuzminov, Yasin (2016) “Primary commodities business” category comprised “Mining and 
quarrying”, “Manufacture of coke and refined petroleum products”, “Wholesale fossil fuel trade’, “Pipeline transporta-
tion”; whereas “Large non-primary commodities sector” included “Manufacturing”, “Electricity, gas and water supply”, 
“Construction”, “Transport, storage and communication” and “Financial activities” (minus the ones already in “Primary com-
modities group”). Lastly “Small and medium size business” sector” includes “Agriculture, forestry and fishing”, “Wholesale 
and retail trade”, “Hotels and restaurants”, “Real estate, renting and business activities”, and “Other communities, social and 
personal service activities” (minus already included in “Primary commodities sector” components).

6 This calculation is performed based on Rosstat data, updated on 21.07.2017. 

7 The framework of this paper imposes limits on our category of “Primary commodities” sector,” which solely comprises 
“Mining and quarrying”, because national accounts data that we used, does not allow more detailed breakdown of respective 
components. 
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solely available for the economy as a whole. The 
latter data was applied industry by industry and 
then the flows of primary income groups were 
aggregated in agreement with OKVED (with resul-
tant industrial estimates of GVA in market prices) 
and brought in agreement with GDP and nominal 
GDP components. 

Three indicators i.e. compensation of 
employees and mixed labour income, non-observ-
able by direct statistical methods; calculations 
using balance method; subsidies on products and 
taxes on products had to be distributed between 
economic activities along with calculation hypoth-
eses formulating. 

First indicator “compensation of employ-
ees and mixed labour income, non-observable by 
direct statistical methods” was estimated on the 
basis of a hypothesis that general amount of hid-
den income in the economy corresponds to the 
GVA industrial structure add-ups for unobserved 
activity which logically cause non-accounted 
income categories.  We employed Rosstat GVA 
correction estimates for non-observable by direct 
statistical methods economic operations, broken 
down by the type of economic activity)8. The com-
putation of nominal GVA corrections for 2011—
2015 was drawn from the data compounded in 
“National accounts of Russia”. Adjustment ratios 
in GVA by industry for 2016 were kept at the 
reported level of 2015, taking into account a two-
year gap in official publication of the indicator 
in question. With regard to the second indicator 
of “ subsidies on products” we hypothesized that 
only three industries were primarily their recipi-
ents: “Agriculture” (section A), “Manufacturing” 
(section D) and “ Other community, social and 
personal service activities” (section O), which, 
in turn reflected priorities of fiscal policy. We 
assumed general amount of subsidies on products 
to be proportionate to the overall volume of pro-
duced and sold goods and services. Taxes on prod-
ucts distribution by industry is based on Federal 
Tax Service of Russia (FTS) and Treasury of the 
Russia statistics, which we balanced with national 
accounts data, pertaining to aggregate data 

taxes on products in GDP production account 
(GDP-by-Industry).

Further, we have performed a summary 
of all types of primary income for each industry 
according to the following scheme below (current 
prices, RR bn):

= + + +� �&� �i i i i iY L NOTpr GP GMI NTp ,
where i  — type of the economic activity (indus-
try); iY  — calculated amount of primary income 
in an industry; �iL  — Compensation of employ-
ees; �iNOTpr  — other  taxes on production (net); 

& iGP GMI  — gross operating surplus and gross 
mixed income; iNTp  — taxes on products (net).

These thus performed calculations allowed 
for balanced GVA industrial assessment in market 
prices in agreement with the GDP broken down 
by source of allocation on primary income. Finally, 
these obtained computed indicators by economic 
activity type helped us to aggregate estimates by 
macro-sector (Appendix, table A1).

2. Characteristics of Macro-Sectors 
and Their Reaction to External 
Conditions’ Changes
Parameters of GVA structure broken 

down by types of primary sources of income, 
obtained using methodology above, along with 
GVA dynamic in relation to overall profits and 
investment provided for quantitative assessment 
of financial models differences among functional 
macro-sectors as well as their reaction to chang-
ing external conditions: we thus compare a more 
favorable period of 2011—2013 of trade to a more 
challenging period of 2014—2016. 

Russian primary commodities business 
(see Figure 2) is marked by exclusively high profit-
ability stemming from oil and gas rent, which has 
been maintained despite progressive export tariffs 
and severance tax. Radical drop of oil prices in 
2014—2016 has caused both absolute and relative 
decrease in tax burden in this sector and the profit 
share of primary commodities sector DVA increase 
which provided for the investment growth in the 
sector. However, despite such outstanding finan-
cial performance indicators, the total factor pro-

8 Data here is from Statistical Compilation of “National Accounts of Russia” tables NN 2.5.35—2.5.39 (http://www.gks.ru/bgd/
regl/b17_15/Main.htm).
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ductivity (TFP) in primary commodities business 
has been consistently in decline since mid-2000s 
(see Appendix, Table A2). Radical trade condi-
tions change in 2014—2016 did not lead to either 
lower concentration of resources in primary 
commodities business, or to its increases inter-
nal efficiency. Key enterprises of this sector hold 
monopoly position and thus control rent and high 
profitability which, in turn, uphold rent-seeking 
behavior of non-primary commodities sectors of 
the economy.

Other types of economic activity that we 
compiled into macro-sector of “Large non primary 
commodities business” (Figure 3), have shown dif-
ferent trends. Its structure is dominated by either 
old or traditional enterprises with access to budget 
funding via state orders mechanism, or subsidies, 
or state investment proper. The enterprises of this 
sector are also main labor employers and they 
pay labor for the most part “white” wages (with 
no hidden part). Three out of five industries that 
we attributed to this sector, increased profit share 
at the expense of wages (two of the mentioned 
three industries did so by reducing employment) 
over the period from 2011 to 2016. Contrary to 
the primary commodities sector though, none 
of these industries saw increasing rate of profit 
accompanied by increasing rate of investment. 
Growth halt or even decline of the total factor 
productivity manifested that enterprises could not 
bring internal efficiency up even if they cut back 

on labor costs. Despite lacking direct access to oil 
and gas rents and diminishing rent redistribution 
through state budget allocations in 2014—2016, 
large non-primary commodities business contin-
ues to receive it indirectly through restrictions to 
competition and mechanisms of state budget sup-
port. Incentives to increase competitiveness of the 
production and respective market sales remain 
weak as a result. 

Economic activity of small and medium 
size business (Figure 4) is characterized by higher 
level of competition and no access to government 
support (with the exception of large scale subsidies 
for agriculture). High risk and low rate of return in 
this macro-sector are offset by massive tax evasion. 
The period of 2011—2016 has shown remarkable 
changes: lower share of profit in the GVA structure 
went hand in hand with growing rate of invest-
ment. This sector also shows somewhat better pic-
ture of the overall factor productivity dynamic; its 
decline after 2008—2009 in this sector was smaller 
than the average economy-wide. Even though gen-
eral conditions for non-tradeable sectors deterio-
rated in the wake of dropping oil prices, the share 
of services in overall economic composition con-
tinued to grow as we mentioned above. Besides the 
benefits of the listed above advantages, this growth 
owes to low barriers for innovation technology 
compared to traditional enterprises, and to stron-
ger competition. It is also noteworthy that business 
and general public service enterprises as a part of 

Figure 2
Primary commodities sector 
Sources: Rosstat, authors’ calculations.
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“small and medium size business” sector face large 
demand and enjoy high return from education. 
Thus there is a greater opportunity to receive high 
wages (without being taxed) along with maintain-
ing employment for people with higher education 
who could have considered emigration as one of 
the viable work strategies. 

3. Conclusion and Findings 
for Structural Policy Formation 
and Implementation
Lately the Russian economy rates of 

growth and processes of structural changes have 
slowed down. Besides various significant factors 
(demographic trends, technology, foreign policy 
one) we explain this slowdown by the presence of 
bad institutional equilibrium in the Russian econ-

omy. Primary commodities business, large non-
primary commodities, and small and medium 
size businesses have demonstrated diverse reac-
tion to “risk—profitability” ratio. Our analysis of 
macro-sector reactions here shows that reduced 
share of wages and increased share of profit in 
GVA did not result in increased share of invest-
ment (with the exception of the primary com-
modities sector).

Stringent macro-sector boundaries and 
their institutional resilience limit options for 
implementing either horizontal or vertical struc-
tural policies without taking the particulars of 
each of the macro-sectors into account. 

A. Key direction of structural policy in pri-
mary commodities sector should target monopo-

Figure 3
Large non-primary commodities sector 
Sources: Rosstat, authors’ calculations.
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Figure 4
Small and medium size business
Sources: Rosstat, authors’ calculations.
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lization and excessive concentration as major 
sources of this sector low efficiency along with easy 
access to rents. 

B. Policy designed for the “Large non-pri-
mary commodities business” should be directed 
to increase competitiveness and sales on domestic 
and overseas markets with gradual abandonment 
of state support regime. 

C. We can assert here that with regard 
to small and medium size business attempts to 
reduce shadow wages’ share under the in current 

economic conditions are not an effective mecha-
nism of leveling the competition playing field, 
because shadow employment and wages spread-
ing is mostly industry specific. Many enterprises 
in this sector especially in the area of market ser-
vices, see movement to shadow economy as the 
only option for survival against the background 
of weak demand dynamic and no access to state 
funding/resources. Preferred direction in this 
sector should be gradual reduction of the share 
of shadow earnings. 

APPENDIX
Table A1 

Key parameters of macro-sectors during 2011—2016, % of GVA

Year 
Primary commodities 

sector
Large non-primary com-

modities sector
Small and medium 

size sector

1 2 3

Compensation of employees

2011 8.2 42.7 45.4

2012 8.3 42.2 46.8

2013 9.0 43.4 49.0

2014 8.8 42.8 51.9

2015 10.5 41.4 47.6

2016 12.3 41.7 50.6

Taxes on production and import (taxes on products + other taxes on production)

2011 46.0 12.0 8.0

2012 45.8 12.2 7.8

2013 44.5 12.4 7.2

2014 46.0 12.4 7.1

2015 31.2 11.8 7.4

2016 27.1 12.9 7.6

Gross operating surplus and gross mixed income

2011 45.9 45.3 46.5

2012 45.8 45.6 45.4

2013 46.5 44.1 43.8

2014 45.1 44.8 41.0

2015 58.2 46.8 45.1

2016 60.6 45.4 41.8

Fixed capital investments

2011 17.0 29.1 11.3
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Introduction 
The Presidential Executive Order No. 204 

(as of May 7, 2018) has set the key goals of national 
economic development in the upcoming political 
cycle, in particular, to move Russia into the top 
five largest economies; to ensure economic growth 
rates exceeding international rates; to support 
high-productivity export-oriented businesses in 
the basic sectors of the economy based on modern 
technology, to ensure annual 5% increase in labor 
productivity. Being the prerequisite for Russia’s 
sustainable development, these goals are undoub-
tedly urgent yet, it is equally beyond any doubts, 
that these goals are unachievable within the cur-
rent economic model based on the raw material 
exports, given that it has actually exhausted itself.

