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Abstract. Efficient use of natural resources is an integral part of sustainable development. Resource
management efficiency criteria should cover all components of sustainable development: economic,
environmental and social. The purpose for the study is to assess the possibility of applying tools for
measuring natural resources management efficiency in relation to water biological resources. The most
developed are methodological approaches to assessing the economic efficiency of resource management.
Despite the importance of environmental assessment and the availability of the methodological
framework, there still remain some gaps in data availability for analyzing the impact of the fishing
industry on the environment. The specific features of natural resources extraction and processing are
particularly evident in indicators of environmental efficiency of resource saving. The paper substantiates
the importance of taking into account emissions of water bioresources, unreported fishing, technological
losses in assessing water bioresources management efficiency. We calculated indicators characterizing
economic efficiency of water bioresources management in Russia in 2010—2015: material efficiency,
fuel efficiency, and resource efficiency. The increase in material and fuel efficiency indicates an increase
in the economic efficiency of material cost in the fishing industry. The growth in resource efficiency
was significantly less than the growth in cost indicators: the average growth rate was about 2 percent in
six years. It is proposed to evaluate social efficiency taking into account the interests of both industry
workers and consumers of fish and fish products. The obtained estimates of social efficiency indicate
the redistribution of effect from consumers to producers, rather than increased efficiency. As a result of

For citation: Mikhailova E.G. Evaluation of water bioresources management efficiency in domestic fishing industry.
Economic and Social Changes: Facts, Trends, Forecast, 2018, vol. 11, no. 1, pp. 57-69. DOI: 10.15838 /esc/2018.1.55.4

Economic and Social Changes: Facts, Trends, Forecast Volume 11, Issue 1, 2018 57



Evaluation of Water Bioresources Management Efficiency in Domestic Fishing Industry

assessing the performance of indicators of water bioresources usage, the effect of resource decoupling in

the fishing industry has not been revealed. The existing gaps in the availability of statistics on the impact

of fishing on the environment impede full application of the impact decoupling method. In order to

reveal the impact decoupling, is proposed to use the indicator of trawling time as an indirect indicator

of environmental impact on the example of pollock fishery. The article focuses on information support

of environmental, economic and social efficiency assessment of resource use in the fishing industry. The

applied methods include quantitative description and data analysis: calculation of absolute and relative

indicators, time series construction, correlation analysis, and comparative analysis.
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Introduction

The issue of resource saving can currently
be considered global. The WWF Living Planet
Report 2016 notes that humanity began to
consume 1.6 times more than our planet is able
to sustainably reproduce [1]. A 58% decline in
the global Living Planet Index (LPI) during
1970—2012 is a matter of great concern.
During this period, LPI for freshwater species
decreased by 81%, for marine species — by
36%. One of the main reasons for going beyond
planetary boundaries is production of food
on a scale leading to habitat degradation and
overexploitation of natural resources, including:
overfishing of water bioresources (WBR), which
undermines the foundations of sustainable
development.

The studies related to the issue of resource
friendliness, primarily natural, or primary,
creating the framework for life are carried out
most often in the context of the concept of
“sustainable development”. At the same time,
at all levels of administration, the transition of
economic systems to sustainable development
is directly related to resource saving: rising
prosperity should be provided by fewer amounts
of resources used and by reducing the impact on
the environment.

Resource saving should be seen as a tool for
ensuring the economic future of the society, as
well as its environmental and social well-being.
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This approach has already been adopted
by several international organizations. For
example, the international Resource Efficient
and Cleaner Production (RECP) Program aims
to improve resource efficiency and reduce risks
to human beings and the environment [2]. The
three main areas of the program are consistent
with the triad of sustainable development
goals: economic production efficiency through
rational use of natural resources; environmental
management which involves minimizing the
impact on the environment and nature,
prevention of waste and pollutant emissions;
human development through minimizing
the risks to people and communities from
enterprise activities.

In Russia, resource saving is also included
in the list of strategic development goals [3, 4].
The list of main goals of the state environmental
policy includes measures to reduce pollution
from emissions, dumps and wastes, as well
as reduce the share of energy and resource
intensity of products and services. The goal is
to ensure sustainable use of natural resources,
involving renewable resources, such as WBR,
primarily their sustainable use [5, 6].

