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The multi-objective optimizing of land-use structure

in Fengtai district in Beijing

WANG Hong-rui1, ZHANG Wen-xin2, HU Xiu-li2, LIANG Jin-she2,

ZHAO Li-yun3, Feng Qi-lei3, WANG Yan4

(1. College of Water Science- Key Laboratory for Water and Sediment Sciences Ministry of Education, Beijing Normal Univer-

sity, Beijing 100875, China; 2. College of Geography and Remote sensing Science, Beijing Normal University, Beijing 100875,

China; 3. College of Mathematics, Beijing Normal University, Beijing 100875, China; 4. Beijing Municipal Research Institute

of Environmental Protection, Beijing 100037, China)

Abstract Adjustment of land use structure is an important part of land use planning. Now, many problems

related to land-use are brought up in Fengtai district of Beijing, such as rapid expansion of construction land

scale, reduction of cultivated area year by year and so on. After designing the method of interval number

multi-objective optimization U three objective functions and corresponding constraint conditions were built.

In addition, optimization adjustment of land use structure in Fengtai district was calculated and analyzed.

According to related policies, the adjustment schemes of land use structure were presented, including ex-

panding the area of garden plot, and urban land to meet the need of urbanization development, continuing to

decrease rural residential land, industrial and mining land, increasing traffic and water conservancy facilities

properly, and keeping the area of special land. The adjusted land use structure can meet requirements of

the development of Fengtai district.

Keywords land use; uncertainty; multi-objective optimization; interval number; Fengtai district of Beijing
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1 ACBD�E�F�G�H�I�J�K�L�M�N�O�P�Q�RTSUH�I�V�WTSUX�Y�Z�[�\�]�^�_�`�a�b�c � �UL�D�EdF�G�O�e�^�f�gh�i�j�k
.
D�E�H�I�l�m�n�o�]qpsrTSt]�u�vTSt]�w�xTStydz�{�|d}�~

. � N���� 80 ������� �tD�E�F�G�Oe�c ��������������� SU�����������������U��������O�e�^�����{TS �����d� ���� �¡�¢d£�¤�¥�R�^�¦�§
� G .̈ª©¬« o\]�®¯�°¤����±�^�²�³ ��� �µ´ � o�}¶�^ �� L�· ¨ Strathclde

R��¸¹º»¼²
³�½���¾�¤

“
����¿�À�Á�Â�Ã�Ä�Å���Æ�^

ECCO
P�Ç

”
�ÉÈ�Ê�c �l� §�Ã���P�Ç��ÉP�Ë�Ì�Í�Ä�Å���Æ�Î�¿�ÀÏ�m 
 Á�Â�Ã�Ð�Ñ�^�§�Ò�Ï�m�w � �ÔÓ�G�Õ�Ö�× � ¾�Ø � O�e�D�E�^�Ù�Ú [1]

Î
Bellamy Û�Ü R�F�Ý�Þ j Ê�c��ß�à�Ù�Ú�á�â �l� (DSS) ã�ä�å E�»�¼�O�e�^�Ø � {��çæ�è i�é Sçê�ëTSçì�í�����î�ï�^�X�Y [2]; Capalbo|�ð�G��������òñ�G�����P�Ë�^���� ã�ä�ó ¨�ô R�õ�ö�÷�E�»�¼�^�O�e�ø�ù��òú�´�L�D�E�F�G�O�e�� å�û êëTStî�ï�� ��ü�ý��l�l� ^�X�Y [3]. Verfura

|�þ�ÿ Û�ó
¨�������� ö

Dane � ^�D�E���� �l��Û	��
 »�¼��£ �� ^�E���� Ó�G�Õ�]�G���O�e�� ÿ�Ù�Ú�®��������
[4]; Xiang

|�ð�G
GIS

��]qpsr�P�Ç ����� D�E�FG ��� ¢�����^���Z��Éß�����¾���Ù�^�Ú�� [5]; Stark ��� ¤ Û��
¨ ð�G