Thus, the new development model is the 
priority on the current agenda; however, the very 
lack of any definite long-term strategy for socio-
economic development obviously hampers a tran-
sition to a new development model. With that, the 
general outlines of a model itself are quite obvi-
ous and intended to restructure the economy and 
to revive the real economy sector on the basis of 
cutting-edge technology innovations (Lenchuk, 
2018, p. 28). All these draw the structure and tech-
nology factor to the forefront, while rapidly evolv-
ing new industrial revolution makes its role even 
more crucial. The said factor provides the initial 
insights on what kind of material structure can 
provide the economy with a capability to generate 
new sources of economic growth. The technology 
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factor also highlights the major requirements for 
the technological basis conducive to further deve-
lopment of various industrial sectors.

In essence, a set of objectives should be 
achieved. For instance, for fostering the new 
industrial base, favorable for economic growth, 
new markets that would boost both domestic and 
external demand for industrial products, should 
be searched for. And given the fast pace of ongo-
ing industrial and technological revolution, we 
also need to significantly improve competitive-
ness of domestic products at international mar-
kets and especially at high-technology markets. 
And that objective is unachievable unless the 
national industrial complex and its production 
base both undergo a large-scale technological 
modernization.

It is therecognized urgency of these objec-
tives that has encouraged developed countries 
to adopt a course towards new industrialization, 
which is now the main vector of their economic 
policies. The main emphasis is made on spreading 
the newest breakthrough technologies that can 
not only create new markets but also be embraced 
by the traditional industries. The emergency of 
such technologies is commonly associated with 
the Fourth Industrial Revolution. Thus, as Schwab 
points out, “it integrates many technologies in 
ways that are leading to unprecedented paradigm 
shifts in the economy, business, society, and for 
individuals” (Schwab, 2016). This is especially 
true of such technologies, as unmanned trans-
port vehicles, 3D printing, cutting-edge robotics, 
new materials, Internet of Things, artificial intelli-
gence, genetic engineering, and big data analytics.

To keep their industrial policies in tune 
with the new industrialization course, the devel-
oped countries currently run a wide range of imple-
mented programs. Germany, for instance, has 
invested heavily in “Industrie 4.0” and the USA have 
adopted “The Advanced Technology Program” 
(ATP). Quite similar programs aimed at absorbing 
the advanced technologies are also in effect now in 
France, Great Britain, Japan and China. Through 
embracing the advanced technologies the deve-
loped countries expect to accelerate up their GDP 
growth rates by 1.5—2.0 times and thus to achieve 
2.3—2.6% growth rate by 2035 (Knyaginin, 2017).

The developed countries get to their 
potential for global technological leadership 
through explicit emphasis on and adoption of the 
following practices:

  Selective support for ahead-of-the-curve 
R&D, conducive to strong competitive-
ness and sustainable growth of a national 
economy.

  Prioritizing national scientific and techno-
logical goals and the goals for the develop-
ment of certain industrial sectors.

  Three-pronged policy-making process in 
the spheres of science and technology, 
innovations and industry, aimed at harmo-
nizing the long-term forecasts, strategies, 
plans and programs in the prioritized eco-
nomic sectors.

  Establishing appropriate institutions and 
mechanisms intended to achieve goals and 
objectives and thus to ensure technology 
leadership in the priority spheres and an 
increasingly growing role in global value-
added chains.
It is imperative for Russia to promote its 

economic development in line with the global 
trend towards new industrialization. In fact, 
Russia is left with no other alternative, than to 
build up its economic power through more active 
application of the newest technologies — given its 
current deteriorated geopolitical situation and 
extremely low economic growth rates coupled 
with more that two-fold (or even three-fold) lag-
ging behind the world’s major economies in the 
level of economic development (per capita GDP) 
(New Industrial Policy of Russia in the Context 
of Ensuring Technological Independence, 2016, 
p. 32). Further delays in transition to a next deve-
lopment stage, along with the persistent lag in 
labor productivity and the resulting lag in com-
petitiveness threaten to become in the immediate 
future a systemic and insurmountable challenge 
for the Russian economy (Osmakov, 2017, p. 47).

1. Technological Backwardness of the 
Industrial Complex
Over the years of market transformation 

Russia’s industrial sector had significantly shrunk 
and deindustrialization had taken the most trau-
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matic toll on technology-intensive sectors. In 2016 
machinery and equipment production accounted 
for a little over 45% of 1991 production levels, 
while production of transport vehicles reached 
66%. In that same year the manufacturing indus-
tries’ share in the gross value added amounted 
only to 13.7%. For comparison, in 2015 the cor-
responding figure for Germany amounted 22.8% 
and for Czech Republic — 27% (Osmakov, 2017, 
p. 46).

The relentless statistical data provides 
strong evidence on the dramatic depreciation of 
fixed assets in the manufacturing sector, reported 
to reach 50% in 2016. As the HSE Centre for 
Business Tendencies Studies reported, 45% of 
industrial enterprises currently use 10- to 30-year 
old machinery and equipment and even older, 
while the age of machinery and equipment in the 
manufacturing sector is typically 14 years or even 
more.

Obviously, the technological obsolescence 
is hampering labor productivity growth and thus 
preventing from achieving the goal, set forth in 
the presidential Executive Order of May 2018; in 
fact, it allows no chance for the industrial sector to 
move beyond a 2% annual growth rate.

The undisputable fact that Russia obvi-
ously lags far behind in harnessing the latest cut-
ting-edge technological advances is evidenced by 
its 0.3—0.5% share at the global high-technology 
markets as well as by the heavy dependence of 
industrial production on imports (up to 80—90% 
in a range of economic sectors).

According to RosStat, by 2016 the Russian 
economy has embraced 232,388 cutting-edge 
manufacturing technologies, with the half of these 
being used for over six years. One third of the 
technologies were bought from abroad and by the 
date of purchase most of them had already seized 
to be considered as disruptive innovations. Let’s 
look at the dynamics of how domestic advanced 
production technologies are developed. The pro-
cess is quite slow and, what is more, only about 
10% of the domestically developed technologies 
can be regarded as breakthrough innovations (see 
Figure below).

2. Structural Priorities in the Context 
of New Industrialization Agenda
The outlines of the new industrialization 

strategy are dictated both by the prevailing deve-
lopment patterns of the Russian economy and the 
current state of the national industrial complex, 
and involve the dual-synchronous process of creat-
ing new high-technology sectors of the economy 
and effective innovative renewal of traditional sec-
tors, with the agreed qualitative changes in the 
technical and economic and social and institu-
tional spheres (Tatarkin, 2015, p. 24).

With that, any further advance in the said 
direction is impossible without supportive pub-
lic industrial policy appropriately designed and 
implemented in tune with the goals at hand. Such 
a policy should establish a balanced economic 
structure through public regulation measures at 
the macro, meso- and micro-levels. These mea-
sures should facilitate structural re-adjustment 
of the economy and its large-scale technological 
modernization and should be laid out in step-by-
step objectives, mindful of both current global 
trends and the national economic specifics.

As one of its prime objectives, pub-
lic industrial policy should set out priorities 
designed to reshape the national economic com-
plex towards the prospective sectoral makeup, 
capable of generating new sources of growth. It is 
important to properly address the said objective, 
as it will determine the basic qualitative and quan-
titative parameters of resource input — in terms of 
labor, technological, investment resources and the 
enabling institutional environment — required to 

Figure
Development of advanced production technologies 
in Russia (in units)

Source: gks.ru.
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further implement develop the structural priori-
ties identified.

Indeed, all these should be done in a 
highly professional manner. Prioritization should 
be preceded by careful inventory checking of 
the whole industrial complex with due regard to 
such factors, as prospective commodity markets 
for domestic producers, competitiveness growth 
potential of various industrial sectors, availability 
of strategic goods supplies, social value of certain 
industries, scientific and technical groundwork 
etc. It is unacceptable for Russia — with its recep-
tive internal market and claims to be recognized 
as one of major world’s economic subjects — to 
specialize in a restricted spectrum of industries 
and technologies, all the more so in the context 
of today’s increasingly tense geopolitical envi-
ronment. The only way for Russia to maintain its 
subjectness is to have a diversified technology-
independent and competitive national economy, 
geared towards development of different tech-
nological modes, given that each mode should 
address different tasks. “The future wave indus-
tries guarantee independence and self-sufficiency 
in the future, the current wave industries provide 
basic infrastructure and technical support of the 
economy, ‘old’ industries are the main source of 
employment” (Perez, 2013).

With the above said context in mind, two 
groups of structural priorities should be estab-
lished within the industrial policy, as was pointed 
out in our previous studies (New Industrial Policy, 
2016, p. 87). Today other scholars also share this 
point of view (Idrisov et al., 2018, p. 14).

The first-group priorities should be 
focused on advanced development of the domes-
tic industrial capacity and thus promote Russia’s 
high competitiveness in disruptive technological 
innovations. Russia currently has opportunities 
to build and participate in the global value-added 
chains in a range of industries including ship-
building, nuclear-power engineering, aerospace 
industry and IT-industry. With that, seeking for 
gradual shift of profit and systemic integration 
centers to the RF territory is an important task to 
be addressed. Thus careful attention should be 
given to new technologies that are brought about 
by the industrial revolution 4.0 and offer new 

opportunities to develop the industrial sector and 
new promising markets. For instance, by 2025 the 
potential economic impact of mobile internet, 
knowledge work automation and advanced robo-
tics are expected to reach nearly $10 trillion, more 
than $6 trillion and more than $4 trillion respec-
tively (UNIDO, 2016, p. 55).

The second group of priorities should 
facilitate large-scale technological modernization 
of key economic sectors, particularly, to promote 
re-equipment and steady growth, to bridge the 
technological gap, to quit with dependency on 
imports of machinery and equipment and also to 
build up domestic reproduction chains.

There is a wide consensus among research-
ers today, that a number of traditionally basic 
industries, including the fuel-energy complex, 
chemical complex, metallurgy, agricultural sec-
tor, construction sector, mechanical engineering 
industry, would gain a substantial growth poten-
tial as a result of technological modernization 
and comprehensive automation (Structural and 
Investment Policy…, 2017; Idrisov et al., 2018). 
As estimated by the Center for Strategic Research 
(CSR), investments in massive renovation of fixed 
assets and software can add almost 40% to produc-
tivity growth rate (Idrisov et al., 2018, p. 15).

