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ABSTRACT 
 
The study considered on research of forest 

ecosystem services value accounting only focused 
on a single service content evaluation and simple 
sum in past. Previous research did not consider 
difference between research methods and theory of 
forest ecosystem services value use and follow it. 
Different content have different vector, it was nec-
essary to make comprehensive evaluation process 
before direct additive, to remove repetitive accumu-
lation and synergy between various services value, 
etc. Research comprehensive evaluated forest eco-
system services value calculation results in case of 
Jilin Forest Industry Group, in order to make the 
results more objective and reasonable, and provide 
the basis for forest ecosystem management. There 
has certain innovation. Research designed forest 
ecosystem services value evaluation model with 
factor analysis method. It used the model to evalu-
ate forest ecosystem services value of Jilin Forest 
Industry Group from 2009 to 2013. The results 
showed that forest ecosystem service value was 
55.757 billion Yuan of Jilin Forest Industry Group 
in 2013 after adjustment. The order of forest eco-
system services value was purify the atmosphere 
environment (46.552 billion Yuan, accounting for 
83.49% of the total service value); value of water 
conservation (3.423 billion Yuan, accounting for 
6.14%); value of biodiversity maintenance (2.334 
billion Yuan, accounting for 4.19%); value of farm-
land/pasture protection (2.048 billion Yuan, ac-
counting for 3.67%); value of conservation of soil 
(1.393 billion Yuan, accounting for 2.5%); value of 
carbon release oxygen (8 million Yuan, accounting 
for 0.01%). The study, which defined the forest 
ecosystem service content, and established the 
corresponding evaluation index system, corrected 
the disadvantage of the evaluation method, laid the 
basis for evaluation of forest ecosystem services. 

 
 
 
 
 
 

KEYWORDS: 
Jilin Forest Industry Group, Forest Ecosystem Services, 
Service Value, Comprehensive Evaluation, Factor Analy-
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INTRODUCTION 

 
The natural ecological environment and socio-

economic activities have close and complex linkag-
es. However, the value of forest system services in 
daily production and life is often overlooked. In-
stead, the economy is developed at the cost of ex-
cessive consumption of forest resources, which 
severely damages the forest system and ecology. 
The environment continues to deteriorate, and the 
basic living conditions of human beings are serious-
ly threatened, hindering the sustainable develop-
ment of society [1]. Forests are the natural ecosys-
tems with the largest area, the most complex com-
positional structure, the highest total biomass, the 
most complete functions, and the strongest adapta-
bility among terrestrial ecosystems, and have a 
decisive influence on the terrestrial ecosystem. The 
forest system is an important source of providing 
ecological services, and it is a unified link between 
environment and development [2-4]. It can not only 
provide various production and living materials 
such as timber and under store economic by-
products, but also has water conservation and con-
servation of soil. Various direct and indirect ser-
vices, such as purifying the atmospheric environ-
ment and maintaining regional ecological balance, 
are the most comprehensive gene banks and re-
source banks in nature [5–10]. 

In the report of the 18th CPC National Con-
gress, the first single discussion of the "ecological 
civilization" construction. Closely focused on pro-
moting resource conservation, increasing natural 
ecological systems and environmental protection 
efforts, and strengthening the building of an ecolog-
ical civilization system, we have made a compre-
hensive deployment of ecological civilization under 
the new situation. Afterwards, at the Third Plenary 
Session of the 18th CPC Central Committee, the 
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Central Committee of the Communist Party of 
China deliberated and adopted the "Decision of the 
CPC Central Committee on Several Major Issues 
Concerning Comprehensively Deepening the Re-
form." It pointed out that we must accurately grasp 
the core issues that restrict the development of the 
current environmental protection industry in the 
country and push the industry into a new phase. 
Focus on accelerating the establishment of an eco-
logical civilization system. It can be seen that the 
current prominent status of ecological civilization 
construction in China is given as the largest ecosys-
tem on the land, the forest ecosystem. 

In recent years, with the deterioration of the 
global environment and the continuous develop-
ment of social economy, people have gradually 
realized that forest ecosystem services have various 
values. After Costanza et al. [11] evaluated the 
economic value of the world's major ecosystem 
services, people have more clearly recognized the 
value of forest ecosystem services, and more schol-
ars have begun to engage in ecosystem service 
value evaluation research. However, there are many 
problems in the study of the value of forest ecosys-
tem services, such as misuse of "functions" and 
"services". The largest and most common mistakes 
occurred in the UN Millennium Ecosystem As-
sessment Report completed by 1,360 scholars in 95 
countries. Ecosystem Assessment Chinese transla-
tion of "Ecosystems and Human Welfare: Assess-
ment Framework (Abstract), in the MA [12] trans-
lation, a total of 103 "transportation of ecosystem 
services" traffic concept, translated into "ecosystem 
services functions", assets Confused with the pro-
duction concept. For example, translate "support 
services" into "support functions" and "regulate 
services" into "adjustment functions". The Chinese 
translation of MA made confusion in our country's 
academia. After retrieving the paper that quoted this 
translation, we found that over 90% of the articles 
were misleading. Many scholars in China have 
confused the value of forest ecosystems as assets, 
the value of products and services they produce, 
and even added the value of asset stocks when they 
are conducting national, provincial, municipal, and 
even forestry-level ecological value assessments. 
Product and service flow value, and will publish the 
wrong "green GDP" society. The translation of MA 
even misled the Ministry of Forestry's Forestry 
Industry Standard (LY/T1721-2008) issued by the 
State Forestry Administration on April 28, 2008. 
"Specifications for Assessment of Forest Ecosystem 
Services in China”. The English translation should 
be translated as "forest ecosystem services" but 
translated as "forest ecosystem service functions." 
Judging from the forestry industry standard's inter-
pretation of the "forest ecosystem service function," 
it is more systematic to confuse "functionality" with 
"service." According to this “standard” assessment 
of forest ecosystem service value, inevitably assets 

and service values are not separated, and if the GDP 
is calculated, the result can be imagined. 

Due to the influence of previous Chinese 
translations of Chinese translation of MA, most 
forest ecosystem service evaluations have been 
misused with “functionality” and “services”. This 
has erroneously defined the content of forest eco-
system services evaluation, such as the forestry 
industry standard LY/T1721-2008. The “Code for 
Assessment of Service Functions of Forest Ecosys-
tem Services” [13] divides forest ecosystem services 
into conservation water resources, conservation of 
soil, carbon fixation and oxygen release, accumula-
tion of nutrients, purification of atmospheric envi-
ronment, protection of forests, maintenance of bio-
diversity, and forest recreation. In eight aspects, the 
accumulation of nutrients and the conservation of 
soil are double counting. Therefore, determining the 
concept of forest ecosystem services and studying 
the boundary is the premise of accurate accounting 
of value, otherwise it will result in serious problems 
such as content omission, duplication, or incon-
sistent calibre. The standardization of forest ecosys-
tem service classification and indicator systems is 
also directly related to the comparability of evalua-
tion results. The research is based on a clear distinc-
tion between "functionality" and "services," and 
clearly defines the content of forest ecosystem 
services. It also considers that the services of forest 
ecosystems should be evaluated separately, and that 
simply summing up total values is unscientific. The 
reason is that there are differences between the 
research methods adopted in different forest ecosys-
tem service evaluations and the basic theories fol-
lowed, and there are different vectors between dif-
ferent service contents, and direct summation may 
cause problems such as repetitive accumulation or 
synergy. Therefore, the study establishes and im-
proves the forest ecosystem service evaluation 
index system and measurement method, and firstly 
calculates each service value one by one, and then 
adopts a factor analysis method to comprehensively 
evaluate the service value, so as to make the result 
more objective and reasonable, and to be the forest 
ecology. System management provides the basis for 
innovation. 
 
 
RESEARCH AREA 

 
As a major forestry province in China and an 

important timber production base in Jilin Province, 
the forest coverage rate has reached 43.8% by 2013, 
with 8.288 million hm2 of forest land and 956.13 
million m3 of standing timber (Jilin Provincial De-
partment of Forestry, 2012). Jilin Forest Industry 
Group Co., Ltd. (hereinafter referred to as "Jilin 
Forest Industry Group") construction area is located 
in the Changbaishan Forest District of Jilin Prov-
ince. It is one of the four major forestry industry 
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groups in China, and it is also an extremely im-
portant timber production base and natural ecologi-
cal barrier in China. Jilin Forest Industry Group is a 
diversified enterprise group based on the manage-
ment of forest resources. The forest coverage rate 
of the group is 90.9%, the total operating area is 
1,347,500 hm2, the forest area is 1,224,800 hm2, the 
standing timber volume is 179,781,200 m3, and the 
trees the unit of hectare of forest is 151.95 m3/hm2, 
which ranks first among the developed forest areas 
in China. Among them, the forest carbon storage 
amounted to 77.8 million tons, and the forest eco-
system service value was about 65.1 billion Yuan 
(Jilin Forest Industry Group 2013 Forest Resources 
Analysis Report, 2013). The value of this service 
accounted for the total GDP of Jilin Province in 
2013 (1,298.146 billion Yuan) for 5%, the signifi-
cance of the value of forest ecosystem services is 
more prominent, how to better integrate the value 
of forest ecosystem services into the socio-
economic value, and has a very strong impact on 
the sustainable development and management of 
forests in Jilin Forest Industry Group. Important 
practical significance. 
 
 
MATERIALS AND METHODS 

 
Research content. Forest ecosystem services 

come from forest ecosystem functions, and differ-
ent services come from different functions [14-17]. 
"Feature" and "service" are the concept of stock and 
traffic, respectively, and they have essential differ-
ences. At present, international consensus recogniz-
es that forest ecosystem services refer to those func-
tions that are available to humans. They can only be 
evaluated if they are used by humans. Therefore, 
forest ecosystem services refer to various benefits 
that can be obtained directly or indirectly from the 
functions of forest ecosystems. However, currently 
the classification of forest ecosystem services has 
not been unified. For example, the United Nations 
and other five departments jointly issued Integrated 
Environmental-Economic Accounting System - 
Core Framework, ie SEEA-2012 divides forest 
environmental services into soil and water conser-
vation, biodiversity conservation, carbon sequestra-
tion and forest recreation (United Nations et al., 
2012); World Food and Agriculture Organization 
(FAO) to forest environment services are divided 
into soil and water conservation, biodiversity con-
servation, carbon sequestration, forest tourism, 
noise reduction, crop pollination, wind protection 
and spiritual values in the “Forest Environment and 
Economic Accounts Guide” (FAO Forestry De-
partment, 2004). The division of forest ecosystem 
services in China is also inconsistent, such as the 
division of soil erosion, water conservation, wildlife 
protection, and supply of oxygen, forest recreation, 

noise reduction and forest health care [18]. The 
study follows the mainstream practice of our coun-
try, and integrates the previous research results, 
especially with reference to the literature on China's 
Sustainable Development Strategy Research 2: Re-
recognition of Forest Functions and China's Forest 
Resources and Sustainable Development. It is 
mainly divided into four services: support, supply, 
regulation, and culture. This is consistent with 
MA's research results [12], but considering that 
some of these services (MA called “support ser-
vices”) cannot be directly used by humans, and 
humans benefit from the system. Are all final prod-
ucts, so "support/autotrophic services" should not 
be valued as non-final products (Jean-Lucpeyron, 
2005). In addition, forest ecosystem services gener-
ally include three aspects of economic, ecological, 
and social assessments: Economic services refer to 
the benefits of forest systems that directly serve 
economic output, such as the understory economy 
(collection, aquaculture, forest tourism, etc.) Eco-
service refers to purely ecological services provided 
based on the functions of the forest system itself, 
such as conservation of soil and conservation of 
water resources. Social services refer to benefits 
(material and spiritual) directly served by society, 
which can eliminate fatigue and pleasure. Such as 
forest recreation, forest health care and providing 
employment opportunities. In summary, the forest 
ecosystem services of this study are divided into 
conservation water, soil conservation, purification 
of atmospheric environment, farmland/pasture 
protection, biodiversity maintenance, and carbon 
fixation and oxygen release [19], and six types of 
16 indicators are constructed. Fig. 1. 

 
Sources of data. The data used in the research 

mainly originated from the forestry management 
plans of the eight forestry bureaus prepared by the 
Jilin Provincial Forestry Survey and Planning Insti-
tute; it also originated from the data published in 
the 2009-2013 China Forestry Statistical Yearbook 
and Jilin Province Statistical Yearbook. There are 
also some data sources from Jilin Province Wildlife 
Conservation and Nature Reserve Management 
Office, Forestry Department Finance Department, 
Water Resources Department, Transportation De-
partment, Agriculture and Animal Husbandry Bu-
reau and Forest Seed Management Station, etc. The 
Group conducted field investigations and obtained a 
large amount of survey data and information. 

 
Research methods. (1) Evaluation of forest 

ecosystem services. According to the definition of 
forest ecosystem service evaluation, combined with 
the actual situation of forest resources in Jilin For-
est Industry Group, the evaluation formula for de-
termining the physical quantity and value of forest 
ecosystem services is shown in Table 1. 
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FIGURE 1 
Evaluate quota system of forest ecosystem services 

 
TABLE 1 

Evaluation formula of physical quantity and value of forest ecosystem services 
 

Service type Index Evaluation formula and its parameter description 

C
onservation w

ater(C
W

) 

Adjusting 
water source 

Physical quantity: ���� 
��
�� ��� , GR- Forest regulation water volume, m3/a; P- 
Atmospheric precipitation, mm/a; E- Forest evapotranspiration, mm/a; C- Surface runoff, 
mm/a; A- Forest area, hm2. 

Value: 
��� 
�� �� , UR- Forest ecosystem regulates water value every year, 

Yuan/a; CS- Forest water storage price, Yuan/m
3
. 

Water purifica-
tion 

Physical quantity: Formula with the forest to regulate water volume. 

Value: ��� ��� �� , UP- Year of forest purification water quality, Yuan/a; K- Water 

purification cost Average residential water price , Yuan/m
3
. 

Total Value 
���
� ��� ��

, UConservation water- Forest conservation water source value, Yuan/a. 

C
onservation soil(C

S) 

Forest soil 

Physical quantity �� �� ��
��� �� , GFS- Forest year soil, t/a; X1- Forest soil erosion 

modulus, t.hm-2.a-1; X2- Soil erosion modulus without forest, t.hm-2.a-1; A- Forest area, hm2. 
Value: 

�

��

��


�
�

�
�

, U
FS

- Forest year solid soil value, Yuan/a; C
C
- The cost of digging 

and transporting earth by volume, Yuan/m
3
; ρ-Forest soil bulk density, t/m

3
. 

Forest fertilizer 

Physical quantity Guarantee N ��� ��� �� , GN- Reduced nitrogen loss, t/a; N- 

Soil nitrogen content, %. 

Value Guarantee N : 1

1

R
CG

U N
N

�
�

, UN- Annual nitrogen conservation value of forest, 
Yuan/a; R

1
- Fertilizer nitrogen content, %; C

1
- Fertilizer price, Yuan/t. 

Physical quantity Guarantee P : ��� ��� �� , GP- Reduced phosphorus loss, t/a; P- 

Soil phosphorus content, %. 

Value Guarantee P : 2

1

R
CGU P

P
�

�
, UP- Forest annual phosphorus value, Yuan/a; R

2
- 

Fertilizer phosphorus content, %; C
1
- Fertilizer price, Yuan/t. 

Physical quantity Guarantee K : ��� ��� �� , GK- Reduced potassium loss, t/a; K- 

Soil potassium content, %. 

Value Guarantee K : 3

2

R
CGU K

K
�

�
, UK- Forest annual potassium value, Yuan/a; R

3
- 
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Service type Index Evaluation formula and its parameter description 
Potassium chloride fertilizer, %; C

2
- Potassium chloride fertilizer price, Yuan/t. 

Physical quantity Guarantee Organic matter : ��� ��� �� , GM- Reduced soil 

organic matter content, t/a M- Soil organic matter content, %. 

Value Guarantee Organic matter : 3CGU MM ��
, UM- Forest annual insurance 

organic quality value, Yuan/a; C
3
-Organic price, Yuan/t. 

Forest soil fattening value: 
����� ����� ���� , U

F
- Stand year fat value, 

Yuan/a; UN- Stand value of nitrogen retention, Yuan/a; UP- Stand value of phosphorus, 
Yuan/a; UK- Stand value annual potassium value, Yuan/a; UM-Stand year warranty organic 
value, Yuan/a. 

Total Value ���
� ��� �� , U
CS

-Conservation soil value per year, Yuan/a; U
FS

-Solid soil value 

per year, Yuan/a. 

Purify the atm
osphere(PA

) 

Providing 
negative ions 

Physical quantity:
�

�
�
� 





����
�

������������� ��
, GA- The number of anions pro-

vided in the stand year, per unit.a-1 QA- Negative ion concentration, pcs.cm-3; H- Stand 
height, m; L- Negative ion lifetime, minute; A-area of forest, hm2. 
Value:




 ��� �� , UA-Annual negative ion value, Yuan/a; KA- Negative ion produc-

tion cost, Yuan per unit. 

Absorb sulfur 
dioxide 

Physical quantity: 
�� ���� ��
��

, 
���� - Annual forest absorption of SO2, kg/a

QSO2- The amount of SO2 absorbed per unit area of forest, kg.hm-2.a-1; A- Forest area, 
hm2. 

Value: 
��� ������ ��� �� , 

���� - Annual forest absorption of SO2, Yuan/a; 
���� -

SO2 Governance costs, Yuan/kg. 

Absorption 
fluoride 

Physical quantity: 
�� �� �� , GF- Annual amount of fluoride absorbed by forest, 

kg/a; QF- The amount of fluoride absorbed per unit area of forest, kg.hm-2.a-1; A- Forest 
area, hm2. 

Value: ��� ��� �� , UF- Value of fluoride absorption in stand years, Yuan/a; KF- 

Fluoride treatment costs, Yuan/kg. 

