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Structural Dynamics of the Economy: Impact of Investment  
in Old and New Technologies

Abstract. The purpose of the study is to determine the degree of impact of investment in technological 

renewal on economic growth, to establish the ratio of the contribution of investment in old and new 

technologies to the growth rate. This problem is solved when considering the GDP structural dynamics 

by expenditure in the case of the United States, Germany, Russia and China. The research methodology 

is based on structural analysis, which establishes a “structural formula” assessing the contribution of 

investment in new and old technologies to the growth rate of the economy, as well as the contribution 

of other GDP components by expenditure. This approach allows us to distinguish the existing models 

of economic growth in the countries under consideration – consumer, investment, mixed models and 

technological development modes according to the sensitivity of the overall technological economy to 

investment in new and old technologies. Investment in new technologies is understood as investment 

in technological innovations, and the overall technological efficiency of the economy is determined  
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Introduction
The structural dynamics of the economy is 

covered by the problem of growth with per-
manent changes in elements of the economic 
structure, and the growth of these elements is 
determined by their interaction and mutual 
influence. This vision of economic changes 
has not been reflected in economic growth 
theories for a long time [1]. The problem was 
not only the complexity of the phenomenon 
and the long-term nature of structural changes, 
but also the fact that the aggregate approach in 
growth modeling prevailed over the structural 
representation. Industry shifts, measured by 
labor movement, or skill changes, or industry 
diversification models [2], due to the effect 
of productivity [3–5] have only recently been 
used, not to mention taking into account the 
effect of structural reforms or integration on 
economic growth [6; 7] or the effect of effective 
structural changes on growth [8]. Schumpeter’s 
direction in economic science over the past 
quarter of a century made it possible to take into 
account technological and institutional changes 
in its impact on economic growth [9–11].

Structural dynamics began to be presented 
in models that are not focused on a long period, 
since rapid changes in technologies and 
institutions affect the rate of development 

of economic elements that contribute to the 
overall dynamics in a period of rapid global 
changes [12]. 

Thus, economic growth can be decomposed 
by the contribution of elements of the economic 
structure to the overall rate, tracking short-term 
changes. Each element, its share in the 
economy, and its dynamics are influenced by 
factors that can act together or separately. In 
particular, lowering the interest rate can increase 
gross consumption and boost investment, but 
worsen, for example, the country’s export 
position through the mechanism of foreign 
exchange inflows and the strengthening of  
the national currency, which will constrain 
exports and reduce the cost of imports. 
Accordingly, the ratio of the contribution of 
gross consumption and investment to the rate 
of economic growth, as well as net exports, 
will change. Structural reforms, carried out 
simultaneously, can somehow strengthen 
or weaken this process by changing the 
contribution of the GDP component to the 
overall dynamics. In addition to changing the 
contribution and the rate of gross investment, 
its structure also changes. This aspect is very 
poorly considered in models of technological 
changes and economic growth [2; 13], and 

by the ratio of the volume of innovative goods shipped and the volume of non-innovative goods, works, 

and services. The investment breakdown method helps to assess the contribution of investment in 

new technologies to economic growth, both in a comparative way relative to other GDP components, 

and for the considered countries. The result of the study is the identification of the economic growth 

model by the largest contribution to GDP component in the period under review, the contribution to 

the rate of investment in new and old technologies, as well as the determination of the sensitivity of 

technology to investment in new and old technologies in the United States, Germany, China and Russia. 

The analysis found that the impact of investment on the GDP dynamics and the level of technology is 

not synchronized, which requires to change the approach to macroeconomic policy, aimed not only at 

stimulating investments as a driver of growth, but also their distribution in such a way which would lead to 

an increase in the technology of the economy together with changing the institutions.

Key words: GDP structure by expenditure, investment, old and new technologies, manufacturability, 

economic growth, “structural formula”, model of economic growth, mode of technological development.
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economic diversification does not always 
reduce development risks [14] and contributes 
to the progress in the technology field [15]. The 
structure of investments becomes a determining 
factor in influencing economic dynamics and 
technological changes.

There are studies showing the impact of 
foreign direct investment on economic growth 
[16], but aspects of how investments in new and 
old technologies affect producibility and 
growth need to be disclosed, especially in the 
comparative part of established growth models 
and modes of technological change in different 
countries. Structural changes outside the 
context of considering investments in new and 
old technologies, especially when studying the 
issues of industrial development, the effects of 
deindustrialization, and technological renewal 
are problematic to study in full [17; 18]. The 
new industrial policy requires not only an 
assessment of the state of institutions, policy 
tools, or R&D investments [19] but also its 
impact on the investment structure [20], which 
determines the possibilities of technological 
renewal [21]. This requires the creation of 
structural models of economic growth and 
conducting empirical research with the 
identification of interacting elements of the 
economy in the course of structural analysis 
[13]. 

Let us review the problem of determining 
the contribution of investments in new and old 
technologies to the rate of economic growth,  
as well as determining the modes of tech-
nological development according to the 
sensitivity of the economy producibility to 
each type of investment. The solution to this 
task, undertaken below, will allow identifying 
not only structural, macroeconomic growth 
policies in the strategic dimension but also 
creating diagnostic tools in structural dynamics 
for studied countries (the USA, Germany, 
Russia, and China) in the current mode of 
technological development.