With that, it is important to note that wide-
scale technological modernization and develop-
ment of high technology industries would inevita-
bly pose an urgent problem of how to develop and 
accumulate core technological and manufacturing 
competencies in the production of machinery and 
equipment. And this problem should be solved 
immediately. It is the qualitative level of industrial 
plant equipment that determines the technologi-
cal level of manufacture and thus the competitive-
ness across a wide range of domestic industries.

3. Technological Trajectory of Industrial 
Development
The increasingly pressing problem now 

is to align the structural priorities, established in 
the industrial policy, with the main objectives of 
research and technological policy. To achieve this 
goal, it is necessary to formulate a technology-ori-
ented trajectory for the national economic devel-
opment with an eye on some articulate vision of 
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Russia’s future, its prospective sectoral makeup, 
technology level of basic economic sectors and the 
objectives of socio-economic development.

The said trajectory should be based on the 
long-term qualitative forecast as to the long-term 
scientific and technological development and 
be accurately specified within the key objectives 
of the “Strategy of Scientific and Technological 
Development of Russia”, so as to be formulated as 
the range of concrete programs and projects. The 
scientific and technological priorities, laid down 
in the “Strategy”, are to outline the general direc-
tions for restructuring and technological modern-
ization, so that their implementation would allow 
forming the core set of industries, based on the 
new cutting-edge technologies.

It is worth mentioning, that the accepted 
domestic practices still resort on the entirely dif-
ferent approach to drawing up strategic docu-
ments concerning the scientific and technologi-
cal development. For instance, the “Scientific 
and Technological Development Strategy of 
the Russian Federation” (adopted by the RF 
President’s Executive Order as of 01.12.2016 No. 
642) makes practically not to mention the key 
promising technologies conducive to forming 
the core set of advanced industrial productions. 
Rather the main emphasis is made on the broad 
challenges encountered by the government, the 
society and the science as well as on the insti-
tutional peculiarities of national scientific and 
research activities.

The goal both to embrace the cutting-edge 
technologies and to enter new markets has been 
aligned with the development of the “National 
Technological Initiative” (NTI) — a complex long-
term program with the purpose to help Russian 
companies in achieving global technical leader-
ship at the promising global markets within the 
coming 15 to 20 years. In 2015 the Agency for 
Strategic Initiatives (ASI) was charged with the 
said task, but seemingly yielded highly debatable 
outcomes, particularly in what concerned the 
choice of research areas, which had been made by 
ASI behind the scenes, without due consideration 
and had resulted in a excessively broad range of 
research areas chosen. Moreover, it had not been 
defined, what sources had to fund the activities of 

ASI staff within the NTI schedule, although the 
scope of tasks at hand definitely called for heavy 
financial expenditure. Also the NTI management 
procedures have not been thoroughly elaborated 
and still lack detail (Danilin еt al., 2016).

In 2017 the National program “Digital 
Economy” was adopted. The main emphasis was 
placed on the development of information tech-
nologies and establishment of digital platforms. 
The RF government is willing to massively finance 
the Program. With that, the problems related to dig-
italization of industrial branches and introduction of 
cutting-edge manufacturing technologies seem to 
have fallen off the Digital Economy” authors’ radar.

It was only by the end of 2017 that the 
active work upon “The Long-Term Science 
Technology Forecast for Russia” started to be 
aligned with the scenarios, developed in the 
already adopted “Strategy of Scientific and 
Technological Development of the Russian 
Federation”. However, as stated by the Federal Law 
No. 172-FZ “On strategic planning in the RF”, it 
is “The Long-Term Science Technology Forecast 
for Russia”, that should form the bedrock for the 
whole system of documents related to the issue 
of strategic planning for the national scientific 
sphere. Also the Forecast should be aligned with 
the development of certain sectors and branches 
of the national economy.

Therefore, given that Russia is to transit to 
the new development model, the strategic techno-
logical development trajectory should be articu-
lated as the integral part of the national industrial 
policy. In essence, we have to embrace the princi-
ple of unity in scientific and technological, innova-
tive and industrial policies, since the said princi-
ple has undoubtedly proved to be of great help to 
developed countries in addressing the challenges 
of new industrialization and enhancing the global 
competitiveness of their national economies.

4. The Institutional Framework 
Conducive to the New Industrialization
The public industrial policy towards new 

industrialization is expected not only to set up 
clear goals, objectives as well as structural and 
technological priorities, but also to provide the 
enabling instruments and mechanisms.
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To get more insights on what aspects 
of the industrial policy should be enhanced, it 
will be informative to have a look at the World 
Economic Forum (WEF) report “Readiness for 
Future of Production”, 2018, where WEF experts 
assessed the readiness for the future of produc-
tion across 100 countries. The assessment was 
based on the analysis of two main components: 
Structure of Production (a country’s current baseline 
of production in terms of its complexity and scale) 
and Drivers of Production covering such factors, as 
a development level in terms of technology and 
innovation, human capital, institutional frame-
work, participation in the global trade and invest-
ment, and demand environment. As a result the 
countries concerned were assigned to one of four 
groups based on their performance in terms of 
the above two main components: 1) leading (with 
strong current base and well-positioned for the 
future; 2) legacy, or countries with strong current 
base but at risk for the future; 3) high-potential, 
or countries with limited current base but well-
positioned for the future; 4) nascent countries 
with limited current base and at risk for the future.

Top ten leading countries are shown in the 
Table below. Russia is rated as the second-group 
country and listed as the 35th by the Structure of 
Production. Russia is rated even more modestly by 
the Drivers of Production. The institutional frame-
work turned out to be Russia’s main disadvantage 
(the 84th place among 100 countries). It was in 
terms of this driver that the experts appraised the 
effectiveness of public institutions, intended to 
regulate technological development and that of 
business.

That said it is worth noting, that it is press-
ingly important to establish effective institutions 
of industrial policy, tailored to achieving the 
goals of new industrialization. Notwithstanding 
the adoption of Federal Law No. 488-FZ “On 
Industrial Policy in the Russian Federation” of 31 
December 2014, which along with the general tar-
get objectives for the national industrial complex 
development also outlined the key measures for 
establishing the enabling institutional framework, 
the relevant activities should be taken further.

We fully share V. Polterovich’s point of view 
that it is crucial to form a kind of an institutional 

core to facilitate industrial policy, that is, the set 
of institutions explicitly charged with the responsi-
bilities to initiate, elaborate, select and implement 
large-scale projects and programs. The said institu-
tions are to encompass the following systems: that 
of scientific research, of the national innovations 
and of strategic planning (Polterovich, 2015).

Indeed, the main accents in what concerns 
the task of establishing the efficient institutional 
framework are shifting towards the development 
of strategic planning system and, in the first place, 
towards the consistent execution of the Federal 
Law No. 172-FZ “On strategic planning in the 
Russian Federation”, which had introduced the 
methodology of sequentially elaborated and 
mutually agreed forecasts, strategies, programs 
and projects.

Meanwhile, we have to meet the said press-
ing objectives — to develop and master cutting-
edge manufacturing technologies and win new 
markets — in the context of severe competition 
and aggravated geopolitical realities. Given all 
that we need to form the institutional framework, 
conducive to building up full-cycle reproduction 
chains that are beginning with development of a 
new product or technology and ending with its 
successful introduction to the market. Here the 

Table 

The rating of countries by the level of readiness 
for future production

Structure 
of Production

Drivers 
of Production

1. Japan
2. South Korea
3. Germany
4. Switzerland
5. China
6. Czech Republic
7. USA
8. Sweden
9. Austria
10. Ireland
…
35. Russia
…

1. USA
2. Singapore
3. Switzerland
4. Great Britain
5. Netherlands
6. Germany
7. Canada
8. Sweden
9. Denmark
10. Finland
…
43. Russia
…
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efficient national innovations system will be of 
great support, although it still remains quite frag-
mented. Also we are to devote special attention to 
establishing applied-science research institutes as 
the critical element in implementing the innova-
tion cycle.
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Introduction
Industrial policy traditionally remains an 

object of hot discussions where this very concept 
and definition of this policy finds no consensus. 
For the purposes of this study we use the following 
broadly defined industrial policy.

Industrial policy is a government action 
aimed at business environment improvement 
and/or alteration of economic activity in spe-
cific sectors and/or technological areas that are 
expected to offer better prospects for economic 
growth or societal welfare than would occur in 
the absence of state intervention (based on Pack, 
Saggi, 2006; Warwick, 2013). 

Key essential trait of any industrial policy 
is a concentrated impact on individual industries 
or areas of business activity. Such an impact can be 
a result of state implemented selective measures, 
originally targeting individual sectors or groups 
of companies, and it is attributed to vertical policy. 

If, on the contrary, such a policy is a manifest of 
heterogeneous repercussions of implemented 
instruments in various sectors and areas, it is usu-
ally attributed to horizontal type of this policy (Gual, 
Jodar, 2006; Kuznetsov, Simachev, 2014).

National governments implement multi-
ple tasks using industrial policy (Lin, 2012; Garcia 
Calvo, Coulter, 2017): we can thus identify three 
basic models of it here.

1. Compensation policy strives to avert nega-
tive structural shifts that have already transpired or 
are expected to. In this case, policy can be applied 
in the specific industries or without concrete areas 
being targeted. There will however, exhibit vertical 
traits because of firmly defined list of recipients. 
Frequently, even though not always, such policy is 
brought in as an anti-crisis measure and it largely 
aids laggards rather than promotes industrial 
leaders.
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2. Catch-up policy is designated to reduce lag 
(in advanced technology, as a rule) of individual 
national industries, sectors or companies. For the 
most part, this policy is of vertical or mixed nature 
and it targets existing companies, selected on 
the basis of the current quality performance and 
prospects. 

3. Pass-ahead policy seeks to provide selec-
tive national companies (or selective sectors) with 
technological superiority over most existing com-
petitors and thus assist them in becoming world 
leaders. Pass-ahead policy usually does not have a 
clear-cut industrial focus. It is often implemented 
by novel and specifically crafted for the purpose 
instruments, both vertical and horizontal. 

Russia has had considerable experience 
in industrial policy in traditional sectors of the 
economy as well as in relatively new sectors. Since 
2000 we can identify at least eight large scales state 
initiatives in implementing proactive industrial 
policy (see Table 1). 

At the onset of the 2000s the state intro-
duced several measures to diversify Russian eco-
nomy against the background of economic recov-
ery trends. Notably this implemented policy was 
mostly of soft and horizontal nature during the 
initial stages. Original version of the federal target 
program (FTP) “Electronic Russia 2002—2010” 
can serve as an example here: its components 
included measures to improve legislation and state 
regulation in the area of information and com-
munication technology (ICT), and development 
of telecommunication infrastructure, respective 
cadres training, creation of systems of effective 
interaction among state organizations, business 
and population at large, based on the extensive 
use of ICT2. 