GIS
k�� å�û��l� SÉD�E�F�G�O�e

� ��E������� �!�D�E´� ��"�#%$�&%' ^dR%(�)d��DdEd^�*%+ [6]; Sharift
| ����, D�E�F�G�§�Ò�O�e ��-

å�û D�E�.�/�^�Ù�Ú�á�â�0�1��t��N�P�Ç�L32�n�odÙ�Ú�PdÇ�^ GIS
��4�Ø�O�e�P�Ç h�i

[7]; Chuvieco
ð�G

z�{�O�e ��- GIS
k�� (�n�����5�Ñ�6�{�7�8�l�m���Ï�9 h Ø��;: Û�<�=�> 7�8�D�E�FdG�O�e�?%@ [8].¨ ©BA o%Cd]d�d®%Dd°d¤d�dMd�d±d^d²d³%( � ��´ �BE od}d¶d^%( � o´�GF%Hd| Û%I%J%K%L%M%N%O%PQSR K�L�T�U�V�W�X R K�L�Y�Z 0�1�[�\�]�^�_ K�L�Y�Z�`�a�b�c�d�e�f�gShiI�J�j�k�l�m%n�o�T	p�q�r�Vs�t�u�v�w�x Z�L�y�z [9]. {�|�}�~���W�X�T	p�q�K�L���U�V%����d%e�f%gSh���Z%�����%� _ GIS d����

������������j�T	p�q�K�L%��U%V%W�X [10]. ������~���������I�J�j%T	p�q��%�%��� u�v d�e%f%g , ���
b�c�j�� u�v ��K�L�Y�Z���� s�t3� d�������Z [11].  �¡�¢�£�I�J�j�e�¤�T	p�q�¥�¦�§���d�K�L�Y�Z����
y�z w�x�¨�© ���Sh;������j�ª�«�¬� [12,13].®3¯G° K�L�Y�Z s�t d�±%�	p�²�³%´�µ%¶%·�¸ : ¹ 1 º s�t�» c�d�¼�½ x ; ¹ 2 º s�t ¯G¾ d�¿�½ x ; ¹ 3 ºs�t�À�Á d�Â�Ã x ; ¹ 4 º s�t�Ä ��d�T�Å x .

2 ÆÈÇÈÉÈÊÈËÈÌÎÍÐÏÐÑÎÒÐÓÐÔÎÕÐÖ×�Ø�Ù I ]�Ú ±���d�Û�Ü�Ý�ÞShàß�á�â�K�L�Y�Z�� x�s�uSRàã�ä Ù3åGæ�ç hàâ ¯ K�L�Y�Z�è�é�ê�ë�¼�ì .

“ í�î ” ï��Shñð�ò�ó�ô xSRñõ�ö�x�÷�ø�ù�ú�û�ü hñß�á�â�I ] Z%L�ý û�ã%ä�þ�ÿ h;´���������Z�L hñI ] Z
L�ý û���	�
 ����� s�t�� ï%I ] Z%L�d%ý û���	 h��ë�ß%á%â�K%L�Y%Z%d Ä����%v . ��� 20 � h l���ô����� ß�á�â�����ë ®���®3¯������ ö����� �!�" L R l���#�$�%�&�e�L _ ��� d�' ��(�) L�â . ß�á�â�*
ë�l���+�#�,�-�d�.�/�â�0Sh21�3�4�5 � /�ó�â ÿ�6 _�7 ö�8�9 d�:�;Sh 
�< ç�=�_�>�?�@ ¶ s�t�A ó Ú �
/�ó�ô�d�B�Ü�C�D . E�F�G�H�d�±��Sh ÿ�6 d�I�J�K�L�ß�á�M�N�d����Sh ��O ß�á�â�K%L�Y�Z � d�P�Q�R û
��S .T�U

h2V�ß�á�â�E�F�G�H _ ó�ô x�W�ã ±���d�ª � S�±Shà¬��ß�á�â�X�Y�����Z�L�d å « _ ����y�z�LZ £�[�\�Ý�Þ R [�\�*�Z�d�]�^Sh`_�S�K�L�Y�Z�y�z�a�b���cSh`�ë A�d�e K%L�Y�Z���� s%t�f�g d�' ��h
�$�� .