Research methodology. Structural analysis 
of GDP dynamics and economy producibility

The structural dynamics of the economy can 
be determined by changing the elements of the 
aggregate indicator, which is a generalized 
characteristic of this dynamics, GDP in 
particular. Modern development is expressed 
in its permanent increase, but its components 
change their share in GDP value and the rate of 
dynamics, which affects the value of the overall 
rate of economic growth. By changing the ratio 
of the shares of GDP components and its rate, 
it is possible to assess structural changes that 
take place, and to investigate the problem of 
structural dynamics and economic growth. 
However, we note that each GDP component is 
very heterogeneous. In particular, investments 
are made in various types of activities, projects 
and technologies, so the investment structure 
also changes permanently and has an impact on 
the rate of economic growth. 

We understand new technologies as newly 
created advanced technologies, and we consider 
previosly used technologies to be old ones1. 
Producibility, in the strict sense, should be 
understood as a possibility of obtaining the 
same result but with lower costs, which can be 
achieved by using more advanced or completely 
new technology for the studied time interval. 
Moreover, at the initial stage of applying the 

1 The indicator “costs of technological innovations” 
is overviewed as investment in new technologies (source for 
Russia is available at: https://www.gks.ru/folder/14477). Due 
to the absence of a similar indicator (costs of technological 
innovation) in international statistics sources, including 
countries’ statistics services, of the United States, Germany, 
and China, the indicator “domestic research and development 
costs” is used for other countries as the closest one to the cost  
of technological innovation (available at: https://data. 
worldbank.org/indicator/GB.XPD.RSDV.GD.ZS?view= 
chart; calculation methodology is available at: https://
ec.europa.eu/eurostat/cache/metadata/en/rd_esms.htm). 
Investment in old technologies refers to the difference between 
gross fixed capital formation (gross investment – I, source is 
available at: https://data.worldbank.org/indicator/NE.GDI.
TOTL.ZS) and costs of technological innovation (for all 
studied countries, the indicator is calculated), since an average 
difference in Russia is 30%, which is acceptable, from our 
point of view, for research tasks.

https://www.gks.ru/folder/14477
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technology, these issues usually grow due to 
the high cost of the technology, but then they 
pay off with wide opportunities for using this 
new technology. However, within the task of 
quantitative assessment of producibility, we 
apply the “level of producibility” indicator, 
which can be defined as the ratio of the volume 
of shipped goods and services created using 
new innovative technologies to a total volume 
of goods and services related to non-innovative 
ones2. The distribution of investments can  
be represented between new and old techno-
logies. It is this distribution that can be used  
to characterize technological renewal, since 
it has a certaineffect on producibility – the  
creation of benefits on new and old techno-
logies. In this case, gross investment as 
a component of GDP can be represented 
as the sum of investments in new and old 
technologies, namely 𝐼𝐼𝐼𝐼 =  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 . GDP 
𝑌𝑌𝑌𝑌 = 𝐶𝐶𝐶𝐶 + 𝐼𝐼𝐼𝐼 + 𝐺𝐺𝐺𝐺 + 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 , representing the sum 
of gross consumption (C), investment (I), 
government spending (G) and net exports (Nx) 
will be written as 𝑌𝑌𝑌𝑌 =  𝐶𝐶𝐶𝐶 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝐺𝐺𝐺𝐺 + 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁.  By 
differentiating both expressions for GDP by 
expenditure, we obtain structural formulas that 
allow estimating the contribution of each GDP 
element to the rate of economic growth. The 
structural formula with total investments will 
be the following:

2 The volume of goods, works, and services shipped using 
new technologies is defined as the volume of innovative goods, 
works, and services shipped (sources for Russia are available 
at: https://www.gks.ru/folder/14477; for the United States, 
Germany, and China, the calculation is made by summing up 
the volume of goods shipped by types of innovative activities 
according to the Eurostat methodology: aerospace industry, 
computer technology, electronic equipment, pharmaceutical 
products, scientific instruments, electrical equipment, 
chemical products, non-electrical equipment, and weapons.
Sources: Eurostat data is available at: https://ec.europa.eu/
eurostat/data/database; The Bureau of Economic Analysis of 
the USA data is available at: https://www.bea.gov/data/gdp; 
China’s statistics data is available at: http://www.stats.gov.cn/
english/). 

The volume of goods, works, and services shipped using 
old technologies is equal to the difference in the total volume 
of goods, works, and services shipped, minus the volume of 
innovative goods, works, and services shipped.
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 ,     (1)

where:

                                                              – GDP 
growth rates and its component;

𝑐𝑐𝑐𝑐 =
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𝑌𝑌𝑌𝑌

, 𝑖𝑖𝑖𝑖 =
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   – structural GDP 

parameters by expenditure, the share of gross 
consumption, investment, government spen-
ding and net exports respectively.
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where:
𝑔𝑔𝑔𝑔 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ,𝑔𝑔𝑔𝑔 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼   are the growth rate of investment in 

new and old technologies respectively,
n, s are shares of new investments (𝑛𝑛𝑛𝑛 =

𝐼𝐼𝐼𝐼𝑛𝑛𝑛𝑛
𝑌𝑌𝑌𝑌   )  

and old (𝑠𝑠𝑠𝑠 =
𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠
𝑌𝑌𝑌𝑌   ) technologies in GDP.

