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Abstract
Importance Considering the transition of environmental management systems to the innovative format under  
ISO 14001:2015, it  necessitates models  and methods for  separate enterprises and organization  to  harmonize 
their natural  protection strategies with strategies for  developing regional social, environmental and economic  
systems, as a whole, and offers opportunities for improving local environmental management tools.
Objectives The  research  determines  the  types  of  regional  economic  systems  in  the  constituent  entities  
of the Russian  Federation  by volume and specifics  of  a  negative environmental  effect  so  to  further  optimize  
natural protection strategies at the regional level.
Methods The research relies upon a cluster analysis performed by the hierarchical clustering principle through  
the k-means method (clustering). Calculations were made using the Statistica software package, with the regions 
being clustered by a set of statistical indicators of the environmental cost of public interest product manufactured  
in a certain constituent entity of the Russian Federation, and indicators of households’ consumption of natural 
resources  and  quality  of  environmental  management  in  the  housing  and  utilities  sector.  The  information  
framework comprises  State  reports,  On  the  Current  Situation  and  Protection  of  Environment  in  the  Russian  
Federation, for 2010 through 2014.
Results As the cluster analysis shows, it is possible to point out several types of regional socio-economic systems,  
where each of them can be linked with a certain model of regional environmental management, which would 
comply  with  the  specifics  of  adverse  effect  the  economy  and  population  have  on  the  environment.  
As for two principal  models  of  regional  environmental  management, we proposed specific tools  to  encourage 
enterprises for more responsible environmentally-friendly behavior.
Conclusions  and  Relevance The  proposed  tools  are  market-oriented,  stimulating  the  region’s  economy 
for adoption of the best available production technologies and subsequently supporting the region’s economy and  
its economic development.
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ISO  14001  Environmental  Management has  been 
implemented  for  twenty  years  globally  at  enterprises 
and organizations operating in various sectors, proving 
its high efficiency as a tool for raising the environmental 
responsibility  of  companies.  According  to  multiple 
empirical  studies,  most  enterprises  certified  under 
ISO 14001  reduce  their  adverse  impact 
on the environment  within  several  years  after  they 
adopt the environmental management system. It helps 
them  cut  their  environmental  charges,  improve  their 
corporate  image  for  customers  and  partners  and 
elevate the quality of general management [1, 2].

Starting  from  the  first  version  of  the  standard 
developed  in  1996  under  the  Deming  cycle,  flexible 
requirements  to  the  environmental  management 
system  remain  the principle  driver  of  its  success. 
This flexibility  helps  any  company  set  up  its  own 
environmental  management  system  in  line 
with its internal  specifics,  i.e.  sector,  governance, 
technological  level,  etc.,  identify  robust  approaches 
t o  im p r ov i n g  e n v i r on m e n t a l  i n d i c at or s 
of its performance.  Although  it  allows  companies 
to focus  on  their  own  interests,  the  standard  fails 
to provide  solutions  to  specific  needs  of  regional 
environmental  management  as  compared 
with the EMAS  (EU  Eco-Management  and  Audit 
Scheme).  It  obliges  enterprises  to  satisfy  rather 
stringent  environmental  requirements  of  third
parties.

In  2015,  ISO  14001  was  revised  and  brought 
into compliance  with  the  ISO  innovative  format 
to develop  management  standards  [3].  If  compared 
with  the 2007 version  that  is  currently  effective 
in Russia,  the 2015 version includes such concepts  as 
interested parties and the context of the organization. 
Thus,  the new  version  of  the  standard  treats 
the enterprise  as an  agent  of  a  certain  social, 
environmental  and  economic  system,  rather  than 
an isolated  agent.  As  per  the  new version,  the  agent 
should  consider  cumulative  consequences  that  may 
arise  for  the  region’s  environment  from  economic 
activities of each agent within the system [4].

The Russian standard is expected to be approved soon 
in accordance with the new version of ISO 14001:2015, 
and entities are supposed to adopt it within three years. 
Hence, it becomes especially important to address and 
consider  the  issues  relating  to  the  development 
of methods  and  tools  for  assessing  cumulative 
environmental  effects  of  regional  socio-economic 

systems and harmonizing natural protection strategies 
of enterprises at the regional level.

