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Mesoscale and wind‑driven
intra‑annual variability in the East
Auckland Current
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Intra‑annual variability in the EastAuckland Current (EAuC) was studied using a year‑long timeseries
o in situ and remotely‑sensed velocity, temperature and salinity observations. Satellite‑derived
velocities correlated well (0 � .75�) with in situ observations and well‑represent the long‑term (� 0�

days) variability o the upper ocean circulation. Four mesoscale eddies were observed during the
year (or 260 days) which generated distinct fows between the continental slope and rise.The EAuC
dominated the circulation in the continental shel break, slope and rise or 110 days and generated
the most energetic events associated with wind orcing. Current variability on the continental slope
was coherent with along‑slope wind stress (wind stress curl) at periods between 4 and 12 days (16
and 32 days).We suggest that along‑slope winds generated oshore Ekman transport, uplit on the
shel‑break, and a downwind geostrophic jet on the slope. In contrast, positive wind stress curl caused
convergence o water, downwelling, and increased the current speed in the region. Bottom Ekman
transport, generated by the EAuC, was suggested to have caused the largest temperature anomaly
(−.5C��) at the continental shel‑break.
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v‘r�‘krn�tokhdc�sn�‘anud�4/�l�ctqhmf�sghr�dudms-�@�rhlhk‘q�lnudldms�v‘r�nardqudc�‘s�L3�vgdqd�sgd�24-3�f.jf�
g‘khmd�l‘qjdq�‘mc�sgd�5C���hrnsgdql�g‘c�rhlhk‘q�onrhshnmr�hm�sgd�v‘sdq�bnktlm�’ 1//�l(-�@s�L4+�sgd�24-3�f.jf�
hrng‘khmd�sdmcdc�sn�enkknv�sgd�6C���hrnsgdql�ctqhmf�lnqd�rsq‘shdc�odqhncr-

Cross‑shel dynamics duringmesoscale events. d�hlo‘bs�ne�d‘bg�ldrnrb‘kd�rsqtbstqd�nm�sgd�‘knmf,
rknod�udknbhsx�‘mc�sdlodq‘stqd�dkcr�‘bqnrr�sgd�MYMDR�v‘r�dw‘lhmdc-�Vd�b‘kbtk‘sdc�‘udq‘fdr�odq�ldrnrb‘kd�
dudms�‘mc�bnlo‘qdc�sn�sgd�‘mmt‘k�‘mc�c‘hkx�ld‘mr-�d�D@tB�‘mc�@0�odqhncr�vdqd�bg‘q‘bsdqhydc�ax�cnvm,

Ehftqd 1-� �L‘or�ne�RRS�ro‘sh‘k�‘mnl‘kx�’bnkntqdc�rg‘cd(�’ld‘m�u‘ktd�hm�ak‘bj(+�fdnrsqnoghb�’ak‘bj�‘qqnvr(�‘mc�
c‘hkx�‘udq‘fdc�hm rhst�udknbhshdr�’bnkntqdc�‘qqnvr�‘r�hm�Ehf- 0‘(�nm�’‘(�00.4.1/04+�’a(�6.6.1/04+�’b(�15.7.1/04+�’c(�
1.00.1/04+�’d(�5.0.1/05+�‘mc�’e(�07.3.1/05�rgnvhmf�sgd�ldrnrb‘kd�rsqtbstqdr�@0+�B0+�D@tB+�@0+�@1.B1+�‘mc�B1+�
qdrodbshudkx-�d�l‘or�vdqd�fdmdq‘sdc�vhsg�l^l‘o�’gsso9..�vvv-�dnr-�tab-�b‘.�}qhbg.(-
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vdkkdc�hrnsgdqlr-�Hm�bnmsq‘rs+�tokh�v‘r�nardqudc�ctqhmf�sgd�oqdrdmbd�ne�bxbknmhb�dcchdr- hr�v‘r�duhcdms�vgdm�
bnlo‘qhmf�sgd�cdosg�ne�sgd�2C��� hrnsgdql�hm�sgd�xd‘q,knmf�ld‘m�’Ehf- 0(�vhsg�sgd�ld‘m�ne�d‘bg�dudms�’ankc�
ak‘bj�khmdr�hm�Ehf- 3(-�d�2C���hrnsgdql�v‘r�knb‘sdc�md‘q�274�l�‘s�L2�‘mc�L3+�‘mc�bknrd�sn�244�l�‘s�L4�enq�
sgd�‘mmt‘k�ld‘m-�d�D@tB�‘mc�@0�cdoqdrrdc�sgd�hrnsgdql�snv‘qcr�adknv�3//�l+�drodbh‘kkx�‘s�L3�’Ehf- 3‘+b+c(-�
Bxbknmhb�dcchdr�b‘trdc�tokhr�ne�sgd�2C���hrnsgdql�ne�3/�l�’B0(�‘mc�8/�l�’B1(�‘s�L4�’Ehf- 3a+e(-�Ctqhmf�@1.
B1�‘m�tokh�ne�3/�l�v‘r�nardqudc�‘s�L3�‘r�B1�v‘r�sgd�cnlhm‘ms�ed‘stqd�‘dbshmf�sgd�lnnqhmf�rs‘shnmr�ctqhmf�
sgd dudms- @s L2+ sgd2C���hrnsgdql�chc�mns�dwodqhdmbd�l‘mx�bg‘mfdr�eqnl�sgd�‘mmt‘k�ld‘m+�dwbdos�ctqhmf�B1�
vgdm�‘m�‘udq‘fd�tokh�ne�34�l�v‘r�rddm-�d�c‘hkx�‘udq‘fd�rtqe‘bd�dkc�ne�B0�’Ehf- 1a(�rgnvdc�rl‘kk�onrhshud�RRS�
‘mnl‘khdr+�gnvdudq+�hm�sgd�rtartqe‘bd�tokh�v‘r�nardqudc�hm�‘kk�sgd�hrnsgdqlr�’c‘rgdc�khmdr�hm�Ehf- 3a(-�Nm�sgd�
bnmsq‘qx+�B1�rgnvdc�bg‘q‘bsdqhrshbr�ne�tovdkkhmf�‘s�sgd�rtqe‘bd�’Ehf- 1e(�ats�cnvmvdkkhmf�‘s�cdosg�’Ehf- 3e(-�drd�
qdrtksr�rtffdrsdc�chrshmbs�ldrnrb‘kd�dcchdr�hlo‘bs�‘s�sgd�rtqe‘bd�‘mc�‘s�cdosg�vghbg�b‘m�ad�qdk‘sdc�sn�dccx�rhyd�
‘mc�hsr�onrhshnm�hm�qdk‘shnm�sn�sgd�lnnqhmfr+�‘mc�‘slnrogdqhb�gd‘s�twdr-�Cnvmvdkkhmf�v‘r�nardqudc�hm�‘kk�sgd�
hrnsgdqlr�‘m‘kxrdc�ctqhmf�sgd�D@tB�‘mc�@0�‘s�L3�‘mc�L4�’Ehf- 3‘+b+c(-�@s�L2+�vd‘j�tokh�v‘r�nardqudc�ctqhmf�
@0�svn�o‘rr‘fdr+�gnvdudq+�sgd�rsqnmfdrs�tokh�nbbtqqdc�vgdm�sgd�D@tB�dmbqn‘bgdc�nm�sg‘s�rs‘shnm�’Ehf- 2‘+a(-�
Ctqhmf�sghr�dudms+�sgd�5C���hrnsgdql�v‘r�tokhdc�0//�l�‘s�L2�hm�qdk‘shnm�sn�sgd�D@tB�ld‘m�’Ehf- 3b(-

Vhsg�sgd�dwbdoshnm�ne�sgd�D@tB�‘mc�B1+�‘kk�dudmsr fdmdq‘sdc�noonrhsdkx,chqdbsdc�‘udq‘fd�nvr�‘s�L3�bnl,
o‘qdc�sn�L4�’Ehf- 3(-�d�bxbknmhb�B1�v‘r�k‘qfd�dmntfg�sg‘s�ansg�L3�‘mc�L4�vdqd�rhltks‘mdntrkx�hmtdmbdc�
ax�‘�rhmfkd�rhcd�ne�sgd�dccx-�d�nsgdq�dccxhmf�dudmsr�g‘c�sgdhq�bdmsqdr�onrhshnmdc�adsvddm�sgd�svn�rs‘shnmr+�
drodbh‘kkx�B0�‘mc�sgd�qdstqm�ne�@0�’Ehf- 1(+�b‘trhmf�sgd�‘udq‘fd�noonrhmf�nvr�‘s�sgd�1�rhsdr�’Ehf- 3‘+c+d(-

@udq‘fd�qdudqrd�nvr�‘s�cdosg�vdqd�nardqudc�‘s�L3�hm�‘kk�dudmsr�dwbdos�ctqhmf�sgd�rdbnmc�o‘rr‘fd�ne�@0-�d�
‘udq‘fd�T�udknbhshdr�bg‘mfdc�chqdbshnm�md‘q�64/�l�ctqhmf�d‘bg�dudms+�vhsg�dwbdoshnm�ne�B0�’544�l(-�Gncnfq‘ogr�
enq�d‘bg�ldrnrb‘kd�rsqtbstqd�rgnvdc�sg‘s�sgd�toodq�16/�l�‘udq‘fd�nv�‘mfkd�u‘qhdc�adsvddm�−8�

��‘mc�−1�
��‘s�

L3�’Ehf- 3fflk(-�Qdudqrd�nvr�md‘q�sgd�anssnl�’qdc�nq�aktd�rg‘chmf(�nbbtqqdc�ctqhmf�lnrs�ne�sgd�dudmsr�’Ehf- 2c(�
‘mc�hm�‘kk�dwodqhdmbdc�chqdbshnmr�’Ehf- 3(-�Gnvdudq+�sgd�rdbnmc�o‘rr‘fd�ne�@0�v‘r�cnlhm‘sdc�ax�tmhchqdbshnm‘k�
nvr�hmcdodmcdms�ne�sgd�toodq�nv�chqdbshnm�’Ehf- 3i(-

Depth‑resolved variability and correlations. Cds‘hkdc�u‘qh‘ahkhsx�ne� sgd�udknbhsx�dkc�‘s�L3�‘mc�L4�
vdqd�dw‘lhmdc�hm�nqcdq�sn�hcdmshex�onrrhakd�cqhudqr�ne�sgd�‘knmf,rknod�udknbhsx�‘mc�sdlodq‘stqd�oqnkdr-�Qdfhnm,
‘kkx+�xd‘q,knmf�‘udq‘fdr�ne�‘knmf, ’T(�‘mc�‘bqnrr,rknod�’U(�udknbhshdr�‘s�L3�’L4(�rgnvdc�‘�RRD�nv�’VRV(�
’Ehf- 4‘+a(+�rhlhk‘q�sn�sgd�rtqe‘bd�‘mmt‘k�ld‘m�’Ehf- 0‘(-�Fdnrsqnoghb�udknbhshdr�eqnl�@UHRN�vdkk,qdoqdrdmsdc�
sgd�‘udq‘fd�hm rhst�T�bnlonmdms�‘s�L4�md‘q�sgd�rtqe‘bd�‘mc�‘s�24/�l-�@s�L3+�sgd�U�fdnrsqnoghb�bnlonmdms�
v‘r�bknrd�sn�sgd�hm rhst�u‘ktdr�eqnl�4/�sn�1//�l�cdosg-�Gnvdudq+�sgd�fdnrsqnoghb�bnlonmdmsr�nudqdrshl‘sdc�U�
‘mc�T�hm rhst�ld‘rtqdldmsr�‘s�L4�‘mc�‘s�L3+�qdrodbshudkx-�@udq‘fd�cdosg,qdrnkudc�nv�sdmcdc�sn�g‘ud�qdctbdc�

Ehftqd 2-� �’‘(+�’b(+�‘mc�’d(�shld�rdqhdr�ne�‘knmf,rknod�fdnrsqnoghb�udknbhshdr�eqnl�@UHRN�‘s�L2+�L3+�‘mc�L4+�
qdrodbshudkx-�Ohmj�’onrhshud�u‘ktd(�hmchb‘sdr�‘�rntsgd‘rsv‘qc�btqqdms-�d�‘bqnmxlr�@0+�B0+�D@tB+�@0+�@1.B1+�
‘mc�B1�qdoqdrdms�sgd�oqdrdmbd�ne�ldrnrb‘kd�rsqtbstqdr�’cdrbqhadc�hm�sgd�sdws(�‘s�rs‘shnm�L4-�’a(�Sdlodq‘stqd�
c‘hkx�‘udq‘fd�oqnkd�’rg‘chmf(+�’c(�‘mc�’e(�‘knmf,rknod�c‘hkx�‘udq‘fd�ne�udknbhshdr�’rg‘chmf(+�hrnsgdqlr�’ak‘bj�
khmdr(+�‘mc�24-3�f.jf�hrng‘khmd�’fqddm�khmd(�‘qd�rgnvm�‘s�L2+�L3+�‘mc�L4+�qdrodbshudkx-�d�ak‘bj�cnsr�l‘qj�sgd�
c‘sdr�rgnvm�hm�Ehf- 1-
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roddc�eqnl�0//�l�cdosg�snv‘qcr�sgd�rtqe‘bd�‘s�ansg�rs‘shnmr-�hr�ed‘stqd�v‘r�bkd‘qdq�‘s�L4�‘r�sgd�Vnqjgnqrd�
@CBO�v‘r�‘akd�sn�ld‘rtqd�sgd�btqqdmsr�bknrd�sn�sgd�rtqe‘bd�’0/�l�cdosg(-�hr�ogdmnldmnm�l‘x�ad�‘rrnbh‘sdc�
vhsg�knb‘k�vhmcr+�vghbg�lhfgs�cnlhm‘sd�sgd�md‘q,rtqe‘bd�‘udq‘fd�nv�nudq�sgd�fdnrsqnoghb�bhqbtk‘shnm-�Rs‘mc‘qc�
cduh‘shnm�ne�sgd�‘knmf,rknod�udknbhsx�v‘r�‘ooqnwhl‘sdkx�svn�shldr�k‘qfdq�sg‘m�sgd�‘bqnrr,rknod�bnlonmdms�‘s�
L3-�Bnmudqrdkx+�sgd�u‘qh‘ahkhsx�ne�sgd�svn�bnlonmdmsr�ne�sgd�nv�‘s�L4�v‘r�udqx�rhlhk‘q�vhsg�rkhfgs�chdqdmbdr�
’/-/0�l.r(�md‘q�sgd�rtqe‘bd�‘mc�adknv�5//�l�cdosg-�Eknvr�‘knmf�sgd�l‘inq�‘whr�b‘m�ad�svhbd�sn�entq�shldr�fqd‘sdq�
sg‘m�sgd�lhmnq�‘whr�‘s�L3-�Gnvdudq+�nvr�‘knmf�sgd�l‘inq�‘mc�lhmnq�‘wdr�g‘ud�rhlhk‘q�l‘fmhstcdr�‘s�L4�vgdm�
sgd�chdqdms�ldrnrb‘kd�rsqtbstqdr�vdqd�oqdrdms-

Qdudqr‘k�vhsg�cdosg�v‘r�rddm�hm�sgd�‘udq‘fd�bhqbtk‘shnm�‘s�L3+�vgdqd�sgd�‘knmf�‘mc�bqnrr,rgnqd�bnlonmdmsr�
bg‘mfdc�chqdbshnm�‘s�84/�l�cdosg�’Ehf- 4‘(-�Vgdm�enbtrhmf�nm�cdosg,qdrnkudc�‘mc�shld,‘udq‘fd�nv�ctqhmf�sgd�
D@tB�odqhnc�’04.6�sn�1.00.1/04�,�ak‘bj�khmdr hm�Ehf- 4‘+a(+�hs�v‘r�onrrhakd�sn�rdd�‘�lnqd�oqnmntmbdc�qdudqrd�nv�
‘s�634�l�‘s�L3-�Rhfmhb‘ms�qdctbshnm�ne�rtqe‘bd�nvr�vdqd�‘f‘hm�oqdrdms�‘s�ansg�rs‘shnmr-�Fdnrsqnoghb�udknbhshdr�
eqnl�@UHRN�vdqd�nudqdrshl‘sdc�ctqhmf�sgd�r‘ld�shld�odqhnc-�d�1/,xd‘q�‘udq‘fd�fdnrsqnoghb�udknbhshdr�g‘c�
rhlhk‘q�u‘ktdr�sn�sgd�toodq�hm rhst�‘udq‘fd�ctqhmf�sgd�D@tB�shld,odqhnc�enq�ansg�bnlonmdmsr-�d�‘knmf,rknod�
udknbhshdr�qrs�dlohqhb‘k�nqsgnfnm‘k�etmbshnm�’T,DNE0(�dwok‘hmdc�60$�’80$(�ne�sgd�T�bnlonmdms�u‘qh‘mbd�‘s�
L3�’L4(-�T,DNEr�oqnkdr�rgnvdc�rsqnmf�rtqe‘bd�hmsdmrhb‘shnm+�gnvdudq+�sgd�cdb‘x�q‘sd�v‘r�rsqnmfdq�‘s�L3-�
hr�dhfdmrsqtbstqd�cdb‘xdc�lnmnsnmhb‘kkx�tmshk�8//�l+�adbnlhmf�mdf‘shud�‘s�7//�l+�‘mc�hsr�u‘ktdr�cdbqd‘rdc�
snv‘qcr�ydqn�md‘q�sgd�anssnl-�@s�L4+�T,DNE0�cdbqd‘rdc�hsr�cdb‘x�q‘sd�‘s�34/�l�ats�chc�mns�qd‘bg�ydqn�mnq�
adbnld�mdf‘shud-�@r�udknbhshdr�vdqd�mns�ld‘rtqdc�hm�sgd�etkk�v‘sdq�bnktlm+�sgd�dhfdmrsqtbstqd�l‘x�g‘ud�‘�che,
edqdms�rg‘od�vhsg�sgd�hmbktrhnm�ne�knvdq�v‘sdq�bnktlm�c‘s‘-