Water bioresources play an important role in
ensuring the country’s food security: fish
proteins comprise 10% in the overall balance
of animal protein consumption, in the meat
and fish consumption balance — about 25% [7].
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The well-being of many inhabitants of coastal
Russian territories, where fishing and fish
processing enterprises are often settlement-
and city-forming, depends on the efficiency
of using WBR. In many areas of the Far East
and the Far North production of WBR remains
a major source of live support, particularly for
indigenous minorities. Accordingly, rational
use of WBR should be related to strategic goals
of sustainable development of Russia’s fishing
industry.

To study the possibility of using theoretically
justified tools for assessing the effectiveness of
using WBR the following objectives were set:
review the existing approaches to assessing
the use of natural resources in general and to
WBR; identify criteria for economic, social
and environmental efficiency; quantify the
indicators of performance; summarize the
obtained results and identify the possibility
of using decoupling in assessing the resource
efficiency in the fishing industries.

Research methods and methodology

Considering the issues of resource saving at
different management levels and for resources
different in nature and type, the authors
interpret the nature and content of the category
“resource saving” in different ways [8, 9].
However, the researchers note that resource
saving can not be considered only as saving raw
materials. It is important to take into account
their rational use — the use of resources which
ensures the socio-economic development and
reduces the burden on the natural environment,
which, in turn, improves the quality of the
natural environment as a human habitat [10].

Based on the concept of sustainable
development we believe that the assessment of
natural resource management, in addition to
the economic and environmental aspects
mentioned above, should take into account
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the social component of resource use. All these
aspects cannot be covered by a single indicator;
it is necessary to establish a system of indicators
reflecting the triad of sustainable development.

Resource productivity as an integrated
quantitative assessment of the economy at the
international [11] and regional [12, 13] level is
widely used in the scientific community. In the
case of natural resources, their use efficiency
and productivity are often used as synonymes.
In the most general terms it is represented as
the ratio of forward resource flows to backward
resource flows of the economic system [14]
or the correlation of the result with the costs
providing it [15]. The indicators of resource
efficiency calculated as the ratio of the used
resources to GDP, are often called direct,
other indicators indirectly reflect the results of
resource saving [16].

Resource productivity can be calculated
several ways. The first one is by using the
performance index showing the amount of
product’s added value per one unit mass
of resource input. The second — technical
efficiency reflecting the ratio of production
volume to the amount of used resources (both
indicators are measured in real terms). The
third — economic efficiency, i.e. the ratio of
the cost of “inputs” to the cost of used forward
resources in the production system. The third
way of calculating resource productivity is often
used as a synonym to material efficiency.

The integrating indicator of economic
efficiency of using material resources including
natural resources is production material
efficiency. However, the indicator of material
efficiency has a number of disadvantages.
First, it does not take into account resource
wastes and losses at different flow stages (from
extraction to consuming). Second, the rate
of material efficiency may change under the
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influence of factors which are indirectly related
to resource saving activities, for example, as
a result of price fluctuations. Third, the most
important drawback concerns the loss of the
basic principle of determining economic
efficiency — the comparability of the result with
the costs which cause this result.

According to L.L. Kamenik [9], in order to
eliminate these drawbacks it is possible to use
the indicator of useful consumption of material
resources: the numerator indicates the cost of
useful resource consumption, the denominator
— the cost of all used resources. This approach
makes it possible to move from material costs
efficiency to material resource efficiency.

Despite the obvious advantages of the
indicator of useful consumption compared to
material consumption, it has its disadvantages.
First, the use of such an indicator requires
appropriate accounting at all levels of
administration. Second, complex and
heterogeneous resources like WBR make
assessment of applied resources even more
difficult. Thus, if raw fish is processed some of
its parts — trunk, hard roe, milt, and liver — have
different cost many times higher than the cost
of raw fish. It is quite possible that comparative
efficiency of salmonid fillet production may be
less than that of production of granular caviar
due to higher consumption value of caviar. The
paradox of assessment stems from the features
of salmonids: the price of ungutted fish of
several times less than the price of caviar inside.