Expressions (1)–(2) are the “structural 
formula” that allows estimating the contri-
bution of each GDP component to the rate of 
economic growth.

According to structural formulas (1) and 
(2), it is clear that each GDP component 
contributes to the country’s economic growth 
rate. We would like to note that this contribution 
changes, and we may talk about the dominance 
of a particular GDP component at a certain 
interval in terms of its contribution to the 
growth rate. As the contribution changes over 
time, so does the dominance of components. 
If the main contribution of growth rate is 
made by gross consumption, we can talk about 
the consumer model of economic growth, if 
investment spending – about the investment 
growth model. If net exports dominate the 
contribution, then there is a foreign economic 
growth model. Provided that government 
spending will make the main contribution to 
the growth rate, although this is not a typical 
case for the countries, this will be growth 
model at the expense of the public sector. In 
any case in the theoretical sense it is possible 
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https://www.bea.gov/data/gdp
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only in terms of assessing the impact of the 
considered components. In case when it is not 
possible to determine the dominant value of any 
component, its contribution to the time interval 
is mixed, we can talk about a mixed growth 
model without an explicit dominant. In order 
to influence economic growth, looking for 
economic policy tools, it is not superfluous to 
assess the range of these components and factors 
that affect their dynamics and share in GDP. 
Without a doubt, changing GDP components 
can show coherent dynamics and have the same 
reasons for their change. For example, if the 
percentage decreases, both investment and 
consumption can increase. However, it is not a 
fact that investments will increase in the same 
way as new and old technologies. It depends on 
the size of the interest rate offset, its initial level 
and other institutional conditions that affect the 
process of technological substitution.

Occuring changes usually cover all elements 
of the structure and, therefore, the ratio of invest- 
ments in new and old technologies constantly 
changes. Moreover, the ratio may change in 
different ways with this dynamics of the total 
investment value.

Thus, total investments grow, and the 
structure of investment distribution in new and 
old technologies, for example, is maintained 
with a corresponding increase in the value of 
each investment. However, the distribution 
structure may change as the total investment 
increases or decreases. It is also quite possible 
that the total amount of investment does 
not change, but the structure of investment 
distribution between old and new technologies 
changes. Similar changes can occur not only 
when total investment increases, but also when 
it decreases. No matter how the investment 
distribution schemes change, they undoubtedly 
affect the process of technological renewal, that 
is how old technologies are replaced by new 
technologies. Technological renewal affects 
the process of creating new types of goods 
and its effectiveness. The scale and speed of 

production, in turn, also depend on how 
investments are distributed, and the distribu-
tion is determined by the initial efficiency.  
Each economy has its own share of benefits 
generated by new technologies and invest-
ments in new technologies. In this regard, 
they differ in their contribution to the rate 
of economic growth, since the dynamism of 
technological renewal also depends on many 
institutional conditions and the initial increased 
technological potential. 

Expression (2) can be converted to the 
following form, taking into account the struc-
ture of investments in “new-old” technologies. 
Then it is possible to write that:
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Considering (3), the structural formula (2) 
is rewritten as:

𝑔𝑔𝑔𝑔 =  𝑔𝑔𝑔𝑔𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 ∗ (1 + 𝛾𝛾𝛾𝛾) ∗ 𝛾𝛾𝛾𝛾 ∗ 𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 ∗ 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠  + 
+ 𝑔𝑔𝑔𝑔𝐼𝐼𝐼𝐼𝑠𝑠𝑠𝑠 ∗ (1 + 𝛾𝛾𝛾𝛾) ∗  𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠 ∗ 𝑑𝑑𝑑𝑑𝑖𝑖𝑖𝑖𝑠𝑠𝑠𝑠  + 

+ 𝑔𝑔𝑔𝑔𝑐𝑐𝑐𝑐 ∗ 𝑐𝑐𝑐𝑐 +  𝑔𝑔𝑔𝑔𝐺𝐺𝐺𝐺 ∗ 𝑎𝑎𝑎𝑎 +  𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 ∗ 𝑏𝑏𝑏𝑏   

.     (4)

From expression (4), which differs from 
expression (2) only by writing, it follows that 
the contribution of investments in new and old 
technologies to the growth rate differs and 
depends, first, on the value of the rate of each 
type of investment and secondly, on the share of 
investments in the total amount of investment 
or on the size of the investments distribution:      
𝛾𝛾𝛾𝛾 =  𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼/𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 .

The growth rate of each type of investment 
will be determined by the current regime of 
technological development and renewal. This 
mode is determined by how much producibility 
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will increase from ongoing investments in new 
and old technologies. In particular, the most 
significant value is the increase in producibility 
from the implementation of investments 
in new technologies. It is quite possible that 
investments in new technologies do not lead 
to a significant increase in producibility, which 
is more influenced by investments in old 
technologies. This suggests that the economy 
is hampered by technological replacement 
and renewal processes for one reason  
or another.