The research pursues determining the types of regional 
economic  systems  in  the  constituent  entities 
of the Russian  Federation  by  extent  and  specifics 
of adverse  effects  they  have  on  further  optimization 
of natural  protection  strategies  at  the  regional  level. 
The information  framework  relies  upon  annual 
governmental  reports,  On the  Situation and  Protection  
of Environment in the Russian Federation, for 2010–20141. 
The  research  mainly  relies  upon  a cluster  analysis 
performed  by  the  hierarchical  clustering  principle 
through  the  k-means  method.  As its  important 
advantage  in  comparison  with  other  clustering 
algorithms,  the  k-means  method  helps  researchers 
directly quantify clusters in accordance with theoretical 
considerations  and  objectives  of  the research  [5]. 
Following the context of this research, as many clusters 
can  be  selected  as  needed  to  implement  variable 
regional  environmental  policies.  Calculations  under 
the method  were  made  using  the  Statistica software 
application.

Conducting  the  cluster  analysis,  we  applied  such 
statistical indicators that reflect the  environmental cost 
of  the  public  interest  product  manufactured 
in the constituent entity of the Russian Federation:

1) intensity  of  pollutant  emissions  from  stationary 
sources per unit of gross regional product (GRP);

2) intensity of pollutant emissions from motor vehicles 
per GRP unit;

3) intensity  of  contaminated  wastewater  discharge 
per GRP unit;

4) intensity  of  insufficiently  purified  wastewater 
discharge per GRP unit;

5) intensity of waste generation per GRP unit;

6) intensity  of  water  consumption  (volume  of  fresh 
water intake from all natural sources) per GRP unit.

Furthermore,  we  used  some  statistical  indicators 
describing  the  intensity  of  domestic  consumption 
of natural  resources  by  the  regional  population,  and 
the quality  of  environmental  management 
in the housing and utilities sector:

1) emissions of motor vehicles per capita;

1 Governmental Reports, On the Situation and Protection
of Environment in the Russian Federation, for 2009–2014.
Available at: http://www.mnr.gov.ru/regulatory/list.php?part=1101 
(In Russ.)
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2) volume  of  contaminated  wastewater  discharge 
per capita;

3) volume  of  insufficiently  purified  wastewater 
discharge per capita;

4) volume of solid domestic waste per capita;

5) intensity  of  water  consumption  (volume  of  fresh 
water intake from all natural sources) per capita.

All  the  statistical  indicators  were  aligned 
with comparable  measurement  scale  so  to  ensure 
the consistency  of  environmental  effects  and 
subsequently  group  (cluster)  the  regions.  We  used 
average  values  of  each  indicator  for  the  period 
under study  (2010–2014)  so  to  ensure  the  clustering 
reliability  and  avoid  that  the  type  of  the  regional 
economic  system  may  be  erroneously  identified  due 
to natural force majeure or anthropogenic phenomena.

As the ANOVA test shows within the clustering process, 
all  the  indicators  appear  to  be  significant 
(at the statistical significance threshold where р exceeds 
0.05)  to  split  the  regions  into  five  clusters,  excluding 
the intensity  of  insufficiently  purified  wastewater 
per GRP  unit  and  volume  of  emissions  from  motor 
vehicles.  Analyzing  the  chart  of  average  indicators 
(Fig. 1), it is easy to notice that agents of the third cluster 
mainly  differ  from  the  other  regional  environmental 
system due to their extremely high water consumption 
(higher rate per GRP unit, and lower rate per capita).

High water consumption is the most important feature 
of the fourth cluster, though it is more moderate than 
that  one  in  the  third  cluster.  The  second  cluster 
demonstrates the intensive discharge of contaminated 
wastewater per capita. The first cluster also intensively 
discharges  contaminated  wastewater  per  capita, 
however  this  adverse environmental  effect  is  still  not 
so strong  as  that  one  in  the  second  cluster.  The fifth 
cluster has the lowest weighted environmental impact 
as compared with the other clusters in terms of each 
indicator under study.

Tab. 1 shows how the regions are clustered2.

When  the  regions  are  split  into  four  clusters, 
the following  indicators  proved  to  be  statistically 
insignificant (statistical significance р > 0.05):

2 Calculations exclude Moscow and Saint Petersburg since they are 
separate constituent entities of the Russian Federation, having 
incomparable environmental indicators as compared with other regions 
and being able to substantially misstate the results of the model. 
Furthermore, the Republic of Crimea and the City of Sevastopol are also 
out of the assessment, with their figures being collected for 2014 only.