Absorb nitro-
gen oxides 

Physical quantity: 
��
������ �� , G ��� - Annual amount of nitrogen oxides 

absorbed by forests, Yuan/kg; Q ��� - Annual absorption of nitrogen oxides per unit area of 

forest, kg.hm-2.a-1; A--Forest area, hm2. 

Value: 
���������

��� �� , U ��� - Annual absorption of nitrogen oxides, Yuan/a; 

K ��� -NOx treatment costs, Yuan/kg. 

Dust preven-
tion 

Physical quantity: 
�� ���� �� , GDP-Dust retention value per year, Yuan/kg; QDP- 

Annual dust amount per unit area, kg.hm-2.a-1; A--Forest area, hm2. 

Value:
������ ��� �� , UDP-Dust retention value, Yuan/a; KDP- Dust removal costs, 

Yuan/kg. 

Reduce noise 

Physical quantity: �
�

��
 

!
!!�� ��

�



��

����
, ARN-Equivalent length of soundproof wall 

forest to reduce noise, m; n- Number of roads, i=1, 2 …,n; Li- Unilateral length of the i-th 
highway belt, km; Di -One-way forest belt width on the i-th road, m; D0- The width of the 
forest belt equivalent to the noise barrier, m. 
Value: 

��
�" �
� ����
, URN-Reduce noise value per year, Yuan/a; AFB- Forest belt 

equivalent to soundproof wall reduces noise equivalent length, m; KRNC- Reduce noise costs 
per equivalent length per year, Yuan.m-1.a-1. 

Total Value ���������
�
 �������
�

������
�

, �
� - Purify the atmosphere value of forest, 

Yuan/a. 
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Service type Index Evaluation formula and its parameter description 

Farm
land /Pasture 

protection(FPP) 

Forest agricul-
tural protection 

Physical quantity: 
��
��

��
 

!
!!

 

!
!�
� 
����

��

, GFAP- Annual growth of crops in the 

assessment per unit, kg/a; Gi- Annual increase in crops of category i, kg/a; R- Average yield 
increase of crops in the unit, %; Qi- Crop yield per unit area of i-type crops, kg.hm-2.a-1; Ai- 
Sown area of i-type crops, hm2. 
Value: 

�
�

�
 

!
!!�
� 
��

�

, UFAP- Forest protection value, Yuan/a; Ci- Category i crop prices, 

Yuan/kg. 

B
iodiversity m

ainte-
nance(B

M
) 

Maintain 
species 

Physical quantity: � ��
� ��

���
 

!

#

$
!$!$!

 

!
!!
 ��




�




�

� �
�

�

%&'
��

, HA- 

Regional average diversity index; A- Total forest area in a certain area, hm2; Ai- The i-th 
forest type area, hm2; Hi- Biodiversity index for the i-th forest type; n- Number of forest 
types; Pij- Proportion of the j-th species of the i-th forest type. 

Value: 
�� "�"� �� , UBM- Forest Year Conservation Value, Yuan/a; A--Forest 

area, hm2; SBM- Annual species loss opportunity cost per unit area, yuan.hm-2.a-1. 

C
arbon fixation and oxygen release(C

FO
R

) 

Soil carbon 
sequestration 

Physical quantity vegetation : ��

�( "
�� ���� �	�� , GCFV- Annual car-

bon fixation of forest vegetation, t/a; RC- carbon content of CO2, 0.2729; BNP-Net productiv-
ity of forest, t.hm-2.a-1; A-Forest area, hm2. 
Value vegetation : 

�
�
�
� �
� �� , UPCS- Forest plant carbon sequestration value 

per year, Yuan/a; CC- Carbon price, Yuan/t. 

Physical quantity soil : �
�� �
� �� , GCSS- Annual carbon sequestration of 

forest soil, t/a; FS- Per unit area of forest soil carbon sequestration, t.hm-2.a-1; A-Forest area, 
hm2. 

Value soil : 
��

�� �
� �� , UCSS- Forest Soil Carbon Sequestration Value, 

Yuan/a; C
C
- Carbon price, Yuan/t. 

Oxygen release 

Physical quantity: 
���� "
� ��� �)��

�

, ��� �
- Oxygen release in the forest, t/a; 

BNP- Net forest productivity, t.hm-2.a-1; A-Forest area, hm2. 

Value:
��� ��� �
� �� , 

��
� - Oxygen release value in forest per year, Yuan/a; 

��

 -

O2 value, Yuan/t. 

Total Value 

���
�
� ��� �� , UCS- Forest annual carbon sequestration value, Yuan/a;  

��
�
��� ��� �� , 
���� -the total value of Carbon fixation and oxygen release, 

Yuan/a. 

Source State Forestry Bureau Forestry industry standards of the People's Republic of China LY/T1721-2008——
Specifications for Assessment of Forest Ecosystem Services in China . 

 
(2) Factor analysis. Factor Analysis was first 

proposed by Charles Spearman in 1904. The pur-
pose was to investigate the correlation between 
variables and use a small number of factors to de-
scribe the interactions between multiple indicators. 
Relative variables were grouped into the same 
group, and each type of variable was changed. A 
factor that reflects most of the information in the 
original data with fewer factors. With the original 
data variables: x1, x2, x3, ..., xm, the relationship 
between variables and latent factors is expressed as: 

1 11 1 12 2 13 3 1 1

2 21 1 22 2 23 3 2 2

3 31 1 32 2 33 3 3 3

1 1 2 2 3 3

m m

m m

m m

m m m m mm m m

x b z b z b z b z e
x b z b z b z b z e
x b z b z b z b z e

x b z b z b z b z e

� � � � ���� �	

 � � � � ���� �

 � � � � ���� ��

���� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � �


� � � � ���� �
�  
(1) 

In formula (1), z1-zm is m latent factors, which 
are the factors included in each original variable. e1-
em is m individual factors that are only contained in 
a certain original variable and only work on this 
original variable, and are unique factors in each 
original variable. That is, the common factors and 
special factors are independent of each other. The 
purpose of the factor analysis method is to find 
common factors. After the results are obtained, the 
common factors are named according to the actual 
meaning. There are many methods for factor analy-
sis. For example, the principal component analysis 
method can be directly used to ignore special fac-
tors. The common factor number can be determined 
based on the principle of maximum contribution. 
Assuming that the common factor is k, the initial 
factor model is as follows: 
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	 � � � � ���� �



� � � � ���� �


 � � � � ���� ��

������ � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �� � � � � � � �


 � � � � ���� ��    

(2) 

In the formula (2), x� 1- x� m is a variable nor-
malized to the original variable whose standard 
deviation is 1, and the mean value is 0; fi is the i-th 
factor; 
 ij is the load of the common factor fi, 
indicating that xi depends on the weight of fi. Since 
x� 1- x� m is a variable that is normalized by the 
original variable x1-xm, the variance of each variable 

is 1, that is, variance( x� i)=1. It is written as: 
 

� �2 2 2 2
1 2 3Va(x ) 1i i i im iV e
 
 
 
� � � � � ���� � �

(3) 
Equation (3) consists of two parts: 

  
2 2 2 2

1 2 3i i i im
 
 
 
� � �����
                         (4) 

The first part, formula (4) refers to the com-
monality variance caused by several common fac-
tors; the second part refers to the characteristic 

variance � �V e due to special factors. If the propor-
tion of the common variance is greater than the 
total variance, the common factor will also play a 
greater role. The search for common variance in-
volves factor loading and common factors. 

� � 2

1

V :
m

common i ij
j

Vc x 

�

� ��
                      (5) 

If you take the first k factors, the common var-
iance becomes: 

� � 2

1

k

i ij
j

Vc x 

�

� ��
                                    (6) 

 
 
RESULTS 

 
Single evaluation of forest ecosystem ser-

vices. The results of the single evaluation of forest 
ecosystem services in Jilin Forest Industry Group in 
2013 are summarized in Table 2. 

As can be seen from Table 2, the value of for-
est ecosystem services of Jilin Forest Industry 
Group in 2013 was 224.388 billion Yuan. 

 
Comprehensive evaluation of forest ecosys-

tem services. The comprehensive evaluation of 
forest ecosystem services mainly analyzes the fac-
tors of six single services, such as water conserva-
tion and conservation soil, to study the relationship 
between variables and identify potential dominant 
factors. The factor weights are used to give the 
weights of each factor, and the comprehensive 
weights are used to obtain the evaluation model. 
The service evaluation index system is constructed 
to include the level one and two levels. Among 
them, the first-level indicators refer to the service 
value; the third-level indicators refer to the factors 
that affect the service value and may have multiple 
collinearity with each other; and the second-level 
indicators refer to the few key factors extracted 
from the third-level indicators through factor analy-
sis. 

 
Construction of indicator system. (1) Estab-

lishment of a hierarchical structure model. 
SPSS13.0 software was used to perform factor 
analysis on the service values of forest ecosystems. 
Before extracting factors, it was checked whether 
most of the correlation coefficients in the correla-
tion matrix were greater than 0.3. It was suitable for 
factor analysis. The correlation matrix of the origi-
nal variables is shown in Table 3. 

As can be seen from Table 3, most correlation 
coefficients in the correlation matrix table are 
greater than 0.3, indicating that the original data is 
suitable for factor analysis. Since the analysis is 
related to the matrix, the variance of the original 
factors of the service is 1, and the sum of the vari-
ance of the common factors of the 6 variables is 6. 
The common factor variance of the unrotated varia-
bles is shown in Table 4. 

 
Extraction Method. Principal Component 

Analysis. From Table 4, it can be seen that the 
common factor variance of each variable is high, 
indicating that the extracted components can de-
scribe these variables well. According to the Kai-
ser-Meyer-Olkin test, the measured value is 0.730, 
which is close to 1; the Bartlet Test of Sphericity  

 
 

TABLE 2 
A single evaluation of forest ecosystem services of Jilin Forest Industry Group in 2013 

Content 
Value 

(100 million Yuan/a) 
Total forest area hm2  

Unit area value 
10 thousand Yuan/hm2/a  

Conservation water 162.21 1241931 1.31  
Conservation soil 153.09 1241931 1.23  
Purify the atmosphere 1662.57 1241931 13.39  
Farmland protection 91.82 1241931 0.74  
Biodiversity maintenance 172.87 1241931 1.39  
Carbon fixation and oxygen release 1.32 1241931 0.01  
Total value 2243.88 - - 
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TABLE 3 
Correlation matrix of the original variables 

 

Evaluation index 
Conserva-
tion water 

Conserva-
tion soil 

Purify the 
atmos-
phere 

Farmland 
protection 

Biodiversity 
maintenance 

Carbon 
fixation and 
oxygen 
release 

correlation 

Conservation water 1.000 0.665 -0.070 0.140 0.420 0.294 
Conservation soil 0.665 1.000 0.086 0.370 0.652 0.522 
Purify the atmosphere -0.070 0.086 1.000 0.516 0.380 0.429 
Farmland protection 0.140 0.370 0.516 1.000 0.502 0.526 
Biodiversity maintenance 0.420 0.652 0.380 0.502 1.000 0.861 
Carbon fixation and oxy-
gen release 

0.294 0.522 0.429 0.526 0.861 1.000 

Sig.(1-tailed) 

Conservation water  0.000 0.291 0.136 0.000 0.009 
Conservation soil 0.000  0.249 0.001 0.000 0.000 
Purify the atmosphere 0.291 0.249  0.000 0.001 0.000 
Farmland protection 0.136 0.001 0.000  0.000 0.000 
Biodiversity maintenance 0.000 0.000 0.001 0.000  0.000 
Carbon fixation and oxy-
gen release 

0.009 0.000 0.000 0.000 0.000  

a Determinant =0.036. 
 

test shows that the Bartley spherical test statistic is 
199.724, and the significance level is 0.000, which 
is considered to exist between the correlation coef-
ficient matrix and the unit matrix. Significant dif-
ference, the original data is suitable for factor anal-
ysis.  

(2) Determination of indicator weight 
The weight of the secondary indicator, that is, the 

key factor is determined, and the variance contribu-
tion rate of the common factor is usually used as the 
weight. In fact, the common factors are sorted ac-
cording to the contribution rate of variance, and the 
eigenvalues are also sorted according to this. The 
common factor variance of each component is 
shown in Table 5. 

 
Extraction Method. Principal Component 

Analysis. It can be seen from Table 5 that the ei-
genvalues of the first two components are greater 
than 1, and the cumulative contribution rate of the 
variance of the factors from top to bottom as a per-
centage of the total variance is obtained. The sum 
of the eigenvalues of the first two variables ac-
counts for 76.754% of the total variance. That is, 
the first two variables can account for 76.754% of 
all original variables. The factor extraction results 
from Table 5, that is, the sum of the squares of the 

unrotated factor loads, show that the first two factor 
variables can summarize most of the data, and the 
variance that can be interpreted accounts for 
76.754% of the total variance. Therefore, the result 
is to determine the extraction of two principal com-
ponents, reducing the complexity of the original 
data, but will lose 23.246% of the original data. To 
illustrate whether the extraction factor is appropri-
ate, do a gravel chart as shown in Fig. 2. 

It can be seen from Fig. 2 that the difference of 
the eigenvalues between factor 1 and factor 2, fac-
tor 2 and factor 3 is large, while the difference 
between the factor 3, 4, 5 and 6 is small, and pre-
liminary results are obtained. The factors can sum-
marize most of the information, and the inflection 
point is at 3, so it is appropriate to extract two fac-
tors, which also confirms the results in Table 5. For 
the determination of the weights of the secondary 
indicators, the corresponding eigenvalues of the 
two factors are known to be 3.216 and 1.390, and 
the contribution rate of each factor is given by the 
common variance formula (6), which is 0.698 and 
0.302, respectively. Therefore, the forest ecosystem 
service value expression is: 

F=0.698×F1+0.302×F2    (7) 
 

 
TABLE 4 

Common factor variance table for each variable not rotated 
Evaluation index Initial common factor variance Unrotated common factor vari-

ance 
Conservation water 1.000 0.895 
Conservation soil 1.000 0.847 
Purify the atmosphere 1.000 0.947 
Farmland protection 1.000 0.781 
Biodiversity maintenance 1.000 0.889 
Carbon fixation and oxygen release 1.000 0.875 
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TABLE 5 
Common factor variance table of each component 

 

Evaluation index 

Initial eigenvalue Sum of squared extracted loads 

Eigenval-
ues 

Variance 
contribution 
rate/% 

Cumulative 
contribution 
rate/% 

Eigen-
values 

Variance contribu-
tion rate/% 

Cumulative 
contribution 
rate/% 

Conservation water 3.216 53.593 53.593 3.216 53.593 53.593 
Conservation soil 1.390 23.161 76.754 1.390 23.161 76.754 
Purify the atmosphere 0.559 9.314 86.068    
Farmland protection 0.446 7.439 93.506    
Biodiversity maintenance 0.269 4.482 97.989    
Carbon fixation and oxygen 
release 

0.121 2.011 100.000    

 

 
FIGURE 2 
Scree plot 

 
TABLE 6 

Factor loading matrixa 

Evaluation index 
Principal Components 
1 2 

Conservation water 0.548 -0.694 
Conservation soil 0.773 -0.673 
Purify the atmosphere 0.499 0.705 
Farmland protection 0.693 0.409 
Biodiversity maintenance 0.912 -0.013 
Carbon fixation and oxygen release 0.870 0.141 

 
TABLE 7 

Rotated Component Matrix(a) 
 

Evaluation index 
Principal Components 
1 2 

Purify the atmosphere 0.846 -0.170 
Farmland protection 0.785 0.178 
Carbon fixation and oxygen release 0.730 0.494 
Biodiversity maintenance 0.654 0.336 
Conservation water -0.078 0.881 
Conservation soil 0.237 0.874 

Table 6 shows the factor load matrix, which 
shows the correlation between the original variable 
and each principal component, that is, which varia-
bles explain information for each factor. According 
to the correlation degree of each factor, the mean-
ing of each factor can be integrated.  

 
Extraction Method: Principal Component 

Analysis.a 2 components extracted. It can be seen 
from Table 6 that the first principal component has 
high correlation with conservation soil, protection 
of farmland/grassland, biodiversity maintenance 

 



© by PSP  Volume 29 – No. 05/2020 pages 3491-3504                          Fresenius Environmental Bulletin 

3500�

 

TABLE 10 
Comprehensive evaluation index system of forest ecosystem services 

 
Primary Index Second Index Third Index 

Forest ecosystem 
services 

Regulatory services 0.698  

Purify the atmosphere 0.401  
Farmland protection 0.320  
Carbon fixation and oxygen release 0.193  
Biodiversity maintenance 0.087  

Conservation soil and water services 0.302
 

Conservation water 0.698  
Conservation soil 0.302  

 
TABLE 11 

Value of forest ecosystem services 
 

Evaluate content Service value /billion Yuan 
The proportion of total value of 
each service value/% 

Conservation water 34.23 6.14  
Conservation soil 13.93 2.50  
Purify the atmosphere 465.52 83.49  
Farmland protection 20.48 3.67  
Biodiversity maintenance 23.34 4.19  
Carbon fixation and oxygen release 0.08 0.01  
Total 557.57 - 

 
and carbon fixation and oxygen release; the second 
principal component has high correlation with con-
servation water source, conservation of soil and 
purification of atmospheric environment. From the 
output results, it was found that the extraction result 
of the factor is ideal, but the correlation coefficient 
is close, and the factor naming is difficult. There-
fore, the coefficients can be rotated to make the 
coefficients differentiate to 0 and 1, and the rotated 
factor load matrix is shown in Table 7. 
 

Extraction Method: Principal Component 
Analysis. Rotation Method: Varimax with Kai-
ser Normalization. a Rotation converged in 3 
iterations. From Table 7, it can be seen that the 
correlation between the first principal component 
and the clean air environment, farmland/grassland 
protection, carbon fixation and oxygen release, and 
biodiversity maintenance is relatively high; the 
correlation between the second principal compo-
nent and the conservation water source and conser-
vation soil is relatively high. The two factors are 
named according to the original meaning of the 
variable. The first factor is named as regulatory 
service. The second factor is named Conservation 
Soil and Water Service. The factor score matrix 
after rotation is shown in Table 8. 