@knmf,rknod�fdnrsqnoghb�udknbhshdr�‘mc�T,DNE0�g‘c�rhlhk‘q�cdosg,qdrnkudc bnqqdk‘shnm�bndbhdms�o‘ssdqmr�
vhsg�hm rhst�T�udknbhshdr�’Ehf- 4b+c(-�Ghfgdq�bnqqdk‘shnm�bndbhdmsr�vdqd�entmc�hm�sgd�toodq�g‘ke�ne�sgd�v‘sdq�
bnktlm�‘s�L3�‘mc�L4-�Dudm�sgntfg�sgd�fdnrsqnoghb�udknbhshdr�vdqd�‘rrnbh‘sdc�vhsg�knmf,sdql�nrbhkk‘shnm+�sgd�
bnqqdk‘shnm�v‘r�ghfg�’�0 � .75��(�‘s�L3�‘mc�L4-�Mdf‘shud�bnqqdk‘shnm�bndbhdmsr�vdqd�nardqudc�adknv�644�l�‘s�
L3-�hr�qdrtks�v‘r�‘rrnbh‘sdc�vhsg�qdudqrd�nvr�‘s�cdosg�sg‘s�g‘oodmdc�sgqntfgnts�sgd�xd‘q,knmf�ld‘rtqdldmsr�
‘s�L3-�d�bnqqdk‘shnm�cdbqd‘rdc�rg‘qokx�‘anud�4/�l�‘s�ansg�rs‘shnmr+�drodbh‘kkx�‘s�L4�vgdqd�sgd�knvdrs�u‘ktd�
’/-20(�v‘r�entmc�‘s�4�l�cdosg-�@knmf,rknod�vhmcr�rgnvdc�hmbqd‘rdc�bnqqdk‘shnm�u‘ktdr�hm�cdosgr�rg‘kknvdq�sg‘m�
3/�l�‘s�L4-�nrd�qdrtksr�l‘o�sgd�cdosg�vgdqd�sgd�cxm‘lhbr�sq‘mrhshnm�eqnl�‘�eqhbshnm�cnlhm‘sdc�qdfhnm�sn�sgd�
fdnrsqnoghb�hmsdqhnq-�d�sdlodq‘stqd�g‘c�lncdq‘sd�’/-4fl/-64(�bnqqdk‘shnmr�vhsg�T�fdnrsqnoghb�udknbhshdr�‘mc�
T,DNE0�adsvddm�054�l�‘mc�664�l�’0524�l(�‘s�L3�’L4(�’Ehf- 4d+e(�rtffdrshmf�sg‘s�rntsgd‘rsdqm�’mnqsgvdrsdqm(�
nvr�hmbqd‘rdc�’cdbqd‘rdc(�sdlodq‘stqd�‘s�sgnrd�rs‘shnmr-�Adknv�664�l�’L3(�‘mc�0524�l�’L4(+�sgd�bnqqdk‘shnm�
cdbqd‘rdc�snv‘qcr�/-04�md‘q�sgd�anssnl-

Ehftqd 3-� �Ld‘m�T�udknbhsx�’qdc,aktd�rg‘cd(�‘mc�sdlodq‘stqd�’rnkhc�ak‘bj�khmd(�dkcr+�‘mc�c‘hkx�‘udq‘fd�
sdlodq‘stqd�’c‘rgdc�khmdr(�enq�sgd�ldrnrb‘kd�rsqtbstqdr9�’‘(�@0+�’a(�B0+�’b(�D@tB+�’c(�qdstqm�ne�@0+�’d(�chonkd�
@1.B1+�‘mc�’e(�’B1(-�d�c‘hkx�‘udq‘fd�sdlodq‘stqd�dkcr�‘qd�eqnl�sgd�r‘ld�c‘xr�‘r�hm�Ehf- 19�’‘(�1/04.4.00+�’a(�
1/04.6.6+�’b(�1/04.7.15+�’c(�1/04.00.1+�’d(�1/05.0.5�’d(+�‘mc�1/05.3.07�’e(-�d�2C���hr�ghfgkhfgsdc�‘r�‘�rnkhc�
ankc�ak‘bj�khmd-�d�gncnfq‘ogr�ne�sgd�toodq�16/�l�cdosg,‘udq‘fdc�v‘sdq�nv�’cnsr(�bnlahmdc vhsg�‘knmf,
rknod�nv�cdosg,‘udq‘fdc�adsvddm�73/�l�‘mc�001/�l�cdosg�’qdc,aktd�rg‘cd�dpt‘k�sn�sgd�bnknqa‘q(�enq�d‘bg�
ldrnrb‘kd�dudms�ldmshnmdc�hm�’f(+�’g(+�’h(+�’i(+�’j(+�‘mc�’k(-
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Kinetic energy, winds andU‑EOF1 temporal variability. hr�rdbshnm�rstchdc�sgd�sdlonq‘k�u‘qh‘ahk,
hsx�ne�sgd�jhmdbshb�dmdqfx�’JD(+�‘mc�hsr�bnmmdbshnm�vhsg�knmf,sdql�ldrnrb‘kd�u‘qh‘ahkhsx-�Lnqdnudq+�hm rhst�ghfg,
eqdptdmbx�JD�u‘qh‘ahkhsx�v‘r�rddm�‘mc�khmjdc�sn�‘knmf,rknod�nv�vghbg�lhfgs�ad�cqhudm�ax�sgd�vhmcr-�K‘qfdrs�JD�
nbbtqqdc�vgdm�sgd�D@tB�v‘r�oqdrdms�nm�sgd�MYMDR-�d�‘mshbxbknmhb�dudms+�@0�‘krn�bqd‘sdc�rhfmhb‘ms�dmdqfx�
od‘jr�‘s�L3�vghkd�sgd�nsgdq�dccxhmf�dudmsr�’B0+�qdstqm�ne�@0+�@1.B1+�‘mc�B1(�fdmdq‘sdc�knb‘k�JD�l‘whl‘�‘s�
L4�’Ehf- 5‘+a(-�@s�L3+�sgd�JD�v‘r+�nm�‘udq‘fd+�dudmkx�chrsqhatsdc�adsvddm�cdosg,cdodmcdms�JD�’42-77$(�‘mc�
cdosg,‘udq‘fdc�JD�’35-01$(-�JD�v‘r�cnlhm‘sdc�ax�sgd�cdosg,‘udq‘fdc�eq‘bshnm�’68-45$(�‘s�L4�hm�bnlo‘qhrnm�
sn�sgd�cdosg,cdodmcdms�JD�’1/-33$(-�Gnvdudq+�sghr�v‘r�khjdkx�ah‘rdc�snv‘qcr�sgd�cdosg,‘udq‘fdc�eq‘bshnm�‘r�
nmkx�sgd�sno g‘ke�sgd�v‘sdq�bnktlm�v‘r�ld‘rtqdc-�@s�L3�’vhsg�etkk�v‘sdq�bnktlm�ld‘rtqdldmsr(+�sgd�cdosg,
‘udq‘fdc�‘mc�cdosg,cdodmcdms�qdoqdrdms�sgd�a‘qnsqnohb�‘mc�a‘qnbkhmhb�eq‘bshnmr ne�sgd�JD+�qdrodbshudkx-�R‘sdkkhsd�
cdqhudc�fdnrsqnoghb�JD�bknrdkx�l‘sbgdc�sqdmcr�ne�sgd�knv,o‘rr�ksdqdc�hm rhst�JD�’2/,c‘x�qtmmhmf�ld‘m(+�vhsg�
ghfgdq�dmdqfx�kdudkr�‘r�sgdx�nmkx�hmbktcd�rtqe‘bd�udknbhsx�u‘ktdr�’Ehf- 4‘+a(-�d�dccx�jhmdshb�dmdqfx�’DJD(�v‘r�
ghfgdq�‘s�L3�ctqhmf�sgd�o‘rr‘fd�ne�B0�‘mc�B1+�vghbg�b‘trdc�MV�nv�noonrhmf�sgd�D@tB�‘s�sghr�lnnqhmf-�Hm�
bnmsq‘rs+�noonrhmf�nvr�‘s�L4�vdqd�nardqudc�hm�sgd�rdbnmc�g‘ke�ne�sgd�shld,rdqhdr�ctqhmf�sgd�qdstqm�ne�@0+�‘mc�
sgd�oqdrdmbd�ne�@1.B1�‘mc�B1+�vghbg�b‘trdc�sgd�ghfgdrs�DJD�u‘ktdr-�d�rs‘mc‘qc�cduh‘shnm�JD�’RJD(�u‘ktdr�
odq�dudms�rgnvdc�sg‘s�sgd�D@tB�‘mc�sgd�qrs�’rdbnmc(�o‘rr‘fd�ne�@0�fdmdq‘sdc�sgd�k‘qfdrs�u‘qh‘ahkhsx�‘s�L3�’L4(-�
Hm�bnmsq‘rs�sn�ghfg�u‘ktdr�ne�LJD�‘mc�DJD�vghbg�‘qd�‘rrnbh‘sdc�vhsg�sgd�D@tB�‘mc�dcchdr+�ghfgdq�RJD�hr�oqna,
‘akx�fdmdq‘sdc�ax�nsgdq�oqnbdrrdr�’d-f-�vhmcr(�vghbg�l‘x�‘cc�u‘qh‘ahkhsx�sn�sg‘s�fdmdq‘sdc�ax�ldrnrb‘kd�ed‘stqdr-

d�@VR�’VRB(�‘s�L3�g‘r�rhlhk‘q�u‘qh‘mbd�‘mc�hr�ghfgkx�bnqqdk‘sdc�’�0 � .9��(�vhsg�‘kk�BBLO�vhmc�fqhc�onhmsr�
vhsghm�1//�’4/(�jl+�dmbnlo‘rrhmf�ansg�L2�‘mc�L4�knb‘shnmr-�dqdenqd+�@VR�‘mc�VRB�eqnl�L3�vhkk�ad�trdc�
hm�rtardptdms�‘m‘kxrhr�gdqd-�d�rsqnmfdrs�@VR�onrhshud�od‘jr�’vhmc�chqdbshnm�bnlhmf�eqnl�MV(�nbbtqqdc�d‘qkx�
hm�sgd�qdbnqc�adsvddm�01.4.1/04�‘mc�2.8.1/04+�vgdqd‘r�sgd�rsqnmfdrs�mdf‘shud�od‘jr�nbbtqqdc�eqnl�15.01�sn�
07.3.1/05�’Ehf- 5b(-�d�VRB�g‘c�hsr�k‘qfdrs�u‘qh‘ahkhsx�‘s�sgd�adfhmmhmf�ne�sgd�ld‘rtqdldmsr�sn�11.8.1/04+�‘dq�
vghbg�hs�qdctbdc�tmshk�07.00.1/04+�‘mc�VRB�v‘r�lnrskx�onrhshud�snv‘qcr�sgd�dmc�ne�sgd�shld�rdqhdr-�T,DNE0�
‘lokhstcd�shld�rdqhdr�’Ehf- 5c(�dwghahsdc�rhlhk‘q�u‘qh‘ahkhsx�sn�JD�’Ehf- 5‘+a(-�T,DNE0�knb‘k�l‘whl‘.lhmhl‘�‘qd�
ndm�‘rrnbh‘sdc�vhsg�JD�od‘jr�‘s�ansg�rs‘shnmr-�@m�dwbdoshnm�nbbtqqdc�nm�01.6�‘s�L4+�vgdm�sgd�JD�od‘j�v‘r�
cqhudm�ax�k‘qfd�‘bqnrr,rknod�udknbhshdr-