If the share of investments in new tech-
nologies depends entirely on the amount of 
investment in new technologies, i.e. how it is 
possible to increase investment in new 
technologies, the growth rate of such invest-
ments will depend on the rigidity of the 
institutions that regulate decisions on tech-
nology replacement. In addition, credit 
institutions, the motives of agents to switch 
to new technologies, the availability of these 
new technologies before their practical imple-
mentation, as well as the readiness of all parts 
of the economy to accept such technological 
innovations will affect both the emerging 
mode of technological development and the 
amount of investment in new technologies 
and their dynamism. Increased investments in 
new technologies may lead to the increase of 
the overall level of technology, but it may not 
lead to a significant increase. The same applies 
to investments in old technologies. Thus, the 
following technological development regimes 
can be distinguished according to the sensitivity 
of technology to investments in new and old 
technologies (Tab. 1).

The increase of investments in old techno-
logies can boost the overall technological level 
of the economy and hinder it in new techno - 
logies. In this case, the overall producibility 
may increase. In this regard, the modes called 
“leadership” and “rapid progress” suggest 
that technology increases. Moreover, main 
contribution to the increase should be made 
by investments in new technologies, especially 
for the “leadership” mode of technological 
development. The growth of investments 
in old technologies in this mode acts in the 
direction of reducing the producibility, but 
the overall producibility increases. In this 
case, this increase is solely caused by new 
technologies, and the mechanism for replacing 
old technologies with new ones also works 
at the level of investment. When developing 
under the “renunciation” mode, the growth 
of investments in new technologies does not 
increase producibility – it decreases, and 
investments in old technologies act in the 
direction of increasing producibility. In this 
case, the overall producibility may increase. 
We see a technological rapid progress, when 
both types of investments contribute to 
improving the technological level. Here is 
the elasticity of producibility for each type of 
investment, which characterizes which type 
of investment provides a greater increase in 
producibility. Given the fact that this mode 
of technological development is designated 
as a “rapid progress”, investments in new 
technologies should have a greater impact on 
improving overall producibility. If the growth of 
investments in new and old technologies does 
not lead to the increase in the producibility of 

Table 1. Main modes of technological development of the economy in terms 
of sensitivity to the elements of the investment structure

Investment growth In, Is
Producibility (increase / decrease)

Leadership Renunciation Rapid progress Degradation
In Increase Decrease Increase Decrease
Is Decrease Increase Increase Decrease

Source: own compilation.
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the economy, then this regime can be described 
as technological degradation. A high level of 
technological backwardness, significant costs, 
and low efficiency are characteristics of this 
mode of technological development.

Using the proposed matrix of main tech-
nological regimes in Table 1, it is possible to 
rank countries or individual regions by the  
type of technological regime, linking it to the 
model of economic growth. 

The increase of the technological level has a 
lot of aftereffects, so investments alone are not 
enough. In addition, there may be a saturation 
effect – when the increase of the technological 
level becomes more difficult to achieve further 
due to growing costs, expanding needs for 
new investments, and increasing institutional 
development problems. Emerging imbalances 
on labor and capital markets also act in the 
same way, affecting technological renewal.

The initial technological level also determines 
the dynamism and efficiency of the economy 
and the possibility of replacing it with technology. 
The process of replacing technologies is focused 
on the expected revenue, payback, which 
depends on the current technological capabilities 
and the state of markets. 

Presented structural analysis is useful not 
only for identifying a specific economy from a 
point of view of its implemented growth model 
but also for technological development. It 
can also be used in comparative studies while 
comparing the results of countries’ economic 
development, for obtaining forecast in the field 
of technology development and the quality of 
economic growth, the structure of the economy. 
It can be used for verification of macroeconomic 
policy measures, since the identification of the 

growth and technological development model 
makes it possible to coordinate the methods of 
sectoral and macroeconomic impacts, which 
often conflict with each other.

Next, we will overview the application of  
the presented approach on the example of  
the largest players in the global dynamics: the 
United States, Germany, China, and Russia 
as an important player in modern global 
competition in some technological areas. We 
will perform a structural analysis of GDP 
dynamics according to the received expression 
(2), taking into account the structure of 
investments – the division of investments 
into investments in technological innovations 
and other investments, as the difference 
between gross investments and investments in 
technological innovations (they are considered 
investments in old technologies). Then we will 
analyze the sensitivity of technology, which 
is understood as the ratio of the volume of 
innovative goods and services shipped to the 
value of non-innovative products, to investments 
in new and old technologies, which will allow 
identifying the current model of technological 
development of each country. The result of the 
analysis is an assessment of the impact of the 
investment structure and technological renewal 
on countries’ economic growth, showing 
different economic dynamics and characterized 
by different levels of technological development.

Comparative analysis of structural dynamics 
of the USA, German, Chinese, and Russian 
economies

Let us present the structural dynamics of 
GDP in the following countries: the United 
States, Germany, China, and Russia in the 
period of 2001–20173 (Fig. 1–4)4, separately 

3 For the Russian Federation, the 2006–2018 period is used, since statistics on investments have been available since 2005.
4 The source for calculations is the data World Bank data and Rosstat (https://www.gks.ru/accounts). According to the 

Rosstat methodology, elements of GDP by expenditures are given at comparable prices, taking into account the deflator index 
and physical volume index of elements of GDP by expenditures. 2002–2011 – in 2008 prices, 2012–2015 – in 2011 prices, 
2016–2018 – in 2016 prices.