Recognizing the identified drawbacks of the
indicator of material efficiency and,
accordingly, its aggregate indicators such as raw
materials efficiency and fuel efficiency, we note
that amid current domestic system of cost and
result accounting it remains almost the only
cost indicator assessing the economic efficiency
of resource management.
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To assess the efficiency of using WBR at the
meso level it is necessary to use in addition to
material efficiency which still reflects cost-
effectiveness, the indicator of resource
efficiency defined as the ratio of resources
produced to gross value added (GVA) in
comparable prices.

In addition, as noted by A.M. Vasil’ey, it is
the growth of value added per ton of extracted
bioresources that most fully reflects their
rational use [16].

In many foreign methodologies, the role of
key indicator of resource efficiency belongs to
resource productivity is estimated as the ratio of
economic result (GDP — Gross Domestic
Product) to domestic material consumption
(DMC). The use of this indicator as a key one
has many drawbacks; according to experts, it is
“not perfect, but practical” [17]. Its practicality
consists not only in providing reliable long-term
statistics, but also in the opportunity to visually
reflect the effect of decoupling in the economy.

The concept of decoupling, describing the
development where economic growth takes
place without declining environmental
performance, is based on the concept of eco-
efficient economic growth. The term “eco-
efficiency” was for the first time used in 1992
to characterize economic growth achieved by
providing competitive goods and services which
meet human needs and ensure the required
quality of life by gradually reducing the impact
on the environment and reducing the intensity
of resource use throughout the whole life cycle
of goods/services [19]. As a rule, eco-efficiency
is quantified by the ratio of value added to the
extent of environmental damage. To date,
numerous variations of this approach have been
proposed [20].

The practical and theoretical significance of
eco-efficiency lies in the ability of this indicator
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to combine productivity by two out of three axes
of sustainable development: the environment
and the economy. According to some
researchers [21], despite the existing problems
in calculating both environmental impact
indicators and economic results, eco-efficiency
can be a useful tool for entrepreneurs and
politicians. The concept of decoupling is widely
used by domestic researchers for assessing the
environmental and economic efficiency of the
regional economy [22, 23, 24].

When it comes to evaluating decoupling,
resource decoupling and impact decoupling are
generally distinguished [25]. In the first case
one could speak of “dematerialization” of
economy, increase in resource productivity, i.e.
declining rates of primary resource use with the
same economic result: larger volume of added
value falls on a unit of the used resources.
The impact decoupling reflects the growth
of eco-efficiency and involves an increase in
production with reducing negative impact on
the environment with the extraction of natural
resources.

Domestic scientists interpret the decoupling
effect in indicators of environmental capacity,
which reflect the costs of natural resources and
pollution per unit of final result, usually
GDP [26]. The first form of the indicators of
environmental capacity — the costs of natural
resources per unit of final output — reflects
the efficiency of using natural resources at all
stages of production process and corresponds
to resource decoupling. The second form —
specific values of pollution per unit of final
product — demonstrates pollutant emission
intensity, which corresponds to the decoupling
effect.

Negative environmental impacts in the
fishing industry arise from the destruction of
the seabed during trawling, pollution of the
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water area with fuel. Poaching causes especially
serious damage to WBR. Illegal fishing can
reach 11—26 million tons per year, which
is 12—28% of the world’s annual catch [27].
Another global problem is the loss of fish at
the field stage. According to experts of the
Food and Agriculture Organization (FAO),
27% of unloaded fish is lost due to losses or
spoilage between the stages of unloading and
consumption. The third equally important
issue concerns discarding of fish — about 8%
of catches [28]. The real amount of catches of
WBR is much higher than official data.

It is difficult to use the above estimates of
WBR losses to analyze the management
efficiency since such estimates are of a
momentary nature, they often cannot be
compared in dynamics due to different
calculation methods used by experts. The
current statistics of environmental protection
at the macro level in our country to date does
not cover all types of economic activity. Fishing
industries and fish farming are not mentioned in
terms of a negative impact on the environment
neither by emissions of atmospheric pollutants,
nor by waste water discharge, nor by waste
generation and discharge.

The existing gaps in the availability of
statistics in the fishing industry prevent the full
use of the decoupling technique; it is necessary
to continue working on the development of
indicators. The possible indicators for assessing
decoupling are WBR catches and manufacture
of fish products compared with to consumption
[29]. However, such an approach reflects the
resources consumed, rather than the impact on
the environment.