1) intensity  of  emissions  from  stationary  sources 
per GRP unit (р = 0.14);

2) intensity  of  insufficiently  purified  wastewater 
discharge per GRP unit (р = 0.29);

3) intensity of emissions from motor vehicles per capita 
(р = 0.64);

4) intensity  of  insufficiently  purified  wastewater 
discharge per capita (р = 0.39).

Drawing  upon  the  result  of  the  k-means  analysis 
of indicators  per  cluster  (Fig.  2),  we  can  point  out 
the following  differences  among  regions  in  different 
clusters:

– regions of the first cluster have the highest intensity 
of contaminated wastewater discharge per capita and 
increased water consumption per GRP unit;

– regions of the second cluster have the highest water 
consumption per GRP unit and per capita;

– regions  of  the  third  cluster  demonstrate  moderate 
and  balanced  adverse  effect  on  the  environment 
(without clear negative environmental effects);

– regions of the fourth cluster have rather high water 
consumption per GRP unit and per capita, but still less 
than regions of the second cluster do.

Analyzing  how the regions  are  clustered (Tab. 2),  it  is 
easy  to  see  that  the  four-cluster  division  eliminates 
the difference between the most representative groups 
of regions with a moderate environmental footprint and 
regions  with  higher  intensity  of  contaminated 
wastewater  discharge  per  capita,  as  opposed
to the five-cluster approach.

No  changes  take  place  in  groups  of  regions 
with extremely  high  water  consumption  (Cluster  3 
if split  into five groups and Cluster 2 if  split  into four 
groups),  high  water  consumption  (Cluster  4)  and 
intensive  discharge  of  contaminated  wastewater 
per capita  (Cluster  2  if  split  into  five  groups  and 
Cluster 1 if split into four groups).

When  the  regions  are  clustered  into  three  groups, 
the intensity  of  water  consumption per  GRP unit  and 
per  capita  and  the  intensity  of  wastewater  discharge 
per capita become the most specific distinction (Fig. 3). 
However,  being  the  result  of  the  division  into  four 
groups, Clusters 3 and 4 are merged.

Therefore,  as  the  experiment  with  the  number 
of clusters  shows,  several  specific  types  of  regional 
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systems can be identified through statistical indicators 
that  reflect  the  intensity  of  adverse  environmental 
effects  that  socio-economic  activities  of  people  have 
(Fig. 4):

– socio-economic  system  where  the  economy  and 
the housing  and  utilities  sector  have  critically  high 
water consumption (Type 1);

– regional  socio-economic  system  where  the  housing 
and  utilities  sector  has  very  intensive  discharge 
of contaminated wastewater (Type 2);

– regional  socio-economic system where the economy 
and housing and utilities sector have moderate and 
balanced adverse effect on the environmental system 
of the region (Type 3).

Furthermore, Type 3 can be split into several subtypes, 
which are not so explicit,  but still  different from each 
other:

– regional  socio-economic  system  with  high  water 
consumption (Subtype 3.1);

– regional  socio-economic  system  where  the  housing 
and  utilities  sector  intensively  discharges 
contaminated wastewater (Subtype 3.2);

– regional  socio-economic  system  with  the  minimum 
level  of  specific  adverse  effect  on  the  environment 
(Subtype 3.3).

Type 3 can be further divided into subtypes depending 
on  the  nature  of  prevailing  adverse  environmental 
effects.  The  extent  of  such  divisions  depends
on  the  required  number  of  clusters  and  practical 
purposes.

The  proposed  typology  can  be  utilized  to  devise 
regional  environmental  management  models  that 
would be consistent with the specifics of adverse effect 
the  region’s  economy  and  population  have
on  the  environment.  Attributable  to  Type 1
of  the  regional  socio-economic  system,  Regional 
Environmental Management Model 1 should, first of all, 
imply a set of stimulating and restricting administrative 
and  market  measures,  which  would  incentivize 
the region’s  enterprises  and  organizations  for 
reasonable  water  consumption,  including  those 
operating  in  the  housing  and  utilities  sector.  As  part
of  the  second  type  of  the  regional  socio-economic 
system, Regional  Environmental Management Model 2 
should  foster  new  technologies  of  wastewater 

purification  to  be  implemented,  retrofitting
of  the  existing  wastewater  treatment  facilities  and 
construction of new ones. Environmental Management 
Models  within  Subtypes  3.1  and  3.2  of  the  regional 
socio-economic system can be identical to Models 1 and 
2 in terms of the nature of their environmental impact, 
but  differ  due  their  stringent  regulations  and 
requirements, intensity of incentives and disincentives.