Sources for other countries: https://data.worldbank.org/indicator/NE.CON.PRVT.KD.ZG?locations=DE; https://data.
worldbank.org/indicator/NE.CON.PRVT.ZS;   https://data.worldbank.org/indicator/NE.CON.GOVT.ZS?locations=DE 
https://data.worldbank.org/indicator/NE.GDI.TOTL.ZS?locations=DE;   https://data.worldbank.org/indicator/NE.CON.
PRVT.KD.ZG?locations=CN

https://data.worldbank.org/indicator/NE.CON.PRVT.KD.ZG?locations=DE
https://data.worldbank.org/indicator/NE.CON.PRVT.ZS
https://data.worldbank.org/indicator/NE.CON.PRVT.ZS
https://data.worldbank.org/indicator/NE.CON.GOVT.ZS?locations=DE
https://data.worldbank.org/indicator/NE.GDI.TOTL.ZS?locations=DE
https://data.worldbank.org/indicator/NE.CON.PRVT.KD.ZG?locations=CN
https://data.worldbank.org/indicator/NE.CON.PRVT.KD.ZG?locations=CN
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highlighting the change in the contribution 
of investments in new and old technologies  
(Fig. 1–4, in the center) and evaluating the 
accuracy of calculation (Fig. 1–4, right), 
comparing the calculation using “structural 

formulas” (1) and (2) with the actual data on 
the growth of these countries’ economies. For 
China and Russia, the deviation of calculated 
values from actual values is the most significant, 
which can be associated with the quality of data 

Figure 1. Structural dynamics of GDP by component (left), investment contribution 
(center), and calculation accuracy (right), USA, 2001–2017

Source: World Bank data. Available at: https://data.worldbank.org/

Figure 2. Structural dynamics of GDP by component (left), investment contribution 
(center), and calculation accuracy (right), Germany, 2001–2017

Source: Eurostat data. Available at: https://ec.europa.eu/eurostat/data/database

Figure 3. Structural dynamics of GDP by component (left), investment contribution (center),  
and calculation accuracy (right), China, 2001–2017

Source: World Bank data. Available at: https://data.worldbank.org

-3

-2

-1

0

1

2

3

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gC*c gG*a gIn*n
gIs*s gNx*b

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gIn*n gIs*s

-4

-3

-2

-1

0

1

2

3

4

5

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

empirical

calculation by the formula: 
calculation by the formula: g = gС*c + gIn*n + gIs*s + gG*a + gNx*b

g = gС*c + gI*i + gG*a + gNx*b

 

-3

-2

-1

0

1

2

3

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gC*c gG*a gIn*n
gIs*s gNx*nx

-3.0
-2.5
-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
2.5

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gIn*n gIs*s

-8

-6

-4

-2

0

2

4

6

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17%

empirical

calculation by the formula: 
calculation by the formula: g = gС*c + gIn*n + gIs*s + gG*a + gNx*b

g = gС*c + gI*i + gG*a + gNx*b

0

2

4

6

8

10

12

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gC*c gG*a gIn*n
gIs*s gNx*b

0

2

4

6

8

10

12

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

gIn*n gIs*s

0

2

4

6

8

10

12

14

16

18

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

%

empirical

calculation by the formula: 
calculation by the formula: g = gС*c + gIn*n + gIs*s + gG*a + gNx*b

g = gС*c + gI*i + gG*a + gNx*b



82 Volume 13, Issue 4, 2020                 Economic and Social Changes: Facts, Trends, Forecast

Structural Dynamics of the Economy: Impact of Investment in Old and New Technologies

or with peculiarities of its presentation. For 
Germany and the United States, the accuracy 
of the calculation is quite high.

Figure 1 shows that the USA has developed 
a consumer growth model over the period,  
since gross consumption contributes mainly  
to economic dynamics. The second most 
important contribution is made by invest-
ments in old technologies. Investment in 
new technologies contributes very little to  
the growth rate.

The German economy had been charac-
terized by the mixed model of economic  
growth before 2012, which does not show a 
single dominant component of GDP as a 
contribution to the growth rate. However, 
the peculiarity is that investments in new 
technologies make the main contribution 
to the rate of economic growth in Germany 
in certain years. Over a significant period of 
time, the contribution to the growth rate of 
investments in new technologies is comparable 
to or higher than the contribution to the 
growth rate of investment in old technologies. 
Since 2012, gross consumption has become 
dominant in terms of its contribution to the  
growth rate, and the contribution of invest-
ments in old technologies has become higher 

than the contribution to the growth rate of 
investments in new technologies. Thus, it can 
be argued that the consumer growth model 
in the United States and Germany has been 
characterized by a higher contribution to the 
rate of investments in old rather than new 
technologies since 2012.

In the Chinese economy, the investment 
model of economic growth has developed, since 
it is investments that make the greatest 
contribution to the growth rate. However, 
the contribution to the rate of investments 
in old technologies is much higher than the 
contribution to the growth rate of investments 
in new technologies. It is noteworthy, in 
contrast to the United States, that government 
spending makes a significant contribution to 
China’s growth rate. However, the fundamental 
contribution to the growth rate is made by 
investments in old technology, which is a 
symbol of development of traditional sectors of 
the Chinese economy.