ß�á�â < Ø�Ù l���d�+�# ç�i hkj�l�m�n�o�âShkl�# R +�# Ú�ç�= o R >�? â�Ü�pSh l Ú�q�r Rks�tSRkuv Rxw�y ? R i�z�{ â�[�m . 2004 ��ß�á�â�ª�´�L�â [�7 ��| 261.1 }�ÅSh ÿ�~ GDP ë 35176 ÅSh ó����� ÿ�~�����¨����
13920.5 ÅSh������ � ÿ�~������ 8480.6 Å .

ß�á�â�K�L�� ��	 ë 30580.1ha h���P�K�L�Y�Z�y�z�a�b�d�� � _ O�P�d ��� *�VSh���â�K�L � ��ë��
L Rx� L Rx� L R j�����Z�L ¹�����������L R ]�� � ö Z�L R ��������Z%L�~Sº R ó��%Z�L R ����� ��� Z
L R�� J õ�� Z�L R M�N�Z�L R���� _ n�Y ]�� Z�L�~ 9 ¶�L � . X � K�L�Y�Z ��	 � � 1  �¡ .

p�²Sh ß�á�â�K�L�Y�Z ��¢ ��ò�ó�ô�I ] Z�L s�u�£�¤�W�ã h`��L ��	�¥ ��¦�§Sh � J õ�� Z�L å « æç hx����� ��� Z�L�`�a���¨Sh K�L "�© Y�Z�n�ª æ�« ~�¬� .
��® h°¯G¤�l���ô�± x�²�³ D�d�I ]�_ ß�á

â�ó�ô x�÷�ø d ü�ã � ÷ h�´ O Z�L�P�Q¶µ¸·���SSh;K�L�Y�Z�y�z�d�a�b�¸���1�¹ .
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3 ÌÈÍÈÏÈÑÈÇÈËÀÉ¼Ê¼ËÍÌÏÎ¼ÐÀÑ¼Ò¼ÓÀÔ¼Õ¼ÖÀ×Ø�r�Ù Z%â%�%O%T p�q s%t �%���ÛÚ%� l
�%ô%ß%á%â%K%L%Y%Z%y%z%T p�q w%x ¬� . Ü< T ë h â%�%O%T p�q s%t%u%v ��Ý u � ø �� ª � ^�Þ � d ù�ß �%V

T�à
Û%Ü�á�â%� u%v� h � � u�v d�ã�Ú � K�ä�å d�h ¹�ë�â��Sh �

ª � ÷ ¹%�%� ® h � K%y%½ A d%Â%Ã R ¶ ÿ�æç R ª ��è é R G�é%~%��Ü d ¹%ë%â%� �êß �
�%��¹�ë%��c . Ü�Y%�%��ä�å%d%��c�R%�%¡ �� *�V [14,15].

U ° h Ú�ì Z�d�ð�í s�t _ u�îs%t �%��[ å hÏï%��ð � T p�q s%t%u%v �êñ�����%ù�ß �%V%Â%Ã%d%â%�%O hÏò�ó���ô�õ�ö
O�d�÷�ø���` _�ù�ú ä Â�ÃSh

T�U
��O�P�û�ü R

ý
1 þ ÿ ��������������	�
 ý (2004 � )������ ���������

ha ����� ����������� % ���
x1 3840.0 12.6 
x2 963.7 3.1!�
x3 3180.8 10.4"�#�$�%�

x4 865.9 2.8$�&�'�(�)�%�
x5 2823.56 9.23*�+ %�

x6 3340.70 10.92,�- ½�. %� x7 7714.77 25.23/�0�%�
x8 2948.36 9.641�2�3�4�5�6�7�%�

x9 2515.1 8.22

§���ª�´�g�¡98;:�d w ��V [16−18]. e�¤�K�g�ô�õSh Ø�r=<=> � â���O�T	p�q s�t�u�v ��Z�å�ß�á�â�d�K�L
Y�Z s�t3� .