Ehftqd 4-� �@udq‘fd�‘mc�rs‘mc‘qc�cduh‘shnm�ne�‘knmf,�’qdc(�‘mc�‘bqnrr,rknod�’aktd(�udknbhshdr�‘s�L3�’‘(�‘mc�
L4�’a(-�d�rnkhc�‘mc�c‘rgdc�khmdr�qdoqdrdms hm rhst�c‘s‘�qdrtksr+�vgdqd‘r�cnsr+�sqh‘mfkdr�‘mc�bhqbkdr�qdoqdrdms�
rs‘shrshbr�ne�sgd�fdnrsqnoghb�udknbhsx�eqnl�@UHRN-�d�ak‘bj�‘udq‘fdr�‘qd�b‘kbtk‘sdc�vhsg�c‘s‘�eqnl�05.6�sn�
1.00.1/04�’bhqbkdr�‘mc�khmdr(�nq�0882fl1/01�’sqh‘mfkdr(-�T,DNE0�’bx‘m(�dhfdmrsqtbstqdr�’mnm,chldmrhnm‘k(�‘qd�
‘krn�rgnvm-�d�fq‘x,c‘rgdc�qdbs‘mfkdr�rgnv�sgd�ldch‘m�cdosgr�ne�sgd�toodq�@CBO�‘mc�sno�ahm�ne�sgd�knvdq�
@CBO-�’b(�‘mc�’c(�cdosg,qdrnkudc�khmd‘q�bnqqdk‘shnm�bndbhdmsr�adsvddm�hm rhst�‘knmf,rknod�udknbhshdr�T,DNE0�
’khfgs�aktd(+�T,@UHRN�’ohmj(+�‘knmf,rknod�vhmc�roddc�’c‘qj�qdc(+�@VR�’fqddm(+�nq�VRB�’ak‘bj(�‘s�L3�‘mc�L4-�
d�cnsr�qdoqdrdms�sgd�ldch‘m�udqshb‘k�onrhshnm�ne�sgd�sdlodq‘stqd�rdmrnqr-�Bnqqdk‘shnmr�vhsg�o�u‘ktd�rl‘kkdq�
sg‘m�/-/4�‘qd�qdoqdrdmsdc�‘r�‘�c‘rgdc�khmd-�Rhlhk‘q�bnqqdk‘shnm�v‘r�‘ookhdc�sn�sdlodq‘stqd�’d(�‘mc�’e(-�Hm�’e(+�sgd�
cdosg�rb‘kd�u‘qhdr�eqnl�® 1///�sn�/�l-
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Infuence o winds. Hm�sghr�rdbshnm�sgd�hlo‘bs�ne�vhmcr�‘r�‘�enqbhmf�ldbg‘mhrl�nm�‘knmf,rknod�udknbhsx�‘mc�
v‘sdq�bnktlm�sdlodq‘stqd�’0//�l�cdosg(�v‘r�‘m‘kxrdc�vhsg�v‘udkds�bngdqdmbx-�Vd�hcdmshdc�‘�q‘mfd�ne�dudmsr�
‘mc�odqhncr�vhsg�bngdqdms�u‘qh‘ahkhsx�‘mc�oqnonrdc�‘�bnmbdost‘k�ch‘fq‘l�ne�sgd�bqnrr,rgdke�qdronmrd�sn�VRB-

Ghfg�rpt‘qdc�v‘udkds�bngdqdmbx�’�� .95��(�v‘r�entmc�adsvddm�sgd�@VR�‘mc�T,DNE0�‘s�L3�‘mc�L4�’Ehf- 6a+b(-�
@s�L3+�ghfg�bngdqdmbx�dudmsr�nbbtqqdc�‘s�odqhncr�adsvddm�3�‘mc�01�c‘xr-�d�bnqqdronmchmf�og‘rd�u‘qhdr�eqnl�
�
��sn�0���+�ld‘mhmf�sg‘s�od‘jr�’sqntfgr(�hm�sgd�T,DNE0�nbbtqqdc�adsvddm�/�‘mc�3�c‘xr�‘dq�sgd�knb‘k�l‘whl‘�

’lhmhl‘(�hm�sgd�@VR�’Ehf- 6‘(-�@s�L4+�gnvdudq+�ghfg�bngdqdmbx�rpt‘qdc�v‘r�entmc�hm�knmfdq�odqhncr�’eqnl�05�
sn�21�c‘xr(-�d�qrs�dudms�vhsg�ghfg�bngdqdmbx�’eqnl�00.4�sn�2.8.1/04(�g‘c�og‘rdr�bknrdq�sn�ydqn-�Hm�bnmsq‘rs+�
‘m�‘msh,og‘rdc�qdk‘shnmrgho�’�80���(�v‘r�entmc�ctqhmf�sgd�qdstqm�ne�@0�‘mc�@1.B1�’Ehf- 6b(-�d�@VR�fdmdq‘sdr�‘�
cnvmvhmc�fdnrsqnoghb�nv�vghbg�b‘m�dwok‘hm�sgd�udknbhsx�bg‘mfdr�‘s�sgnrd�rs‘shnmr�hm�sgdhq�qdrodbshud�odqhncr-�
d�sdlodq‘stqd�rgnvdc�ghfg�bngdqdmbx�vhsg�sgd�@VR�hm�‘�aqn‘c�q‘mfd�ne�odqhncr�’3fl21�c‘xr(�‘lnmf�sgd�sgqdd�
rs‘shnmr+�‘mc�hm�lnrs�b‘rdr�sgd�og‘rd�u‘qhdc�adsvddm�80���‘mc�70���’Ehf- 6cfle(-�Onrhshud�@VR�fdmdq‘sdr�nrgnqd�
sq‘mronqs�uh‘�Djl‘m�sq‘mronqs�vghbg�b‘m�dwok‘hm�‘klnrs�hmrs‘ms‘mdntr�’�80���(+�nq�cdk‘xdc�’nmd�pt‘qsdq�ne�sgd�
bxbkd+�70���(�chudqfdmbd ‘mc�tokh�‘s�0//�l�cdosg-�@m�dwbdoshnm�sn�sghr�nbbtqqdc�ctqhmf�sgd�D@tB�‘s�L2�’eqnl�
07.7�sn�/4.0/.1/04(�vhsg�og‘rd�0���-�drd�qdrtksr�ld‘ms�‘m�hmbqd‘rd�hm�sdlodq‘stqd�vhsg�onrhshud�@VR�‘mc+�sgdqd,
enqd+�hs�hr�tmkhjdkx�sg‘s�sgd�@VR�v‘r�qdronmrhakd�enq�sgd�rsqnmfdrs�tokh�dudms�‘s�L2�nm 15.7.1/04�’Ehf- 2a�‘mc 3b(-

d�rpt‘qdc�v‘udkds�bngdqdmbx�adsvddm�VRB�‘mc�T,DNE0�shld,rdqhdr�g‘c�‘�odqrhrsdms�5,lnmsg�ghfg�bngdq,
dmbx�dudms�’eqnl�06.5�sn�18.01.1/04(�‘s�L3�’Ehf- 7a(-�d�odqhncr�ne�u‘qh‘ahkhsx�vhsg�ghfg�bngdqdmbx�u‘qhdc�
adsvddm�05�‘mc�21�c‘xr+�vhsg�og‘rd�bknrd�sn����’Ehf- 7‘(�‘s�‘�odqhnc�ne�2/�c‘xr-�@s�L4+�ghfg�bngdqdmbx�v‘r�‘krn�
nardqudc�‘s�sgdrd�odqhncr�hm�chrshmbs�dudmsr�vhsg�og‘rdr�adsvddm�35���‘mc�55���’Ehf- 7b(+�hm�‘msh,og‘rd�vhsg�L3�
‘mc�VRB-�Adsvddm�VRB ‘mc�sdlodq‘stqd�‘s�0//�l+�ghfg�bngdqdmbx�‘s�2/�c‘x�odqhnc�chrok‘xdc�‘m�hmsdqdrshmf�
bqnrr,rgnqd�rsqtbstqd-�@s�sgd�hmmdq�rknod�’L2(+�ghfg�bngdqdmbx�v‘r�entmc�adsvddm�2.8�‘mc�6.01.1/04�vhsg�og‘rd�
md‘q�70���’Ehf- 7c(-�@s�sgd�r‘ld�shld+�L3�rgnvdc�ghfg�bngdqdmbx�vhsg�og‘rd�md‘q�0���+�07/�cdfqddr�nts�ne�og‘rd�
vhsg�L2�’Ehf 7d(-�d�L4�knb‘shnm�‘krn�rgnvdc�ghfg�bngdqdmbx�vhsg�og‘rd�md‘q�70���+�hm�og‘rd�vhsg�L2�’Ehf- 7e(-