Averagely, the growth rate of the Russian 
economy was higher than the growth rate of  
the US and German economies in 2006–2017. 
According to figure 4 (left), Russia is cha-
racterized by the consumer-mixed model of 
economic growth, and there are years when 

Figure 4. Structural dynamics of GDP by components (left), investment contribution (center),  
and calculation accuracy (right), Russia, 2006–2018

Source: Rosstat data. Available at: https://www.gks.ru/accounts
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Figure 5. Producibility in the United States, Germany, China and Russia, 2009–2018

gross consumption completely dominates in the 
contribution to the growth rate, and there are 
only three years in the studied period when the 
main contribution is made by investments in 
the growth rate. In 2009 and 2015 crisis years, 
the main contribution to the growth rate was 
made by net exports, acting as a component 
of resistance to the crisis. In 2016, the main 
contribution to the growth rate was made by 
investments in new technologies, which is 
associated with local support for innovation and 
the implementation of appropriate programs 
for the modernization of the Russian economy. 
However, these priority implementations 
did not significantly increase the overall 
producibility of the Russian economy (Fig. 5).

Figure 5 provides an overview of the overall 
producibility in the countries. As we can see, the 
highest level is demonstrated by Germany, for 
which investments in new technologies make 
the greatest contribution to the economic growth 
rate. The USA is inferior to it. The producibility 
of China and Russia coincide in 2013 alone, and 

Russia is inferior to China all the time according 
to this indicator, and, if the producibility in 
Russia had been increasing until 2013, it has 
been averagely declining since 2013. There are 
increase and decrease periods of producibility in 
Germany, but the value of this indicator is about 
2.5 times higher than in Russia.

In addition to the amount of investment in 
new and old technologies, studied countries 
differ in the sensitivity of producibility to 
investments in new and old technologies. 
Next, an econometric analysis was underta-
ken that allowed distinguishing link models 
between producibility and investments in 
new and, separately, in old technologies  
(Fig. 6–9).

The United States’ economy shows the 
dependence on investments in new and old 
technologies as the main factors for increasing 
the producibility. It should be noted that, 
in terms of investments in old and new 
technologies, the United States is an undisputed 
leader among studied countries, investing from 
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2 to 3 trillion US dollars annually in old and 
from 400 to 500 billion US dollars in new 
technologies5. The second position is occupied 
by China, investing from 2.5 to 4 trillion 
annually in old technologies and from 100 to 
220 billion US dollars in new technologies.

Germany invests 530–650 billion US dollars 
in old technologies, and 90–120 billion US dol-
lars in new technologies. Russia is inferior to all 
studied countries, having the smallest amount 
of investment in old and new technologies – 

400 billion and 18 billion dollars, respectively. 
It is less than China’s investments, 2–6 times 
less than Germany’s, and more than 20 times 
less than the United States’ investments in new  
technologies.

The German economy highly depends on 
investments in new technologies to improve its 
producibility and less – on investments in old 
technologies (Fig. 7). Both types of invest-
ments act in the direction of increasing overall 
producibility.

Figure 7. Producibility and investments in new* (left) and old** (right) 
technology in Germany, 2009–2017, in 2010 prices

* Model statistics: F-test = 11.7, D-Wcalculation = 2 Є [1.32; 2.68], White test: χ2 calculation = 0.22, χ2 crit. = 15.5
** Model statistics: F-test = 5.7, D-Wcalculation = 1.7 Є [1.32; 2.68, White test: χ2 calculation = 0.09, χ2 crit. = 15.5
Source: Eurostat data. Available at: https://ec.europa.eu/eurostat/data/database
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5 The studied interval is 2009–2017 (according to fig. 6–9).
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China’s economy has shown the increase  
of producibility with increased investment in 
new and old technologies (Fig. 8), although 
there were more investments in old technologies 
than in new technologies.

As it is shown in Figure 9, in the Russian 
economy, in 2009–2017, a certain increase of 
investments in old technologies increased 
producibility and then led to its decline. The 
increase of investments in new technologies 
was accompanied by a general decline of  
the producibility. The reasons are, presumably, 
the low sensitivity of technological chains due 

to their existing gaps to investment in new 
technologies and its insufficient scope.

Therefore, there was a period when the 
producibility increased due to investments  
in old technologies, and it decreased while 
investing in new and old technologies.