â���O�T	p�q�r�V s�t�u�v d d=?=@=A�� K � ¡�ëCB
min f±

k = C±

k X±, k = 1, 2, · · · ,

max f±

l = C±

l X±, l = u + 1, u + 2, · · · ,

s.t. A±

i X±
≤ b±i , i = 1, 2, · · · ,

A±

j X±
≥ b±j , j = m + 1, m + 2, · · · ,

X±
≥ 0,

j � h C±

k ∈ R±
1×t h C±

l ∈ R±
1×t h A±

i ∈ R±
u×t h A±

i ∈ R±
u×t h b±i ∈ R± h b±j ∈ R± h X± ∈ R±

t×1

.

§�� ]�^=D=E 1.

4 ÉÈÊÈËÈÌÈÍÈÏÎÑÐË¼ÉÀÊ¼Ë Ì Î¼Ô¼ÕÀÖ¼×¼ÇGFIH
p�²�]�¤�K�L�Y�Z�y�z�a�b�d�¬� � h2^�Þ x d�������Z æ TSh s�t � ø3� d�^�Þ w�x ��� < K�O�¢ uv ë Ä���À�Á d��=J��%��� ø . K ® ¢�£���Ü�� � d�¬% ç TML%Z=N p�q RPO�ß �%V s�t%u%v [13,14,16] hPQR T�ª=S � 8 hUT=T=V�¡ u�v�<�ù=W d , X��=J u�v Ú �=Y����=Z=[�d�y�½ <=\ ²=]=^=_=`�y�z w�x=a=b=cd=e
[19].

]=^=_=`�y�z w�x=a p�qgf b=h�<���� �=]=^=_=` a G�H=i�·gj2E�F=i�·=k=l=m=n=o=i�·�µ�¶�� � ��¿
½���´gf�p � ��X�Y=]=^ �=q=a ½ »�h ½gf�r=s=t�å d Y b=u=v=a=w=x i�· [14,18].yMzM{ a ]M^M|M}M~MlM�M�M� a �M�MkM�M�M�M� aM�M�M�M�M� ]M^M_M`M�M� uMvM�M�MaM�M����� f���=�=�=�=�=�=� i=� ��� . � �=� i=�= =¡g¢ �=�=£=¤=¥=q=¦=§=¨ �= =t=©=|=}M~=ª .

¦=§=«=¬ �=� u=v=¨x==®=¯=°=±=²=³=´=µ=¶=·=¨�¸�¹=�=�
. º=»=¼ ¤=¦=§=«=¬=½=¾=¿=À=¹=Á=²=³=´=µ=Â=Ã ¢ ²=³=´=µ=Ä=Å=Æ=¥¨=Ç z=È=É=Ê=Ë=Ì ¢Í� Ê=Ì=Î=Ï=Ð=Ñ ¦=§=«=¬=Ò=Ó=Ô=Õ �=�MÖ � ¨=×MØ ¢ÍÙM}=Ú=Û ²M³ Ö � . Ü=Ý �=�=Þ=ßà����M²M³ Ö � ��� .

±Má � ���MÔMÕM�M�M£M¤M¦M§M«M¬M½M¾M±M²M³M´Mµ ÜM� ²M¨ Ù «MâMã |M}M~Mä . åæ ¢�ç á=è=é=ê=ë È=É=ì=í ¢ ± �=�=î=ï ¡Mð ¨=ñ=ò�ó �9ôöõg¢÷� � ¢÷�=ø ò=¬=ë=¨Mù=ú ÐMÑ=û=ü ¬=ë=ý��� ¢ �=�=¦=§=«=¬ �=�=þ=ÿ��g¢�|=}=~���� ¬=ë=ý .

4.1 �����	��
������ ¨ Þ ¼ à��������=� �=��� ���=ª v ¢���� ������������� ���C¢ �=� �������=���
max f±

1 = maxC±

1 X±

��� ¢ C±

1

Å=£=¤=¦=§� �!�"�# ��$ ¨=ê�%���&;ý ¢ X±
� ç ¦=§=¨�"�#�'=ý Ü�(�) ¨=ê�%���&;ý .



