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3. Materials and methods

3.1.Methodology
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3.2.Dataandcasestudy
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3.3.Modelspecification

09 :C7IGCB<=;<K5H9F89A5B87FCDG�GI7<5G�DFC79GG=B;HCA5�
HC9G�H56@9HCA5HC9G�6FC77C@=�NI77<=B=�7<=7CFM�DCH5HC�:9BB9@�D9D�
D9F�5I69F;=B9�;F99B695BG5B8 7I7IA 69F	-<9G97FCDGF9DF9G9BH
�
	�� C:H<9HCH5@<CFH=7I@HIF5@DFC8I7H=CB=BH<975G9GHI8M5F95	

"BDIHG7CBG=89F98=B7@I89�=FF=;5H98@5B8A95GIF98=B<97H5F9G�<5��
K5H9FIG98:CF=FF=;5H=CBA95GIF98CB5 JC@IA9 65G=G�A � 
<5�� <I �
A5B @56CIF5B8A57<=B9FMA95GIF98=BBIA 69FC: <CIFGD9F<97H5F9
�<CIFG
<5�	 �FCDCIHDIH=GA95GIF98=BHCBB9GD9F<97H5F9�HCB
<5�	

�9FH=@=N9FG�G998G5B8D9GH=7=895F9=BDIHJ5F=56@9G=BH<9DFC8I7H=CB
:IB7H=CB�)9F9=F55B8&5FEI9G�
��� �	 .B :CFHIB5H9@M�=BCF89FHC5JC=8
AC89@A=GGD97=:=75H=CB�K9 75BBCH=B7@I89H<9A=BH<95B5@MG=G�8I9 HC
H<9IB5J5=@56=@=HMC:7FCD5B8D@CH�@9J9@85H5�G=B79H<9M5F97C@@97H98
5H:5FA@9J9@�K=H<CIH8=GH=B7H=CBCBH<97FCDHMD9G	

(B H<97CBHF5FM�K9 7CI@8=B7@I89:5FAG�$GD97=:=77<5F57H9F=GH=7G
K<=7<5F9A5=B@MF9@5H98HCK5H9FEI5@=HM	"BD5FH=7I @5F�K9 7CBHFC@:CF
CF;5B=75;F=7I@HIF9DF57H=79G5B8H<9IG9C: :9FH=;5H=CBGMGH9A	"BCIF
GHI8MK9 5@GC7CBHFC@:CF7FCDHMD95B8A5B5;9A9BH5B8=HG=B:@I9B79
CB:5FAH97<B=75@D9F:CFA5B795B8H<9CDH=AIA CIHDIH	-<9 =FF=;5H=CB
GMGH9AHMDC@C;M=GBCH7CBG=89F985G5 GCIF79C:=B9::=7=9B7M6975IG9
5@@:5FAGIG9H<9G5A9=FF=;5H=CBGMGH9A	

-<9 9GH=A5H=CBC: H<9<9H9FCG7985GH=7DFC8I7H=CB:FCBH=9F=GG9BG=�
H=J9HCAC89@GD97=:=75H=CBG�05B;� 
��� � %=I9H5@	�
��� �	 "B H<=G
GHI8M�=BCF89FHC9LD@CF9H<9=GGI9C:<9H9FC;9B9=HM�K9 :C@@CK98H<9
5DDFC57<9LD@5=B986M%5IF9H=9H5@	�
���� =BK<=7<H<9MIG98AC89@G
HC577CIBH:CFC6G9FJ985B8IBC6G9FJ98:57HCFGK<=7<;9B9F5H9<9H9FC�
;9B9=HM=BH<99::=7=9B7MC: H957<=B;57H=J=H=9GC: "H5@=5BIB=J9FG=H=9G	
0=H<F9:9F9B79HCH<9@=H9F5HIF95J5=@56@9CBH<9DFC8I7H=CBDCGG=6=@=�
H=9GGHFI7HIF95B85:H9FDF9@=A=B5FM5B5@MG=G�H<9DFC8I7H=CBH97<BC@C;M
<5G699BGD97=:=985G5�C66��CI ;@5GDFC8I7H=CB:FCBH=9F��F=989H5@	�

��� �	 ,I7< 5 7<C=79C:H<9:IB7H=CB5@:CFA=G7CBB97H98HCH<9G<5D9�
J5@I9GC:H<99@5GH=7=H=9GC::57HCF89A5B85B8:57HCFGI6GH=HIH=CB	-<9
�C66��CI ;@5GDFC8I7H=CB:IB7H=CB=GK=89@MIG986975IG9H<=GDFC�
8I7H=CB:IB7H=CB<5GIB=J9FG5@@MGACCH<5B87CBJ9L=GCEI5BHG��F=98
9H5@	�
��� �	 -<=GAC89@F9@5L9GH<9F9GHF=7H=CBGCB89A5B8 9@5GH=7�
=H=9G5B89@5GH=7=H=9GC: GI6GH=HIH=CB	�IF H<9FACF9�=H=G@9GGGIG79DH=�
6@9HCAI@H=7C@@=B95F=HMH<5BH<9DCGG=6@95@H9FB5H=J9HF5BG@C;:IB7H=CB
�%5IF9H=�
��� �	

���



U
N

C
O

R
R

EC
TE

D
PR

O
O

F

#CIFB5@�C:��@95B9F�)FC8I7H=CBLLL �LLLL� LLL�LLL �

�5G98CBH<9F9GI@HGDFCJ=898:FCA5 ;9B9F5@=G98@=?9@=<CC8F5H=C
H9GH�5 �C66���CI ;@5GGD97=:=75H=CB<5G699B7<CG9B	-<9 �C66���CI �
;@5GDFC8I7H=CB:IB7H=CB=BJC@J9GH<99GH=A5H=CBC: @9GGD5F5A9H9FG
H<5BH<9HF5BG@C;:IB7H=CB5@:CFA	-<=G:57=@=H5H9GH<9F9GI@HG=BH9FDF9�
H5H=CB	(B H<97CBHF5FM�H<9DF9G9B79C:EI58F5H=75B8=BH9F57H=CBH9FAG
=BH<9HF5BG@C;:CFA7CAD@=75H9F9GI@HG=BH9FDF9H5H=CB��9@=D9����� �
#C<B9G5B8#C<B9G�
��� �	

�G F9;5F8GH<9CB9�G=8989FFCFH9FA�K9 7<CCG9H<9<5@:�BCFA5@8=G�
HF=6I H=CB6975IG9H<=GAC89@G5H=G:=9GH<9G75@=B;DFCD9FHM	�G BCH986M
05B; 5B8,7<A=8H�
��
� 5B8�@J5F9N9H5@	�
���� � H<9G75@=B;DFCD�
9FHM5@@CKGHC=GC@5H9H<99::97HC: :5FAG�$7<5F57H9F=GH=7G5B8H<FCI;<�
CIHH<9DFC8I7H=CBDFC79GG	0=H<H<9G75@=B;DFCD9FHM�u =G8=GHF=6IH98
5G H=A9G5 <5@:BCFA5@ -<9 @9J9@C: 9::=�
7=9B7M89D9B8GCBH<9F5B8CA J5F=56@9u 5B8CBH<9exp�zi���� 	 -<=G
DFCD9FHM7CBG=GHGC:9GG9BH=5@@MHCGHF9H7<CFG<F=B?H<9<CF=NCBH5@5L=G�
GCH<5HK<=@9H<9G75@9C: H<9u 8=GHF=6I H=CB7<5B;9G�=HGIB89F@M=B;
G<5D98C9GBCH	

4. Resultsand discussion

4.1.Results
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Fig. 1. &5DC:H<9�DI @=5F9;=CB=B7@I898=BH<9GHI8=985F95C:H<9�5D=H5B5H5�CBGCFH=IA	
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4.2.Discussion
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