Having analyzed the way environmental  management 
systems  were  practically  implemented  worldwide, 
we highlighted  the  following  popular  mechanisms 
to boost  environmental  responsibility  of  entities  and 
organizations, including the regional level:

– requirements  to  monitor  a  certain  set 
of environmental  indicators  (considering  the  most 
vital issues of the region) of corporate performance, 
and  report  those  indicators  to  special  certification 
authorities or putting them into public domain [6, 7];

– development  of  the  best  available  technologies 
for reducing  the  environmental  footprint 
of enterprises  operating  in  various  sectors,  and 
putting  the respective  information  into  the  public 
domain [8, 9, 10];

– support  to  investment  programs  and  projects 
enterprises  undertaking to  adopt  the  best-in-class 
available technologies [11, 12, 13];

– creation  of  platforms,  including  electronic  ones, 
for sharing  the  experience  in  implementation 
of the best available technologies in the economy and 
the housing and utilities sector [14, 15, 16].

We  assume,  Regional  Environmental  Management 
Models 1 and 2 can include all the above popular and 
proven  tools  for  incentivizing  higher  environmental 
responsibility  of  companies.  Those  tools  can  differ 
by their  focus  on  water  consumption  reduction 
(Model 1)  or  decrease  in  the  waster  water  discharge 
in the housing and utilities sector (Model 1, Tab. 3).

It is worth mentioning that the proposed incentives are 
market-oriented, rather than being administrative and 
pursuing the environmental responsibility of businesses 
and  population.  Adhering  to  this  approach, 
the proposed  measures  will  yield  the  desired  effect 
over some  time,  however  it  will  be  productive  and 
effective  in  the  long  run,  according  to  researches 
referred  [17,  18],  other  than  using  restrictions  only, 
such as environmental charges and penalties.
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The  proposed  approach  to  setting  up  the  regional 
environmental  management  system  has  another 
important  distinction  from  the  existing  technologies 
for regulation  of  enterprises’  adverse  environmental 
footprint.  It  does  not  consider  that  environmental 
systems are able to cushion adverse effects and recover 
themselves,  while  various  rates  and  standards 
of tolerable  effects  are  assessed  and  based  on  such 
a crucial  criterion  as  the  ability  of  the  environmental 
system  to  recycle  wastes  and  emissions  without 
a critical detriment  to  its  quality3.  Such  criteria  can 
generally  change  over  time4,  without  pushing 
the economy  towards  the  best  available  technologies 
of production,  which are  mostly  science-intensive  and

3 Ratner S.V., Almastyan N.A. [Market and public methods to manage 
the environmental impact of electricity generation facilities]. 
Ekonomicheskii analiz: teoriya i praktika = Economic Analysis: Theory and 
Practice, 2015, no. 16, pp. 2–15. (In Russ.)

4 For example, in 2014, tolerable concentration of formaldehyde 
substantially rose (more than three times as high as the earlier 
accepted rates). It had a drastic effect on the environmental situation 
in 33 percent of Russian cities (Governmental Reports, On the Situation 
and Protection of the Environment in the Russian Federation, in 2014).
Available at: http://www.mnr.gov.ru/regulatory/list.php?part=1101 
(In Russ.)

innovative. It affects not only the environment, but also 
the economic development.

The  proposed  approach  can  be  further  elaborated 
by specifying types of regional socio-economic systems 
and,  respectively,  finding  new regional  environmental 
management  models,  and by  optimizing  the intensity 
of managerial involvement into lowering some adverse 
environmental  footprints  so  to  achieve  the best 
environmental  indicators  as  much  as  possible. 
Assuming  that  the  first  scenario  be  feasible  using 
the clustering method,  the second one requires more 
complex  mathematical  methods  to  be  used,  such  as 
non-parametric  optimization  [19, 20]  and  its  various 
modification [21, 22].
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Table 1
Distribution of regions by group as part of the five-cluster approach

Cluster The number
of regions

Constituent entity of the Russian Federation

1 18 Arkhangelsk Oblast, Vologda Oblast, Kaliningrad Oblast, Leningrad Oblast, Novgorod Oblast,
Republic of Kalmykiya, Republic of Tatarstan, Udmurt Republic, Perm Krai, Kirov Oblast, Sverdlovsk 
Oblast, Chelyabinsk Oblast, Zabaykalsky Krai, Krasnoyarsk Krai, Irkutsk Oblast, Khabarovsk Krai, 
Magadan Oblast, Sakhalin Oblast