Since about mid-2000s industrial policy 
has intensified against general background of 
strengthening the role of the state in the economy. 
Increased resources at the government’s disposal 
permitted a buildup of financial support for indus-
tries, distributed via instruments of FTPs. These 
resources also facilitated creation and capitaliza-

tion on several large development institutions 
(Simachev et al., 2014). As such, policy was primar-
ily vertical; complex initiatives to develop the auto-
motive industry provide a vivid example. However, 
the state continued horizontal policies which were 
usually complemented by vertical measures — as 
exemplified by the policy in nano-industry.

In the wake of financial and economic 
crisis of 2008—2010 the industrial policy became 
more selective. The majority of its initiatives 
intended to offset and compensate for economic 
recession in the most susceptible sectors and 
to support individual companies whose failure 
would have involved grave repercussions espe-
cially in the social realm. The majority of indus-
trial policy tools intensified government interfer-
ence with the economy. Private demand gave way 
to state demand in its stead, protectionist barriers 
were erected, safeguarding interests of specific 
economic sectors (Gorst et al., 2009). During the 
period mentioned above, industrial policy typi-
cally provided large scale state support to systemic 
core enterprises which specifically identified as 
such in respective listing3.

Since 2010 after the acute crisis stage was 
over the state set off to seriously search for the new 
momentum of the long term sustainable growth. 
However new foreign policy tensions and the 
introduction of bilateral sanctions have brought 
about new challenges for the industrial policy 
implementation beginning in 2014. As a result, 
current industrial policy either pursues a search 
of new markets and/or technology areas with 
greater potential (National Technology Initiative), 
or strives to stabilize the economy proper in antici-
pation of possible extension of sanctions (incen-
tives for import substitution in some industries). 

Thus during the 2000—2017 period state 
attitudes vis-à-vis industrial policy in general and 
specific practices of its implementation have 
undergone critical alteration. The policy in ques-
tion was applied vertically as well as horizontally. 

During the period under consideration 
the tool kit of the industrial policy have exhibited 

2 Later this program became even more vertical and in fact it took a new orientation to support informatization of  the public 
administration system. 

3 We note that currently the practice of system-core enterprises support has gotten a new lease on use. 
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dynamic development too. As a result, a broad set 
of mechanisms was formed spanning the gamut 
from special programs, development institutions 
and tax initiatives to various infrastructure facili-
ties including the Russian attempt to reproduce 
experience of “Silicon valley” within the frame-
work of the Skolkovo innovation center4. 

Two circumstances beg further details 
here.

1. Termination of earlier industrial poli-
cies and their respective forms of support was 
quite rare, although some initiatives were formally 
temporary. If indeed some of the cessation of pre-
vious mechanisms took place, they were usually de 
facto replaced by similar ones. 

2. The state tends to favor vertical policy 
and direct support of large traditional compa-

nies. Such policy permits lower risks of wasted 
resources and warrants significant results for 
reporting. It is noteworthy that many instru-
ments and initiatives of the industrial policy 
that provided large scale benefits were origi-
nally put forward by traditional interest groups 
and powerful players, or these instruments and 
initiatives were “captured” by them5. Thus origi-
nal horizontal initiatives later would become 
vertical. 

Earlier considered industrial policy 
examples, matched with discussed models (see 
Table 2), point to the following observations. 

Compensation policy appears to be the 
most extensive with regard to resources used and 
initiatives implemented. This policy objectives 
and management are objectively characterized 

Table 2

Types of the Russian industrial policies 

Policy type Compensation policy Catch-up policy Pass-ahead policy

Strategic 
direction 

Recovery after socio-
economic crises or their 
prevention 

Response to current tech-
nological and economic 
challenges 

Response to future tech-
nological, economic, 
social or other challenges 

Policy nature 
Vertical: directed to aid 
concrete companies 

Usually vertical or mixed Horizontal with a ten-
dency to transform into a 
vertical one 

Technological 
novelty 

Unimportant Average: mostly worldwide 
known technologies, new 
for Russia or individual 
company 

High: novel technology 
development 

Participants 

A wide range of partici-
pants, including mainly 
existing large and signifi-
cant companies associated 
with the state 

Dependent on the nature 
of the specific initiative: 
often inclusive of pre-exist-
ing companies 

Potentially broad par-
ticipation scope inclusive 
of new and pre-existing 
companies, but in reality 
though still quite limited 

Competitive 
advantage

Local Frequently — local Global 

Main risks 

Support for inefficient 
companies, greater perfor-
mance gap 

Product and technology 
innovation, competitive 
on domestic market only, 
technology gap emergence 
between related industries 

Errors in target markets, 
products and technology 
selection. Large scale 
project support, that 
might not pass market 
test. Niche success areas 

4 Moreover, similar attempts are likely to continue — individual regions are planning to create various “technology valleys”, i.e. 
innovation centers of R&D. 

5 We note here that this practice is not typical for Russia only: state industrial policy initiatives in foreign countries, origi-
nally not intended to specific recipients, would mostly benefit large, pre-existing and established in the markets companies 
(Rodrik, 2004, 2008).
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of breakthrough industrial policy is the need to 
switch in time from “single strike” results in case of 
individual companies to creation of conditions for 
expedient dissemination of new technologies and 
promising business models in order to provide for 
substantive economic benefit. In fact, the culture 
of project management and super-task solutions, 
marked by excessive micro-management and 
direct high-level officials involvement, should give 
way to the culture of quality routine execution, 
overseen by competent mid-level bureaucrats.
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Introduction 
Two factors of paramount importance are 

to determine our agenda for the nearest future. 
First, globalization has outlived its purpose as the 
paradigm for national economies to be built on 
and to shape their interactions. Second, the new 
industrial revolution has already started to define 
the contours of a next paradigm.

By the beginning of the 21st century the 
basic tool of industrial globalization — that is, 
adding extra intermediate links to technological 
chains through the processes of specialization and 
outsourcing — has lost its function as the major 
driver of scientific and technological advance and 
competitive advantage. Reshoring, or reintroduc-
ing domestic manufacturing to a country from 
other countries, where it was previously moved to, 
is now on a rapid track in the developed countries 
(Malikova et al., 2015).

The phenomenon of protectionist politi-
cian Trump2, the destructor of “good time-hon-

ored” globalization, has deep-seated roots in the 
political and economic grounds — as a herald of 
the forthcoming new stage of industrial policy 
development, related to the next industrial 
revolution.

The whole topic of industrial modern-
ization has stepped into the spotlight of public 
interest in the recent years and especially after 
K. Schwab’s seminal book “The Fourth Industrial 
Revolution” (Schwab, 2016). Before then the 
term “the third industrial revolution”, coined by 
J. Rifkin, who had authored the widely-recognized 
eponymously-named book, was broadly circu-
lated. J. Rifkin attributed the Third Industrial 
Revolution to the changing ways electric power 
was generated and distributed tending towards 
decentralization (Rifkin, 2011).

In the report, delivered to 2015 World 
Economic Forum (WEF), the renowned econo-
mist N. Roubini used the term “Third Industrial 
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Revolution” and highlighted as its key areas techno-
logical improvements in robotics and automation, 
that would significantly boost labor productivity. 
Advancements in software and 3D printing tech-
nologies would open a door to endless oppor-
tunities for the revolution to make progress in 
manufacturing.

However, in 2016 another, a four-stage 
timeline of industrial revolution, supported by 
K. Schwab’s immense authority and the Industrie 
4.0 concept, triumphed over the previous three-
stage timeline. As a distinct concept, “Industrie 
4.0” is being developed since 2011 and prioritizes 
cyber-physical systems.

There is a substantial corpus of studies 
published over the recent years, including those, 
written by the author (Tolkachev, 2015, 2018), 
that focus on the essence of digital transformation 
in manufacturing, the internet of things, cyber-
physical systems, etc. Apart from the research 
communities, that has been studying the impacts 
of the new industrialization on industrial policy 
over the years (e.g., “Ekonomist”, “Economic Revival 
of Russia” journals) the topic has recently gained 
certain interest among those schools of thought, 
that traditionally rejected the need for a proactive 
public structural policy. For instance, the necessity 
to bear in mind the implications of the new indus-
trial revolution for industrial (structural) policy-
making was asserted in the report presented by 
the National Research University – Higher School 
of Economics at the XIX HSE April International 
Academic Conference in 2018 (Simachev, 2018, 
pp. 9—10).

The Network Paradigm for Industrial 
Activities
There is a long-standing awareness that the 

global labor division system, based on the pre-
scriptions of the Second and the Third Industrial 
Revolutions, is pervaded with crises. For example, 
the patterns of sectoral concentration and diver-
sification evolution, examined in a large cross-
section of countries, were presented in a paper 
published as long ago as in 2003 (Imbs, Wacziarg, 
2003). The authors’ finding regarding less devel-
oped countries was that as per capita incomes 
grew, sectoral concentration in terms of produc-

tion and employment tended to reduce over a per-
fectly prolonged development timeframe. And 
not until a country’s per capita income reached 
the certain level (matching that of Ireland), would 
the sectoral distribution of economic activity start 
concentrating again.

The said finding goes against the per se 
concept of specialization, stemming from the all-
mighty relative-trade-advantage principle. After 
all, isn’t it strongly held that overall productivity 
of an economy does grow owing to specializa-
tion that should be accompanied by the growing 
degree of sectoral concentration? As J. Imbs’ and 
K. Wacziarg’s findings evidence, the economic 
development needs not to be based on the prin-
ciple of relative trade advantage. The key goal is 
to harness a broader range of industrial activities, 
rather than to focus on only one, albeit the most 
successful, industrial sector. This finding along 
with others, that run counter to the established 
logics of globalization, highlights the impor-
tance of devising some alternative principles 
for industrial policy-making, those, that will be 
more aligned with and relevant to the present-
day realities. In particular, it is through network 
forms of interactions, that a broad range of indus-
trial activities are being ever more successfully 
mastered.

There is an impressive body of recently 
published literature on the popularity of network 
organizational forms. The network architecture is 
considered to offer an efficient alternative to the 
obsolete vertical and horizontal patterns of orga-
nizing business processes. Networks are moving 
beyond the scope of service sector to penetrate 
into the industrial sector. The first signs are 
already out there — such as the social networks 
of “makers”, which draw on the additive tech-
nologies (e.g., 3D printing). This new type of neo-
industrial entrepreneurs (or electronic crafts-
men) who master technical skills to get involved 
in the digital production process, as a community 
is dubbed with a simple, yet very inclusive name 
— “the makers”. Chris Anderson, who authored 
“Makers: the New Industrial Revolution” 
(Anderson, 2012), defined the Movement Maker, 
that had emerged in the USA, along three crite-
ria, — that is someone who:
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  uses digital desktops to create digital 
designs for new products to prototype 
them;

  shares those designs and collaborate with 
others in online communities;

  uses common design standards that allow 
anyone to send their designs to commercial 
manufacturing services to be produced in 
any number of factories around the world.
All the previous industrial policy-making 

models were traditionally premised on the need to 
develop producers’ competitive advantages based 
on the effects induced by economies of scale. 
However the advent of additive technologies, 
underpinned by the industrial internet of things, 
has set the stage for the development of a new 
paradigm for industrial activities, that is, “global 
design — local production” to replace the current 
and reverse paradigm of “local design — global 
production”.