*
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4.2 D�E��	��
��Ì |=}=~�F�G ±=²=³=´=µ=â=ã=¨�H ��IC¢KJ �=��� ���Mª�LC¢KM�N�O §M¨ }�P�Q=¡Mð . Ü=Ýg¢ Þ=ß à�������=�=²=³����������
max f±

2 = maxC±

2 X±�R� ¢ C±

2

� y ¬�S�T�U Ï�V ±�WM¤M¦M§M«M¬M½M¾M±M²M³M´Mµ ÜM� ²M¨Mâ=ãM¨�X�Y ¢ ±�¸�¹M²M³�Z z�[�\ ¢Ï $ Z �g¢�Ü=Ýg¢ ²=³���� � � �=ª�L ��� .

]
1 ^._.`.a?bAc.d.e.f.g.h.i.j.k.l.m

4.3 n�o�p��	��
��è=é=ê î=ï=�=� ¡=ð �qH N�r���s=¡=ð Ø�t ¢vu �=ë È=É�w ô;õ ì=í ¢ ñ=ò�x î=ï=�=� ¨ ¡=ðC¢UÜ=Ý�yz è=é=ê=¨�{�|�}�~ ¢ ��� ±=¬=ë=ý���������� ¢ÍÝ�O §������ � ëMý=¨=ê�%�� SY S±
Å���� ¢ d±1 ��� ¬ë=ý��=±=á����=ë=ý=¨������ ¢ d±2 ����� ��� ¢ � �����=� J d±1

Á
d±2 ��� �=ä ,

� �=� J���� ¬=ë=ý=Á���=ë=ý���� �=ä , Ü=Ý ,
Þ�� à��������=¨����=�

:

min f±

3 = d±1 + d±2

4.4 �������
4.4.1

¦=§���"�#=ò��
£=¦=§=«=¬=¥ � "�# ������� á����=¦=§�"�#�� � ¢�ç á���� ¡ «=¬=¦=§=¨ Ë=Ì ¢ Ü=Ýg¢ � ò�� � ¦=§��"�#=¨=ê�%�� �={ �����=¦=§�"�#�� � ¢ I { ������"�# F�¡ ��� ¡ «=¬=¦=§ � � ¨ $g¢ SL± = [28192.7,

30580.1].
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4.4.2
Æ�®	�=ý=ò��

JZP±(

9∑

i=6

xi) + NCP±(

5∑

i=1

xi) ≤ SP±

��� ¢ JZP± = [47,51]
Å�¯��=¬=§ � Æ�®	°=ú=ê�%�� ¢ NCP± = [12,15]

Å�±�²=Æ�®	°=ú=¨=ê�%�� ¢ SP± =

[990000,1100000]
Å�³�´=¨=Æ�®	�=ý }=~�µ=© ¨=ê�%�¶�· .

4.4.3 ¸�¹�º �=ò��
ç á�»�¼�½�¾�¿ ð ¨�À=� ¢ ½=ê�&	Á�¿ ðg¢ è=é=ê�"�Â�x�Ã s ½�¾ L ¨=�=� ¢ ¯��=¬=§�¿ ð À=��Ä=¬ �

� ¨�±=¬=§ ¢ Ê ±�Å �=�=þ=ÿ � ��Ä=¬ ¼�Æ Ï ±RÇ ¢ � � � � 15 È�É ±=¬=§�"�#�Ê ª=ª�F�Gg¢Ëu ��Ì � ±Ç;��Í P �qH=¨=ë�� . Ü=Ý � � ±=¬=§�����"�# ��Î ª á��qH�Ì � ±�Ç	"�#ÐÏÒÑ=§�ÏÒÓM§ � ��Ô ±M¬=§�"�#¨�� � XZL± ¢ ��� ¢ XZL± = 6344.4,

x1 + x2 + x3 + x4 ≥ XZL±

4.4.4
± �=� À=�=ò��Õ x=è=é=ê�½�¾ L�N�Ö ¨ Ù�×�Ø�Ng¢ è=é=ê=¨�Ù=§�"�# ¢vÚ�Û�Ü	Ý � Ú�Þ ¸�Ó�ß=¿ Ù�×�I��C¢U� � � �

15 È�É ��à�á Ý�I �=���
LDC±

× FZH±
× LBB±

× x1 ÷ LZJ±
≥ LZX±

�â� ¢ LDC±
Åã ã!ã"ã# ÚãÞ  �g¢ FZH±

Åãä ¤ãåã� ¢ LBB±
Å ÚãÛâÜ , LZJ±

Å ÚãÞ ¸ Óãß , LZX±
Åã�

� »�¼=±=è=é=ê�± �=� �=¨�À=�=ý ¢çæ�è z ³�´ } �=� LDC± = [6300,6500] ¢ FZH± = [1.5, 1.6] ¢ LBB± =

[0.46, 0.48] ¢ LZJ± = [0.012, 0.018] ¢ LZX± = [9800000,12200000].

4.4.5
¾�é �=� ò��
ê � ¾�é �=� ¡=ð �=� � ½�¾ L=¡=ð ¨�À=� ¢ ½�ë=¬=§ÐÏ Â�ì=¬=§ � ë=«���í=¬=§�"�# ¼�î=ª á�ï�ð�"#�ñAò�ó=¬=§�ô�õ Æ�ö�÷�ø ¬=§ Ý õ ø�ù�ú Å=¬=§ � ¢üû�ý �qH=¨�À=� ��þ ¬=§�"�# � Í P=Ù '�ñ å æ ¢Ayz è=é=ê ø ò�ÿ=ò=¬=§=¨�À=� ¢�����ú�� � ±�²����	�=¬=§�"�#=� ä á�ï�ð�"�# .

x6 + x9 ≥ XGL± x5 + x7 < 10538.33 x8 = 2948.36 XGL± = 5855.8

4.4.6
���=ò��
ç á=¬=ë=ý����=Å�������� ¢AJ ���=ý �=ä , 
 ± � á � ���=¨=ò������=� :

NY S±
× (x1 + x2 + x3 + x4) + Y Y S±

× (x5 + x6 + x7 + x8 + x9) − d1 + d2 = SY S±

�R� ¢ NY S±
Å�±M¬M§� �!�"�#M¬MëMýM¨Mê�%�� ¢ Y Y S±

Å�¯�M¬M§� �!�"�#M¬MëMýMê�%�� ¢ d1

Å����
� ¢ d2

Å � ��� ¢ SY S±
Å O §������ � ë=ý=¨=ê�%�� .

NY S± = [69.36, 210], Y Y S± = [142.38, 324.24], SYS± = 1.63× 105, 3.43× 105]

4.4.7
��� �� �=�=ò��

xn ≥ 0, i = 1, · · · , 9

5 �������������
5.1 ������������ � ¢ ç êã%ã�ã � � ã�=� � ¨ �����! =ë��" � 2 Ü � .

y z è é ê ¡ ð À � � è=é=ê!#�$��!%�#!& ¢ Ì
� ������� � ¢ Ù ×�����' Ù ×=¨ � ��� ¢ �=� ���Å Þ ¼ã� �ã� ¢ ² ³ ´ µ � � � ¬ ë=ý�� �=Å Þ=ß ���� ¢ ��(=£=à����=¨�À=�ÐÏA��� �g¢ W=¤M¦=§=«M¬¥ � ��)�* ¨�"�# " � 3 Ü � .

+
2 bAc-,-.-/-0 +

>A@ 1-2-3-4-5-6 1-2-3-4-7-68-9 >A@;:=<->@? 5.78×107 8.26×106A-B >A@ 3.98×106 4.38×105

:-3-C?>A@;: t ? 1.84×105 0

Ì ��(=£�����À=� �g¢ £=à����=¨���� $ õ � µ�) ë�� " � 4 Ü � .