2 7 Republic of Karelia, Murmansk Oblast, Krasnodar Krai, Kemerovo Oblast, Kamchatka Krai, Primorsky Krai, 
Chukotka Autonomous Okrug

3 1 Karachay-Cherkess Republic
4 5 Kostroma Oblast, Tver Oblast, Republic of Dagestan, Kabardino-Balkar Republic, 

Republic of North Ossetia – Alania
5 47 Belgorod Oblast, Bryansk Oblast, Vladimir Oblast, Voronezh Oblast, Ivanovo Oblast, Kaluga Oblast, Kursk 

Oblast, Lipetsk Oblast, Moscow Oblast, Orel Oblast, Pskov Oblast, Ryazan Oblast, Smolensk Oblast, 
Tambov Oblast, Tula Oblast, Yaroslavl Oblast, Komi Republic, Republic of Adygea, Astrakhan Oblast, 
Volgograd Oblast, Rostov-on-Don Oblast, Republic of Ingushetia, Chechen Republic, Stavropol Krai, 
Republic of Bashkortostan, Mari El Republic, Republic of Mordovia, Chuvash Republic, Nizhny Novgorod 
Oblast, Orenburg Oblast, Penza Oblast, Samara Oblast, Saratov Oblast, Ulyanovsk Oblast, Kurgan Oblast, 
Tyumen Oblast, Altai Republic, Republic of Buryatia, Tyva Republic, Republic of Khakassia, Altai Krai, 
Novosibirsk Oblast, Omsk Oblast, Tomsk Oblast, Sakha Republic (Yakutia), Amur Oblast, Jewish 
Autonomous Oblast

Source: Authoring

Table 2
Grouping of regions as part of the four-cluster approach

Cluster The number of 
constituent entities

Constituent entity of the Russian Federation

1 7 Karelia Republic, Murmansk Oblast, Krasnodar Krai, Kemerovo Oblast, Kamchatka Krai, Primorky Krai, 
Chukotka Autonomous Okrug

2 1 Karachay–Cherkess Republic
3 65 Arkhangelsk Oblast, Vologda Oblast, Kaliningrad Oblast, Leningrad Oblast, Novgorod Oblast,

Republic of Kalmykia, Republic of Tatarstan, Udmurt Republic, Perm Krai, Kirov Oblast, 
Sverdlovsk Oblast, Chelyabinsk Oblast, Zabaykalsky Krai, Kransoyarsk Krai, Irkutsk Oblast, 
Khabarovsk Krai, Magadan Oblast, Sakhalin Oblast, Belgorod Oblast, Bryansk Oblast, Vladimir Oblast, 
Voronezh Oblast, Ivanovo Oblast, Kaluga Oblast, Kursk Oblast, Lipetsk Oblast, Moscow Oblast, 
Orel Oblast, Ryazan Oblast, Smolensk Oblast, Tambov Oblast, Tula Oblast, Yaroslavl Oblast, Pskov Oblast, 
Komi Republic, Republic of Adygea, Astrakhan Oblast, Volgograd Oblast,
Rostov-on-Don Oblast, Republic of Ingushetia, Chechen Republic, Stavropol Krai,
Republic of Bashkortostan, Mari El Republic, Republic of Mordovia, Chuvash Republic, Nizhny Novgorod 
Oblast, Orenburg Oblast, Penza Oblast, Samara Oblast, Saratov Oblast, Ulyanovsk Oblast, Kurgan Oblast, 
Tyumen Oblast, Altai Republic, Republic of Buryatia, Tyva Republic, Republic of Khakassia, Altai Krai, 
Novosibirsk Oblast, Omsk Oblast, Tomsk Oblast, Sakha Republic (Yakutia), Amur Oblast, Jewish 
Autonomous Oblast

4 5 Kostroma Oblast, Tver Oblast, Republic of Dagestan, Kabardino-Balkar Republic, Republic of North 
Ossetia – Alania

Source: Authoring
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Table 3
A list of tools stimulating regional environmental management systems

Tool Model 1 Model 2
Monitoring 1. Requirements to monitor how much water is consumed 

by enterprises and organization, including those operating 
in the housing and utilities sector (volume of fresh water 
intake from all sources, calculation of water trail of various 
products, percentage of recycling and recirculating water).