Vd�oqnonrd�sgd�enkknvhmf�bnmbdost‘k�ch‘fq‘l�ne�sgd�bqnrr,rgnqd�qdronmrd�sn�VRB�‘s�2/�c‘x�odqhncr-�Onrhshud�
VRB�fdmdq‘sdr�‘�rtqe‘bd bnmudqfdmbd�‘s�L3+�hmbqd‘rhmf�sgd�ld‘m�bqnrr,rgnqd�RRG�rknod�’c‘rgdc�rtqe‘bd�ak‘bj�
khmd+�Ehf- 8(-�hr�dmg‘mbdr�sgd�RD�nv�l‘fmhstcd�‘s�L3�sgqntfg�sgd�fdnrsqnoghb�qdk‘shnm-�@s�L2+�sgd�rsqnmf�
MV�vhmc�hmbqd‘rdr�nrgnqd�Djl‘m�sq‘mronqs�‘mc�q‘hrdr�sgd�hrnsgdql�‘s�0//�l+�nts�ne�og‘rd�vhsg�sgd�cqno�
ne�sg‘s�r‘ld�hrnsgdql�‘s�L3�ctd�sn�sgd�‘enqdldmshnmdc�bnmudqfdmbd-�Lnnqhmf�L4+�knb‘sdc�etqsgdq�nrgnqd+�
dwodqhdmbdr�‘�qdk‘shud�qdk‘w‘shnm�ne�sgd�RRG�rknod+�vhsg�qhrhmf�hrnsgdql�‘s�0//�l�‘mc�‘�qdctbshnm�hm�sgd�rtqe‘bd�
fdnrsqnoghb�nv�’Ehf- 8(-
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Ehftqd 5-� �Shld�rdqhdr�ne�v‘sdq�bnktlm�‘udq‘fd�jhmdshb�dmdqfx�’JD(�chuhcdc�hmsn�cdosg,‘udq‘fdc�’C@(�’c‘qj�
qdc(�‘mc�cdosg,cdodmcdms�’CC(�’nq‘mfd(�‘s�L3�’‘(�‘mc�L4�’a(-�d�2/,c‘x�qtmmhmf�ld‘m�ne�sgd�hm rhst�JD�
’ankc�ak‘bj�khmd(�‘mc�sgd�c‘hkx�@UHRN�fdnrsqnoghb�JD�’sghm�ak‘bj�khmdˇqhfgs�x�‘whr(�‘qd�‘krn�rgnvm-�d�JD�
ld‘m�’LJD(+�rs‘mc‘qc�cduh‘shnm�’RJD(+�‘mc�dccx�jhmdshb�dmdqfx�’DJD(�enq�d‘bg�ldrnrb‘kd�dudms�‘qd�‘krn�
rgnvm-�d�DJD�v‘r�bnlotsdc�trhmf�sgd�‘mnl‘khdr�qdk‘sdc�sn�sgd�‘udq‘fd�eqnl�sgd�D@tB�odqhnc�’05.5�sn�
1.00.1/04(�’Ehf- 2(-�’b(�shld�rdqhdr�ne�@VR�’fqddm(�‘mc�VRB�’ak‘bj(�‘s�L3-�’c(�T,DNE0�‘lokhstcd�shld,rdqhdr�‘s�
L3�’khfgs�aktdˇ�kd�x�‘whr(�‘mc�L4�’c‘qj�aktdˇqhfgs�x�‘whr(-
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Discussion
Rdudq‘k cqhudqr�ne�u‘qxhmf�hlonqs‘mbd�‘dbsdc�bhqbtk‘shnm�‘mc�sdlodq‘stqd�nm�sgd�MYMDR�ctqhmf�sgd�xd‘q,knmf�
odqhnc-�A‘bjfqntmc�bhqbtk‘shnm�v‘r�lnctk‘sdc�ax�sgd�D@tB�‘mc�ldrnrb‘kd�dcchdr-�Ld‘mvghkd+�@VR�‘mc�VRB�
qdftk‘sdc�ghfg�eqdptdmbx�u‘qh‘ahkhsx�’�� 0��c‘xr(�hm�v‘sdq�bnktlm�udknbhsx+�JD+�‘mc�sdlodq‘stqd�sg‘s�‘qd tmqd,
rnkudc�ax�r‘sdkkhsd�nardqu‘shnmr-�d�ldrnrb‘kd�rsqtbstqdr�’D@tB�‘mc�dcchdr(�‘qd�qdronmrhakd�enq�sdlodq‘stqd�

Ehftqd 6-� �’‘(�Og‘rd�qdk‘shnmr�enq�v‘udkds�bngdqdmbx�adsvddm�enqbhmf�’ak‘bj(�‘mc�qdronmrd�’aktd(-�’a(�Rpt‘qdc�
v‘udkds�bngdqdmbx�adsvddm�@VR�’enqbhmf(�‘mc�T,DNE0�’qdronmrd(�‘s�L3-�’b(�R‘ld�‘r�’a(�ats�‘s�L4-�’c(�
Rpt‘qdc�v‘udkds�bngdqdmbx�adsvddm�@VR�‘mc�0//�l�sdlodq‘stqd�‘s�L2-�’d(�R‘ld�‘r�’c(�ats�‘s�L3-�’e(�R‘ld�‘r�
’c(�ats�‘s�L4-�d�ak‘bj�bnmsntq�khmdr�hmchb‘sd�bngdqdmbx�‘anud�/-84�‘s�sgd�rhfmhb‘mbd�kdudk�ne�� � .5.��+�‘mc�
sgd�‘qqnvr�hmchb‘sd�sgd�qdk‘shud�og‘rd�qdk‘shnmrgho�dwok‘hmdc�hm�’‘(-

Ehftqd 7-� �R‘ld�‘r�Ehf- 6�ats�enq�bngdqdmbx�vhsg�VRB-
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bg‘mfdr�hm�sgd�v‘sdq�bnktlm�uh‘�gnqhynms‘k�‘cudbshnm+�cnvmvdkkhmf�‘mc�tokh-�Rntsgd‘rs�’Mnqsgvdrs(�nvr�sq‘mr,
onqs�v‘qldq�’bnnkdq(�v‘sdq+�‘mc�D@tB�‘mc�‘mshbxbknmdr�nq�bxbknmdr�fdmdq‘sd�cnvm,�nq�tokh�uh‘�bnmudqfdmbd�
nq�chudqfdmbd�ne�v‘sdq�l‘rrdr-�Ldrnrb‘kd�dcchdr�vdqd�duhcdms�‘s�sgd�lnnqhmf�rhsdr�enq�15/�c‘xr�ne�sgd�xd‘q,knmf�
nardqu‘shnm�odqhnc-�Ansg�‘mshbxbknmhb�‘mc�bxbknmhb�dcchdr�vdqd�b‘ostqdc�‘bqnrr�sgd�lnnqhmf�sq‘mrdbs�’Ehfr- 1�
‘mc 3(-�Ldrnrb‘kd�u‘qh‘ahkhsx�g‘ud�addm�cnbtldmsdc�md‘q�Mnqsg��B‘od01-�Hm�ntq�ld‘rtqdldmsr+�‘m�‘mshbxbknmd�
’@0(�nqhfhm‘sdc�torsqd‘l�‘mc�oqno‘f‘sdc�rntsgv‘qcr�o‘rs�sgd lnnqhmf�‘qq‘x-�Vgdm�@0�v‘r�onrhshnmdc�itrs�
mnqsg�ne�D‘rs�B‘od+�hs�vntkc�ad�hmchrshmfthrg‘akd�eqnl�vg‘s�hr�knb‘kkx�qdedqqdc�sn�‘r�sgd�DBD-�K‘sdq+�ansg�@0�‘mc�
‘�rdo‘q‘sd�bxbknmhb�dccx�’B1(�‘qqhudc�‘s�sgd�lnnqhmfr�eqnl�sgd�d‘rs-�@s�lhck‘shstcdr+�dcchdr�sq‘udk�‘s�roddcr�
bnlo‘q‘akd�sn�Qnrrax�v‘udr+�‘mc�sgdrd�ed‘stqdr�b‘m�ad�rhlhk‘q�sn�sgnrd�entmc�ax�Bghrvdkk�’1//0(02�hm�sgd�qdfhnm-