Since there is the growth of investments in 
new technologies with the reduction of overall 
producibility in the Russian economy, and the 
increase of investments in old technologies 
takes place with the growth and decline of 
producibility, the nature of technological 
development is between “renunciation” and 

* Model statistics: F-test = 94.2, D-Wcalculation = 1.4 Є [1.32; 2.68], White test: χ2 calculation = 1.55, χ2 crit. = 15.5
** Model statistics: F-test = 923.4, D-Wcalculation = 1.7 Є [2.6; 2.68], White test: χ2 calculation = 0.39, χ2 crit. = 15.5
Source: World Bank data. Available at: https://data.worldbank.org/
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Figure 8. Producibility and investments in new* (left) and old** (right) 
technology in China, 2009–2017, in 2010 prices

Figure 9. Producibility and investments in new* (left) and old** (right) 
technology in Russia, 2009–2017, in 2010 prices

* Model statistics: F-test = 7.2, D-Wcalculation = 1.6 Є [1.32; 2.68], White test: χ2 calculation = 4.78, χ2 crit. = 15.5
** Model statistics: F-test = 23.2, D-Wcalculation = 2.5 Є [1.32; 2.68], White test: χ2 calculation = 2.25, χ2 crit. = 15.5
Compiled according to: Rosstat data. Available at: https://www.gks.ru/accounts
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Table 3. Average annual growth rate and its sustainability, 2000–2018

  Average annual GDP growth rate, % The standard deviation of the change in GDP per capita constant 2010, $
Russia 3.77 1 932.09
Germany 1.41 3 284.1
United States 2.07 912.3
China 9.14 222.4
Source: World Bank data. Available at: https://data.worldbank.org/; Eurostat data. Available at: https://ec.europa.eu/eurostat/data/data-
base; Rosstat data. Available at: https://www.gks.ru/accounts

Table 2. Economic growth models and technological development regimes in the USA, Germany, China, and Russia

Country
Economic dynamics 

model* (according to 
Fig. 1–4)

Sensitivity of producibility 
to investments in new 

technologies

Sensitivity of producibility 
to investments in old 

technologies

Technological development 
mode** (according to  

Fig. 6–9)
Unites 
States

Consumer Investment growth – 
producibility growth (minor)

Investment growth – 
producibility growth (minor)

Leadership / rapid progress

Germany Mixed Investment growth – 
producibility growth (strong 
influence)

Investment growth – 
producibility weak growth 
(weak impact)

Leadership

China Investment Investment growth – 
producibility growth

Investment growth – 
producibility growth

Rapid progress

Russia Consumer mixed Investment growth – reduced 
producibility

Investment growth – 
reduction and slight increase 
in producibility

Renunciation / Degradation

* Economic dynamics models for the USA, Germany, China for 2001–2017, for Russia – from 2006–2018 due to available data for the 
relevant years.
** Technological development regimes are highlighted for countries in the period of 2009–2017 due to the availability of data for the 
indicated years at the time of the study.
Source: own compilation according to Fig.1–9 and Tab. 1.

“technological degradation” modes (Tab. 2). 
Moreover, there is a movement from one mode 
to another. 

The Chinese economy demonstrates the 
“breakthrough” type of technological deve-
lopment mode. Due to the fact that, in the 
German economy, investments in new techno-
logies have the greatest impact on technological 
growth, and investments in old technologies have 
almost no effect on increasing producibility, this 
regime can be classified as the “technological 
leadership” type (Tab. 2). The United States has 
seen the increase of producibility from two types of 
investments, but this growth is not high, which is 
typical for the “technological leadership” regime, 
and the breakthrough can only be observed in 
certain technological areas. Thus, in the United 
States, in general, two modes of technological 
development are combined.

According to Table 2, which shows the 
current model of the economic growth and 
technological development for each country, 
leadership in the field of technological deve-
lopment is provided with the mixed and 
consumer growth model, the technological 
breakthrough is characteristic of the investment 
growth model. The loss of positions and 
technological degradation are evident for the 
consumer-mixed growth model. Despite the 
existing conditionality of regime allocation, 
however, the technological breakthrough is 
characteristic of the investment model of  
economic dynamics. Other modes of techno-
logical development can be manifested in 
different models of economic growth.

An average annual growth rate in Russia was 
second after China’s (Tab. 3) in 2001–2017. 
However, the stability of growth, measured by 
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the standard deviation of per capita GDP for 
2000–2018, was low (the deviation is high), 
unlike China and the United States. However, 
the innovative growth model in Germany was 
characterized by the greatest instability, which 
is inherent in the innovation dynamics.

The rate of economic growth strongly 
depended on the contribution to the rate of 
investments in new and old technologies for 
Germany and China; moreover, it depended 
more on the contribution to the investment 
growth in old technologies. As for the United 
States, the contribution of investments’ growth 
rate in new technologies practically did not 
affect the growth rate, unlike the contribution 
of investments in old technologies, which had a 
stronger impact on the growth rate. In Russia, 
the contribution to investments’ growth rate in 
new technologies hardly affected the growth 
rate, but the contribution of investments in old 
technologies significantly affected the growth 
rate.

In Figure 10, there is a calculation of the 
sensitivity of producibility to changes in 
investments in new and old technologies for 
2010–2017. The graph includes an indicator 
that expresses a change of producibility as a 
percentage with the increase of investments per 
one percentage point.