*
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+
3 D-E-F-G-H-I-E.i-J-K-L-M.f.g-N-O-P

7.8-Q-R S-T-U-5-6;: ha ? S-T-U-7-6;: ha ?V 8 x1 2156.8 2938.3W 8 x2 963.7 1125X 8 x3 3940.5 6438.5Y-Z-[ :.8 x4 636.6 865.9[-\-]-^-_ :.8 x5 1415.5 2150.5`-a :.8 x6 7102.5 8809b-c ¥-d.:.8 x7 4480.5 5001.5e-f :.8 x8 2948.36 2948.36g-h-i 3.9-j-k.:.8 x9 2515.1 2752.21

+
4 D-l?bAc-M?bAc-P-m-n-o-/-0

>A@ 7-6 5-6 p-q-3-4-5-6 p-q-3-4-7-68-9 >A@ 2.21×107 <-> 5.28×106 <-> 0 0.65A-B-r-s >A@ 3.21×106 <-> 2.90×105 <-> 0.47 1

:-3-C 3.43×105t 1.73×105t

5.2 t�u�v�n���w�x�y�z�{�|�}�~
1 � z ��L�º��=���g¢ Ù=§ }=þ=ÿ ¨�¶�·;Å [2156.8,2938.3]ha ¢ ï�ð 3840.0ha �= �� ��� ¶�· ¢ � � ¢ �

�=þ=ÿ�� Ù=§=¨�"�# ��Î ê O�F�G .

2 � Ñ=§�"�#=¨ ���=þ=ÿ ¶�·;Å [963.7,1125]ha ¢ Ñ=§=¨�ï�ð�"�#=Å 963.7ha ¢ � á ���=þ=ÿ ¶�·;¨ I � ¢� ô Ì �qH=¨�������� � ò������ Ig¢ Ñ=§=¨�"�# }=Ý Ì � Í P=Ù '�������' û=ü .

3 � Ó=§�"�#=¨ þ=ÿ ¶�·;Å [3940.5,6438.5]ha ¢ Ó=§�ï�ð�"�#=Å 3180.4ha ¢ç� á þ=ÿ ¶�·;¨ I � ¢ Ü=Ý ±á�Ó=§ ¢�}=Ý Ð=Ñ Ä�ê O û=ü ¨ þ=ÿ ½�� .

4 � ��Ô ±=¬=§=¨ þ=ÿ ¶�·;Å [636.6 ¢ 865.9]ha ¢ ï�ð 865.9ha � á þ=ÿ ¶�·;¨ ��� ¢ � ô ï Ì ¨ ��Ô ±¬=§���ê O�F�Gg¢�Ü=Ýg¢ ±=á�Ç	�ÐÏ�ë�� � ��Ô ±=¬=§=¨ ÿ �� F���� ' ¼ � ¨���%=¨ ¢Au ��Ô ±M¬=§ Ù �� � ñ F�Gg¢���
 � ï�� ñ � ±�² �=� ¨ ¡=ðC¢ ±=á���í�±�ÅÐÏq±�²�����Ï����=ë�"ÐÏq±�Ç;ë=« � ¬M§ ��Î' Ü Í�� .

5 � ±�²����	�=¬=§=¨ þ=ÿ ¶�·öÅ [1415.5,2150.5]ha ¢ ï�ð 2823.56ha � á þ=ÿ ¶�·;¨ ��� ¢ � ô � �¦=§=«=¬���� þ=ÿ���Ö � � ê O�F�G ±�²����	�=¨=¬=§�"�# .

6 � ½�ë=¬=§=¨ þ=ÿ ¶�·;Å [7102.5,8809]ha ¢ ï�ð 3340.7ha � á þ=ÿ ¶�·;¨ I � ¢ � ô � � ¦=§=«=¬��� þ=ÿ���Ö � ¢ ½�ë=¬=§=¨�"�#�� Ý ê O û=ü ¢�Ý ê � ½�¾ L=¡=ð ¨�À�� .