Taking into account the fact that the most
significant fuel consumption is carried out at
the time of the active part — trawling — we
present the duration of trawling as a proxy
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indicator of environmental damage from
pollutant emissions. Based on vessel time
budget provided by the sectoral monitoring
system (Federal Fishery Agency — FAR)
it is possible to determine the duration of
trawling as an indicator of the negative
impact on the environment: the less hours of
trawling providing bigger catch fishing, the
better are the fishing results. Accordingly, we
suggest using the ratio of the catch amount
to the trawling period as an indicator of eco-
efficiency. Such an indicator is the closest to
the indicators of industrial fishing efficiency
in content [30].

The social efficiency of using WBR should
take into account both the fishing industry itself
and consumption. If the interests of the industry
workers are considered, social efficiency can
be reflected by the ratio of average wage in
the industry to average wage in the country
(industry wage lead factor) [31].

Social efficiency can also express the
interests of consumers of fish products. With
advanced increase in real income over growth,
let alone the falling price of fish products,
consumers will be able to conditionally
receive additional “income” or benefit. In
case of equal income and price growth, the
index equals unity (no gain, no loss); in case
of faster growth of consumer prices consumers
“lose”. The gain index of consumers of fish
products is defined as the ratio of the growth
rate of real disposable money income of the
population to consumer price index for fish
and fish products.

The specific features of extraction and
processing of natural resources is particularly
evident in the indicators of eco-efficiency of
using WBR. Lack of complete and reliable
information about the impact of economic
activities on the environment seriously affects
the accuracy of both environmental (waste
efficiency, pollution intensity) and economic
indicators (resource efficiency, material
efficiency) of efficiency. Therefore, efficient
use of WBR will be overestimated distorting the
real trend of resource exploitation.

Discussion

The calculation of aggregated indicators of
efficiency of using WBR has been carried out
during 2010—2015.The choice of the time
period is due to both availability of recent
data and the need to take into account the
comparability of individual indicators due
to changes in the methodology of statistical
accounting. The most significant for the
research is the adjustment of data on the
extraction of fishery products into line with the
all-Russian classification of products by activity
in 2010.

The economic efficiency of using material
resources in domestic fisheries (7ab.) despite a
certain slowdown in 2011-2012, tends to
increase. In 2015, material efficiency was 31%
higher than in 2010, both revenue and cost
increased. However, revenue growth rates were
ahead of the cost and material expenditures
growth rates (with the exception of 2011 and
2012). This has affected the positive dynamics
of material efficiency. The fuel efficiency

Performance of material efficiency and fuel efficiency in the fishing industry in Russia

Indicator 2010 2011 2012 2013 2014 2015
Material efficiency 2.79 2.61 2.44 2.60 2.92 3.65
Fuel efficiency 5.97 5.60 5.33 5.88 7.03 10.46
Source: calculated by the author according to the Federal State Statistics Service of the Russian Federation.
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increased especially noticeably — almost 2
times to the level of 2010. With the overall
growth in material expenditures (by 3% during
6 years), the share of fuel expenditures in the
cost structure decreased by 5%. The growth
rate of fuel expenditures significantly lagged
behind the growth rate, the cost, and material
expenditures, which in general influenced the
positive performance of fuel efficiency.

Assessment of the resource efficiency of
WBR demonstrating how much gross value
added is created using one unit of resource is
shown in Figure 1. The performance of resource
efficiency has a positive trend. In 2015, each
harvested kilogram of WBR has brought the
national fisheries 26 rubles of value added. On
average, the annual growth rate of resource
efficiency for the period under review was not
more than 2%.

To identify the effect of resource decoupling
in the fishing industry in Russia the following
indicators are used:

* GVA created in fisheries reflecting the
economic result (data provided to the prices of
2010);

» catch of WBR characterizing the used
resources.

As can be seen in Figure 2, synchronous
change in the economic result and WBR catch
does not confirm resource decoupling in
fisheries. The coefficient of correlation between
these indicators is 0.84, which indicates a strong
positive relations between WBR and production
volumes.