2. Requirements to publicly release (on specialized websites) 
information on monitoring results

1. Requirements to monitor the generation and purification 
level of wastewater in the housing and utilities sector 
(volume of sewage, percentage of purified, insufficiently 
purified and non-purified wastewater).

2. Requirements to publicly release (on specialized websites) 
information on monitoring results, and technologies used 
to purify water and their compliance with global standards

Technology 1. Developing (or adapting the existing federal and sectoral 
technologies) the list of best-in-class available 
technologies for water consumption reduction in various 
types of production and housing and utilities sector

1. Developing (or adapting the existing federal and sectoral 
technologies) the list of best-in-class available 
technologies for domestic wastewater purification

Taxes, benefits 1. Developing tax incentives for enterprises and 
organizations, including the housing and utilities sector, 
to adopt the best available technologies more quickly 
for lowering water consumption.

2. Preferential lending for projects of enterprises and 
organization's adoption of the best available technologies 
for cutting water consumption (including the housing and 
utilities sector).

3. Water consumption tariff regulation

1. Developing tax incentives for housing and utilities 
enterprises to adopt the best available technologies more 
quickly for improving the wastewater purification.

2. Preferential lending for projects of housing and utilities 
enterprises to adopt the best available technologies for 
improved purification of wastewater.

3. Developing the regional market for wastewater 
purification equipment designated for private houses, 
including the regulation of regional coefficient for trading 
enterprises subject to imputed income tax treatment

Information 1. Information campaigns for spreading the best available 
technologies for reduction in domestic water consumption.

2. Regional forums and conferences for commercial 
implementation of the best available water consumption 
technologies

1. Information campaigns for spreading the best available 
technologies for wastewater purification for private use

Source: Authoring
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Figure 1
Chart of averages as part of the five-cluster approach

Note. 1 – the intensity of pollutant emissions from stationary sources per GRP unit; 2 – the intensity of pollutant emissions from motor vehicles per GRP 
unit; 3 – the intensity of contaminated wastewater discharge per GRP unit; 4 – the intensity of insufficiently purified wastewater discharge per GRP unit;
5 – the waste intensity per GRP unit; 6 – the water consumption intensity (volume of fresh water intake from all natural sources) per GRP unit;
7 – the emission from motor vehicles per capita; 8 – volume of contaminated wastewater discharge per capita; 9 – volume of insufficiently purified 
wastewater discharge per capita; 10 – volume of solid domestic waste per capita; 11 – the water consumption intensity (volume of fresh water intake 
from all natural sources) per capita.

Source: Authoring
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Figure 2
Chart of averages as part of the four-cluster approach

Note. 1 – the intensity of pollutant emissions from stationary sources per GRP unit; 2 – the intensity of pollutant emissions from motor vehicles per GRP 
unit; 3 – the intensity of contaminated wastewater discharge per GRP unit; 4 – the intensity of insufficiently purified wastewater discharge per GRP unit;
5 – the waste intensity per GRP unit; 6 – the water consumption intensity (volume of fresh water intake from all natural sources) per GRP unit;
7 – the emission from motor vehicles per capita; 8 – volume of contaminated wastewater discharge per capita; 9 – volume of insufficiently purified 
wastewater discharge per capita; 10 – volume of solid domestic waste per capita; 11 – the water consumption intensity (volume of fresh water intake 
from all natural sources) per capita.

Source: Authoring
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Figure 3
Chart of averages as part of the three-cluster approach

Note. 1 – the intensity of pollutant emissions from stationary sources per GRP unit; 2 – the intensity of pollutant emissions from motor vehicles per GRP 
unit; 3 – the intensity of contaminated wastewater discharge per GRP unit; 4 – the intensity of insufficiently purified wastewater discharge per GRP unit;
5 – the waste intensity per GRP unit; 6 – the water consumption intensity (volume of fresh water intake from all natural sources) per GRP unit;
7 – the emission from motor vehicles per capita; 8 – volume of contaminated wastewater discharge per capita; 9 – volume of insufficiently purified 
wastewater discharge per capita; 10 – volume of solid domestic waste per capita; 11 – the water consumption intensity (volume of fresh water intake 
from all natural sources) per capita.

Source: Authoring
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Figure 4
Types of regional economic systems by intensity of their negative environmental footprint

Source: Authoring
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