7 ������ú�� ¬=§=¨ þ=ÿ ¶�·;Å [4480.5,5001.5]ha ¢ ï�ð 7714.77ha ¢A� á þ=ÿ ¶�·;¨ ��� ¢ � ô � � ¦§=«=¬���� þ=ÿ���Ö � � O�F�G�����ú�� ¬=§=¨�"�# ¢ è;� H=è=é=ê ����ú�� ¬=§=¨�ÿ=ò=«=¬ Ö ú�� �g¢ 'À���� � � ÿ=ò=«=¬ Ö ú¡ Aê O�F�G � «=¬�"�# .

8 �¢� H=è=é=ê=¨�ò�ó=¬=§�"�#�� ª   è�£�¤ � Ï�¥   ±=è=é=ê�¦�§�ÿ=ò�¨�©=ë���ª�� � ' ¼�«�Ö ú�ªâ=ã
. ¬�  AÊ�®�¯ � ò�ó�À��¡ Aò�ó�©�§�ª�°�±���Í�²�³�´ 2948.36ha µ�¶ .

9 ·¹¸�º�»�¼ ¨�½�¾�©�§�ª�¿�À�Á�Â	Ã [2515.1,2752.2]ha
 Ä³�´

2515.1ha
 ÄÅ�Æ�¿�À�Á�Â	ª�Ç�È¡ ÄÉ�Ê �Ë�Ì�Í�Î ¸�º�»�¼ ¨�½�¾�©�§�°�±���Ã�Ï�Ð¡ ÒÑ�Ó�Ô�Õ�Ö�×�Ø�½�ª µ�Ù�Ú�Û   ¸�º�»�¼ ¨�½�¾�ª�©�§�Ü�Ý�Þ

µ�Ù�ß�à¡á�â�ã�ä ®�å�æ�ç�è�é�ê�¿�À�ë	ì ã�í�î�ß�ï�¸�º�»�¼ ç�½�¾�è�æ�°�± .

6 ð�ñ
1 · Ì�Í�Î å�æ�ç�è Î�ò�ó µ�ô�«�õ�ö;÷ùø�ú�û�ü�ý�þ é�ÿ���Ê á�������ú�û��¡á å�æ�ç�è ü���	�
���� ì��

2.21×107 ��� á ��� Ã 5.28×106 ��� á������ Ã 1.37×107 ��������� ü ������� 
�� �� Ã
3.21×106 ��� á ��� Ã 2.90×105 ��� á������ Ã 1.75×106 ����� è ¼� �! ì�"�#�$ 1.73×105 % 3.43×105t

ü Á�Â'&)( .

2)
$ Ì�Í�Î ä ® ü å�æ�ç�è�é�ê�¿�À�*�+�ë á-,�í�î�.�Û�/ æ ü °�± �10 æ�°�±�2�ì�3�4 ß�ï �15�6�7
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è�æ�°�± µ�¶�E 3�4�F�G � Ü�H�I�J�G�K 7�L�M)N'O ü è�æ�°�± �QP�R .�à Ö�S�è�æ�°�± ã�í�, Ö�×�T Ú�Û
ü Ü�H �-U�V�W G�K�X�Y�Z�[�è�æ ü °�± �-\�] è�æ ü °�±�ì�^�²�³�´ 2948.36 ha µ�¶ � ¸�º�»�¼ ç�½�¾�èæ�ì ã�í�î�ß�ï .

3 ·`_�a�b�c ��Ê á Î�ò�ó ö;÷ùø�ú�û�d�e�â�f�ü *�+�g 5�6 ö;÷ùø�d�e�h)i [9,13,15] ákj Æ�l�m ü�n Ó
V Î�ò �¡áo! 5 *�+�p�q�r�ì�s�4 õ¡áot�u�d�e�ü Ø�Y�ì ã�v�w�_�x�y�z�{�| ¿�À áo} ç�è Î�ò�ó ö;÷ùø�ú
û�d�e�b�c�»�~�� å�æ�ç�è ú�û ë ü�µ�ô���õ���� Ó���r 
�ü .
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