The currently utilized subtractive para-
digm “local design — global production” (see 
Figure 1) corresponds to the Fifth technological 
mode and globalization-era realities. At the heart 
of it is a global chain that embraces a range of a 
transnational company’s industrial enterprises 
(P ) to a final assembler (P 1), which delivers an 
end product to customers (C ). As a rule, R&D 
department (D ) is based in the same country that 
hosts a transnational company’s headquarters.

As the ideology of industrial policy-mak-
ing, established in the Globalization era, stated, 
the developed countries had to retain the most 
knowledge-intensive activities — such as R&D, 
designing, logistics management etc. — within 

the national territorial confines, while manufac-
turing operations, considered as a second-rate 
activity, were to be moved to developing coun-
tries. Transnational companies strived to reduce 
production unit costs while still benefited from 
the economies of scale, leveraging their competi-
tive superiority in marketing and managing global 
technological chains.

The new additive paradigm of “global 
design — local production”, built on the innovative 
technologies brought to life by the Fourth Industrial 
Revolution, is currently disrupting the foundations 
of industrial policy, driven by economies of scale 
and further deepening of labor division. The new 
paradigm implies globalization of design due to 
further development of information and commu-
nications technologies. So the production process, 
based on the additive technologies, is ceasing to 
be considered a sophisticated logistics chain man-
agement system of intermediate product suppliers 
and consumers. The new paradigm (Figure 2) is 
to engage multiple design centers (D ) in network 
cooperation, and each will be able to electroni-
cally send their production technologies (as a set 
of program codes) to multiple local producers / 
manufacturers (P 1), catering to specific consumer 
groups (C ) with their individualized needs.

The wide-spreading of 3D-technologies 
will be fueled by the enormous capacity of posi-
tive externalities embedded in this new produc-
tion paradigm. Like other positive networking 
externalities, 3D-printers will be yielding the 
greater efficiency, the more new actors will be 
joining a community of designers-marketers and 
producers.

Figure 1
Old subtractive “global design — local production” 
paradigm for industrial activities

Figure 2 
New additive “local design — global production” para-
digm for industrial activities
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Characteristics of the Evolving Network 
Industrial Policy
In the recent years the rapidly growing 

bunch of new approaches to industrial policy 
understanding and thinking are being developed 
worldwide (Warwick, 2013). Industrial policy is 
a means to overcome informational externalities 
and coordination failures  (Pack, Saggi, 2009, p. 
121). There emerge studies where industrial pol-
icy is matched with the postmodern era (Meyer-
Stamer, 2009).

In his decade-earlier study D. Rodrik, 
the recognized authority on the industrial policy 
thinking, has actually forecasted that a network 
trajectory of industrial policy transformation 
would emerge (Rodrik, 2004), as he emphasized 
the need to foster an environment conducive for 
private and public sectors agents to collaborate in 
addressing problems in the industrial sphere: “the 
policy setting has to be one in which public officials 
are able to elicit information from the business 
sector on an ongoing basis about the constraints 
that exist and the opportunities that are available. 
… industrial policy-making has to be embedded 
within a network of linkages with private groups”. 
Therefore Rodrik emphasized, that “… the right 
way of thinking of industrial policy is as a disco-
very process — one where firms and the govern-
ment learn about underlying costs and opportuni-
ties and engage in strategic coordination”. 

What is urgently needed today, on the 
threshold of a next-coming technological break-
through, fueled by disruptive changes in the 
very core of production processes (the industrial 
internet of things, shift from subtractive to addi-
tive production paradigm), is an unpreceden- 
tedly focused efforts of R&D communities, as well 
as ultimately low barriers for technology trans-
fer. Not a single company can cope with such a 
broad challenge on its own, whatever resources it 
does have, and whatever level of public support it 
enjoys. That is why the authorities in a number of 
most developed countries along with other indus-
try-oriented incentives are now providing active 
efforts and encouragement towards fostering 
nationwide networks for manufacturing innova-
tion. These networks are intended to integrate the 
research institutes and industrial companies, that 

are crucially important for the development of piv-
otal technologies (like Fraunhofer—Gesellschaft 
in Germany and the National Network for 
Manufacturing Innovation in the USA, to mention 
just a few (Hart, Ezell, Atkinson, 2012)).

The conceptual classification of indus-
trial policy patterns, introduced in one of the 
most influential and widely cited studies of the 
21st century (Knyaginin, Shchedrovitsky, 2005), 
distinguishes between the vertical (or tight) and 
the horizontal (or soft) forms, whereby the lat-
ter is definitely associated with the golden age of 
globalization (as implied by the title of the book). 
Obviously, what it takes to foster the new (net-
work) productive forces is a completely new sys-
tem of political and economic relations, intended 
to encourage and promote structural shifts, which 
is, after all, the very essence of an industrial policy. 
To take Knyaginin—Shchedrovitsky approach a 
step forward, we present a comparison of previous 
industrial policy patterns with the emerging net-
work (see the Table below).

We suggest making a match between 
golden eras of the 2nd, 3rd and 4th industrial revo-
lutions and different patterns of industrial policy. 
The concept of tight (or vertically-oriented) indus-
trial policy was devised as a response to the wide-
spread dissemination of the new industrial organi-
zational forms, that were brought to life after the 
conveyor-belt system had been started in 1908, at 
the cusp of the 2nd Industrial Revolution. The tre-
mendous transformation potential encapsulated 
in building-up of vertically integrated manufactur-
ing and logistics systems facilitated breakthrough 
in efficiency, derived from the positive effects of 
scale economies.

With the emergence and spread of infor-
mation and communications technologies and 
automated control systems industrial policy tran-
sited to a soft (or horizontally-oriented) pattern 
— in tune with the Third Industrial Revolution. 
All-out adoption of information and communi-
cations technologies elsewhere in management, 
marketing, designing and finance has paved the 
way for offshoring of manufacturing operations 
and for the time being allowed for the efficiency 
of ever expanding global value chains to further 
enhance.
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The Fourth Industrial Revolution is now 
shaping a new industrial landscape that is partially 
inconsistent with the universe principle of indus-
trial policy-making, aimed to further enhance the 
effects of scale economies.

Conclusion
As a purposeful set of leverages for a gov-

ernment to influence structural setups of the 
promising economic activities, policy cannot but 
response to technological changes. Now, that 
the crisis of globalization is still unfolding, it is 
increasingly obvious that the pattern of industrial 
policy pursued by developed countries and con-
tributed to further tool-unit specialization and 
expanding of global value chains, has exhausted 

its potential. A new image of industrial policy, 
brought to life by the evolving logic at the core 
of ongoing political and economic struggles to 
reshape the global economy, combines both the 
long-standing and even primitive protectionist 
instruments with novel unprecedented forms of 
supporting network-based, local markets-oriented 
entrepreneurship.

The Fourth Industrial Revolution with the 
industrial internet of things, robotization, additive 
technologies as the key drivers of innovation the 
manufacturing sector, is well capable of radically 
changing the global industrial landscape. The 
once clear-cut boundaries between the spheres 
of production and consumption are becoming 
less and less distinct. Consumers themselves will 

Table

Comparative analysis of vertical, horizontal and network industrial policies

Characteristics
Industrial policy

vertical horizontal network

Lifetime
1920s—1960s
The Second Industrial 
Revolution

1960s—2010s.
The Third Industrial 
Revolution

2010s — ?
The Fourth Industrial 
Revolution

Advanced technologies 
crucial to industrial 
development

Conveyer; internal-
combustion engine;
petrochemistry

Automatic control 
systems

Additive technologies, 
industrial internet, 
robotic engineering,

Innovations in produc-
tion technologies

Batch production and 
mass production

Tool-unit specializa-
tion; more efficient 
management of 
production and 
consumption;

Customization of pro-
duction; blurring lines 
between production 
and consumption

Producers’ competitive 
advantage

Economies of scale 
within large-scale 
machine production

Growth of scale 
economies through 
labor division and 
specialization

Catering to individual-
ized customer needs

New institutions to 
support industrial 
development

Vertically-oriented inte-
gration and concentra-
tion of production

Global-wide out-
sourcing of business 
processes, strategic 
alliances

Network structures in 
business, science and 
education; informal 
networks of manu-
facturers, producing 
customized products, 
production-related 
crowd-sourcing

The main focus of 
industrial policy

To foster vertically 
integrated industrial 
corporations

To encourage outsourc-
ing and specialization 
within global value 
chains framework

To support reshoring 
and localization of pro-
duction operations
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become partially engaged in manufacturing activi-
ties, while due to crowdsourcing consumption will 
become a constituent part of a production pro-
cess. It is strongly reasonable to assume, that with 
the advent of the new industrial era the positive 
effects of scale economies, that used to be consi-
dered as the basic paradigm of industrial activities 
and the universally accepted criterion to evalu-
ate the efficiency of industrial policy, are likely to 
fade in importance. At its heart, the new network 
industrial policy is to be all about catering to cus-
tomized consumers, who are partially engaged in 
production processes, rather than about build-
ing up sophisticated manufacturing and logistics 
chains.
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1. Global Context and International 
Practice
Intensified competition and acceleration 

of technological shifts within the globalization 
processes caused raising uncertainty in the eco-
nomic development. Reflecting this, grows the 
regions’ role in the implementation of economic 
politics (Huggins et al., 2014). Regional authori-
ties are closer to the companies, they understand 
their needs better and have much more oppor-
tunities to communicate to the company’s level 
(especially — to small and medium businesses, fur-
ther — SMB) the principal ideas of the structural 
policies conducted by the central government. 
Regional authorities often take an initiative and 
develop the original programs of structural trans-
formation, — as they have more opportunities to 
identify the competitive advantages of their terri-
tories and ensure better coordination of the activi-
ties and stimulate cooperation of local companies.

The autonomous community of Catalonia 
(in Spain) or province of Mendoza (in Argentina) 
can be seen as the relevant examples here. Growth 
of wine export from Mendoza became possible 
as a result of cooperation between the regional 
authorities and business in joint development 
and implementation of the sector supporting pro-
grams. This process was initiated by the provincial 
Governor, while the role of the central Argentine 
government was much limited (McDermott, 
2007). So, the experts favor widening opportuni-
ties for regions to participate in the development 
and realization of structural policies, including 
undertaking regional experiments (Gonchar et 
al., 2017).