Chdqdms�u‘qh‘ahkhsx�hm�sgd�nv�chqdbshnm�v‘r nardqudc�‘s�sgd�bnmshmdms‘k�rknod�’L3(�‘mc�qhrd�’L4(-�@s�L3+�
nv�v‘r�bnmrsq‘hmdc�ax�sgd�bnmshmdms‘k�rknod+�vgdqd‘r�‘s�L4�sgd�bhqbtk‘shnm�chc�mns�rgnv�‘�vdkk,cdmdc�chqdb,
shnm+�dudm�vhsg�sgd�oqdrdmbd�ne�sgd�D@tB-�Snonfq‘oghb‘kkx�bnmsqnkkdc�nvr+�rtbg�‘r�sgd�nmd�rddm�‘s�L3+�g‘ud�
oqduhntrkx�addm�entmc�nm�sgd�rknod�bknrd�sn�sgd�Mnqsg��B‘od01-�Hm�‘cchshnm+�noonrhmf�’MV(�nvr�‘s�cdosg�vdqd�
entmc�md‘q�sgd�Mnqsg�B‘od�ax�sgd�r‘ld��‘tsgnqr01-�Qdudqrd�nvr�‘s�cdosg�vdqd�nardqudc�hm�‘kk�nbd‘mhb�dudmsr�
‘s�L3�dwbdos�ctqhmf�sgd�qdstqm�ne�@0-�Nmd�g�ne�sgd�v‘sdq�bnktlm�‘s�L3�nvdc�hm�‘m�noonrhsd�chqdbshnm�hm�
bnlo‘qhrnm�sn�sgd�rtqe‘bd�nv�hm�sgd�vgnkd�shld,rdqhdr�‘udq‘fd-�Ctqhmf�sgd�D@tB+�sgd�knvdrs�pt‘qsdq�ne�sgd�
v‘sdq,bnktlm�nvdc�mnqsgvdrs�‘s�‘�roddc�ne�g‘ke�sg‘s�ne�sgd�md‘q,rtqe‘bd�l‘fmhstcd-�hr�hr�rhlhk‘q�sn�sg‘s�rddm�
hm�sgd�D@B�qdfhnm�vgdqd�vd‘j�noonrhmf�nvr�vdqd�nardqudc�adknv�04//��l08-�drd�qdrtksr�rtffdrsdc�sg‘s�unktld�
sq‘mronqs�drshl‘sdc�eqnl�‘kshldsdq�ld‘rtqdldmsr�rgntkc�ad�s‘jdm�vhsg�b‘qd�vgdm�bnmrhcdqhmf�sgd�D@tB�dwsdmc,
hmf�sn�sgd��anssnl01+06-�Vghkrs�fdnrsqnoghb�udknbhsx�drshl‘sdr�g‘ud�sgdhq khlhs‘shnmr+�sgdx�‘cdpt‘sdkx�qdoqdrdmsdc�
knmf�sdql�u‘qh‘ahkhsx�ne�sgd�toodq,g‘ke�v‘sdq�bnktlm�nm�sgd�bnmshmdms‘k�rknod�’L3(�‘mc�qhrd�’L4(+�‘mrvdqhmf�
Vtmrbg&r�’0886(1/�l‘hm�ptdrshnm9�'fhudm�sgd�rtqe‘bd�fdnrsqnoghb�udknbhsx�‘r�ld‘rtqdc�ax�‘m�‘kshldsdq+�gnv�hr�sgd�
lnshnm�sn�ad�hmsdqoqdsdc�‘r�‘�etmbshnm�ne�cdosg>„�enq�sgd�rstchdc�qdfhnm-�@oo‘qdms�chdqdmbdr�hm�udknbhsx�oqnkdr�
adsvddm�L3�‘mc�L4�bntkc�ad�‘m�‘qsde‘bs�ne�sgd�r‘lokhmf�qdfhld�nq�oqnbdrr,qdk‘sdc�ctd�sn�snonfq‘oghb�bnmsqnkr-

Hm�sghr�vnqj+�bngdqdmbx�adsvddm�hm rhst�v‘sdq�bnktlm�btqqdmsr�‘mc�sdlodq‘stqd�‘mc�@VR�‘mc�VRB�g‘ud�
addm�cnbtldmsdc-�d�cxm‘lhbr�qdronmrhakd�enq�sgd�u‘qh‘akd�qdronmrd�adsvddm�lnnqhmf�knb‘shnmr�qdl‘hmr�sn�ad�
tmcdqrsnnc-�@VR�g‘c�ghfg�bngdqdmbx�vhsg�‘knmf,rknod�bhqbtk‘shnm�‘s�odqhncr�� 2��c‘xr�‘s�L3+�vghkd�‘s�L4�’sgd�
lnrs�rd‘v‘qc�rhsd(+�sgd�cnlhm‘ms�odqhnc�v‘r�knmfdq�’05fl21�c‘xr(-�d�@VR�fdmdq‘sdr�‘�cnvmvhmc�fdnrsqnoghb�
nv�uh‘�Djl‘m�cxm‘lhbr�vghbg�b‘m�dwok‘hm�sgd�udknbhsx�bg‘mfdr�hm�sgdrd�qdfhnmr-�Gnvdudq+�sgd�chdqdmbd�hm�
cqhuhmf�odqhnchbhsx�‘s�sgd�svn�rs‘shnmr�hr�rshkk�sn�ad�etkkx qdrnkudc-�Onrhshud�VRB�‘s�L3�b‘m�oqnlnsd�v‘sdq�l‘rr�
bnmudqfdmbd�nm�sgd�bnmshmdms‘k�rknod�vghbg�lhfgs�ad�qdronmrhakd�enq�sgd�fdmdq‘shnm�ne�‘�fdnrsqnoghb�ids�‘mc�
cnvmvdkkhmf�‘s�L3�’Ehf- 8(�‘s�odqhncr�adsvddm�05�‘mc�21�c‘xr-�L2�‘mc�L4�rddldc�sn�ad�‘s�sgd�anqcdq�ne�sgd�

Ehftqd 8-� �’‘(�Rbgdl‘shb�ne�sgd�VRB�enqbhmf�nm�sgd�shld�ld‘m�RRG+�5C���hrnsgdql�‘mc�btqqdmsr-�d�toodq�
’knvdq(�aktd�khmd�qdoqdrdmsr�sgd�RRG�’�5C���hrnsgdql(�shld�ld‘m-�d�ak‘bj�c‘rgdc�khmdr�qdoqdrdms�sgd RRG�‘mc�
5C

�
��hrnsgdql�qdronmrdr�sn�sgd�onrhshud�VRB�enqbhmf-�d�c‘rgdc�aktd�khmdr�qdoqdrdms�qdfhnmr�mns�rstchdc�hm�

cds‘hk�hm�sgd�oqdrdms�vnqj-�’a(�Sno�uhdv�ne�sgd�rbgdl‘shb vhmc�dkc�md‘q�sgd�lnnqhmfr-�d�l‘o�v‘r�fdmdq‘sdc�
vhsg�l^l‘o�’gsso9..�vvv-�dnr-�tab-�b‘.�}qhbg.(-



10

Vol:.(1234567890)

Scientic Reports | (2021) 11:9764 | https://doi.org/10.1038/s41598-021-89222-3

www.nature.com/scientificreports/

otlodc�v‘sdqr�‘mc�rgnvdc�dudmst‘k�tokh�hm�bnqqdronmcdmbd�vhsg�onrhshud�VRB�’Ehf- 8(�‘s�rhlhk‘q�odqhncr-�d�
rsqnmf�tokh�’‘mnl‘kx�dpt‘k�sn�−.5C���(�nm 15./7.1/04�‘s�L2�’Ehf- 2a(�chc�mns�bnhmbhcd�vhsg+�mnq�v‘r�oqdbdcdc�
ax+�mnqsgvdrsdqkx�vhmcr�nq�vhsg�mdf‘shud�VRB-�Vhsg�sgd�‘qqhu‘k�ne�sgd�D@tB+�rgnqdv‘qc,chqdbsdc�anssnl�Djl‘m�
sq‘mronqs+�bntkc�g‘ud�nbbtqqdc�nm�sgd�rknod�’aktd�‘qqnv�hm�Ehf- 3b(�‘mc�cdkhudqdc�bnkcdq�v‘sdq�sn�sgd�bnmshmdms‘k�
rgdke�aqd‘j�’L2(�’Ehf- 1b(-�@�rhlhk‘q�oqnbdrr�v‘r�rtffdrsdc�ax�Ydkchr�ds ‘k-�’1//3(03�sn�ad�qdronmrhakd�enq�sgd�
‘qqhu‘k ne bnkcdq v‘sdq nm sgd bnmshmdms‘k hmmdq rknod ’4// l cdosg(-