 

Extraction Method. Principal Component 
Analysis. Rotation Method. Varimax with Kai-
ser Normalization. Component Scores. Accord-
ing to the factor score coefficient of Table 8 and the 
normalized value of the original variable, the score 
of each factor of the observable measurement can 
be calculated, and the observation measurement can 
be further analyzed. The rotated factor (main com-
ponent) expression is: 

FAC_1-1=-0.219×Conservation water'-0.059 × 
Conservation soil'+0.461×Purify the atmospher-
e'+0.359×Farmland protection' + 0.200 × Biodiver-
sity maintenance'+0.267×Carbon fixation and oxy-
gen release     (8) 

FAC_2-1=0.480×Conservation water'+0.412 x 
Conservation soil'-0.262×Purify the atmosphere'-
0.066×Farmland protection'+0.201×Biodiversity 
maintenance'+0.112×Carbon fixation and oxygen 
release     (9) 

Using factor analysis to determine the three 
indicators:  

F1=0.401×Purify the atmosphere' + 0.320 × 
Farmland protection'+0.193×Biodiversity mainte-
nance'+0.087×Carbon fixation and oxygen release 
(10) 

F2=0.698×Conservation water' + 0.302 × Con-
servation soil'     (11) 

The covariance matrix of the estimated regres-
sion factor scores between the two principal com-
ponents is shown in Table 9. 

 
Extraction Method: Principal Component 

Analysis. Rotation Method: Varimax with Kai-
ser Normalization. Component Scores. It can be 
seen from Table 9 that the two principal compo-
nents after rotation are completely irrelevant be-

cause orthogonal rotation factors are still orthogo-
nal, and the rotated component load is shown in 
Fig. 3. 

The main components of the two principal 
components are the horizontal and vertical coordi-
nates. The concentration of each component is 
shown in Fig.3, and two secondary indicators are 
identified for regulating services and conservation 
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of soil and water services. The three indicators are 
the six aspects of the system. Table 10. 

Forest ecosystem service value evaluation 
model based on the comprehensive evaluation in-
dex system of Table 10. 

F=0.280×Purify the atmospher-
e'+0.223×Farmland protection'+0.135×Biodiversity 
maintenance'+0.061×Carbon fixation and oxygen 
release +0.211×Conservation water' + 0.091 × Con-
servation soil'    (12) 

 
Comprehensive evaluation of forest ecosys-

tem services. Single service value was adjusted 
according to forest ecosystem service value evalua-
tion model, results were showed in Table 11. 

Table 11 shows that after adjustment, the for-
est ecosystem service value of the Jilin Forest In-
dustry Group in 2013 was 55.757 billion Yuan, of 
which the value of the atmospheric environment 
service was the largest (46.552 billion Yuan, ac-
counting for 83.49% of the total value), followed by 
conservation. Water resources (3.423 billion Yuan, 
6.14%); biodiversity conservation (2.334 billion 
Yuan, 4.19%); farmland/grassland protection 
(2.048 billion Yuan, accounting for 3.67%); con-
servation soil (1.393 billion Yuan, accounting for 
2.50%) Carbon sequestration and oxygen release 
(0.08 billion, accounting for 0.01%), in which the 
value of soil conservation and carbon sequestration 
services is low, due to lower fertilizer and carbon 
sequestration prices in 2013. 
 
 
CONCLUSIONS AND DISCUSSION 

 
Conclusions. First, correct the misuse of 

“functions” and “services”: forest ecosystem ser-
vices are derived from forest ecosystem functions, 
“functions” are stock concepts, “services” are traf-
fic concepts, and services can be directly or indi-
rectly Various benefits derived from the function of 
forest ecosystems; re-introduction of forests after 
comprehensive reference to MA, "China's Sustain-
able Development Strategy Research Topic 2: 
Recognition of Forest Functions" and "China's 
Forest Resources and Sustainable Development" 
The main contents contained in the ecosystem ser-
vices are defined: conservation of water resources, 
conservation of soil, purification of atmospheric 
environment, protection of farmland/grassland, 
conservation of biodiversity, carbon fixation and 
release of oxygen, and establishment and improve-
ment of evaluation index system and methods of 
forest ecosystem service value.  

Second, the first systematic assessment of the 
Jilin Forest Industry Group’s forests was conducted 
in conjunction with the forest management plan of 
the eight forestry bureaus of Jilin Forest Industry 
Group, China Forestry Statistical Yearbook, Jilin 
Statistical Yearbook, and data obtained from field 

research. The ecosystem service value shows that 
the forest ecosystem service value of Jilin Forest 
Industry Group in 2013 was 224.388 billion Yuan, 
and there was a big difference between the evalua-
tion results and actual conditions. 

Thirdly, only the value of the various service 
values of the forest ecosystem is evaluated sepa-
rately, and the results of simply adding up the total 
value are questioned. The single evaluation result 
has a large gap with the actual ratio, and a direct 
sum of vectors for solving different service contents 
appears. With regard to issues such as repetitive 
accumulation and synergies, a comprehensive anal-
ysis of forest ecosystem service value accounting 
results using factor analysis methods was conduct-
ed. The results showed that the forest ecosystem 
service value of Jilin Forest Industry Group in 2013 
was 55.757 billion Yuan. The result of the compre-
hensive evaluation process is not objective and 
reasonable. It not only effectively understands the 
status of forest resources, but also prepares natural 
resource balance sheets to provide the basis for the 
audit of environmental assets of officials and the 
accountability for environmental protection. It can 
be reversed and corrected to some extent. "GDP-
only" concept of development, guidance and 
achievement. 

 
Discussion. a) As the main body of terrestrial 

ecosystems, forests not only provide wood and 
forest by-products, but also provide ecosystem 
services such as water conservation, conservation 
of soil, purification of atmospheric environment, 
and carbon fixation and oxygen release [20-22]. 
These services sustain human survival. The re-
quired environmental conditions and support the 
global ecological balance. Asah also pointed out 
that forest ecosystems are closely related to climatic 
environment, conservation of soils, conservation of 
water sources, and decomposition of wastes. 

Ecosystem services are of great significance 
[23-27]. If we continue to maintain the current 
forest resources status of Jilin Forest Industry 
Group, the newly added forest ecological service 
value is about 55.757 billion Yuan, of which the 
conservation water source value is 3.423 billion 
Yuan, the biodiversity conservation value is 2.334 
billion Yuan, and the conservation soil value is 
1.393 billion Yuan, it can be seen that the value of 
ecosystem services is large and sustainable. 

b) The assessment method and indicator sys-
tem of forest ecosystem services are not uniform. In 
terms of research methods and index system selec-
tion for forest ecosystem services evaluation, most 
domestic scholars directly use existing research 
results from abroad, lacking a framework for re-
gional forest ecosystem services evaluation in a 
general sense, which makes the results of the re-
search lack of comparability and evaluation results. 
There is also doubt. 



© by PSP  Volume 29 – No. 05/2020 pages 3491-3504                          Fresenius Environmental Bulletin 

3502�

 

c) There is a duplication of evaluation service 
content. The understanding of forest resource value 
accounting theory is not in place, and the differ-
ences between forest ecosystem services and re-
sources themselves cannot be distinguished. In-
stead, the values of all forms of resources are con-
sidered as the value of forest resources and evaluat-
ed. 

d) Research on multidisciplinary ecosystem 
services evaluation. Research includes not only 
disciplines such as ecology and forestry but also 
many disciplines such as sociology, economics, and 
management. Among them, ecology and forestry 
disciplines are the basis for the evaluation of eco-
system services, and economics is the main re-
search method. Therefore, in addition to closely 
integrating the theoretical and methodological sys-
tems of various disciplines, the research should also 
be adapted to the social, economic, and cultural 
development stages of the time and actively provide 
strategic support for forest ecosystem management.  

e) Previous studies have shown that the indi-
rect use value of forest ecosystems is much higher 
than the direct use value. For example, Lu Chunxia 
et al. [28] evaluated the ecosystem services of the 
Qinghai-Tibet Plateau, and the results showed the 
economic value and ecosystem service value of the 
forest products. The ratio is 1:70; Xu Xinwang et 
al. [29-30] evaluated the value of forest ecosystem 
services in Anhui Province, and the results showed 
that ecological, economic and social benefits ac-
counted for 74.13%, 19.67% and 6.20% of the total 
value of ecosystem services. However, the benefits 
of the forest ecosystem services of the Jilin Forest 
Industry Group under study have not been fully 
utilized. For example, the conservation water 
source value accounted for 6.14% of the total ser-
vice value; the biodiversity conservation value 
accounted for 4.19%; the farmland/grassland pro-
tection value accounted for 3.67%; the value of soil 
conservation only accounts for 2.50%. Except for 
the low fertilizer and carbon sequestration prices in 
the region in 2013, it mainly reflects the serious 
degradation of forest/grassland and other ecological 
resources in the region, which leads to soil erosion 
and species reduction. And problems such as re-
duced quality. Therefore, we should increase natu-
ral resource protection, soil erosion control and 
farmland protection, continue to implement 
measures such as grazing bans and grazing bans, 
vigorously cultivate plantations, establish long-term 
protection mechanisms, and achieve dynamic bal-
ance between people, livestock and natural re-
sources; Constructing facilities such as intercepting 
ditch in areas with serious soil erosion, actively 
transforming and improving sloping farmland and 
farmland shelterbelt in agricultural areas, establish-
ing a system for investigating the responsibility of 
cultivated land protection, improving the compen-
sation mechanism for land acquisition, and continu-

ing to implement orderly returning farmland to land 
that is not suitable for cultivation. The quality of 
cultivated land. Without destroying the existing 
forest ecosystem, Jilin Forest Industry Group can 
rely on the advantages of forest resources to accel-
erate the development of the tertiary industry. For 
example, it can increase the development of under-
story farming and aquaculture and increase the 
development of forest by-products. We will active-
ly build projects such as forest tourism resorts. 
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Highlights. •Concept and content of forest 

ecosystem service flow and forest ecosystem ser-
vice function stock were confusing. 

• In the Hypothesis for Different kinds of eco-
system service, evaluation of ecosystem service 
value exists repetitive accumulation and synergic 
function issues. 

•Results show that different types of ecosys-
tem services evaluation has repetitive problems. 
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ABSTRACT 
 
The development of new-style urbanization 

and the level of eco-environmental benefits in Yun-
nan Province are quite different in space. The de-
velopment is not a synchronous relationship, but 
also indirectly reflects the prominence of ecological 
environment problems in the development of new-
style urbanization. How to coordinate the develop-
ment relationship among them has become a key 
issue under the current concept of sustainable de-
velopment.  

Through the study of new-style urbanization 
and sustainable development, this paper analyzes its 
space-time coupling relationship and aims to pro-
vide a scientific reference for the coordinated de-
velopment of urban and rural areas in Yunnan Prov-
ince.  

The coupling level and coordination evalua-
tion model used to analyze the space-time coupling 
relationship between new-style urbanization and 
sustainable development in Yunnan Province, this 
paper estimates the new-style urbanization level 
and sustainable development benefit of Yunnan 
Province, and develops from spatial difference 
analysis.  

Among the spatial distribution of new-style 
urbanization levels, only Kunming City is at a high 
level, only Yuxi City and Qujing City are at the 
upper limit, and the remained 13 cities (states) are 
below the lower limit. Among the spatial distribu-
tion of sustainable development benefits, only Di-
qing is at a high level, with Nujiang and Lijiang at 
the upper limit, and the remained 13 cities (states) 
are below the lower limit.  

The level of new-style urbanization develop-
ment and sustainable development benefit in Yun-
nan Province is quite different in space. From the 
perspective of spatial distribution, its new-style 
urbanization level is characterized by from the 
central growth to the periphery growth. Based on 
the concept of sustainable development, this paper 
formulates relevant policies according to the actual 
situation of regional development, which strength-
ens cooperation and exchange among cities (states). 
It is a key link to narrow regional differences and 
promote new-style urbanization level. The rapid 

development of new-style urbanization has high 
requirements for sustainable development. The 
new-style urbanization and sustainable develop-
ment of Yunnan Province have not yet reached a 
state of cooperation, but the level of coordination is 
constantly improving. To reduce the irrational dis-
tribution of resources, the irrational use of resources 
in the new-style urbanization development is the 
key to improve the development of new-style ur-
banization in Yunnan.  
 
 
KEYWORDS:  
Yunnan Province, new-style urbanization, sustainable 
development, relationship 

 
 

INTRODUCTION 
 
The elements of the ecological environment 

are based on important factors in the ecological 
environment. It refers to the elements of nature 
(material and energy) or effects that are closely 
related to human beings, which affect the human 
production and life activities (the second nature 
formed by manual intervention). It includes natural 
matter elements such as animals, plants, microor-
ganisms, land, minerals, oceans, rivers, sunlight, 
atmosphere, and water, as well as artificial materi-
als on the ground and underground with the related 
facilities. In the past 40 years of reform and open-
ing up, China's urbanization has made great pro-
gress. The level of urbanization has increased from 
17.9% in 1978 to 58.5% in 2017. The resident pop-
ulation of urban areas has also increased from 170 
million in 1978 to 810 million in 2017. Billion has 
created the achievements of the world [1, 2]. With 
the deepening of reforms, China's economic devel-
opment has entered a new normal. This new normal 
is based on the sustainable development, which 
does not undermine sustainable development. Chi-
na's urbanization development is relative to that of 
developed countries in Europe and America for 
hundreds of years. There are still large gaps in the 
development process, and there are many problems 
in development, such as urban household registra-
tion, rural hollowing out, and land reclamation. 
These problems have become an important obstacle 
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to the development of urbanization in China in the 
new era [3- 5]. With deepening the green develop-
ment, new-style urbanization with urban and rural 
planning, industrial interaction, ecological livabil-
ity, and harmonious development has become an 
important direction of urbanization development in 
China in the new era. However, for a long time, 
people misunderstand the concept of urbanization 
and believe that non-agriculturalization is the direc-
tion of urbanization development, resulting in eco-
logical problems such as over-exploitation of agri-
cultural land use, low land efficiency, low utiliza-
tion rate, and severely restricting China [6]. From 
the perspective of resource utilization, the limited 
resource resources of urbanization in the new-style 
urbanization and the waste of resources caused by 
the loss of rural population have become the key 
issues to solve urgently. Therefore, the coordinated 
development of new-style urbanization and sustain-
able development is studied. From the perspective 
of the evolution of space-time, it is important to 
analyze the development level of new-style urbani-
zation, which is based on the development of urban 
and rural integration, industrial interaction, and 
ecological livability [7, 8]. 

Xu Li [9] analyzed the development level and 
spatial characteristics of new-style urbanization in 
Changzhou City, Jiangsu Province. The results 
show that the development level of new-style ur-
banization in Changzhou is from good to good, and 
the development level and optimization trend of 
new-style urbanization in different districts and 
counties are quite different. Wang Chongling et al. 
[10] used the coordination level and coupling level 
evaluation model to analyze the space-time cou-
pling relationship between the new-style urbaniza-
tion and human settlements development in Ning-
xia, they analyzed the temporal and spatial evolu-
tion characteristics of the coupling level of five 
prefecture-level cities. The results show that the 
new-style urbanization and human settlements 
coordination index and coupling index of Ningxia 
have shown a good upward trend, and the coordina-
tion relationship between new-style urbanization 
and human settlements is mostly in a highly coordi-
nated stage. In terms of space, the coupling coordi-
nation level is not much different, and based on the 
research results, optimization strategies such as 
optimizing urban spatial pattern are proposed. 
Wang Shujia et al. [11] studied the coordinated 
development of sustainable development-
economic-new-style urbanization in the Beijing-
Tianjin-Hebei region with a coupled and coordinat-
ed development model. The results show that the 
coordinated development level of Beijing-Tianjin-
Hebei has significant spatial and temporal differen-
tiation, and its advantages and constraints are dif-
ferent. The backwardness of Hebei economy and 
new-style urbanization has become the bottleneck 
for the overall coordinated development of the 

region. Summarizing previous studies, it is found 
that the new-style urbanization theory and empirical 
research are rich, but lack of research on new-style 
urbanization and sustainable development, and 
there is bias in the research area. There are few 
studies on the development of urbanization in un-
derdeveloped areas. Based on the study of new-
style urbanization and sustainable development in 
Yunnan Province, this paper analyzes the space-
time coupling relationship, which provides a scien-
tific reference for the coordinated development of 
urban and rural areas in Yunnan Province.  

 
 

RESEARCH AREA  
OVERVIEW AND DATA SOURCES 

 
Overview of the study area. Yunnan Prov-

ince is located in the southwestern border of China. 
Its southwestern part is adjacent to Myanmar, Laos, 
and Vietnam. The borderline is 4 060 km2 and 
there are more than 20 mirrored roads. In 2017, the 
resident population of Yunnan Province was 48 
million, of which the urban population was 22.41 
million, and the rural population was 25.59 million. 
The province's urbanization rate reached at 46.7%, 
up 9.2% from 2010, but still it is lower than the 
national level 58.5%. Therefore, Yunnan Province 
actively seized the state's support policies for the 
development of the western region, and proposed 
the urban agglomeration in central Guizhou, the 
secondary urban agglomerations in western Yun-
nan, the secondary urban agglomerations in south-
eastern Yunnan, the secondary urban agglomera-
tions in northwestern Yunnan, and the southwestern 
Guizhou. The construction of six urban agglomera-
tion in the urban agglomerations and the secondary 
urban agglomerations in northeast Yunnan will 
improve the development level of new-style urbani-
zation in Yunnan Province [12,13]. Yunnan Prov-
ince has 8 provincial cities including Kunming, 
Qujing and Yuxi, and 8 ethnic autonomous prefec-
tures such as Dali, Honghe and Diqing. It is a large 
province with multi-ethnic culture. There are many 
mountainous areas in Yunnan Province, such as 
basins, valleys and hills, and the types of landforms 
are complex. Complex geomorphological features 
hinder the development of new-style urbanization 
in Yunnan Province. Among them, the urbanization 
level in the central and eastern areas of Gansu is 
relatively high, but the mountainous areas and can-
yons in western Yunnan have relatively lagging the 
level of urbanization development [14]. Yunnan has 
abundant light energy resources, the dry and wet 
seasons are distinct, and the temperature difference 
among the four seasons is small. Yunnan Province 
is rich in natural resources, and its per capita water 
resources are four times the national average. How-
ever, complex geomorphological conditions in-
crease the difficulty of using water resources. Based 
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on the location conditions and urbanization devel-
opment status of Yunnan Province, combined with 
the development connotation of new-style urbaniza-
tion, this paper studies the coordinated development 
relationship between new-style urbanization and 
sustainable development in Yunnan Province from 
the perspective of Tempo-spatial expanded dimen-
sion, which analyzes the coordinated development 
level of both. We will provide suggestions for the 
coordinated development of new-style urbanization 
and sustainable development under the guidance of 
the sustainable development, which promote the 
coordinated development of urban and rural areas 
in the context of the new-style urbanization devel-
opment of Yunnan Province in the new era. 