The experience demonstrates that deve-
lopment of regional strategies of structural trans-
formation requires intensive stakeholder partici-
pation. Such cooperation is commonly based on 
the principles of public-private partnership (PPP). 
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The key objective of these partnerships is to 
improve the quality of investments in R&D, educa-
tion and employees’ retraining. Regional authori-
ties may initiate a constructive dialogue between 
the participants, which never cooperate under 
the regular circumstances. Later the authorities 
could regularly monitor and evaluate the results 
of partnerships’ activities. Business associations 
play an important role in this process on the part 
of private sector. For example, the analysis of the 
collective action of mozzarella producers in South 
Italy and of fruit exporters in North Eastern Brazil 
(Locke, 2001) shows that focused interventions of 
the regional authorities allow for a more effective 
collective action of business players. 

The partnerships of the regional govern-
ment and business entities with non-government 
organizations for solving the problems of eco-
nomic development can generate  three types of 
potential benefits: (1) improved risk allocation 
and co-financing, expanding opportunities for 
collective investments; (2) new knowledge and 
skills creation, related to the mutual complemen-
tarity of resources provided by different partici-
pants; (3) social capital formation reflecting new 
opportunities for cooperation created within the 
joint projects (McDermott, 2002).

The experience also shows that many prob-
lems associated with economic uncertainty may 
be solved through strengthening coordination of 
the companies’ activities. This relates to the uncer-
tainty deriving from the absence of information 
on the plans of other companies in the same and 
connected sectors. Strengthening inter-company 
coordination is possible when the government 
becomes an authoritative mediator capable of 
influencing potential partners and guaranteeing 
the fulfillment of their contractual obligations. We 
can distinguish two groups of structural problems 
for which resolution may be accelerated by focused 
interventions of regional and local authorities:

  overcoming key resource constraints 
in access to basic infrastructure or high-
quality human resources;

  lowering investment risks by providing 
a more complete information, easing 
administrative barriers, coordinating the 
plans of individual companies.

2. Examples of the Implementation of 
Structural Policies in Russia’s Regions2

We consider the examples of three 
Russia’s regions, known for their active structural 
policies. Kaluga Oblast is a good example of a 
region that has pursued the policy of “smoke-
stack chasing” (in terms of (Isserman, 1994)) 
and faced its advantages and limitations. The 
case of the Republic of Tatarstan demonstrates 
how the local elite evolved from the drawing on 
the Federal government’s resources to conserve a 
potential gained in the Soviet times to the imple-
mentation of a comprehensive structural policy. 
The experience of Voronezh Oblast is prominent 
with respect to the development of new clusters 
with a long-term objective of entering the world 
markets.

2.1. Kaluga Oblast
Governor A.D. Artamonov used such 

factors as the vicinity of the Moscow market, 
transport infrastructure connecting Russia with 
Europe, availability of high-qualified labor etc. 
to attract large foreign investors aimed at produc-
tion for the Russian market. The region provided 
investors with tax concessions and invested into 
the preparation of new industrial estates (funded 
mainly through borrowing). One of the specific 
features of regional policy was the governor’s per-
sonal contacts with the key investors, allowing to 
overcome the administrative barriers in the imple-
mentation of priority projects. A system of gover-
nor’s personal guarantees in the environment of 
imperfect institutions served as a substitution for 
more formal mechanisms for protecting property 
rights. Formation of a strong management team 
had been another important success factor, many 
its members later were coopted into the Federal 
elite. 

2 This section was prepared on the basis of in-depth interviews with the representatives of the regional administrations and 
business communities in Voronezh Oblast and the Republic of Tatarstan in 2016—2017, as well as the analysis of regulations, 
statistical data and publications in the open press for these three regions.
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This policy allowed by the mid-2000-s 
to attract to the region such major investors, as 
Volkswagen, Peugeot—Citroen—Mitsubishi, Volvo 
Trucks, Samsung as well as a number of their sup-
pliers. This brought up intensive growth in indus-
trial production over the next years. The combi-
nation of the Federal requirements to localize 
production under the industrial assembly regime, 
linked to the customs’ privileges for investors, with 
the increased value of imported component parts 
as a result of 2014 devaluation attracted additional 
suppliers of trans-national corporations into the 
region. These investments resulted in creation of 
a genuine  automotive cluster in the region and 
allowed for partial solution of the problems caused 
by the shortage of local suppliers that could meet 
the requirements of foreign companies. 

The limitations of Kaluga model had 
been associated, firstly, with the regional econo-
my’s dependence on fluctuations of demand for 
durable goods (automobiles, TV-sets). In 2015 the 
decrease in industrial production index of Kaluga 
Oblast was much more severe than the Russia’s 
average (by 5.4 as compared to 3.4% for the coun-
try’s average). But in 2016 the production quickly 
recovered — annual growth in Kaluga was 8.1% 
(the national average was 1.1%).

Secondly, after this major investor inflow, 
a shortage of qualified labor for the new enter-
prises became evident. A scheme of dual education 
brought in by Volkswagen from Germany was 
a response to this situation. This system allows 
students from local technical colleges take a par-
allel training program at an enterprise under a 
supervision of a tutor recruited from experienced 
workers. A proactive stance of regional authori-
ties played an important role in shaping effective 
cooperation among investors and the colleges 
(Remington, 2017). 

An experience of Kaluga Oblast, which 
through its own efforts has managed over the short 
time span to turn the region from being a recipient 
of federal transfers into the donor-region, high-
lights the problems of the existing inter-budgetary 
relations in Russia. Having found one-self in the 

group of donor-regions, Kaluga Oblast had lost 
its Federal subsidies for leveling-off regional bud-
getary provision and was forced to dramatically 
increase (from 30 to 52%) the co-financing of the 
subsidies allocated under the Federal programs 
(Shulepova, 2017). At the same time, as a result 
of significant investment into the development of 
industrial parks and provision of tax concessions 
to the investors, Kaluga Oblast remains one of the 
most indebted Russian regions with high growth 
rates of government debts3. 

Difficult financial situation of Kaluga 
Oblast stresses the need to find more carefully 
balanced development strategies. It is worth not-
ing that the regional authorities are fully aware 
of these risks. After the crisis of 2008—2009, the 
regional government, along with continued sup-
port for local manufacturing, started to shift its 
resources to the development of other economic 
sectors, paying special attention to strengthen-
ing the positions of local small and medium-size 
businesses.

2.2. The Republic of Tatarstan
For a long time the political and economic 

development model of the Republic of Tatarstan 
were based on its special relations with the Federal 
government, which allowed the local elites keep-
ing control over the regional assets and at the 
same time receive preferences in the process of 
allocating the federal resources. The high level 
of regional elites’ consolidation played the most 
important role in shaping such a model (Yakovlev 
et al., 2018).

Before the 2008—2009 crisis, the structural 
policy of the Republic of Tatarstan was mostly 
focused on supporting the traditional industries 
(agriculture, construction). The primary objec-
tive was to preserve the potential inherited from 
the Soviet times. The 2008—2009 crisis generated 
a serious push to review the former structural poli-
cies in the Republic. The falling oil prices demon-
strated an overdependence of the regional budget 
on commodity revenues. Budget constraints of 
the Federal government were also tightened and 

3 Accounts Chamber of the Russian Federation 2016, 17 May — (http://audit.gov.ru/press_center/news/26750?sphrase_
id=5058666).
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it raised the concerns regarding possible future 
Federal co-financing the Republican projects. To 
find a response to these challenges, the drafting 
of a Strategy “Tatarstan-2030” was initiated. The 
preparation of the Strategy included thorough 
consultations with the main regional stakeholders. 

According to “Tatarstan-2030”, the 
Republic is seen as becoming a global highly com-
petitive region, with high rates of development 
and advanced integration into the international 
division of labor4.

The preconditions for attaining these goals 
are the successful experiments of the mid-2000s 
(for example, the special economic zone (SEZ) 
“Alabuga” — the most effective zone of this kind in 
Russia), as well as a number of characteristics of 
the regional governance model. These characte-
ristics include: 

  regional patriotism, elite readiness to 
undertake collective actions in support 
of Republic’s interests; 

  predictability of government’s behavior, 
stability of rules for investors;

  high level of executive discipline in the 
public sector; efficient monitoring sys-
tem to track the implementation of taken 
decisions;

  alignment of actions between the 
Republican and local authorities;

  established mechanisms for coordination 
between the government and business;

  relatively low level of administrative costs 
of doing business reflecting the modest 
level and predictability of corruption;

  high investment rate in the Republic’s 
economy. 
The reverse side of the Tatarstan economic 

model is related to tight inter-links between busi-
ness and government that could result in the 
financing of ineffective projects. The bankruptcy 
of “Tatfondbank” in the beginning of 2017 could 
be seen as a manifestation of such a problem.

Achieving the goals of the strategy 
“Tatarstan-2030” would mostly depend on the 
elite’s readiness to guarantee the property rights 
for external investors. According to the strategy, 

the planned volumes for attracting direct foreign 
investments amount to $44 bln. Direct foreign 
investments at such a scale means a radical change 
in the structure of asset ownership. However, it 
remains unclear whether the regional elite (which 
until now has been oriented at the closed model of 
property ownership and control) is ready to accept 
such a change. 

2.3. Voronezh Oblast
The Voronezh Oblast inherited substantial 

industrial, research and educational potential. 
The region has an attractive location, favorable 
soil and climate conditions for development of 
agriculture. But until 2009 the regional authori-
ties underutilized these advantages, since de facto 
they had removed themselves from addressing the 
problems of local economic development. 

After the appointment of A.V. Gordeev 
to the position of Voronezh Oblast Governor (he 
used to be the federal Minister of agriculture in 
1999—2009), the region actively started to imple-
ment the policy for cluster development in the 
meat sector. A stake was made at pork and espe-
cially beef production, where there was a real pos-
sibility for import substitution. The development 
of cattle breading brought about the positive 
social changes, since a transfer of calves to small 
farmers for untied pasturing created additional 
jobs outside large rural settlements.

Timely allocation of land plots to inves-
tors is critical for developing the agro-indus-
trial complex. Power consolidation at the local 
level in the hands of the heads of rayon admi-
nistrations, appointed by the governor, helped 
to resolve this problem in Voronezh. The gov-
ernor used two indicators for performance 
assessment of rayon heads: (1) dynamics of 
population count; (2) increase in the number 
of cattle. So, the municipal administrators were 
provided with the incentives for addressing 
social problems of their territories and develop 
their economic foundation with a focus on 
cattle-breading.