1% increase of investments in new tech-
nologies reduced the Russian economy’s 
producibility by 1.48%. This result requires  
an intensification of efforts to invest in new 
technologies, expanding the scope of its app-
lication and the volume of investments. 
Particular attention should be paid to increasing 
the economic environment’s susceptibility 
to new technologies. The producibility of 
German economy is especially sensitive to 
investments in new technologies. With 1% 
increase of investments in new technologies, 
the producibility increased by 1.5%, which 
is approximately equal to the decrease of the 
producibility of the Russian economy. In terms 
of producibility sensitivity to investments in 
new technologies, China is placed second after 
Germany, and the former is followed by the 
United States. China’s economy producibility is 
sensitive to investments in old technologies the 
most, while the Russian economy is the second 
most sensitive one in this aspect. Next, there 
is Germany with a two-fold margin and the 
United States with a ten-fold margin in terms 
of producibility’s sensitivity to investments in 
old technologies in relation to the Russian and 
Chinese economies. It led to a very interesting 
ratio. Investments in old technologies can make 
a significant contribution to GDP dynamics, 

Figure 10. The sensitivity of producibility to changes in investments  
in new (left) and old (right) technologies, 2010–2017
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but producibility does not significantly 
increase. Investments in new technologies 
may not contribute to GDP dynamics, but 
it can significantly influence the increase of 
producibility. In Germany alone, the impact 
on GDP dynamics and producibility for 
investment in new technologies are the same. 
It is clear that two pairs were formed out of 
four countries. The first pair is Germany and 
the United States, where the sensitivity of 
producibility is high in relation to investments 
in new technologies and low – in relation to 
investments in old ones. The second pair is 
Russia and China, where, on the contrary, the 
sensitivity is high in relation to investments 
in old technologies and low – in relation to 
investments in new technologies.

Thus, an important task is to change the 
conditions of investment distribution between 
new and old technologies, change institutions, 
investment motives in order to change the 
sensitivity of producibility reaction to the 
incoming resource in the form of investments, 
etc. Therefore, a usual increase of investments 
to ensure growth is not enough. Moreover, the 
contribution to growth may take place, but 
producibility will not change significantly. In 
our opinion, this circumstance is a valuable 
condition for planning a growth policy, since 
narrowing the situation down solely to the 
growth rate may result in the fact that, in 
the future, corresponding factors might be 
underdeveloped and lead to the country’s 
competitive defeat on global market.

Conclusions
The conducted research contributes to 

development of the theory of economic growth 
and technological change by taking into 
account the structure of investments in 
new and old technologies, highlighting 
the modes of technological dynamics. This 
allows assessing not only the contribution 
of investments in various types of technolo-
gical opportunities but also the impact of 

technological renewal on the growth rate. 
The applied value is narrowed down to an 
opportunity to conduct a comparative analysis 
of trajectories of technological development 
and growth for different countries and regions, 
taking into account the sensitivity of the 
technology level to investments in new and 
old technologies.

Summing up the results of the research, we 
come to the following most important 
conclusions that make up a certain perspective 
for further search work within this topic.

First, the achievement of macroeconomic 
development goals requires a structural analysis 
of the dynamics of target indicators, which is 
necessary to determine causes and extent of 
instruments’ impact on its change. Investments 
can accelerate growth even in the current 
mode, but, for example, it will not be able to 
quickly increase producibility, especially if 
investments in older technologies increase. 
The current proportion of investments in 
leading economic development countries is not 
in favor of investments in new technologies. 
However, in some countries, it makes the 
main contribution to the dynamics of the 
economy and to producibility growth, in 
others – the contribution to the change in 
dynamics and producibility is very modest. 
There are examples, Russia in particular, 
where technological growth is achieved through 
investments in old technologies – through its 
renewal.

Second, the rapid increase of investments in 
new technologies may have a positive impact on 
the contribution to the rate of economic 
growth, but it does not mean that producibility 
responds to such rapid growth and increases. 
It may even decline, which is clearly shown by 
development of the Russian economy. It creates 
a mismatched dynamics, when investments 
can have a positive impact on the growth rate 
but do not provide the increase of economic 
producibility. 
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Third, investments in new and old techno-
logies can provide the technological develop-
ment mode in the form of a breakthrough, i.e. 
significantly increase producibility and, at the 
same time, make a major contribution to the 
rate of economic growth. In this case, as it can 
be seen in the Chinese economy, investments 
in old technologies may dominate. However, 
investments in new technologies allow gradually 
taking leading competitive positions in the field 
of high technologies.

Fourth, investments in new technologies 
can make a more significant contribution  
to the growth rate and be an engine for in-
creasing producibility, which is typical for 
Germany, despite the fact that the economic 
growth model is mixed. However, it clearly 
shows the contribution of investments in 
new technologies, unlike other studied  
countries.

Fifth, it is possible to change the impact  
of investments on producibility not only by 
increasing the volume of investments in, for 
example, new technologies but also by institu-

tional adjustments that regulate the distribu-
tion of investments, flows, and technological 
renewal. Undoubtedly, the initial state of the 
technological basis will strongly influence the 
sensitivity of producibility to the increase of 
corresponding investments, and achieved 
technological level will also influence it. 
The higher it is, the lower the sensitivity will 
probably be. It could be clearly seen in the 
change of Germany and the United States’ 
producibility, which are leaders in terms of 
producibility.

Thus, while planning an economic growth 
policy, it is necessary to take into account not 
only the current model of economic dynamics 
with an assessment of the behavior of struc-
tural elements but also take into account 
the sensitivity of producibility to the formed 
investment structure in the era of rapid tech-
nological changes. In other words, it is necessary 
to make efforts to form such a structure in a 
reasonable way. The analysis presented in this 
paper helps solve such problems at the macro-
management level.
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