 
Data source. The research data of this paper 

originated from the following tips. (1) Yunnan 
Statistical Yearbook (2009~ 2016). (2) Statistical 
Yearbook of various provincial cities and autono-
mous prefectures in Yunnan Province (2009~ 
2016). (3) Statistics of National Economic and 
Social Development of Yunnan Province Bulletin 
(2009~ 2016). 
 
 
RESEARCH METHOD 

 
Constructing the indicator of coupling sys-

tem. With the continuous advancement of new-
style urbanization and sustainable development, the 
synergistic development effect of both has gradual-
ly become an important research content under the 
concept of sustainable development. The main goal 
of the new-style urbanization is how to solve the 
resource and environmental problems in the tradi-
tional urbanization development, and the sustaina-
ble development construction plays an important 
role in promoting the ecological habitability, indus-
trial interaction, and urban-rural integration of the 
new-style urbanization [15]. The starting point of 
this paper is based on this foundation. Therefore, 
based on the principles of operability, comprehen-
siveness, and scientificity, the evaluation indicators 
of new-style urbanization and sustainable develop-
ment in Yunnan Province are selected. By referring 
to previous studies and the connotation of new-style 
urbanization development, the new-style urbaniza-
tion evaluation system consists of population, 
economy, society, urban-rural integration, and 
space, and comprehensively covers the new concept 
of sustainable development. The sustainable devel-
opment level, sustainable development pressure, 
and sustainable development protection in the indi-
cators selection of sustainable development benefit 
system constitute the stress-state-response model of 
its benefit measurement. It comprehensively re-
flects the level of human settlements in urban and 
rural areas, the pressure of urbanization develop-

ment on sustainable development and the protection 
of sustainable development. 

 
Estimation of new-style urbanization Level 

and Sustainable Development Benefits in Yun-
nan Province. Efficacy function. The variable 
Ui(i=1,2,3,…,m) is set as the order parameter of the 
new-style urbanization and sustainable develop-
ment coupling system in Yunnan Province. Uij 
represents the index j of the order parameter i, and 
Xij j=1, 2, 3, …, n is the index j value of the 
order parameter i. If αij βij are the upper limit and 
lower limit of the order parameters of the new-style 
urbanization and sustainable development coupling 
system, the original data is standardized by the 
extreme difference standardization. The orderly 
efficacy coefficient Uij of the new-style urbaniza-
tion and sustainable development of the coupled 
system in Yunnan Province can be expressed as 
follows.  
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Entropy method to calculate index weights. 

In this paper, the entropy method is used to calcu-
late the weights of various indicators of the new-
style urbanization and sustainable development 
system. To a certain extent, it can avoid the subjec-
tive influence of human factors. The specific calcu-
lation steps are as follows. 

(1) Make a weight change for each indicator 
Sij  

��
�
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i
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1
/     (2) 

(2) Calculate the entropy value hi of the indi-
cator j. 
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(3) Calculate the difference αj of the indicator 

j. 
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(4) Calculate the weight λj of the indicator j. 
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New-style urbanization level and sustaina-

ble development benefit calculation. The product 
of the weight of the evaluation index j of the new-
style urbanization and sustainable development 
subsystem and the standardized value of the indica-
tor is used as the evaluation score Wij of the indica-
tor in this year. The sum of all the indicators in the 
system is the total score of the new-style urbaniza-
tion or land use ecological benefits of the year. 
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Where, Wij represents the score of the evalua-
tion index j for the year i of Yunnan Province. λj is 
the weight of the indicator j, and Wij is the normal-
ized value of the indicator j of the year i of Yunnan 

Province. Fi represents the total score of new-style 
urbanization level or land use ecological benefit in 
Yunnan Province in the year i. Since the calculated 
indices are all between 0 and 1, the calculation 
results are weighted by the percentage system, 
which describe the spatial distribution characteris-
tics of the new-style urbanization and sustainable  

TABLE 1 
Index system of the new urbanization and ecological environment coupling system 

 
System layer Criterion layer Selection basis Indicator layer Attributes Weights 
New urbani-
zation 
 

Economic 
urbanization 
 

The level of economic 
development 
 

The proportion of secondary and tertiary 
industries in GDP (%) 

positive 
0.125 

GDP per capita (yuan / person) positive 0.052 
Per capita disposable income of urban 
residents (yuan) 

positive 
0.091 

Proportion of retail sales of urban residents 
(%) 

positive 
0.051 

Social urbaniza-
tion 
 

Habitat Environmental 
Quality 
 

Health technical personnel per 1,000 
people (person) 

positive 
0.063 

Proportion of cultural industry expenditure 
(%) 

positive 
0.036 

Number of buses per 10,000 people (vehi-
cles) 

positive 
0.084 

Number of beds in health centers and 
hospitals per 1,000 people (zhang) 

positive 
0.046 

Population 
urbanization 
 

Demographic and 
social pressure 
 

Proportion of urban population (%) positive 0.057 
Proportion of non-agricultural population 
(%) 

positive 
0.039 

Urban employment rate (%) positive 0.079 
Spatial urbani-
zation 
 

Responding to Urban-
ized Land Use 
 

Urban population density (%) positive 0.102 
Proportion of built-up area (%) positive 0.021 
Per capita highway open mileage (km2) positive 0.032 

Urban-rural 
integration 
 

Coordination of urban 
and rural development 
 

Per capita income of urban and rural resi-
dents (%) 

Moderate 
0.034 

Per capita social consumption of urban and 
rural residents (%) 

Moderate 
0.021 

Urban and rural employment ratio (%) Moderate 0.057 
Ecosystem  Ecological 

environment 
level 
 

Green development 
concept 
 

Forest cover rate(%) positive 0.043 
Water resources per capita (m3 / person) positive 0.060 
Park green area per capita (m2) positive 0.095 
Green coverage of built-up area (%) positive 0.042 
Proportion of wetland area (%) positive 0.036 

Ecological 
environmental 
pressure 
 

Ecological environ-
ment status 
 

Water consumption per 10,000 yuan of 
GDP (m3) 

negative 
0.104 

Urban sewage discharge per unit area (m3 / 
km2) 

negative 
0.067 

Industrial exhaust emissions (m3 / 10,000 
yuan) 

negative 
0.085 

Industrial wastewater discharge (t / 10,000 
yuan) 

negative 
0.078 

Production of industrial solid waste (t / 
10,000 yuan) 

negative 
0.062 

Conservation of 
ecosystem 

Ecological environ-
ment governance 

Industrial pollution treatment investment 
(10,000 yuan) 

positive 
0.102 

Urban sewage treatment rate (%) positive 0.094 
Industrial solid waste utilization rate (%) positive 0.075 
Afforestation area (km2) positive 0.056 

 
TABLE 2 

Benefits Distribution of new-style urbanization and Sustainable Development in Yunnan Province 
 

Equal division 30 30 X≤40 40 X≤50 50 X≤60 > 60 

New-style urbaniza-
tion 

Low level Little level Mild level Little High level High level 

sustainable develop-
ment 

Low efficiency Little efficiency Mild efficiency Little High 
efficiency 

High effi-
ciency 
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development level in Yunnan Province more objec-
tively and clearly. The classification of new-style 
urbanization level and sustainable development 
benefit scores is shown in Table 2. 

 
New-style urbanization and sustainable de-

velopment coupling level evaluation model. 
Coupling level model. Coupling is a phenomenon 
in which two systems interact to coordinate devel-
opment. Therefore, referring to the capacity cou-
pling coefficient model in physics [18], the calcula-
tion formula of the coupling level of the new-style 
urbanization and sustainable development subsys-
tems is as follows: 

� � 2/12
2121 )/() UUUUC ���  (8) 

The value C in the formula (8) is 0≤C≤1. 
When C is equal to 1, the coupling level of both 
systems is the largest, indicating that both systems 
are in a benign resonant coupling state, and the 
coupled system will tend to a new ordered struc-
ture. When C is equal to 0, the coupling level of 
both systems is the smallest, and the systems are in 
an independent disorder state. According to the 
division basis of the physics coupling stage, the 
new-style urbanization and sustainable develop-
ment coupling state is divided into four stages. The 
results are shown in Table 3.  

 
Coupling coordination level model. Because 

of the lack of coupling, the overall effect of re-

sponding to new-style urbanization and sustainable 
development. Therefore, it is impossible to reflect 
the level of coordination between new-style urbani-
zation and sustainable development. It is necessary 
to construct a new model of coupling level of ur-
banization and sustainable development. The for-
mula is as follows: 

21
2/1 ,) UUFFCD �
 ����  (9) 

In equation (9), D is the coupling coordination 
level, C is the coupling level, and F is the compre-
hensive coupling evaluation index of the new-style 
urbanization and sustainable development, which 
reflects the overall synergistic effect of both sys-
tems. α and β are undetermined coefficients, and the 
final coupling coordination level is calculated. 
Referring to the research of Wu Han et al [18], the 
coupling coordination level is divided into five 
levels, and the results are shown in Table 4. 

 
 

RESULTS AND DISCUSSION 
 
Analysis of the relationship between new-

style urbanization and sustainable development. 
Coupling level is a measure of the orderly synergy 
between the new-style urbanization and sustainable 
development. The level of coordination is the coop-
eration among the various elements in both sys-
tems, and the new-style urbanization and sustaina-
ble development have a dynamic coupling  

 
TABLE 3 

Coupling phase division 
 

Coupling level C=0 (0.1 0.3] (0.3 0.5] (0.5 0.8] (0.8 1) C=1 

Coupling phase Disorder  Low levelcoupling Antagonism  Run-in phase High level coupling Order  

 
TABLE 4 

Classification of new-style urbanization and sustainable development coupling coordination level 
 

Hierarchical se-
quence 

Ⅰ Ⅱ Ⅲ Ⅳ Ⅴ 

Coordination level (0.1 0.2] (0.2 0.4] (0.4 0.6] (0.6 0.8] (0.8 1.0] 

Coordination level Seriously uncoordinated 
Mild uncoor-
dinated 

Primary coordina-
tion 

Good coordina-
tion 

High Quality coor-
dination 

 

 
FIGURE 1 

Coordination degree of new urbanization and ecological environment in Yunnan Province 
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TABLE 5 
Coupling degree of new urbanization and ecological environment in each city (state) of Yunnan Province 

 
Year  

2009 2010 2011 2012 2013 2014 2015 2016 
Level of 
coupling 

Kunming 
City 

0.447 0.450 0.451 0.455 0.433 0.462 0.465 0.450 
Antagonists 

Yuxi 0.487 0.496 0.490 0.490 0.489 0.482 0.490 0.490 Antagonists 
Qujing 
City 

0.489 0.480 0.482 0.490 0.492 0.494 0.495 0.495 
Antagonists 

Zhaotong 0.490 0.492 0.499 0.500 0.500 0.500 0.500 0.500 Break in 
Baoshan 0.498 0.495 0.499 0.500 0.500 0.502 0.500 0.503 Break in 
Lijiang 
City 

0.494 0.495 0.499 0.500 0.496 0.499 0.500 0.500 
Break in 

Pu'er City 0.504 0.500 0.499 0.499 0.499 0.500 0.499 0.502 Break in 
Lincang 0.499 0.499 0.501 0.500 0.500 0.503 0.499 0.500 Break in 
Dehong 0.496 0.450 0.498 0.500 0.499 0.500 0.499 0.500 Break in 
Nu River 0.431 0.469 0.469 0.459 0.450 0.499 0.500 0.500 Break in 
Diqing 0.459 0.450 0.469 0.469 0.469 0.459 0.460 0.460 Antagonists 
Dali 0.489 0.499 0.499 0.500 0.500 0.499 0.500 0.500 Break in 
Chuxiong 0.499 0.501 0.499 0.500 0.500 0.499 0.500 0.500 Break in 
Red river 0.492 0.480 0.89 0.489 0.490 0.489 0.490 0.490 Antagonists 
Wenshan 0.499 0.499 0.499 0.498 0.499 0.500 0.500 0.500 Break in 
Xishuang-
banna 

0.498 0.499 0.499 0.500 0.498 0.500 0.502 0.500 
Break in 

 
TABLE 6 

Coordination levels of new urbanization and ecological environment in each city (state) of  
Yunnan Province 

 
Year  

2009 2010 2011 2012 2013 2014 2015 2016 
Degree of 
coordination 

Kunming 
City 

0.41 0.42 0.42 0.43 0.41 0.44 0.44 0.45 
Primary disor-
ders 

Yuxi 0.37 0.37 0.38 0.37 0.38 0.36 0.36 0.37 Mild disorder 
Qujing 
City 

0.34 0.32 0.35 0.35 0.34 0.35 0.36 0.37 
Mild disorder 

Zhaotong 0.30 0.32 0.31 0.32 0.32 0.32 0.33 0.33 Mild disorder 

Baoshan 0.31 0.33 0.32 0.32 0.33 0.32 0.33 0.34 Mild disorder 

Lijiang 
City 

0.30 0.31 0.31 0.32 0.33 0.33 0.34 0.36 
Mild disorder 

Pu'er City 0.28 0.29 0.31 0.32 0.32 0.33 0.34 0.36 Mild disorder 
Lincang 0.27 0.29 0.30 0.31 0.32 0.33 0.33 0.34 Mild disorder 
Dehong 0.29 0.29 0.30 0.31 0.32 0.32 0.34 0.35 Mild disorder 
Nu River 0.30 0.31 0.32 0.33 0.33 0.35 0.36 0.37 Mild disorder 
Diqing 

0.30 0.32 0.33 0.34 0.37 0.38 0.39 0.41 
Primary coordi-
nation 

Dali 0.32 0.33 0.35 0.34 0.36 0.35 0.36 0.37 Mild disorder 
Chuxiong 0.29 0.30 0.32 0.32 0.33 0.32 0.34 0.35 Mild disorder 
Red river 0.30 0.31 0.32 0.32 0.33 0.33 0.34 0.36 Mild disorder 
Wenshan 0.26 0.27 0.28 0.30 0.30 0.31 0.32 0.34 Mild disorder 
Xishuang-
banna 

0.34 0.34 0.36 0.36 0.35 0.37 0.38 0.39 
Mild disorder 

 
relationship. According to formula (8) and formula 
(9), the coupling level and coordination level of 
new-style urbanization and sustainable develop-
ment in Yunnan Province and each city (state) are 
calculated. The results are shown in Figure 1, Table 
5 and Table 6. 

It can be seen from Figure 1. The coupling 
level of new-style urbanization and sustainable 
development in Yunnan Province was stable during 
the period from 2009 to 2016, and the fluctuation 
range was small. The average coupling level was 
0.490, which was in the enthalpy stage. By checked 
and balanced with each other, they are close to the 
running-in stage of (0.5, 0.8], which indicates that 

the rapid development of new-style urbanization 
has higher requirements for sustainable develop-
ment and has a certain coercive effect, so it has a 
mutual competition. The level of coordinated de-
velopment has continued to rise from 2009 to 2016. 
However, it is still at a level of slight imbalance. It 
shows that the new-style urbanization and sustaina-
ble development of Yunnan Province has not yet 
reached the cooperation, but its coordination level 
is constantly improving. Coordinated development 
of cities and states are shown in Yunnan Province 
from Table 5 and Table 6. In terms of situation, 
Kunming, Qujing, Diqing and Honghe are in the 
embarrassing stage, while the rest of the cities 
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(states) barely reach the running-in stage, including 
Baoshan City in the southwest of Guizhou. The 
coupling between urbanization and sustainable 
development is the highest, but Kunming, which 
has a relatively high economic output, has the low-
est coupling level. At the same time, only Kunming 
and Diqing reach at the primary coordination level, 
and the rest of the cities State is in a mildly disor-
dered state. 

From the time-space evolution of the coupling 
and coordinated development of new-style urbani-
zation and sustainable development in Yunnan 
Province from 2009 to 2016, the coupling level of 
Kunming City declined in 2016, while other cities 
(states) showed an upward trend of varying levels 
of fluctuation. However, in terms of the level of 
coordination, Kunming reached 0.45 in 2016, 
which is at the highest level among cities (states). 
However, the coordination level of other cities 
(states) is in a steady rising stage, among which the 
growth rates of Diqing Prefecture has fastest in-
crease from 0.30 in 2009 to 0.41 in 2016, the 
growth is obvious. Based on the spatial differentia-
tion of new-style urbanization levels and ecological 
benefits, the development of coordination level has 
affected by regional economic level, ecological 
basis, population pressure, and sustainable devel-
opment governance. Therefore, based on the status 
quo of new-style urbanization development in Yun-
nan Province, the key should be to strengthen ex-
changes and cooperation among regions, which 
reduce the irrational resource allocation and the 
irrational use of resources in the development of 
new-style urbanization. 
 