The fishing industry demonstrates
fluctuating trends in growth rates of WBR catch
and GVA performance (Fig. 3), growth rates of
WR catch exceed GVA growth rates in 2011 and
2014. Thus, no absolute resource decoupling
has been revealed during the period under
review. In some years — 2012, 2013, 2015 —
relative resource decoupling is observed. Water
bioresources detected during these periods are
used most efficiently (see Fig. 1).

Figure 1. Performance of resource efficiency in the fishing industry in Russia, rubles/kg
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Source: calculated by the author based on: official website of the Federal State Statistics Service of the Russian Federation.
Available at: http://www.gks.ru; FAR official website. Available at: http://fish.gov.ru
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Figure 2. Performance of WBR catch and performance of GVA in fisheries in Russia,
thousand tons
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Figure 3. Performance of GVA growth rate in fishing and WBR catch in Russia, %
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In order to study of eco-efficiency deter- share in the total WBR catch is about 40%.
mined by the WBR catch produced per hour As can be seen in Figure 4, over the past six
of trawling we use data on pollock fishing. It is years the eco-efficiency of pollock fishing has
pollock that for a long time has been the most increased. In 2010, as a result of one hour of
significant object of fishing in Russia: its trawling 1.14 tons of pollock was extracted;
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Figure 4. Pollock fishing eco-efficiency
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Figure 5. Ratio of growth rates of marketable pollock products to time spent on pollock trawling
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by 2015, the catch increased to 1.6 tons. The
growing eco-efficiency is provided mainly by
the reduction in the absolute expression of the
time of trawling.

The ratio of dynamics of basic growth rate
(to the level of 2010) of the cost of marketable
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pollock products and the time spent on trawling
(Fig. 5) help notice the effect of relative impact
decoupling on pollock fishing. Since 2011,
the growth of the economic result has been
accompanied by the reduction in the time of
trawling.
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Assessment of indicators of social
performance using indices (Fig. 6) provides
both dynamic and normative analysis. If the
index value reaches or exceeds unity (in the
figure unity — “threshold level”) we can talk
about effective use of WBR in terms of the
social component of industry development.

The indicator of potential benefit of fish
products customers is beyond the threshold
value. This is confirmed by overperforming
growth rates of prices for fish products
compared to the population’s real income,
which may also affect consumption which
declined significantly in 2015. In that year, the
wage lead factor in fisheries had the highest
values. Note that growth rates of wages in
fisheries exceed growth rates of WBR. At the
same time, the production profile has changed

significantly, which suggests the redistribution
of the effect from consumers to producers
through the price mechanism, rather than an
increase in social efficiency.

Conclusion

It is advisable to analyze the performance of
indicators of efficient use of WBR in domestic
fisheries from the standpoint of economic,
environmental and social components since
2010 due to limited data comparability. It is
difficult to talk about trends over such a short
period of time. However, the indicator of cost-
effectiveness (material efficiency and fuel
efficiency) demonstrate a fairly steady growth.
The performance of other indicators is unstable;
even if there is an increase as in resource
efficiency, it is extremely insignificant. At the
same time, a high level of correlation between

Figure 6. Indicator performance of social efficiency of using WBR in fishery in Russia
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WBR and the amount of catch indicates teh
predominance of extensive growth factors.

In order to assess resource decoupling we
used generally accepted methods of research
depending on the volume of WBR production
and created GVA. The research results indicate
that the absolute resource decoupling in
fisheries is not revealed but in some periods it
is possible to note relative resource decoupling.

The full use of decoupling as a tool for
assessing environmental and economic
efficiency in fisheries, as opposed to other
industries, is limited by the availability of
statistics. We propose an indicator of the
trawling duration as a proxy indicator of
the environmental impact. Analysis of the
relation between the time of trawling and the

cost of marketable pollock products in the
case of pollock fishing helps draw an indirect
conclusion about the growth of eco-efficiency
of the fishery and identify the relative impact
decoupling. We believe that fuel consumption in
natural terms along with the cost assessment of
fuel costs can be considered as one of the most
promising indicators of environmental impact
in fisheries.

It is important to bridge the gap between the
theoretically justified indicators of eco-
efficiency and the opportunities of practical
calculation based on the existing statistical
framework. In order to ensure effective
management of resource use in fisheries,
it is necessary to continue to improve the
methodology for assessing the use of WBR.
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