The further prospects of the meat clus-
ter development in Voronezh Oblast are associ-

4 Tatarstan-2030 — URL: http://invest.tatarstan.ru/ru/advantages/strategy-2030/
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ated with the establishment and promotion of 
the regional brand, obtaining international vet-
erinary certificates, creating the new distribution 
channels. An example of such an effort aimed at 
establishing the regional brand by increasing sales 
in the premium market segment is the opening of 
the new restaurant “Voronezh” in Moscow that is 
specialized in meat dishes prepared from Russian 
ingredients, including those supplied by Voronezh 
producers.

At the same time, the experience of 
Voronezh Oblast points to a number of obstacles 
the regions are facing while implementing their 
structural policies at the sector level. Major posi-
tive changes in this area are really possible only if 
there exist sectoral strategies at the national level 
and there is sufficient support from the corre-
sponding Federal sectoral ministries.

3. Discussion of the Regional Cases 
and Conclusions
Generalizing the characteristics of the 

above presented success stories in the  implemen-
tation of regional structural policies, we note that 
in all regions the trigger for developing a new 
course was a crisis, which opened the new possibi- 
lities, along with generating the serious chal-
lenges. This conclusion correlates with the inter-
national experience (Isserman, 1994). At the same 
time, to make effective use of the new opportuni-
ties, the regions require some particular prerequi-
sites, including the following:

  existence of a thoroughly worked out strat-
egy for regional development, based on 
understanding of the region’s comparative 
advantages;

  a reputable regional leader that aims at the 
implementation of long-term objectives 
and enjoys the Federal support;

  a capable managerial team, staffed primar-
ily with the local cadre;

  close integration of the region’s economic 
and social policies;

  a constructive dialogue with the Federal 
government;

  a developed system of communications 
with the local stakeholders;

  elaborated mechanisms for investment 

project selection and dialogue with 
investors;

  creating a special administrative climate 
aimed at reduction of investment risks;

  an elaborated system of decision-making 
and implementation monitoring.
At the same time, our cases demonstrate 

that direct copying of the successful regional 
experiences is much limited. If the regions rely on 
the use of standard approaches based on attract-
ing external investments (“smokestack chasing“, 
using Isserman’s terminology (Isserman, 1994)), 
the economic benefits for the regions-followers 
are incomparable with the gains of pioneer-
regions. It can be seen in the results attained in 
the regions that recently have tried to repeat the 
Kaluga’s experience. The analysis of still more 
advanced models of structural regional policies 
showed that they cannot be directly replicated, 
since these models aim not just at attraction of 
investors, but at launching new businesses and 
forming new competences. The regions-followers 
could only try to understand general principles of 
implementing successful regional strategies and 
apply them creatively to reflect their own compara-
tive advantages. 

There are still objective limitations on rep-
licating the best regional practices. For example, 
success of the Republic of Tatarstan is largely 
based on the specific features of the republican 
governance model such as stable elite consensus, 
effective top-down management system, strong 
executive discipline, well-adjusted monitoring 
mechanisms, which had not been formed yet in 
the most Russia’s regions. 

Meanwhile it is important to see the weak 
spots in the presented above regional strategies. 
Those include a high centralization in decision 
making; underestimated role of small and mid-size 
business; ineffective system of training; excessive 
focus on the relations with the Federal government 
and underdeveloped inter-regional cooperation. 

High centralization of decision making 
is characteristic for autocratic regimes. So the 
successful Russia’s regions are not the exception 
in this respect. The question is to what extent a 
charismatic leader is able to institutionalize his 
modernization policies. Three analyzed Russia’s 
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regions differ dramatically by the level of actual 
institutionalization of the utilized developmen-
tal instruments. The Republic of Tatarstan is the 
undoubted leader in this area. The existing insti-
tutional arrangements, the effective dialogues 
among major social groups, and advanced elite 
consolidation allowed for providing policy con-
tinuity in the Republic after resignation of M.Sh. 
Shaimiev in 2010.

Emphasis on large enterprises and under-
estimation of small and mid-size businesses are 
parts of the logics of state capitalism. That is why 
the initial focus of industrial policy in both the 
Republic of Tatarstan and Kaluga Oblast was quite 
typical. The global crisis of 2008—2009 has demon-
strated that excessive focus on the development of 
certain sectors is risky. As a result, we can observe 
some changes in the structural policy of both 
regions in favor of supporting new enterprises 
and the new sectors (information-communication 
technology and tourism). Nevertheless, the pre-
sent investment climate (outside the specially cre-
ated investment zones) hinders the development 
of SMEs. Compare to this, in Voronezh Oblast 
the peculiarities of regional specialization (agro-
industrial complex) and the absence of owned 
business interests among the representatives of 
administrative elite provided the opportunities 
for better balanced policies and attracting to this 
region of more new market participants.

A sustainable increase in companies’ com-
petitiveness is possible only through continuous 
improvements in employees’ skills and qualifica-
tions. But the system of professional training is 
often outdated, while businesses do not invest into 
retraining programs. The Russian practice con-
firms that regional authorities may become coor-
dinators of effective interactions between institu-
tions of professional training and businesses. In 
these circumstances, identification and replica-
tion of the best regional practices in this sphere 
should become the element of structural policy of 
the Federal government. 

Tightening the budget constraints dic-
tates a search for new low-budget instruments of 
structural policy and for simultaneous increases 
in the effectiveness of the ongoing programs. 
The general logics of changes in the instruments 

of implementing the structural policy should be 
connected to their refocusing on solving two prob-
lems: (1) reducing the costs for enterprise entry 
into the new markets; and (2) providing coordina-
tion of enterprises’ activities that operate at the 
interconnected markets, and thus reducing invest-
ment risks caused by the uncertainty of actions by 
other economic agents.

The role of regional authorities in this 
process is determined by their vicinity to the local 
businesses and better understanding of their 
needs. That is why it is necessary to integrate 
regional authorities into the implementation 
mechanisms of structural policies of the Federal 
government and to expand the regions’ oppor-
tunities for development and implementation of 
own structural policies, including through the 
regional experiments. It is also important to learn 
from mistakes: that is to disseminate not only the 
positive, but also the negative regional experiences 
with the goal to reduce the costs of applying vari-
ous instruments of structural policies. Expertise 
of regional projects by Federal development insti-
tutes (such as the Industrial Development Fund) 
would also contribute to reduction in the invest-
ment risks. 

The dissemination of best regional prac-
tices is connected to the strengthening of inter-
regional cooperation and coordination. Regional 
inter-actions could be facilitated by both vertical 
and horizontal mechanisms. Inter-regional coor-
dination provides for addressing the problem of 
the limited size of individual regional markets, 
avoiding the risk of creating similar clusters in the 
neighboring regions, and reducing for companies 
the entry barriers to the markets of neighboring 
regions. The latter is of particular interest for mid-
size businesses.
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1. Concept of Global Value Chains
Globalization has brought about a new 

era of competition, which is easier to understand 
when one undertakes an analysis of global inter-
industry organization and various countries inclu-
sion in such global industrial makeup. The con-
cept of global value chains (GVC further on) shows 

how the mechanism of new form of production, 
employment and trade influences the prospects of 
economic development and competitiveness. This 
concept demonstrates international expansion 
and geographic fragmentation of modern produc-
tion and emphasizes problems of reorganization, 
coordination and management. 
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Two recent decades have seen deep struc-
tural shifts of the global economy that reconfi-
gured the nature of global production and trade 
as they also altered organization of industries and 
individual national economies. As supply chains 
became more globalized, more and more inter-
mediate goods came into channels of interna-
tional trade. In 2009 world export of intermediate 
goods exceeded overall export of final and invest-
ment goods together and accounted for 51% of 
world non-fossil fuel trade (Gereffi, Korzeniewicz, 
1994). Developing countries increasingly play an 
active and important role in GVC. During 2000s 
these countries have become main exporters of 

intermediate and finished manufacturing goods 
(China, South Korea, Mexico), while in primary 
commodities trade Russia, Brazil and South Africa 
continued their lead. 

Export structure of the analyzed countries 
determines their role in GVC. Tables 1 and 2 pro-
vide data about the nature of their export based on 
the following classification: primary commodities, 
resource-oriented manufacturing, low, intermedi-
ate and high technology industries (Sanjaja, 2000).

Data presented in above tables manifests 
that three countries prevail in primary commodi-
ties export or resource-oriented industries: the 
share of these for Russia is 83%, Brazil — 67% and 

Тable 1 

Export structure of a number of the developing countries, 2000—2012, %

Country
Primary 

commodities
Resource-oriented 

goods
Low-tech 

good
Intermediate 

tech-goods
High-tech 

goods

China 2 9 31 24 33

South Korea 1 19 9 43 27

Russia 53 30 2 9 1

Mexico 17 8 9 39 23

India 12 36 23 19 8

Brazil 48 19 5 19 5

South African 
Republic

29 26 5 27 3

Source: Gereffi, 2014. 

Таble 2

Value added share of exports by industry, %

Industry USA Japan Germany
Great 

Britain
France Italy China

Manufacturing industry, 
total

78.47 81.97 69.74 64.26 66.62 68.01 59.88

Manufacturing broken down into:

Food 86.43 87.24 72.49 73.69 77.31 76.89 74.59

Lighting 81.69 76.03 69.25 73.16 68.58 72.55 73.52

Lumber 88.1 89.21 79.01 80.36 78.44 77.56 57.97

Chemical 76.38 74.16 67.81 61.53 63.09 57.62 58.6

Metallurgy 72.76 78.49 61.83 54.99 71.8 62.09 67.48

Machine-building 76.1 85.63 73.32 66.92 71.71 74.2 69.58

Electrical appliance 85.22 83.09 74.9 67.96 69.64 71.86 46.19

Transport, vehicular 71.06 85.77 67.92 59.82 59.14 67.44 70.03

Other manufacturing 85.05 81.37 73.72 71.91 71.06 75.84 77.68

Source: Ulbrich, 2015. 
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South Africa — 55%. Half of the Indian export is 
resource-oriented, and 42% fall on low-tech goods 
(primarily apparel). At the same time China, 
South Korea and Mexico are deeply involved in 
GVC in manufacturing. About 90% of Chinese 
export is manufactured goods whereas in South 
Korea and Mexico export share of intermediate 
(cars, machine-building) and high-tech (elec-
tronic wares) goods accounts for 72 and 60%% 
respectively. 

Despite the fact that GVC participation 
affords greater opportunities to expand trade, 
attract foreign direct investment, and promote 
technology transfer, not all of the countries are 
sufficiently competitive to take advantage of 
these opportunities. We can identify a number of 
important factors that can warrant success for GVC 
participation.

  Size of domestic market. A large domestic 
market means lower level of reverse inte-
gration of a country into GVC and higher 
level of direct integration1. A larger domes-
tic market provides for greater internal 
demand for semi-finished and intermedi-
ate goods 

  Level of economic development. Higher 
level of economic development per capita 
provides for higher GVC integration indi-
cator (both reverse and direct integration). 
Developed countries are actively present in 
exports and imports of intermediate and 
finished goods. 