 
CONCLUSION 

 
Through the calculation of the new-style ur-

banization level and sustainable development bene-
fit of Yunnan Province, and based on the coupling 
coordination level model, the coupling and coordi-
nation relationship is studied. The conclusions are 
as follows. First, the level of new-style urbanization 
development and sustainable development benefits 
in Yunnan Province is quite different in space. 
From the perspective of spatial distribution, its 
new-style urbanization level is characterized by 
decreasing from the central to the periphery. Based 
on the concept of sustainable development, relevant 
policies are formulated by the regional develop-
ment. The reinforcement of cooperation and ex-
changes among cities (states) is to narrow regional 
differences, which promotes new-style urbanization 
levels. Second, the new-style urbanization has high 
requirements for sustainable development. The 
new-style urbanization and sustainable develop-
ment of Yunnan Province have not yet reached at 
the state of cooperation, but the coordination level 
is constantly improving. Third, the irrational distri-

bution reduction of resources and the irrational used 
in the new-style urbanization, it is the key to im-
prove the development of new-style urbanization in 
Yunnan. 
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ABSTRACT 
 
The study was carried out to determine the 

quality characteristics of Thymbra spicata L. var. 
spicata which has a natural distribution in the flora 
of Siirt province, Turkey. The dried leaves and flow-
ers of Thymbra spicata L. var. spicata, which is used 
in folk medicine in Anatolia, are consumed as spices 
and tea, and young shoots are used as salads. The es-
sential oil content of the plant varies between 0.5 and 
3.4%. A significant portion of essential oil in Thym-
bra spicata L. var. spicata is composed of carvacrol. 
In this study, essential oil ratio and essential oil com-
ponents of Thymbra spicata L. var. spicata collected 
from different aspects (north, south, east, west) and 
at different harvest times (pre-flowering, full flower-
ing and post-flowering) were determined. The sam-
plings were carried out according to the split plots 
into randomized blocks experimental design with 4 
replications. The results showed that essential oil ra-
tio varied between 2.13 and 3.15%. The highest es-
sential oil ratio (3.15%) was obtained from the west 
aspect during the full flowering period, while the 
lowest essential oil ratio (2.13%) was obtained from 
the east aspect at post-flowering period. A total of 38 
components were identified in the essential oil as 19 
main components and 19 others in very small quan-
tities (total of 2%). The main component of the es-
sential oil was carvacrol (39.29-65.97%). 
 
 
KEYWORDS:  
Harvest time, Time Aspect, Carvacrol, Terpinene, Timol, 
Myrcene, p-Cymene 
 
 
INTRODUCTION 

 
Thyme species, which have a wide natural ex-

pansion range in the world and Turkey, are quite 
commonly used plants for medicinal and aromatic 
purposes. Thyme species are the members of Lami-
aceae family which grows in a wide area from the 
North Pole to the Himalayas, from South East Asia 
to Hawaii and Australia, to America and Africa, 
however, the thyme has a very intensive distribution 

particularly in the Mediterranean Region. The Lami-
aceae family is a cosmopolitan family represented by 
236 genera and about 7133 species in the world. The 
Lamiaceae family, the third richest plant family of 
Turkey, is represented with 48 genus, 565 species 
and total of 782 taxa (603 species, subspecies and 
179 varieties). Three hundred and forty-six of these 
taxa (271 species, 75 subspecies and varieties) are 
endemic to Turkey. [1, 2, 3]. 

Thymbra. spicata L. var. spicata belongs to the 
genus Thymbra and is a perennial shrub. Thymbra 
species of naturally grown in dry sunny slopes and 
high dry meadows has two varieties and four taxa in 
Turkey, which are T. spicata L. (var. spicata, var. in-
tricata P.H. Davis) and T. sintenisii Bornm. & 
Aznav. (var. sintenisii, var. isaurica P.H. Davis) [4, 
5, 6, 7]. This variety is known as “Zahter” in South-
eastern Anatolia Region of Turkey. The dried leaves 
and flowers are consumed as spices and tea while the 
young shoots are as salad. The essential oil content 
of the plant varies between 0.5 and 3.4% and car-
vacrol constitutes a significant portion of the essen-
tial oil. Carvacrol is dissolved in water; thus, herbal 
teas prepared with Thymbra spicata L. var. spicata 
are recommended for colds, coughs and stomach 
aches. The plant is also used as a painkiller in the 
treatment of skin diseases such as parasites and ec-
zema. Thyme has a strong antibiotic effect on bacte-
ria and fungi due to the phenol content. Therefore, 
the plant is widely used in the production of perfume, 
soap, shampoo, liquor, toothpastes, canned tomato 
paste, sauces and sausages in addition to the use as 
aromatizer (fragrance and flavor) in food products, 
especially meat products [8, 9, 10, 11, 12]. In addi-
tion, the essential oil obtained from   Tymbra spicata 
L. var. spicata is effective on some plant pathogenic 
bacteria and weed control in agriculture [13, 14]. In 
this study, the effects of different aspects and harvest 
periods on the essential oil content and essential oil 
components of Tymbra spicata L. var. spicata were 
investigated. 

 
 

MATERIALS AND METHODS 
 
Material. The study was carried out to deter-

mine the quality characteristics of Thymbra spicata  
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FIGURE 1 

Satellite image of the study area 
 

TABLE 1 
Some climatic data during the experiment (2016) and for the long-term (1938-2015) 

YEARS 2016 LONG TERM 
MONTHS Mean Temperature 

(°C) 
Mean 

Humid-
ity (%) 

Tot. 
Precipitation 

(mm) 

Mean Temperature 
(°C) 

Mean. 
Humidity 

(%) 

Tot. 
Precipitation 

(mm) 
Mean Max. Min. Mean Max. Min.  

April 16.6 26.5 4.2 47.5 104.2 14.4 19.1 8.9 57.9 96.0 

May 19.9 30.6 8.0 48.9 63.1 20.0 25.2 13.5 48.5 44.6 

June 26.5 38.4 14.8 32.7 8.6 27.0 32.1 18.9 32.3 9.3 

July 31.4 41.6 20.6 24.5 1.6 31.2 36.9 23.4 26.9 1.2 

August 32.3 41.8 22.4 20.5 0.9 30.1 36.8 23.1 21.6 0.9 

September 25.0 36.3 12.4 29.8 0.0 25.1 32.2 18.7 12.9 4.9 

Mean 25.28 35.87 13.73 33.99 29.73 24.63 30.38 17.76 33.36 26.15 
Source: Siirt Meteorological Stations Records, Provincial Meteorological Directorate. 
 
var. spicata which has a natural distribution in the 
flora of Siirt province, Turkey. The study area has an 
altitude of 580 m and is located between 37º 96´ 
north latitude and 410º 85´ east longitude. The satel-
lite image of the study area was shown in Figure 1. 
The data on average temperature (ºC), average rela-
tive humidity (mm) and total precipitation (mm) for 
2016 and long-term (1938-2015) averages of Siirt 
province were given in Table 1. 

The average monthly temperature in 2016 dif-
fers from the long-term averages, and the average 
minimum and the maximum temperatures in 2016 
were higher than the long-term averages (Table 3.1). 
Monthly average relative humidity and total rainfall 
did not differ significantly compared to the long-
term averages; however, total monthly precipitations 
were higher than the long-term averages. The aver-
age maximum temperature (41.8 °C) in 2016 was 
recorded in August and the average lowest tempera-
ture (4.2 °C) was recorded in April. 

Method. Plant samplings were carried out ac-
cording to the split plots into randomized blocks ex-
perimental design with 4 replications. The different 
aspects (north, south, east, west) were the main plots 
and harvest periods (pre-flowering, full flowering 
and post-flowering) were the sub-plots. determined 
as fallows; Ten g of air-dried plant sample was 
placed into a 500 ml flask and 100 ml of deionized 
water was added to determine the essential oil ratio. 
The components of essential oil obtained by distilla-
tion in Clevenger apparatus for 4 hours were deter-
mined by using a gas chromatography-mass spec-
trometry the essential oil ratio and essential oil com-
ponents of the Thymbra spicata L. var. spicata were 
(Thermo Scientific Trace 1310 and ISQ Single 
Quadrupole). The MS model (Thermo TG-WAX-
MS 0.25 mm inner diameter x 60 m length, 0.25 μm 
film thickness) column was used in the gas chroma-
tography-mass spectrometry. The mass range was 
adjusted to m/z 50-550 amu. Scan Mode was used 
for data collection. The MS transfer line temperature 
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was 250°C, the MS ionization temperature was 
250°C and the column temperature was initially 
60°C, kept for 6 minutes and increased to 230 °C 
with a 4 °C min-1 heat increase rate. 
The analysis was completed by incubating the sam-
ples at 230 °C for 15 minutes. The structure of each 
compound was defined by Xcalibur software using 
mass spectra (Wiley 9, Nist demo and mainlib). 

Statistical analysis of the data (variance analy-
sis) was carried out by using JMP Statistical Soft-
ware according to Split Plot into Randomized Block 
experimental design with four replications. Least 
Significant Difference (LSD) test at 95 and 99% 
probability levels was used as post-hoc where vari-
ance analysis indicated significant differences. 

 
 

TABLE 2 
Sample collecting dates for different growth periods of plants in the study area 

Thymbra spicata L. var. spicata 
Pre-flowering Full Flowering Post-flowering 

10.04.2016 02.05.2016 30.06.2016 

 
TABLE 3 

Effects of different aspects and harvest times on essential oil ratio (%) and  
essential oil composition of Thymbra spicata L. var. spicata 

TIME ** ASPECT** MEAN ** 
North East South West 

Pre-flowering 2.23f 2.28ef 2.55c 2.23f 2.32c 
Full Flowering 2.23f 2.86b 2.44d 3.15a 2.67a 
Post-flowering 2.33e 2.13g 2.44d 2.60c 2.38b 
Mean 2.26c 2.42b 2.48b 2.66a 2.46 
CV 2.51 
LSD (% 1) 0.08 (Aspect), 0.04 (Harvest Time), 0.09 (Aspect x Harvest Time) 
** significant at 1% 

RESULTS AND DISCUSSION 
 
Essential Oil Ratio (%). Mean essential oil ra-

tios of Thymbra spicata L. var. spicata and the 
groups were given Table 3.  

The effects of aspects and harvest times and the 
interaction of aspect x harvest time on essential oil 
ratio were statistically significant (Table 3). The 
highest essential oil ratio was obtained at the full 
flowering period. Mean essential oil ratio at pre-
flowering period was 2.32%, at full flowering was 
2.67%, and post-flowering was 2.38% (Table 3). The 
essential oil ratio of plants collected from different 
aspects ranged from 2.26 to 2.66%. The highest 
value was obtained from the plants collected in west 
aspect (2.66%) and the lowest value was obtained 
from the plants collected in north aspect (2.26%) 
(Table 3). Aspect x harvest time interaction indicated 
that the highest essential oil ratio (3.15%) was ob-
tained from the plants in the west aspect at the full 
flowering period, while the lowest essential oil ratio 
(2.13%) was obtained from the plants in the east as-
pect post-flowering period. 

The highest essential oil ratio was obtained in 
full flowering period and in the west aspect. There-
fore, the results concluded the importance of choos-
ing western aspects if thyme is to be collected or 
grown for essential oil. The essential oil ratios ob-
tained in this study were higher than those reported 
by 10, 12, 15 and 16 while similar to those recorded 
by 17 and 18. The differences in essential oil ratios 

reported can be attributed to the differences in cli-
mate, ecological conditions and flora. 

 
Essential Oil Compositions (%). The values 

of the essential oil composition were given in Table 
4. Carvacrol (39.29-65.97%) was the highest essen-
tial oil component followed by γ-terpinene (12.5-
26.54%), p-cymene (0.05-20.99) and Cymene 
(12.92-20.74%) (Table 4). In addition to the 19 main 
components given in the table, α-Terpineol, Linal-
ool, Sabinene, trans-Sabinene hydrate, 2,3-Dime-
thyl-2-Butanol, 2-methyl-2-Pentanol, Ocimene, 1-
Pentanol, Acetone, Aromadendrene, GermacreneD, 
Benomyl, 3-octanol, Tetraethyl pyrophosphate, 2,4-
Dichlorophenethylamine, Trans-dihydrocarvone, 
Cyclohexanone and 4-Hxylresorcinol, Dihydrocar-
vone were also found in the essential oil, which were 
constituted 2% of the total and called as “others” in 
the table. 

The mean carvacrol ratio in the pre-flowering 
period was 65.97% in the north, 65.06% in the south, 
59.31% in the west and 57.15% in the east aspect. 
The mean carvacrol ratio in full flowering period 
was 61.29% in the south, 57.6% in the east, 52.77% 
in the north and 47.96% in the west aspect. The mean 
carvacrol ratio of essential oil in post-flowering pe-
riod was 58.26% in the east, 45% in the north, 
41.17% in the south and 39.29% in the west aspect. 
The results showed that the north aspect and the full 
flowering period should be preferred if the plant is to 
be harvested or produced to obtain carvacrol. 
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The γ-Terpinene among the other components 
of the essential oil had the highest ratio (26.54%) at 
post flowering period in west aspect; the highest 
(4.14%) ratio of α-terpinene was obtained at post-
flowering period in the west aspect and the highest 
ratio of thymol (0.95%) was found in the north as-
pect at post-flowering period (Table 4). The highest 
ratio (0.94%) of β-Pinene was recorded in north as-
pect at post-flowering period and the highest ratio 
(27.58%) of β-Myrcene was obtained in the north as-
pect at pre-flowering period. 

β-phellandrene was at the highest ratio (1.87%) 
in the west aspect at pre-flowering and β-caryo-
phyllene was at the highest ratio (2.41%) in the east 
aspect at the post-flowering period. The highest ratio 
of Camphene (0.28%) was recorded in the east as-
pect at full flowering and the highest Spathulenol 
(0.33%) was in the west aspect at the post-flowering 
period. Limonene was at the highest ratio (0.50%) in 
the south aspect at post-flowering period, while P-
cymene was at the highest ratio (20.99%) in the east 
aspect at the pre-flowering period. The highest ratio 
of Caryophyllene oxide (0.92%) was obtained in the 
west aspect at post-flowering period.  

Myrcene was at the highest ratio (23.8%) in the 
South aspect at post-flowering, while 1-octen-3-ol 
(0.45%) was at the highest ratio in the north aspect 
at post-flowering period.  The highest Borneol ratio 
(0.59%) was obtained in the north aspect at post-
flowering period, while the highest α-Caryophyllene 
ratio (3.81%) was obtained in the west aspect at full 
flowering period. The Cymene was at the highest ra-
tio (20.74%) in the south aspect at pre-flowering pe-
riod and Terpinolene was at the highest ratio (0.58%) 
in the south aspect at full flowering period. The re-
sults revealed that the Carvacrol had the highest ratio 

(54.24%) compared to the other components of the 
thyme essential oil. 
Essential oil components and essential oil ratios ob-
tained in this study are similar to the findings of dif-
ferent researchers [15, 19, 20, 21]. 
 
 
CONCLUSIONS 

 
The results showed that essential oil ratio of 

Thymbra spicata L. var. spicata ranges 2.13 and 
3.15%. The effects of different aspects and harvest 
times on essential oil ratio was statistically signifi-
cant. The composition of the essential oil was also 
affected by different aspect and harvest times. Car-
vacrol was the main component of the essential oil 
in all harvest times and aspects. The highest essential 
oil ratio was obtained in the west aspect at full flow-
ering period while the highest carvacrol ratio was ob-
tained in the north aspect at full flowering period. 
The results concluded that both the aspect and har-
vest times should be taken into consideration for col-
lecting from nature and cultivation of Thymbra spi-
cata L. var. spicata. 
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TABLE 4 
Essential oil compositions and ratios (%) of Thymbra spicata L. var. Spicata collected from different 

aspects and at different harvest times 
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ABSTRACT 
 

This paper intends to map and monitor Land 
Use Land Cover (LULC) changes and forest degra-
dation derived from Landsat satellite images using 
remote sensing technologies. For this aim, Sinop 
province of Turkey was selected as the case study 
area. LULC changes and forest degradation have 
been studied using Landsat data sets between the 
years 1987-2019. 3 Landsat 5 TM imageries were 
dated 27 July 1987, 06 July 1997 and 16 June 2007 
and 2 Landsat 8 OLI/TIRS imageries were dated 13 
July 2017 and 10 July 2019 were used in order to 
analyze the data. In this context, Support Vector Ma-
chine algorithm which is the most trusted supervised 
classification method and Normalized Difference 
Vegetation Index (NDVI) were applied to all Land-
sat data to demonstrate forest and built-up changes 
in every decade. Seven land use classes were deter-
mined. These classes were; Waterbody, agriculture, 
sand, built-up areas, vegetation, forest and bare 
soil/rock. Noteworthy changes were observed in the 
classes of built-up areas and forest from the year of 
1987 to 2019. Besides, accuracy assessments were 
carried out and the kappa statistics for Landsat 5 and 
Landsat 8 data were calculated 0.94, 0.99, 0.89, 0.98 
and 0.99 respectively. Unfortunately, in the case 
study area, forest degradation will be continued due 
to the installation of nuclear power plant station in 
the following years. 
 
 
KEYWORDS: 
LULC, Change Detection, Deforestation, Sinop-Turkey, 
Support Vector Machine Classification, Landsat, Forest 
degradation 
 
 
INTRODUCTION 
 

Forests play significant role in affecting the 
Earth’s climate due to the importance of carbon dep-
osition in terms of globally. Plants and soils in the 
forest manage and regulate the global carbon balance 
by holding carbon dioxide (CO2) through photosyn-
thesis and releasing it through the respiratory tract. 

In general, loss of biodiversity, disruption water cy-
cle, soil erosion and global warming are extremely 
severe ecological problems which are results of de-
forestation and forest degradation. Forests are play-
ing significant role not only animals but also for hu-
mans and their following generation in terms of eco-
logical issues. Since 1960s’ over the half of the trop-
ical forests have been destroyed and deforestation 
rate has been increased rapidly. In the last decade, 13 
million of ha/year of forests have been deforested in 
the world and the rate of the forest degradation is ex-
tremely high [1]. In Turkey, the total amount of for-
est and forest areas are 27 million ha and only 1.6% 
of this figure is under protection. Turkey is among 
the richest countries in the world in terms of different 
plant species. An estimated more than 10,000 vascu-
lar plants live in the territory of Turkey and about  
34% of them were classified as endemic species [2-
3-4]. 

The most important algorithm to detect Land 
Use Land Cover changes over time is remote sensing 
nowadays. In the literature, remote sensing ap-
proaches have been used in order to detect land use 
land cover changes in time and scale in many signif-
icant scientific papers. Besides using remote sensing 
approaches in LULC changes over time gives oppor-
tunity to get results with low costs, less time con-
sumption and better accuracy. This technique also al-
lows scientists to update results when the new data 
is available [5-6-7].  
 
 
MATERIALS AND METHODS 
 

Study Area and Materials. Sinop province is 
located among Turkey's most northern tip Inceburun 
which is surrounded by Kastamonu in the west, 
Çorum in the south, Samsun in the east and Black 
Sea in the north. The city is situated between 
34°13’59.73” - 35°27’17.83” Eastern Meridians and 
41°42’32.61” - 41°20’19.68” Northern Parallels 
with an altitude of 25m. above sea level. Besides, the 
province area covers about 5860 km2 of the total land 
of Turkey. (Figure 1) Sinop province is dominated 
densely forested areas and vegetation as it receives 
highly rainfall during most part of the season. Sinop 
province has warm and humid weather in summer 
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with an average daytime 26 celsius and cool and wet 
weather in winter with an average 5 celsius at the 
daytime.  

Besides, three important nature parks and areas 
are situated in the border of Sinop province. These 
are Bozburun Wildlife Development Area; Hamsilos 
Nature Park, and Sarıkum Nature Reserve [8]. 
Hamsilos Nature Park or Hamsilos Bay is the only 
fjord of Turkey which is located near Inceburun. 
Sarıkum Nature Reserve is one of the most important 
wetland and lagoon of the Black Sea region which 
has been declared as Nature Reserve Area. Sinop 
Province is slated to be the Sinop Nuclear Power 
Plant which has been started to construct in 2017 and 
will be completed in 2028. Sinop Nuclear Power 
Plant will be the Turkey’s second nuclear power 
plant after Akkuyu nuclear power plant established 
on the Mediterranean coast the province of Mersin. 
The Nuclear Power plant includes 4 different reac-
tors. The first unit of the construction will be com-
pleted by 2023 and the final phase will be finished 
and activated by 2028. Thus, this construction will 
be caused important environmental changes and se-
vere ecological disturbance in the study area [9].  

During the remote sensing analysis, multi-tem-
poral data were used to detect the extent of forest 
degradation in the region in the long term. In the 
analyses, 3 Landsat 5 TM which were dated at 27 
July 1987, 06 July 1997 and 16 June 2007 and 2 

Landsat 8 OLI/TIRS data which were dated at 13 
July 2017 and 10 July 2019 acquired from USGS Ar-
chive [10]. These data were used to map and evaluate 
the decadal land cover changes due to the forest deg-
radation. All optical satellite data belonging to nearly 
or almost to the same season in order to avoid the 
seasonal changes as much as possible. Besides all 
data cloud coverage was lower than 10 %. The spec-
ifications of the used satellite images acquired for 
forest degradation and LULC change detection are 
given in the Table 1. 

 
Methods. In the literature, there are numerous 

classification approaches that have been developed 
and widely used in order to monitoring a great range 
of ecological problems. In this study, the most 
trusted and reliable pixel based image analysis clas-
sification method which is Support Vector Machine 
(SVM) algorithm was used. SVM is a machine learn-
ing image analysis classification method that is used 
in many different areas. SVM pixel based classifica-
tion and spectral vegetation index (NDVI) were the 
two different steps to evaluate the results of the case 
study forest degradation quantitatively and qualita-
tively. All analyses were performed in this study for 
SVM classification and its accuracy assessment via 
ENVI version 4.8 (Exelis Vis. Inf.Sol.) and NDVI 
calculation using ArcGIS v.10.0 (ESRI) software 
packages. 

 

 
FIGURE 1 

The Geographical Location of the Study Area 
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TABLE 1 
The Characteristics of Landsat 5 and Landsat 8 Datasets Used in this Study 

Bands 
Landsat 5 TM Landsat 8 OLI/TIRS 
Spectral Resolution 
(μm) 

Spatial Resolution 
(m) 

Spectral Resolution 
(μm) 

Spatial Resolution 
(m) 

B1 0.45 - 0.52 30 0.435-0.451 30 
B2 0.52 - 0.60 30 0.452-0.512 30 
B3 0.63 – 0.69 30 0.533-0.590 30 
B4 0.76 – 0.90 30 0.636-0.673 30 
B5 1.55 – 1.75 30 0.851-0.879 30 
B6 10.40 – 12.50 120* (30) 1.566-1.651 30 
B7 2.08 – 2.35 30 2.107-2.294 30 
B8 - - 0.503-0.676 15 (Pan.) 
B9 - - 1.363 -1.384 30 
B10 - - 10.60 -11.19 100* 
B11 - - 11.50 -12.51 100* 

*TM Band 6 was acquired at 120-meter resolution, but products are resampled to 30-meter pixels.  
*TIR bands are acquired at 100 m. resolution, and resampled to 30 min delivered data product. 
 

Image Classification – Support Vector Ma-
chine Algorithm. The fundemantal of SVM 
algorithm is to find an optimal boundary which is 
represented by a hyperplane in the feature space 
between two classes due to minimize the 
classification error [11]. SVM is one of the most 
known non-parametric classification algorithm that 
has been performed widely in terms of classification 
process in remote sensing [12,13,14].   

The main LULC classes identified in Sinop 
Peninsula through the image analysis are Vegetation, 
Forest, Built-up, Agriculture land, Bare soil and 
Rocky, Waterbody, Sand. Vegetation cover repre-
sents lands with herbaceous types of cover while for-
est cover represents lands dominated by woody veg-
etation such as deciduous and evergreen forests. 
Built-up class is defined as land covered by struc-
tures and other man – made structures such as build-
ings, dams, roads, asphalts. Agriculture land cover 
represents areas where the dominated fields are re-
lated to agriculture. Bare soil and rocky surface rep-
resent the lands with exposed soil, rocks etc. which 
are observed near the sea side in general. Waterbody 
class is the biggest class that covers the sea, small 
and big, natural or artificial fresh and salt water bod-
ies in the study area whereas sand class is the small-
est one covers the lands with exposed to sands and 
dune. For the years of 1987-2019, the spatiotemporal 
changes in the aforementioned features for the case 
study area are displayed in Figure 2. Moreover, Sup-
port Vector Machine supervised classification algo-
rithm was used for quantitative analysis of Landsat 5 
TM and Landsat 8 OLI/TIRS datasets. A significant 
phase for the evaluation of the results of SVM clas-
sification process is the accuracy assessment. The 
classification of accuracy was carried out through 
the confusion matrix and the overall accuracies and 
Kappa coefficients of the all datasets are shown in 
Table 2. 

 
Normalized Difference Vegetation Index 

(NDVI) Calculation. Green vegetation performs 

photosynthesis using chlorophyll in its leaves. Dur-
ing photosynthesis, the portion of the 
 

TABLE 2 
SVM Classification Accuracy Assessment 

Date Overall Accuracy 
(%) 

Kappa Coefficient 

1987 96.5962 0.9493 
1997 99.9103 0.9913 
2007 98.5691 0.8923 
2017 99.5356 0.9632 
2019 99.2969 0.9559 

 
electromagnetic energy from the sun in the 
wavelength range of 0.63 μm to 0.69 μm 
corresponding to red light is used. Therefore, a 
satellite image that measures the reflection of red 
light will have low numerical values in areas with 
dense vegetation [15]. Normalized Difference 
Vegetation Index (NDVI) is the most commonly 
used index for detecting green vegetation in remote 
sensing applications and monitoring positive and 
negative results over time. NDVI is the mathematical 
expression of near infrared and red band images [16] 
(Formula 1). NDVI is expressed in the range of [-1 
to +1]. In vegetation-intensive regions, NDVI 
approaches to +1, while vegetation is sparse and in 
bare soil, the NDVI value moves away from + 1 and 
approaches zero. NDVI index values of different 
objects such as cloud, water and snow are close to -
1 [17].  
 
NDVI = (NIR- Red)/ (NIR + Red)   (1) 
 

NDVI maps for the case study area of the years 
1987, 1997, 2007, 2017 and 2019 were produced. 
NDVI technique was applied to all data to track 
vegetation coverage and changes in the case study 
area for the time period. When the NDVI indexed 
maps were examined, there was a significant forest 
degradation between 1997-2019 in the region. The 
forest degradation has started at  
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(e ) 

 

FIGURE 2 
LULC Maps of Landsat Datasets (© USGS) Datasets. (a) 1987. (b) 1997. (c) 2007. (d) 2017. (e) 2019. (f) 

Definition of the Classes 
 

1997 and it has reached at its highest value at 2019 
(Figure 3). 
 
 
RESULTS 
 

This paper used 10-year interval (1987, 1997, 
2007, 2017 and 2019) of Landsat data and ancillary 
NDVI data in order to display the changes in the long 
run for the case study area. According to LULC 
change detection analysis and mapping to forest deg-
radation performed for the period of 1987 – 2019, 
the main change was observed in two classes; forest 
and built-up. As shown, the findings of this study 
clearly prove that the negative effects on the forest 
areas was mainly observed by using satellite images 

(Table 3). There was a rapid increase in the built-up 
land cover especially from 2017 to 2019. Analyzing 
the table 3, it is clearly seen that, forest land cover 
has been decreased continuously from 1997 to 2019. 
It was observed that rapid forest degradation oc-
curred in the case study area with a decrease 51 % in 
forest class and increase 28 % in built-up class from 
the year 1987 to 2019. 
 
 
DISCUSSION AND CONCLUSIONS 
 

Forest degradation and deforestation are the 
most dangerous threat for the forests of the whole 
world. It is important to monitor, map and assess for-
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est loss especially to mitigate degradation in the for-
est area to take environmentally sensitive decisions. 
In recent years, remote sensing products such as op-
tical and radar images are useful for accurately map-
ping land use land cover analysis. Thanks to both 
types of sensors (optical and radar) have a synoptic 
view and to produce fast, accurate and periodic data, 
data analysis can be performed quickly and accu-
rately. Spectral Vegetation index such as NDVI is 
the most known index among remote sensing ap-
proach. NDVI is the best vegetation index in order to 
detect the healthy vegetation and forest with satellite 
images. Support Vector Machine is the best algo-
rithm to detect and evaluate the changes over time in 
specific location in the long run. As shown in this 
study, the multi-temporal Landsat 5 TM and Landsat 

8 OLI/TIRS satellite images cover the Sinop penin-
sula and its vicinity have been classified in order to 
detect and evaluate the land use land cover changes 
and forest degradation which has been occurred in 
the decadal period from 1987 to 2019. Noteworthy 
changes were observed in the classes of built-up ar-
eas and forest from the year of 1987 to 2019. 

Unfortunately, it is highly expected that, defor-
estation in the case study area will continue and 
cause urbanization due to the Sinop nuclear power 
plant installation. When all phases of the power plant 
construction will finish, it will change the land cover 
land use in Sinop Peninsula and may lead to inevita-
ble environmental problem. 

 

 

    (a)        (b) 

(c) (d) 

(e) 

FIGURE 3 
The Classification of NDVI (a) 1987. (b) 1997. (c) 2007. (d) 2017. (e) 2019. 

 
 

�  
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TABLE 3 
The Total Area Covered (Km2) by Forest and Built-Up Classes in Sinop Peninsula  

between the Years 1987 and 2019 
Land Cover  1987 (Km2) 1997 (Km2) 2007 (Km2) 2017 (Km2) 2019 (Km2) 
Forest 41.1876 33.1578 35.9289 21.0438 20.9952 
Built-Up 5.0832 2.9646 2.0151 5.4243 18.1953 
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���#������.�"�����

�

��A�"���!E� '��� �������� �
(���� #�����������
��������� �,� ���� #��#����� " �#6�� *��� ����� ����
����.��� ���� ��������� #� ������ #����������� ����� �,�
1!'�� ��
&�
�� 2��3�� $/;�� ��.��� ��""��� �����
*���� ��� ����� *���� �� ��������� �,� ��� ��)� ���
���*�����/��.�����J�K��'�����#����#� �������������,�
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/��.��� 	J�K� �,���� ���� *������ ����� .����*���� ���(
������� ���#����� 1� ���� �������  ���� ���� � �."�� *����
��������������,�������*���.���� ���#����� ����/;��
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*���� ,�5��� ��� ���� �������� ��#����� *���� ,�.��
��������� ����� ��� ������ ��� ������ ���� �����" ��
��������� �,� ���� ���#������� '���  ������� *���
��� �������� �� ����� ��� ���� ���� �#������ �,� ����
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�����" �� ���� �#������ �����,������� JA0='�K� *����
�����  ��� ��� ����  ������� ���� ���� ���� ,���� ���)�
�����#���� �)� ��� ����.��� ���� #�������������
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*���� ������  ������ ���� �#������ �����5������� ���
��������.����������,�����A0='��������� ������������
1 ���.��� ���� �*���������#��������������� ����#�� ���
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�.����� ���� *�� �� �.  (�.�� ���#�������� %.�� ,���
���#������ �,� $(>('��)� ������ �������� ��� #��#6�
�������  �� ,���� ����  ����������� ��� ����������,� ����
���#������ ��� ����  ����� ������ �,�  �������� '���)� ����
���#������ ��������� ��� �"���.�� �� ������� #��#6� ���
���� "������� ����� ���� ,�� ��� ,��� ��� �������� *���� ��
 �.�� ������� '��� ����� ,��� ���#������ *���� ���)�
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��������� �,� ���� /;�� ����� *��� #����#���� *���� ����
���� ���#���� B�� ������ ����� ���� ���� ��� ���.���
"����������������*����/;������������ ���.��� ���� ,�
��������� *��� *��6��� ����� ���5��� 1��������  �)�
���� ��� #��#����� ,�� .��� ������ �,� ���� ���#������
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/��.�����)�!��#������*�����������5��������� ������
�.  �.�� ,��#�� ��������#������*���������'����.  (
�.�� ,��#��� �,� �  � ���#������ ��#������ ��� ���� #.�����
���� ��#�������� /��� ���� ���#������ *���� ���� ���5�)�
������ �.  (�.�� ,��#�� ��#������� �##������� ���
�9.������#�����"� �7�".��,����������#������*��������
���)� ������ �.  (�.�� ,��#�� ���� ���� �� �����  ������
���*���#.�����1 ���.����.  (�.���������,������������
#.������������������"����#���.#���)����#�. �����  �"��
�����#���� ����� ���� "���� ��������� �,� ���� ���� ���
��#��������.��� ���� ������
������,������������������
������������,� ��������"�,�����
�������'*��#.�����
�,������.  (�.��,��#���������������������*���9.�������
*���� ���� #���� ������ #��,,�#����� �,� �� ���*�� ���
/��.�����)� �����#���� �)� ,������ .������ �����.  (�.��
,��#�� �.����� �����.�� #.����� ������ :���� ����)� ������
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��������� ������� � ��� :!�� /;�� �������� ,���
�������������*"�#6���,� ������#.���������)��������
#.����� ��������.��)� ����  ����� �����"� ���� ��� ����#� �
:!�� /;�� �������� *���� ���� ���5��� B�� ������ ���
��� ������� �� ������������ ���� "�������,�����#����,�
����� ��*� ��������� ������� )� ��5� �����������
������+������ �,� ���� ���� �.  (�.�� ������ �,� ���
���#������ *���� #������� �.�� ��� ����� ��.���� !����
#��# .�����������.�����+������,�  �*�?�

J�K�:���������������,���(�������������� ���������
:!�� ������� ��� ���#��#��� !���� ��������� � �������
�����������,���� �*���� ������������ ����)�".�� �������
 �*��� ���� ������������ 1�� �� ���. �)� �� ��5� �����������
������+���� ��� ��#������� "�,���� "����� .���� ��� ����
:!����������

J�K�%���5�#�. ���� ���������������������,����)�
��*����)� ��� ���.#��� ���� ���,�����#�� �,� ���� �����
1 ���.��� �� ����,. � �,� , �� ���� #�. �� �������� ����
���,�����#�� �,� ���� ���)� ��� ������� .�� ���� ��������
���#�����,������1��������  �)� �����,,�#���,� ����, ��
��������������������������*�. ����������*��������
, ������������������5#��������#������� ������

J�K�/�� .��� �������,�#��#�����#�����"���6����
,������#������*����������������#�����������������

���� ���9.���� "���� ��������� ������� ,��� ���.#�.���
�����������.�����:!����#���9.���,�����������������
�*�� #.����� ���� ����� ���.��� *��6��� ����� ������ �
���5��� 1��)� ���� "���� ��������� �,� ���� ���� ���
��#��������  ����� �� "���#�  �� *���� #.����� �����
��#��������.��� �������#.�����������

J�K�1���.������.����,,�#���,������������������
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#������� �.�� ��� �.������ �,� ���������� ���� "����
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�� ����� ����� ���� #��#����� ��� ���.#�.�� �
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"���� ��� #��#����� ���.#�.���� ������������� *����
����� �.�,�#�� ��.����� #��"��� ,�"��� ����,��#���
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/�. �������;�����)�>���".���)�!#�� �����

2�3� ������)�1�)�/�����)�%�)����6�)�:��J����K�%����
%�������� �,� ���"��� A�������� !������ �����
���#����� "�� �.  �.�("������� '������ %���� ���
���#���������)�%.��������

2	3� =�� A����+��)� A�)� ;�++�)� 1�)� A�� '��� �)� 1��
J����K� 1� ����,���� �.  (�.�� ����� ,��� "���� �,�
����(�.�,�#�� ��.����� /;�� ����� ��� #��#������
����������������%?�>��������������)��
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��.����� ,�"��(����,��#��� �� ����� "���� ,���
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1����#��� >��5�� ;������ *���� >����#���
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����������)�
�(�����

2��3�!���#���)�;�)�H����)�:���)�1 �)����!�)�����)����
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�����!� ���� �E�/����������,�����������������

# ��������������������������. ��������."���. ���*����
�������.��������>����������� ������,����������# ����+��
�,�����#���������������#���"�����������������������������
���� �� ,��������.���������������� ,���������������
����������������,��������������������%+@�+(3��	������
�����# �������"� ������#����������������������# ��������
��6��.��������#6������������,������������*������������
/������  ������������# ��������������.����������#6�
����/���#�����������,������,���#6���������� �������
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���������#����#������������ ���� ����������� �������� ��
���� ���� �� ������".���� "��*���� ���� ������� ���� ����
�������.�,�#��R>��.���+F��7��������������������������
#������������ ������#6���������� �������5�#�������
�������

�
����� #��� ��:E� /��� ������ R?� H� R>� 5� ;FF� �,�

9.���+�R?F����,� ������R>F�������#6���"����R;F��������
���  ��"��*����?�=�����%�7��*����������������,�?�0��
����#���������������#��������������.������,����������
�������� �*��/����������,�����,����*��6������# ��#���
����� R9F� ��� ������5���"����#������� R:F� R9� H�:F� ���
"��*����=�(�����+(�0��*����������������,�A�A�������
#������ ����� ����������� ������  �� �����  �*� ��5���
"���� #��������  �*� �������������� ����.�� ���������
,���� �������������� ������� ����  �*� ���.#�.�� � ���
�.������'������ ������# ����������� ���."����. ����."�
#��#. ��������������������*�����.��� �������,,����#�����
������*��#��� ������*�������������#6�������,�����.��
���  �*����.������B����  �� �������������� ��� ����������
�����������.�#���.���,�������������������� �*����
�.�������� ���#� �#����#�������#���

�
��#��������!� ��� ���� �!���!E� /��� ����� �,�

��#6��������#����������#�����������#������*����.�������
��.�������#����#�������#���,������� �#�������������

�
%6'��� 1������ ��#���E�+��"������ #������ ���

���� ����� ����������� � ������� � ��� ����� ������ ���� ��� ���
#����������  ������ ������,�������  �*���������%+0�
+A3�� A?�4?8� �,� ���� ������ � #����������� ��� #� #�����
������������������ ���������������  ����.����,������
#� #��������������� �������+� #����������� ���.�� �6��
�����*���� �6���������,�*������ �9.�������������,�  �
���� ���������. ����������+� #������#��������� ������
������*�����������������#� #���������# ��������#������

����� ���� ,��������� �,� #� #���� #������� ���� �. ��� ��
��������������.��#����� �#� #����#���������#����� �
 �+�������"������#����� �#� #������/������ ������,������
��#���������*�����������#��������,�#� #����#����������
���������������������� ��� �������� ,����+�+(8������
������  ���##�.����,���@?�0?8��,� ���� ���� �#�������
/���#��������,��� ������������������������������������
���.�.�  ��#�������"��*����+�%?8��D�����������+�����
�.#����� ���� ���� �� �����������,� ���� %� ����+��� ���
7�  �*.�%+�������� ������#�������#���"�������������
+@8�� ,������� �� �� �����#� #�����������  ������ /���
#��������,������#� #��������������� ���������@@8��/���
�������������9.��#���,������"����#��"������������ ��
�����.�� �#�

�� ��
�����

:�����,� ����#� #����#����� ����� �+���"���#���
����� � �#����� ��#���#���� *���� ,�  ��� *���� ��������
�����# �������,�  ����������������. ��������*������� ��
���������"�#�#����� ��*����� ���� ������������� ����
������*������������

�
%7'� �������� ��#���E� /��� +�� ���� #������� ���

�������� ��� ����� ����� ���� ����.�� +�� ����� .������ D��
�� ���������������������� ��������� �*��� ������,� %�
���� ����.�����  ������,�<7

%��/��� ���������. ���������
,�  ���*����#� #��������,�  ������#�����.�.��#����� �����
��� ������������������#����������������  �� ���������
@8��/���,����������,�+�� ������� ����������������,�#� �
#�����	 ���.�������#�����������������".���������,������
,����������������,�#� #������������������������������
����������������9.�����"���.��%+43��7�  ���.#�����*.��
%+����� ��� ���� %�����<7

%� ,��������������� ���������
������� ���������� ��� +�� ���� ����� ����� �� �"�������
���������������������#�������,������ ����.�������� �
#���������������������� ��������� �������������������

�

�
6�7����7�

/�� �!��,������ ���� �!���!��$��� (��� ����!�#,��!E�
 ����#� R�F�+���� ����� ��#����� �������,�7�  � 4����%� R�����#����������F*� R"F�+���� ����� ��#����� �������,�7�  � 4����%� R#����#��
#����������F*�R#F�+�����������#������������,�7�  �4����+�R#����#��#����������F*�R�F�+�����������#������������,�7�  �4����+�R�����
#����������F��

�
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/����������������
#��,,�#�����

 +
%� +?�=(� +@?�?0� +�%+ %@�@4� (�@A� (�=@� ?�=0�

 %� ++�?7� +@7�+� 7�A+ @0�%@� 4�A%� =�+(� ?�7A�

<7
%� %@�(� +?A�4� %�4? %4�+%� @�A0� =�0%� ?�=?7�

�
%4'�7:,!�#���#���E�D���������������������������

��� �������� �������������R �*���<7
%F��������������������

������D��������� �����������������.���������������������
 ���������� ���##.���/������������*��#������������"��
�������������������,�����������������*��#����� ��������
��������� /��� #������� �,� ���������� ������� *��� ���
,����+�+@8��*�����5����� ��.������������".������D���
#������� ���� #�����  �+������ ��"��� ���� �"���.� �� ���
 �����������������# ����+���,������������/�������������
����������������,��������������������� ���#�����������
�#�������� ��� ��������������� ����#������� ��� ����������
.�.�  ��  ���� �����%?8��7���� ���#��5����� *���� ��� �
#����������������������. ����������,������������������
�� ����� ����������� (�*������ ��� ����.��#������
�����������#������������������������������������,����
,����� �� #�����.�.�� #����� � ��� ,���� �� "���� #������
���������������#���������������������/���#��������,�
���������� .�.�  �� ���#����+?�+@8�� *��#��"�#�����
���� ����� #��������� �,� ���� #������ ���� ��� �� ����������
�����������

�#������� � �#����� ��#���#���� ���*��� � ����
 �6�� ���������� #����� �� ,�  ��� ��� ���� ���������. ���
�������;��������� �����������������9.��#���,������
����������#� #�����������#������������������#� #�������
�� ����������� �������������#���������#������ ��� ����
��#6��������#������%7?3��7��#����,������������������
���*�������.���#� #����R����"�.������������ �������
������������#� #���F��".�����#� #�������*�������������
�������������#���������������������#�������� ����������
#� #�����/����,���������,����������,������������������
�������������������������#����������������������� �����
����� ������� ��#� #����#�������/���#����������� ���

/���,������*����5� ������"������ ����������.��������
����#������������,������������##.������������ �������

�
% '�< (��������!� ��#���E� D�� ��� �������� ��C���

����������� �������� ���������������D������,������5���*����
�.��#����� �#��"���������,������� �#����������,�  ��
���� ������� /��� ����  �#��.�� #������� ���� ���� ��
��������  ��������  ����H����#�������5��� �������  �����
#� ����������6�� �������	��������������������� �#���
������,���������  ��������������  ����H����#�������5���
 ����� ������� "��*����+� ����=+8�� D�� �������� ��� ����
 +

%� %�����+�������������������������<7
%�������� ��D �

 ���� ��� ���� �����#��������� �������  �#��.�� ���������
��� �����������#��������������,����@?�A?8��>������� �
 �*��������������#�������� �����#������������,�#��� ��
*���� �������+� ������ ���� 6�� ������ ���� "����  �*� ���
#������� ���� ���� �.#�� #������� ��� +?�=?8�� >����

���  �*� ��� ������ ���� #����������� �,� # ��� ������ ��
#����������. �� �#��

:�������  ����������  ����H����#�������5��� �����
R�������� �F���D  �������+� ������5�)�� ������

�
D  ����H����#�������5��� �����R����� �F���D  �������

+� ������5�)�� ������
�
D  �������+� ������5�)�� ������
7����������#�������,�����".��� ���������������� �

 �#��.������������� �������� �����.�������������������

����� ���� ���  ������ ���������� � �����������.�� "�����
#�����  ���"�����.�����������".�������"��������,����
"���������������#��������������.���������".��� �����
�����������#�����,�����������*�# ��������� �,�#�����
D��������� ����,���������������.������������� �����#��
����������������#��������������.�������������%7%3��/���
#������� �,� ����  �#��.�� ����������� � #���������� ���
���������������������� ����##�.������,���%@�(?8��,�
�������� �#�����������������  ��"��*����7?�@?8��

�
��!� )�� �, �,� ���!E� D�� ����  �����.���� � ���

��#������,�*.�C��� ��+����������������#� ������������
�,����� %�������������������"�����*������������������
������� �,� ++�?78� ���� ��� �������� ������"� ���� �,�
+@7�+� T� %?�7� +*� ,�  �*��� "�� ���� ����������#� �
������������,����� +

%������������*������������������
������� �,� +?�=(8� ���� ��� �������� ������"� ���� �,�
+@?�?0� T� %?�7� +*� <7

%� ����������� ����� �� ����� ��
����� ����������#� � ������������ *���� ��� �������� ���
��������,�%@�(8����������������������"� �����,�+?A�4�
T�%?�7� +��/��� �������  �����������*�� ��"� ���� ���
��������.�� ���� ����.��������"� ���� �����������
R/�" ��+F��
�

�
����)
���

�
��!� )�� � '�!� �1������ ��� ���� �!���!E� /���

������".�����������,���#���� � ������������������� �����
���*��������� ���������������  ����������  ����� ���#6�
��������/���������������������"����#����#� ���� ���#�
������������ ���� ���� ����������� ���� ���� �� #��#���
����������������������.#�.�� ��������>�������.�����,�. ��
������������ +

%����� %�������������������#6����*������
��5��.�����#6������,�7?�@?������������ +

%�� %������
<7

+���������������� ���.�#��,�����������������������
�������������������������5��.�����#6��������"��*����



���������� ���������������������������������������� � ������������������������	
����	

��	��	����������
	�

�

�

7A@0�

%?�+?����/�����5��.���� � ��������#6������,�������
�� � ��������.������"��*����+?�7?����>������� �*���
,�. ��������������<7

%���������������,,�#����"�� ���� ����
������������������������#6����*��������5��.�����#6�
������,�+0�7�����������5��.�����#6������,�<7

%��,�
�"�.��%?����

B������*�� �������#����#�������#���,��� ���������
������".������������� �����,�  �*�#�<5#����,��������*��
������� � ������<7

%�����<7
%�������������� � ������������ �

����� ��*�  ����� ������	��������� �"�������*�  ���#�
�������� �������������#�����.�.���� �"�������*�  ���#�
��������%�7??�%�@??����/����� �"���������������*��� ��
������".������� ����� ��������� ������ �  ��������� ����
���#6���������������������,��������.#�.����

�
���� �����(�$���� !��$� �!� )�� �'�!� �1�����E�

/����� ���������������".������,�����������������������
*�� �� ����� ��� ���� �� #�����  ��� "�� �. ��� �� ���.#�
�.����� ���� ��������������������,�#�����/���������,�
���������� ��� ����� ����� ��� ���.#�.�� � ���� ���#� ������
���������������,,����#���,��� �����*����������,�#��"��
�*������,,������,�. ��" �#6�������,,����������+�������
 ����������������������.��,������ �*����������,�#���

B� �����������������#���������������������������
 ���%�����������,�. ���/������.#�.����,�*.�C��� ���+�
<����(����"�����B� ,�� �� ��� ��  ���� ���#� � ���.#�.���
��������������������������#��� �#�����"��,�. ����������
����������"�� ���.#�.�� �#����� ������,,�#����"��  ��
��� �����/���"���#����.#�.��������,�. ������# �������.#�
�.���#��� �#�����"�� ,�. ����/��� ������������ ���#6�
����� �,� ���� ����  ����� �,� ���� �� ,�� �� ���.#�.��� ���
� ���� ���������������������,�����*������������������
�������������# ��������� ����� ��#�������*��#���������
��������������������.#�.����	##�����������������  �
 �����������������,�#����"� ����������#�������������
�� � �����#��,��.��������������,�.������������������".�
������,� ������ �  ����� ���# ��� �� �� ����� ��� ���� ,�#����
+�����/����� � ������������ ��������".������������."�
���������#����� �"� ���

�

/��� ������,����������� ��� ���������� ���  ���� ���#�
���.#�.�� �����������������/������#�,�#�#����#�������#��
�������,�  �*�#�/���� ����������".������,���������������
���#�����  ���"���������.#�.������������������".������,�
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1����T�  /,� 0T� 1����T� �������� � � .���� � �
 ���.�����T�����,�����#� �����0������ �$*+T
+T" %���

D����� ��#��T� ���#�--������ ��1�������#,������ ���
=,�8��� 1���� ���0����� #��������T� ��� �"�����$����
� ����� � ���������� ��� #�--������ ���#,������ ���� �



���������� �	
��
�������	�������������
���� ������� � �������������������������
�
 !���" #!�	 �
 $�
�%�


$! �

/!*"�

�

�0���� ���� -�.�  �,#�� � ���,�� �0�� �������� +���������
$#T+!T#�%��@���0�� �,#���-�#����1���������-���11���
���������0�������-,���������1�����,���+���#����� ����
��8���T�6��������� ����#� �� ������#�����.� �-�,�#�
������*#�
V�����+��������#�-�,�#��������0��0��0� ��

����
�1�������� -���,����-� �0��#� �� �� � � �0��� ��� � ���1� ��
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 ,�0� � � �0���0� ����� ��#� �0�1�����  ��,��,����-� �0��
 ���T���0���1���������� 1 � ��� �0�� �0��� �0���T� �����
 �������� � �-� 0� �� ����� � 1��� 1�8�� ��� #�--��,��� ���
�������� �������������0���� ��(0�1�������1��,�# �
8��.��� �-,�����#� �����, �#�����0��������������� ��
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#�+����1���� �-� �� � ������ ��� ���0���� � ����� ��
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��� ���������+�� ��� �0�1����� �������� ��� ���1 � �-�
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���������!��  ���� ��#� "����#�"��!�� ����#��$�
$
#T/*T//T�!T"+%�����������������, � � ������-� �0��
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��� ���!��  ����� � ����� ��  ���������� #� �� � �
� ��������������1���T�0� �������������#�� ��0���� ,���
�-� ��� �������� ���� �--���� $*�T*#T/
T+*T+�%�=0��
�������� ����-,��, �������������0� ������ 0�.�����
��0������0�����.�0��-��"��������#���"�����$����������
+������+��,����� �$/
T/"T/+T"/T"#%���

=0�� ��1� �-� �0� �  �,#�� .� � ��� ��+� ������� �0��
�--�����-���������������� ���!�� �����)�-���3)1�
�.
� ���������� ��� �0�� ���, � ������������ .0��0�
0� � ��  ������ �����  ���� ����� �� 1����  ����������
�0������0������� -,���� ��� �0�� ����������� �������� �-�
��� �"�����$���� #� �� �� .0��0� ��, �#�  ����-������
����#���  � ������1�������#,�������

�
�

����� ������2����532���
�
@�� �0��  �,#�T� � ����� � �-� 6������0�����

������� ����.0��0���, �#�(��8�� ����� ����#� �� �� ���
��1���� .���� �������#� -��1� �����0�, �� ��1���� �
,�#�����+��������� ������+�����$B��,���*)��@����#���
��� #����1���� �0�� �--����+���  � �-� ������������
�� ���!�� $������������ ��� ���!�� )�-��� �����
3)1��.
� $=�

� 6������� -�HT� *H*�#� �-,� Q� �T�
-��������)������ ��())�#� �� �������1���T��0����� �
.����� ����� 0�#�,�#����0�����������#����#����� ��-�
������ A�����,��,���� )� ����0� @� ���,��� $�-3�;)��
<��#���� � ���������� ��� ��� �"�����$���� #� �� ��
 , ��������� ������ 1�8��� ��#� ������� ������
$�������#� -��1� �-3�;)� ��#� A

#�� ��1����
+������� �.����, �#�����0�� �,#���

�

�
�
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=0�� �H����1���� #� ���� .� � � ����� 0�#� ���
())� ������ $�� ���+�� �������T� ())U)T� ())U=A�
�����1������$())U=A)T� �/,������� ����,������ ��-�
*"� #�� � �����+�� � ��-���� ��#� �-���� ())� ���0�����
����������������0����1��������� �� � ��������#��.����
����������� ��-�=A�������������$())U�=A��-����*"�
#�� � Q�U�=A��-����*"�#�� �+��())U�=A���-����*"�
#�� �Q�U�=A���-����*"�#�� )��� ���������+����������
$())�)������ ������+�#�������0������������������@��
())� ��#� =A� ����,������ T� �0��  , ��� ��� � .����
0�1������, ��� ��#� 1����,��, ��� ������#� ��� �0��
�����������-� �0������� ��B��� �0� ��,��� �T�6&��1��
#�,1� .� � , �#� -��� �0��  �����  , ��� ���� �-� ())�
� ����� ��=0��())�� ������.� ����,����#����
"��(�-���
#�#�� ���#��-�������,������T��0�� �������������������
.� ��#9, ��#� ���*�#�����#��� Q�1�� ���0��1�����1��
�����@���0���H����1���T�BG)1�����,�������.� ������
,����#������+����"��1�� ����� , ��� ���������������
*H*�#�  ���� � Q�1�� ��� �0�� ���� ��-� ��1����  ��#���� �
-��� /��� .��8 � $*!%�� ������������ ��� ���!�� $=A)�
����������� ������������ .� � �������#� ��� �0�� ����1�
1��#�#�#� ����$"����Q�*�����Q�=�

)���#�������#����
�0�����������"��1���

=0�� �H����1���� .� � � ����� 0�#� �����#���� ���
�0�� ���#�1���#� ����� #� ����� =0�� �H����1���� .� �
� ����� 0�#� .��0�"���� � -��� ���0� ������������ ��#�/�
����� � ������0������=0����� �����/��H/���1� ��� ����
��#� ��� �������  ���?��������?� ��#� $*?�*?�*)�1�#�,1 T�
.��0�*+�0�,� ����0����#� �0�,� �#��8��  T����
"�W�
+�
�(� ��#� +��#�V� ,�#��� ������+�� 0,1�#���� .� �
� ����� 0�#� ��� �0�� �-3�;� ���1���� ���1��
;H����1���T� �"� #�� � �-���� �0�� �����1��� T� �0�� �����
���.����� ��#� �� ��� ��-� �0������� �.���� �+��,���#�
, ���� �0������  ����� ��#�#� �� �� ����#����� $V)� ��#�
#� �� ����#�H�.�����+��,���#�$�/%��&� �� ����#�H��-�
����.����, �#����#� �������������� �0�� ������� T��?�
0����0�� ����� � $���  �1���1 )T� *?�  ���0��
#� ����������T�
?�#� ��������������#��������.�� 1����
�� ��� T� /?� �������� #� ����������� ��#�  �+�����
�� ��� T�?� �������� ����� � � �-� �0�� ������� ���������

0������� � ��-�+�������T�1����
+��,� T�#�--������ ����.���������1��� �.���� �,#��#�
, ���� B� 0��X � 1�� �� <����-������&�--������� $1<&)�
�� ����#�&,����X ��,�������)�����1� ������������ � �
.������ ��#�����?����"���+���$
/%��@ ���� �������������
� �.�������#,���#�, ����<���� ��������� � �<� ��1�

�)��
�
�

���������
�
������������ ��� ���!�� ��-��� �����3)1��.
�

$=A)T� ���� �-� �0�� ���������+�� ����������� ����� � -���
�0�1����� �������� �-� (��8�� ������ ���� #� �� �� $�"��
�������#�� �"�����$���)T� .0��0� ��, � �  ����-������
�����1��� ��  � � ��� ��1���� �,���+�����T� =A� .��0�
�����1������ ����,������� ��#� *"� #�� �  /,�������
����,�������  ,���  �+���� ��� ��#��� ��� #����1���� �0��
�--����+���  � �-� �0�� ������������ #���� ���� ��+��� ���
=����� *�� 20��� �0�� ������ *� .� � �H�1���#T� ��� .� �

-�,�#� �0��� V� #� �� �� ����#����� .� �  ���� ��������
��")� ��� �0��#�--������ ����.���� �0��

����������� ������������� ��-���1����+������� ���
@���0����� ���� �,#�T����.� �-�,�#��0����0��#� �

�� �� �����+��,� � ��� �0����� ������-�())� �����1���
������� .��0� =A� ��#�  /,������� ����������� � .����
����������#�1���� �+�����0�������0���� ���-�=A���#�
 /,������� ����������� � ��-���� ())� ����,�������� ���
�"����$���� ��, �#����(��8�� ����� ����#� �� �� ��� �0��
�����1���� �-� ��1���� �,���+�� T� �0�� ��.� �� #� �� ��
����#����� ���=A������������ �())�U�*"�#�� �U�*"�
#�� � ��-���� =A� ������������ .��0� 
��//V� ������
1��8��� +������� .� � �������#T� -����.�#� ��� ������
������ 
+�//V� ��#� 
 �+#V� A

#�� �� �����+����� @��
�0��  �,#�T� �0�� 0��0� �� #� �� �� ����#����� .� � ���
�����#�-��1�())�U�*"�#�� ��-����=A������������ ����
A

#���,���+�� �.��0�#"�+#VT� -����.�#����������
1��8��� ��#� ������ ������ ��1���� �,���+�� �� @�� �0� �
 �,#�T� ��� .� � -�,�#� �0��� ������������ ��� ���!��
��-��� �����3)1��.
�.� �  ����-�������� ��#,��#� �0��
#� �� �� ����#����� �-� ��� �"����$���� .0��� ������#�
�.���� ��#�*"�#�� ���-����())� ����,������� $=�����
*)��� � ����,�� �,#�T� ���.� ��������#� �0��� ,���  -,��
�� ,�� �.�����������#�����.������������� ��-��������
����� ����������� � ��� �0�� �������� ����� �� 1����  ����
���������������0���� ����#�--���������#,�� �$*�T/#%����

@�� �0� �  �,#�T� ��� .� � -�,�#� �0���())� #� �� ��
����#����� #����� �#�  ����-�������� ��� =A� ��������
���� T� �� ,����� ����� ���,������� ��1�� �-� �������� ��
-,��, ���-�����������H�� ,��� ������0����T��������#�
����������� T����������#����1��������#����� ���#� �0��
, �� �-� #�--������ +������� � 1��� 0�+�� ��-�,����#� �0��
+����������� ��� �0�� #� �� �� ����#����� ��#� V� �--����
+��,� ��1�����0���0����+������� ��@���##�����T����0� �
������������#��0����0�� ,���  ��-��������������������
���� � 1��� +���� �����#���� ���  ���� ����T�  ����� � �-�
����������� �����T� ������ ����������� � ��#� #� �� ��
���0����� $*
T"#T+�T+"%��<V��0���=V����� ��� ���� $"#%�
����0���� �,#��-�����������������������-��"���������
#���"�����$���T��0���--�������-����������-��1,������ �
�-���������������� ���!�������������=0*
���*��*�
��#�=0B
�*T�1��0������1�#��$+���T�1�
)���#���1�
1����������-,�����#��=���0�����+�� .���� ��+� ������
�#� ��� ��1���� �����0�, ��� 20��� �0�� =0B
�*�
����������� -��1,������� .� � �#1��� ����#� �11�#��
������ ��-���� ��������T� *"� #�� � �����T� ��#� �� .��8�
��-���T� �������#� �0��� �0�� ��+��� �-� ����� #�1����
��, �#��������"�����$����#����� �#�-��1�*�+������
��
@�� �0��  �,#�T� ��� .� � �������#� �0��� �0�� #��������� �-�
 �1���1 � ,�0�� �(��8�����������#� �� ����, �#����
��� �"�����$����� ����� ,����-� �0����� � �������-�0��0�
�1�,����-� ����-���=���0�#��1�� ����� �����0�� ����� �
+���� �1�������� ��� �0�� �������� ����� �� ��������1�
#� �� � ��@���##�����T����.� � ����#��0��� �1���1 ��-�
(��8�� ����� ���� #� �� �� .����  ���� �-���� 0��-� �-� �0��
���.���� �����#� $
*%�� =0���-���T� �0��  �������� �-�
��������� �0��-��1,������������������=0B
�*� ��� ����
/� ��1� T� @�� 0� � ����� �������#� �0��� �0�� ��� ����� �-�
�������1�,�� ��-������������� ����� �����0�� ����-���
���������-�����"�����$����1������ ,--�������-����--���
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��+�� ������������ =0� �� �� ,�� � ���� ��� ��������� .��0�
�,�� �,#���

@���������������0� ��-��#��� T����0� �������������
�#����1���� �� ����0�� � �0���  �1��  ����������������
���0������� -,���� ��� 1���� ���� � 0�+�� ��0��������
�--��������0��#�+����1�����-�-,��, �����0����� �����
�-� ������������  ����� � $"�T#*%�� =0�� ���������� �-�
=���0�#��1�� ����� ��������1�����������������������
������0� ������8��.�� ������0��*!/� �$/
%���������
������ ��� ���!�� ��� �0� � ���,�� � � �� .�#���� , �#�
������ ��� ����������� �������� $
�T��T�"T"!%�� @�� � �
�0�,�0�� �0���������� � T�1������� ��� 1���#� -,��, �
���#,��#� ����1� � 1��� ����� �� ����� ��� �0�� 1��0��
�� 1 ��-���������-������� ���!�� � ����� �������0��
��� ��@��8��� ��0�1�����0��-��1��-�1������� ��� 1����
-��#�����0��,�0��0��1������ ��-��0�����0�����-,��, �
.��0� ����1� �  ������#� ���  �1�� �������� �� -,�����
=0� � � � � ���������  ���� ��� =���0�#��1��  ���� $�#%��
=0��  ,���  � �-� =���0�#��1�� � ����� � ��� �����������
�������T� 0��0� �����#,���+�� ��������� T� �������� ���
 ,�+�+��,�#��� ��������  ���  � ���#����� T� �--������ ���
�,�������,���8����#�, �T���������������������0���0����
 �0������+����1���T� �����������  ��������� ���0��
�����0������� -,���� ��#� ������ ���.�0� ��#� #�-�� ��
1��0��� 1 � ���� #,�� ��� �0���� �--����+���  � ��� ����
���������$"T!%����������������$"�%�����0���� �,#�T�=0��
1��������� � ���#,��#� ��� ��� ��� ���!�� 0�+�� �����
�������#� ���0�+����� ��0���������--������� �0�����.�0�
�-����0���� ��=���0�#��1��� ������������+�����0� �
�0��, T�1������ �T����������#� ����� �������  ��,����
-��1���� �����=0, T��0������ ������� ������/,�����0� ��
�,������ � -��1� �0��  ���� ��#� �0�� ���.�0� ����� �-� �0��
������������ � ��� ����� ,��T�1���� �,#�� �0�+�������
�������#� ��� ��#,��� �0��#� �� �� ������-�  �1�����0��
��� �������1������+�������+����#������#�+����1����
�-� ����� � ��� =0����#��1��  ����� � ������#� ����� �
$+T

T/
T/�T/ T��%����

@���0� � �,#�T��������� �����--����.� ��� ��+�#�
��� ����=A� ����,������ T� �� 0��0��� V� �--���� .� � #��
�����#����())U=A������1����������,���������#�*"�
#�� �  /,������� ����,������ � �0��� ��� ��������� @�� �,��
 �,#�T�.0���.�����8�����0��V��--�����-������������ �
����0��������������� ��#� �� �T��0��0��0� ���--����.� �
�������#�.��0�())�U�*"�#�� �U�*"�#�� ���-����=A�
����������� � ��� ���� ��1���� �,���+�� ��=0�� ��.� �� V�
�--�������())���������.� ��������#�-��1�())�U�*"�
#�� � �-����=A� ����������� � ��� ���� ��1���� �,���+�� ��
=0��  �,#��  0�.�#����1� ���� �� ,�� � �0��� ��,�#����
, �#� � � ��� ���������+�� ��� ��1������� �0�� #� �� ��
�����#���� ��� �0�� V� �--���� �������� ������������ �-�
�������������=A������1����������,���������#������
�.���� ���*"�#�� � /,������� ����,��������@�� �0� �����
��H�T��0��0��0� ��V��--����.� ��������#�-��1�������
1��8��� ��1���� �,���+���.��0�
��//V� ���())�U�*"�
#�� �U�*"�#�� ���-����=A������������T�-����.�#����
������������.��0�
+�//V���#�A

#��.��0�
 �+#VT�
�� �����+�����=0���--�����-������������������������#�
��������#� �,#�� �����0��#� �� ��.� � ���0����#,�����
+����������T�� � ����#� ���A�.���$��%T� ��� � ������,#�#�
�0���������������������� � ��--����#�������0�������#�

0� ����������������������#���0���1����������� 1 ����
�0�� ����1����-������
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��� �0��  ��,����� $=�����*)��A������������ $/ %��1�0��
 ���#� �0�����#� -������������+��1�� ,�� � ��� �0������
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�0�1���� ��#� �����0�, �� ���#����� T� ��� ��� ���!��
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��+� ������#��0�����--����+���  ��@�����+������� � T�����
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.��8������������������������������ �������0�����.� �
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.���� ��+��� �����0��T� �0�� #� �� �� ����#����� #��
���� �#� ����-���������=0� � �,#��0� � 0�.���0����0��
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T
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())�U� !*T+#��� �� /T+#�  #�+#��� �� /T"*�  +T*/��� �� 
T
 �
())���� �� � �� �� � �� �� � ��
1 #����"� "T/ � � � "�
 � � � "T+/� � �
())?�(��8����������T�=A?���������������� ���!����-��������3)1��.
T�()U?��� ���+����������$����,����#�-,��, )T�())�?�
������+����������$��������,����#�-,��, A3�@�#�H?����� �����-�������"�����$����

�
@�� �0��  �,#�T� �0������������������������������

������ ��� ���!1� �������� �� -,��, � .� � ��+��� ���
�0�� ������ �.���� ��#�  ������ ������������ ��-���� ��#�
�-���� �0��())� ����,�,1����*"�#�� � �����+�� T�� ���
������������ � �.0�����0�����0������ �������#��.���T�
 ������ ��#� �����1������ *"� #�� � ��-���� �0�� ����,�
�,1T��0��#� �� �������� �
��//�
+�//�
 �+#VT�/*�+#�
/+�++�/ �+#V� ��#� "
�""�+#�" VT� �� �����+����
$B��,��� 
)�� @�� .� � #����1���#� �0��� ��� #����� �#� ���
//V���#�!*T+#� #T+#� +T*/V�����0����������$B��,���
/)�� A����� ��� ���� $/#%� ��+� ������#� �0�� �� � ������
1��0��� 1��-���������������� ���!�� $/� � ����� )�
��#�������������'������$*�� �����)��������� ��-,����
����� ��  ���������� BG)1� #� �� �T� .0��0� ��, �#�
 ����-������#�1��� ����,�#�����.�0���1�����,���+��
����� ���=,�� ���� @�� �0� �  �,#�T� �0�������� ���� �.����
#�+�#�#� ����� �.�� ���0���� � ��#� �������� � � .����
������#� ��� �0��  �1�� ������ ���  �������� ��� �� @�� �0��
 �,#�T�BG)1�����,�,1�.� ���+�������.��8���-���T�
����.��8��-���������������� ������������ ��-,��, �
��#� ��� �����1������ ����,������� �H����1��� T� ���
�����#� �0��� �0�� #� �� �� ����#����� #����� �#� *�V�
��#�*/�* VT� �� �����+���T� ��#�� V� ��� �0�� �������T�
� ���������.0����0�����0�����.� ��#1��� ����#�����
.��8� ��-���� ��#� ����,�,1� �����0����=0� �� �� ,�� �
����������������.��0��,�� �,#����

U���8���#�-�Z����$*#%�����0���� �,#�T�-����0�����
�������#� �������� �-� BG)1� ��� ��1���� �,���+�����T�
 �����������T� ���0�1�  �#�,1T� ��1�� �T� ������!$�
$!�#���$� 9<=�#*/� ��#� ������������ ��� ���!��
��������� ���#�--��������1�������� �.���� ��+� ������
�#���1���� �0������������������ T� �0��1� �����1� �
������ ,�� � ��� �0��������������� �� ����������#� �� ��
BG)1� .���� �������#� -��1� -� ���, �  ,����� � 9<=�
#*/� ��#���������������� ���!��� @����� ��� ���� $�*%�
�����0�, �� �,#�� �-�,�#��0����0���--��� ��-��������
��������� ���!������������� ����20��������#� �� ��
��� ����,��� #����� �#� ��� �+� ��� #
V� ��1����#� ���
������������� ��
�

�3����� 3��
�
@�� ��1���� �,���+�����T� (��8�� ����� ���� ��, �#�

����"��������#�� �"�����$���T������-� �0�� ����������
���0���� T� ��, � � ,�� ��� #"V� ����� ��  � ��� ����#��
(��8�����������#� �� ��� ��� ����������#� �� ����#��� �
 ��,������ �+����#�--��,����@��� �8��.���0����0��������
��������-������������1��0�# ���������������������0��
��� � � �  �-��� -��� �0�� ��+����1���� �0��� �0�� , �� �-�
�� ����#� ��-���-,�����#� �, �#������������ ����������
#� �� � � ����������������������1��0�# �1����������
�������  ,--������� ��� ��1�������� ��#,��� �0�� ���,���
���� � �-� ������ #� �� �� ���0���� �� =0�� ��1������
���#���������-��0��#� �� ��� ��������  �����.0����0��
����������� ���#,��� ��1��� � ��� �0��  ���� -��� �� �����
��1��� @�� �0� ������H�T��,�� �,#�� �� ,�� T� @�� �0������
����� ����� �� (��8�� ����� ���� #� �� �� .0��0� ��, �#�
 ����-������ ����#� ��  � � ��� ���� � .0��0� ���� 0��+����
�����1�����#�� �.����� � �,���#���#�#�+����1�������
��1���� �,���+�����T� ����� �+�� ������������� ��������
���� ��-���������������� ���!���������, �#�� ����
���������+�� ��� �0�1���� � ��� #� �� �� ��������� @�� �,��
 �,#�� �� ,�� T� @������������������������ � ������#� ���
 �����.������-��������,��������-�())�#� �� �������T�
��������������� ���!����� � ��#�����0�� ����.��0����
�"�����$���� ��, �#�(��8�� ����� ����#� �� �� �����.� �
#
�
��+ �#/V��--�����=0� �� �� ,�� � ,��� �� �0��T�� �
��� �0�� �� �� �-� ())T� �0�� 1���-� ������� �-� #� �� ��
 �1���1 � ��� �0�������� � �+���� �1�������� ������+����
��������1� #� �� � �� @�� ��#��� ���  ��� �0�� �--���� �-�
=���0�#��1�� 0������,1� � � �� ����������� ��������
������ ����� ��(��8�� ����� ����#� �� �T� ���.� �#�����
1���#� �0���, �������������������������� ������ .� �
���� ���,�0T� �,�� �������#� �����1��� � ������#� �.����
��-������������� ����-����������#,��#��0��������-��0��
#� �� �� $*"T"#%��<����������������#� �� � ����������
������#�����#�����0�� ���T��,�������.0����0��#� �� ��
���0�������������������� ���.�����0�� �����A�.�+��T�
���������0���� ��������, �#�������+�#������������1�
��#��--����+��������������������T�������,��������� ����
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 �� ����� ����� �*��� ����� *��� *���� *��*� ���&� **��� ����
<�� ����� ����� ����� &��� �*��� ����� ����� ����� ���&� �����
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