  Structure of the economy. Higher share 
of manufacturing in GDP makes for lower 
level of direct and higher level of reverse 
integration 

  Location. GVC prefer localization around 
manufacturing hubs located primarily in 
large developed countries. 
Other factors such as customs duties, 

regional trade bloc participation, foreign direct 
investment, level of infrastructure and institu-
tional quality play important roles too. 

Leading countries participation in GVC is 
presented in table 2. 

Table 3 data analysis attest to the fact that 
leading developed countries are significantly 
ahead of China with respect to value added export 
share despite China’s high rates of growth dur-
ing the recent decades. This lag is especially pro-
nounced in high tech industries. For example, 
export share of value added in electric and opti-
cal equipment in China was 45% whereas in the 
European countries it ranged from 68% (Great 
Britain) to 74% (Germany). The European coun-
tries, in their turn, were behind Japan (respective 
share of 83%) and the USA (85%). 

2. The Participants of the Modern 
Industrial Policy 
For the developing countries trade, invest-

ment and knowledge flows at the source of GVC 
represent mechanism of expedited acquisition 
of knowledge, technology and respective faster 
improvement of production. GVC allow local 
national companies to access information as they 
open up new markets, and provide for the oppor-
tunities of faster acquisition of knowledge and 
know-how. GVC transactions and respective invest-
ment require specific quality control systems and 
higher entrepreneurship standards, compared to 
the existing ones in the developing countries and 
thus they provide the developing countries with 
imperative to raise such standards and upgrade 
quality control. 

GVC nevertheless are hardly a panacea for 
the ills of economic under-development. They 
can create barriers to access of new know-how and 
lead to inequality over time despite rapid rates of 
industrial growth due to the geographic and orga-
nizational gap between innovation and produc-
tion proper (we imply here geographic division 
of labor between innovation generation and com-
modity production). There are quite a few exam-
ples of the fact that greater profits are received 
by the leading firms in GVC that control brand 
creation and conceptualization of novel products 
(“Apple”, for instance) or leaders in platforms that 
own key technologies and advanced components 
(“Intel”). On the other hand, companies that per-

1 Direct integration is a ratio of value added in exports of other countries, reverse integration is a ratio of value added in 
exports of a given country (author’s notes). 
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form routine assembly and simple services within 
GVC, receive smaller income, pay workers lower 
wages, and are more susceptible to oscillations of 
business cycles because of the greater imperative 
to maintain higher level of employment and main 
capital (Luethje, 2002). 

Large transnational corporations usually 
are major suppliers of goods and services in GVC 
thus limiting such options for local firms. If low 
value-added production becomes a dominant trait 
for a particular country or region, this may lead 
to deep negative repercussions. More specifically, 
as such, specialization takes root, national compa-
nies and industries might find themselves locked 
into low tech and non-profit segments of GVC. 

The presence of different types of GVC 
poses a challenge to industrial policy-making 
that targets improvement of the GVC position of 
the individual companies, individual industries 
and countries known as upgrade of added value. 
Economic upgrade is defined as the process of 
advancing economic agents (players) – firms or 
labor force, — away from low value added GVC 
production to higher value added ones. The prob-
lem of economic upgrade in GVC boils down to 
identification of conditions when the developing 
and the developed countries as well as companies 
move up the GVC from simple assembly opera-
tions to complete package of intermediate goods 
production and its integration. 

The concept of GVC spells out four types 
of this upgrade. The first one has to do with bet-
ter technology and production process that affects 
costs of production. The second one relates to 
the upgrade of the product when its new con-
sumer properties are improved and marketized. 
These two types of upgrade are well known in the 
literature on innovation. GVC add two more cat-
egories. The third type of upgrade is functional 
improvement or least competitive niche search 
within GVC. For example, a company can exit 
its production and concentrate on project and 
design (the path chosen by “Nike”, “Levy Strauss” 
and others) or a company can extend its opera-
tions beyond manufacturing and into branding. 
Acer, for instance, started its business as personal 
computer assembly of other American brands but 
now has switched to production and sale of its own 

computers under “Acer” brand name. Finally, the 
fourth type of upgrade is a move from one value 
chain to another due to increased competition. 
“Nokia” can pose as an example of this type when 
its original production of rubber footwear gave 
way to mobile phones and more recently commu-
nication systems and software (Table 3).

Economic literature outlines a number of 
key mechanisms that improve position in GVC. 

1. Value chains management. Value chains 
management determines division of labor within 
it and therefore the opportunities of individual 
companies to generate and accumulate rent. 
“IKEA” is an example of a company that restricts 
options of its suppliers to develop and, more spe-
cifically, — brand their own products. “IKEA” estab-
lishes limits for technological processes improve-
ment by its suppliers and systematically pursues 
search of alternative suppliers to put competitive 
pressure and lower the costs of the existing sub-
contractor firms. In this case, key objective of 
upgrade policy is to aide companies to enter value 
chains and their further advancement into seg-
ments of greater value added and higher barriers 
to entry for the new firms. 

2. Market penetration. Different markets 
have different requirements and they also vary in 
the levels of profitability. Markets undergo seg-
mentation and become more volatile especially 
if profitability is high. Even though markets with 
low and medium level of profitability are subject 
to similar effects, they are still less susceptible to 
price changes, and quality, labor and ecological 
standards. 

3. Greater importance of standards. Different 
markets and global value chains have different 
standards for producers. Some of these standards 
are established by state (for example, phyto-sa-
nitary standards) whereas others are designed to 
control GVC. “Toyota” company, for instance, sets 
up standards of quality, timely delivery and costs 
of production for its suppliers within value chain. 
Yet another set of standards come from civic soci-
ety: labor standards and respective negotiations 
being examples here. Such standards exert sub-
stantial impact on firms in GVC (smaller firms 
might have difficult time complying). All of these 
play significant role in the process of upgrade 
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because they promote greater innovation for GVC 
participants. 

4. Asymmetry of force. As a rule, leading firms 
occupy key position in GVC: transnational cor-
porations tend to control all of the value chain 
and define its policy, which hinders entry of new 
and still more so, that for small companies. This 
asymmetry of force influences division of labor 
and therefore the options of various producers to 
improve (upgrade) their products and respective 
supply. One of the possible solutions of this prob-
lem is bringing up own transnational companies, 
national champions and forming independent 
value chains including regional ones. 

In some cases, a number of countries set 
off internationally as global suppliers whereas 
other countries mostly performed simple assem-
bly for leading global companies (IPhone assem-
bly in China being an example here). Trajectory 
of upgrade during the earlier stages was mostly 

through improvement of production process. 
Later, as companies gained greater competence, 
simple assembly gave way to more sophisticated 
manufacturing operations with greater incor-
poration of locally produced parts and compo-
nents. The stage of product upgrade follows 
when increased competence permits produc-
tion under the own brand (laptop production 
in Taiwan, for instance). Ultimately, during the 
stage of functional upgrade companies build 
up global presence of their own brands through 
outsourcing of some operations (outsourcing 
apparel production from Taiwan to China or 
from China’s coastal zones to neighboring coun-
tries like Vietnam and other). Such upgrade tra-
jectory oftentimes enjoys state support (at the 
level of a firm or individual industry or cluster) 
in a form of human capital development and 
other wise resources and by financial assistance 
for R&D and innovation.

Table 3 

Upgrade types in global value chains 

Upgrade type Examples

Technological 
Intensive use of calling in “Skype” system allowed for creation 
of virtual commands and respective groups of specialists 

Product Creation of the new products with high value added 

Functional

Entry into supplier group with 
higher value added Abandonment 
of functions with low value added 

New product production and new 
market formation 

Upgrade through mergers and 
acquisitions

Voluntary performance of new 
functions for higher added value 
suppliers 

Former Turkish apparel business “Erak Clothing” successfully 
transformed into a producer of original brands and trade 
company 

Outsourcing of low value added production of clothing 
in Romania 

Czech automobile company “Brano” started insertion of park-
ing cameras into car locks and thus originated a new type 
of product 

Chinese company “NBE” transformed into a leader firm in 
value chain producing energy out of biomass as a result of its 
purchase of Danish technological companies 

Leading automobile companies began to require that their 
supplier partake in new functions like design of new cars 

Inter-sector
Upgrade within chain or cluster

Czech aircraft company “PBS” started production of specia-
lized consumer appliances 

Company “Skoda” within “VW” automobile company shifted 
to low and medium-cost segment 

Companies merger within one 
chain 

Indian pharmaceutical companies “Wockhardt”, “Cipla” 
and “Piramal Healthcare”

Source: Parilli, Blazek, 2017.
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Natural resources GVC emphasize greater 
network density for upgrading policy in order to 
deepen the base for receiving added value in the 
industry. There are quite a few examples when 
linkages initiated by natural resource sector played 
an important role in industrial development of 
the modern developed countries. Among such 
countries are the USA and Canada in the 19th 
century, Norway and Great Britain in the 20th and 
the USA again in formation breakdown in early 
21th century (Wright, Czelusta, 2004). Presently 
mining equipment production and servicing in 
South Africa provides a characteristic example 
of resource sector networks. This industry is one 
among the few industries that South Africa has a 
trade surplus. This industry also plays an impor-
tant role in global patenting (Kaplan, 2012). 

The example of African countries in deve-
lopment of natural resources value chains provides 
for examples of using various policy instruments. 
These instruments span the gamut from localiza-
tion policy (Nigeria and Angola), development of 
infrastructure of resource sector (Botswana), to 
marketing institutions to assist national manufac-
turing (sector of cacao production Ghana), and 
formation of industrial zones to establish links 
of the local producers to leading firms (copper 
industry in Zambia), or labor resources develop-
ment and training for mining industry (Angola 
and Nigeria). 

Large developing countries have greater 
opportunities for advancement in GVC in com-
parison with smaller ones. Large economies can 
concentrate on exports of manufactured goods, 
as was the case of China and Mexico since mid-
1990s. At the same time, they can switch their 
production capacity to service internal markets if 
export markets become less attractive. Large coun-
tries with internal market greater growth poten-
tial (like BRICS) can engage institutional policy 
mechanisms to attract foreign direct investment 
into R&D-intensive and capital-intensive sectors 
of their economies like electronics and aircraft 
industry, for example. 

Small countries have much smaller oppor-
tunities in this respect. The size of their domestic 
market is inadequate for foreign direct investment 
(FDI) and domestic companies are less developed 

in the area of technology. Nevertheless, regional 
organization of value chains allows smaller coun-
tries to incur smaller costs and take advantage of 
the proximity to larger markets in their efforts 
to build export capacity in specialized niches of 
value chains (production of intermediate goods, 
for instance). 
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