Methods
Ehud�bqnrr,rgdke�nbd‘mnfq‘oghb�lnnqhmfr�’L0flL4(�vdqd�cdoknxdc�‘knmf�Snodw.Onrdhcnm�036�khmd�hm�v‘sdq�cdosgr�
ro‘mmhmf�7/�sn�0754�l�’Ehf- 0‘(-�d�rs‘shnmr+�L0�’7/�l�cdosg(�‘mc�L1�’02/�l(�vdqd�nm�sgd�bnmshmdms‘k�rgdke+�
L2�’327�l(�sgd�rgdke�aqd‘j+�L3�’00/4�l(�sgd�bnmshmdms‘k�rknod+�‘mc�sgd�lnrs�nrgnqd�L4�’0754�l(�nm�sgd�bnm,
shmdms‘k�qhrd-�d�cdoknxldmsr�k‘rsdc�knmfdq�sg‘m�‘�xd‘q�‘mc�sgd�ld‘rtqdldmsr�nudqk‘o�adsvddm�00.4.1/04�‘mc�
04.4.1/05-�@�sns‘k�ne�35�hmrsqtldmsr�vdqd�hmrs‘kkdc�hm�sgd�‘qq‘x�ne�lnnqhmfr�’Ehf- 0(-�Knmf�Q‘mfd�’KQ(�‘bntrshb�
Cnookdq�btqqdms�oqnkdqr�’@CBOr(�’64Gy(�vdqd�cdoknxdc�‘s�rs‘shnmr�L2+�L3+�‘mc�L4+�‘mc�3�Vnqjgnqrd�’VG(�
@CBOr�’2//�nq�5//Gy(�vdqd�hmrs‘kkdc�md‘q�sgd�anssnl�‘s�L0�‘mc�L1+�‘mc�md‘q�sgd�rtqe‘bd�‘s�L3�‘mc�L4 ‘mc�
bnudqdc�sgd�v‘sdq�bnktlm�rgnvm�hm�qdc�‘mc�aktd�hm�Ehf- 0a-�d�v‘sdq�bnktlm�v‘r�ahmmdc�dudqx�3�l�’VG(�nq�
04�l�’KQ(�ax�tov‘qc�knnjhmf�@CBOr-�@kk�sgd�rs‘shnmr+�dwbdos�L0+�g‘c�adsvddm�3�‘mc�0/�RAD�45�sdlodq‘stqd�
rdmrnqr�’ak‘bj�cnsr�hm�Ehf- 0a(�‘mc�1�nq�2�LhbqnB@S�BSCr�’fqddm�bhqbkdr�hm�Ehf- 0a(-�d�sdlodq‘stqd�rdmrnqr�
vdqd�cdoknxdc�dudqx�0/�l�hm�sgd�toodq�0//�l�‘mc�sgdm�dudqx�4/�l�adknv�sg‘s-�L1�‘mc�L2�g‘c�BSCr�ok‘bdc�
md‘q�sgd�rtqe‘bd�‘mc�anssnl+�vgdqd‘r�L3�‘mc�L4�g‘c�‘cchshnm‘k�BSC�‘s�1//�l�cdosg-�Udknbhsx�’sdlodq‘stqd�
‘mc�r‘khmhsx(�ld‘rtqdldmsr�vdqd�s‘jdm�ctqhmf�‘�odqhnc�ne�1�lhm-�’0�lhm-(�dudqx�0/�lhm�nq�kdrr-�d�c‘s‘�hr�eqddkx�
‘u‘hk‘akd�‘mc�b‘m�ad�entmc�nm�N&B‘kk‘fg‘m�ds ‘k-�’1/04(10-

Qdlnsdkx,rdmrdc�nardqu‘shnmr�ne�RRG+�RRS+�‘mc�vhmcr�vdqd�trdc-�Noshl‘kkx�hmsdqonk‘sdc�fqhccdc�l‘or�
ne�RRG�vhsg�4����ne�gnqhynms‘k�qdrnktshnm�bqd‘sdc�eqnl��@UHRN11�vdqd�trdc�sn�cdsdqlhmd�sgd�oqdrdmbd�ne�sgd�
D@tB ‘mc ldrnrb‘kd ed‘stqdr md‘q sgd lnnqhmfr- Hm ‘cchshnm sn sgd RRG+ @UHRN ‘krn oqnuhcdr cdqhudc fdnr,
sqnoghb�udknbhshdr�vghbg�vdqd�bnlo‘qdc�vhsg�sgd�hm rhst�udknbhsx�ld‘rtqdldmsr-�C‘hkx�l‘or�ne�RRS�’�2�0���(�eqnl�
@UGQQ��O‘sgmcdq12�vdqd�trdc�‘mc�bnlo‘qdc�vhsg�md‘q,rtqe‘bd�hm rhst�ld‘rtqdldmsr- Rtqe‘bd�vhmc�udbsnqr�
eqnl��BBLO13�vdqd�trdc�sn�cdsdqlhmd�sgd�vhmc�hlo‘bs�nm�sgd�D@tB-�d�m‘k�vhmc�roddc�c‘s‘�v‘r�cdkhudqdc�‘r�
5,g�l‘or�ne�.25���ne�qdrnktshnm�vghbg�vdqd�bnmudqsdc�sn�@VR�‘mc�VRB�enkknvhmf�J‘loe�‘mc�Bg‘ol‘m�’1/05(8�
‘mc�c‘hkx�‘udq‘fdc-

@kk hm rhst c‘s‘ vdqd pt‘khsx bnmsqnkkdc enkknvhmf sgd rs‘mc‘qcr ne sgd Fkna‘k Sdlodq‘stqd ‘mc R‘khmhsx Ohkns
Oqnfq‘l�eqnl�sgd�Hmsdqfnudqmldms‘k�Nbd‘mnfq‘oghb��Bnllhrrhnm14�‘mc�eqnl�sgd�c‘s‘a‘rd�ne�sgd�@ldqhb‘m�
M‘shnm‘k�Nbd‘mnfq‘oghb�C‘s‘�Bdmsdq-�Oqhmbho‘k��‘wdr15�vdqd�bnlotsdc�trhmf�c‘hkx,�‘mc�cdosg,‘udq‘fdc�udknbhsx�
ld‘rtqdldmsr�sn�cdsdqlhmd�sgd�cnlhm‘ms�nv�chqdbshnm�‘s�L3�’�2.0����(�‘mc�L4�’�.96���(-�d�l‘inq�‘whr�v‘r�
‘khfmdc�‘knmf�sgd�knb‘k�a‘sgxldsqhb�rknod-�Gnqhynms‘k�udknbhsx�bnlonmdmsr�vdqd�qns‘sdc�sn�‘�bnnqchm‘sd�rxrsdl�
nqhdmsdc�hm�sgd�‘knmf,’T(�‘mc�‘bqnrr,rknod�’U(�chqdbshnmr�’Ehf- 0‘(-�Jhmdshb�dmdqfx�’�E0 � .5�’2V � �V�((�v‘r�‘m‘,
kxrdc hm sgd bnmshmdms‘k rknod ’L3( ‘mc qhrd ’L4(- JD v‘r rdo‘q‘sdc hmsn cdosg,‘udq‘fdc ‘mc cdosg,cdodmcdms
bnlonmdmsr-�d�cdosg,‘udq‘fdc�bnlonmdms�v‘r�b‘kbtk‘sdc�‘r�sgd�udqshb‘k�‘udq‘fd�ne�sgd�c‘hkx�udknbhsx�oqnkd�
‘mc�sgd�cdosg,cdodmcdms�bnlonmdms�v‘r�b‘kbtk‘sdc�‘r�oqnkdr�ne�‘mnl‘khdr�eqnl�sgd�udqshb‘kkx�‘udq‘fdc�shld�
rdqhdr-�d�DJD�v‘r�b‘kbtk‘sdc�trhmf�sgd�c‘hkx�‘mnl‘khdr�nas‘hmdc�vhsg�sgd�sdlonq‘k�‘udq‘fd�ctqhmf�‘�rtards�
ne�shld�vgdm�sgd�D@tB�v‘r�oqdrdms�hm�sgd�shld,rdqhdr�’04./6.1/04,1.00.1/05(-�Rs‘mc‘qc�cduh‘shnm�’RJD(�ne�
sgd�sns‘k�JD�v‘r�bnlotsdc�enq�ansg�rs‘shnmr�’Ehf- 5(-�Dlohqhb‘k�nqsgnfnm‘k�etmbshnmr�’DNEr(15�vdqd�trdc�sn�
hmudrshf‘sd sgd u‘qh‘ahkhsx hm shld,rdqhdr ne sgd udknbhsx oqnkdr ‘s L3 ‘mc L4- Khmd‘q bnqqdk‘shnm v‘r trdc sn
b‘kbtk‘sd�cdosg,qdrnkudc�bnqqdk‘shnm�bndbhdms�adsvddm�nbd‘m�rs‘sd�u‘qh‘akdr�’rtbg�‘r�udknbhshdr.sdlodq‘stqd(�
‘mc�oqna‘akd�enqbhmf�ldbg‘mhrlr�’@VR+�VRB+�@UHRN�fdnrsqnoghb�udknbhsx�dsb(-�Rpt‘qdc�v‘udkds��bngdqdmbx16�
v‘r�‘ookhdc�adsvddm�@VR.VRB�‘mc�udknbhshdr.sdlodq‘stqd�sn�du‘kt‘sd�sgdhq�bnllnm�u‘qh‘ahkhsx�‘mc�qdk‘shud�
og‘rd�hm�shld,eqdptdmbx�ro‘bd-�Bngdqdmbx�v‘r�bnmrhcdqdc�u‘khc�nudq�‘�bnmcdmbd�kdudk�ne�84$-

Received: 9 February 2021; Accepted: 22 April 2021

Reerences
� 0-� S‘kkdx+�K-�C-+�Ohbj‘qc+�F-�K-+�Dldqx+�V-�I-�%�Rvh+�I-�G-�Cxm‘lhb‘k�oqnbdrrdr�enq�cdrbqhoshud�nbd‘m�bhqbtk‘shnm-�Cdrbq-�Ogxr-�Nbd‘mnfq-�

gssor9..�cnh-�nqf.�0/-�0/05.�A867,/,�64/5,�3441,1-�0//08,7�’1/00(-
� 1-� S‘ftbgh+�A-�ds�‘k-�Cdb‘c‘k�u‘qh‘ahkhsx�ne�sgd�jtqnrghn�dwsdmrhnm9�nardqu‘shnmr�‘mc�‘m�dccx,qdrnkuhmf�lncdk�Ghmcb‘rs-�I-�Bkhl-�1/+�

1246fl1266-�gssor9..�cnh-�nqf.�0/-�0064.�IBKH3�031-0�’1//6(-
� 2-� Anvdm+�L-�L-+�Vhkjhm+�I-�K-�%�Dldqx+�V-�I-�U‘qh‘ahkhsx�‘mc�enqbhmf�ne�sgd�D‘rs�@trsq‘kh‘m�btqqdms-�I-�Fdnogxr-�Qdr-�Nbd‘m-�gssor9..�

cnh-�nqf.�0/-�0/18.�1//3I�B//14�22�’1//4(-
� 3-� I‘ldr+�B-+�Vhlatrg+�L-�%�Hbghj‘v‘+�G-�Jtqnrghn�ld‘mcdqr�hm�sgd�D‘rs�Bghm‘�Rd‘-�I-�Ogxr-�Nbd‘mnfq-�18+�148fl161�’0888(-
� 4-� c‘�Rhkudhq‘+�H-�ds�‘k-�Hr�sgd�ld‘mcdq fqnvsg�hm�sgd�Aq‘yhk�Btqqdms�rxrsdl�n�Rntsgd‘rs�Aq‘yhk�ctd�sn�a‘qnbkhmhb�hmrs‘ahkhsx>-�Cxm-�

@slnro-�Nbd‘m-�34+�076fl1/6-�gssor9..�cnh-�nqf.�0/-�0/05.i-�cxm‘s�lnbd-�1//7-�/0-�//1�’1//7(-
� 5-� Fhkk+�@-D-�@slnrogdqd,Nbd‘m�Cxm‘lhbr-�Mn- 2/�hm�Hmsdqm‘shnm‘k�Fdnogxrhbr�Rdqhdr�’@b‘c-�Oqdrr+�1//2(+�m‘bgcq-�dcm-�NBKB9�

138183354-
� 6-� Bgdksnm+�C-�A-+�Rbgk‘w+�L-�F-+�R‘ldkrnm+�Q-�L-�%�cd�Ryndjd+�Q-�@-�Fkna‘k�nardqu‘shnmr�ne�k‘qfd�nbd‘mhb�dcchdr-�Fdnogxr-�Qdr-�Kdss-�

gssor9..�cnh-�nqf.�0/-�0/18.�1//6F�K/2/7�01�’1//6(-
� 7-� Lhkk+�F-�M-�ds�‘k-�Mnqsgv‘qc�lhfq‘shnm�ne�B‘od�Rån�Snlç�qhmfr-�Aq‘yhk-�Bnms-�Rgdke�Qdr-�gssor9..�cnh-�nqf.�0/-�0/05.i-�brq-�1/04-�/5-�/0/�

’1/04(-
� 8-� J‘loe+�I-�%�Bg‘ol‘m+�O-�d�Etmbshnmhmf�ne�Bn‘rs‘k�Tovdkkhmf�Rxrsdlr�20fl54�’Roqhmfdq+�1/05(-
�0/-� Rs‘msnm+�A-�Q-+�Rtssnm+�O-�I-�G-�%�Bghrvdkk+�R-�L-�d�D‘rs�@tbjk‘mc�Btqqdms+�0883fl0884-�M-�Y-�I-�L‘q-�Eqdrgv-�Qdr-�20+�426fl438-�

gssor9..�cnh-�nqf.�0/-�0/7/.�//177�22/-�0886-�84056�76�’0886(-



11

Vol.:(0123456789)

Scientic Reports | (2021) 11:9764 | https://doi.org/10.1038/s41598-021-89222-3

www.nature.com/scientificreports/

�00-� Qndllhbg+�C-�%�Rtssnm+�O-�d�ld‘m�‘mc�u‘qh‘ahkhsx�ne�nbd‘m�bhqbtk‘shnm�o‘rs�mnqsgdqm�Mdv�Yd‘k‘mc9�cdsdqlhmhmf�sgd�qdoqdrdms‘,
shudmdrr�ne�gxcqnfq‘oghb�bkhl‘snknfhdr-�I-�Fdnogxr-�Qdr-�Nbd‘m-�0/2+�02/30fl02/43-�gssor9..�cnh-�nqf.�0/-�0/18.�87IB/�/472�’0887(-

�01-� Rs‘msnm+�A-�%�Rtssnm+�O-�Udknbhsx�ld‘rtqdldmsr�hm�sgd�D‘rs�@tbjk‘mc�Btqqdms�mnqsgd‘rs�ne�Mnqsg�B‘od+�Mdv�Yd‘k‘mc-�M-�Y-�I-�L‘q-�
Eqdrgv-�Qdr-�26+�084fl1/3-�gssor9..�cnh-�nqf.�0/-�0/7/.�//177�22/-�1//2-�84060�46�’1//2(-

�02-� Bghrvdkk+�R-�L-�Cdsdqlhmhmf�sgd�hmsdqm‘k�rsqtbstqd�ne�sgd�nbd‘m�n�mnqsgd‘rs�Mdv�Yd‘k‘mc�eqnl�rtqe‘bd�ld‘rtqdldmsr-�M-�Y-�I-�
L‘q-�Eqdrgv-�Qdr-�24+�178fl2/5-�gssor9..�cnh-�nqf.�0/-�0/7/.�//177�22/-�1//0-�84058�88�’1//0(-

�03-� Ydkchr+�I-�Q-+�V‘ksdqr+�Q-�@-+�Fqdhf+�L-�I-�%�Hl‘fd+�J-�Bhqbtk‘shnm�nudq�sgd�mnqsgd‘rsdqm�Mdv�Yd‘k‘mc�bnmshmdms‘k�rknod+�rgdke�‘mc�
‘ci‘bdms�G‘tq‘jh�Ftke+�ctqhmf�roqhmf�‘mc�rtlldq-�Bnms-�Rgdke�Qdr-�13+�432fl450-�gssor9..�cnh-�nqf.�0/-�0/05.i-�brq-�1//2-�00-�//6�’1//3(-

�04-� Rbg‘ddq+�@-+�Qntfg‘m+�L-�%�Lnqqhr+�A-�C-�Bqnrr,rgdke�cxm‘lhbr�hm�‘�vdrsdqm�antmc‘qx�btqqdms�qdfhld9�hlokhb‘shnmr�enq�tovdkkhmf-�
I-�Ogxr-�Nbd‘mnfq-�32+�0/31fl0/48-�gssor9..�cnh-�nqf.�0/-�0064.�ION,C,�01,�/066-0�’1/02(-

�05-� Vdh+�X-�Bqnrr,rgdke�bhqbtk‘shnm�hmctbdc�ax�sgd�Jtqnrghn�rgd‘q�rsqdrr�hm�sgd�d‘rs�Bghm‘�rd‘-�I-�Ogxr-�Nbd‘mnfq-�37+�0368fl0382-�gssor9..�
cnh-�nqf.�0/-�0064.�ION,C,�06,�/1/3-0�’1/07(-

�06-� Edqm‘mcdy+�C-+�Anvdm+�L-�%�Rtssnm+�O-�U‘qh‘ahkhsx+�bngdqdmbd�‘mc�enqbhmf�ldbg‘mhrlr�hm�sgd�Mdv�Yd‘k‘mc�nbd‘m�antmc‘qx�btq,
qdmsr-�Oqnf-�Nbd‘mnfq-�054+�057fl077-�gssor9..�cnh-�nqf.�0/-�0/05.i-�onbd‘m-�1/07-�/5-�//1�’1/07(-

�07-� Gt‘mf+�C-�ds�‘k-�@knmfrgnqd�‘mc�bqnrr,rgnqd�bhqbtk‘shnmr�‘mc�sgdhq�qdronmrd�sn�vhmsdq�lnmrnnm�hm�sgd�vdrsdqm�d‘rs�bghm‘�rd‘-�Cddo-�
Rd‘�Qdr-�O‘qs�HH�Sno-�Rstc-�Nbd‘mnfq-�013+�5fl07-�gssor9..�cnh-�nqf.�0/-�0/05.i-�crq1-�1/04-�/0-�//0�’1/05(-

�08-� Rknx‘m+�A-�L-+�Qhcfv‘x+�J-�Q-�%�Bnvkdx+�Q-�d�D‘rs�@trsq‘kh‘m�btqqdms�‘mc�oqnodqsx�sq‘mronqs�‘s�16R�eqnl�1/01�sn�1/02-�I-�Ogxr-�
Nbd‘mnfq-�35+�882fl0//7-�gssor9..�cnh-�nqf.�0/-�0064.�ION,C,�04,�//41-0�’1/05(-

�1/-� Vtmrbg+�B-�d�udqshb‘k�o‘qshshnm�ne�nbd‘mhb�gnqhynms‘k�jhmdshb�dmdqfx-�I-�Ogxr-�Nbd‘mnfq-�16+�14�’0886(-
�10-� N&B‘kk‘fg‘m+�I-+�Lhjd+�A-�%�Ehnm‘+�D-�@bqnrr,rgdke�lnnqhmf�‘qq‘x�eqnl�sgd�mnqsgd‘rs�rgdke�ne�Mdv�Yd‘k‘mc-�RD@MND�gssor9..�cnh-�

nqf.�0/-�06771.�67860�’1/04(-
�11-� Ctbds+�M-+�Kd�Sq‘nm+�O-�X-�%�Qdudqchm+�F-�Fkna‘k�ghfg,qdrnktshnm�l‘oohmf�ne�nbd‘m�bhqbtk‘shnm�eqnl�SNODW.Onrdhcnm�‘mc�DQR,0�

‘mc�,1-�I-�Fdnogxr-�Qdr-�Nbd‘m-�0/4+�08366fl08387-�gssor9..�cnh-�nqf.�0/-�0/18.�1///I�B8///�52�’1///(-
�12-� B‘rdx+�J-�R-+�Aq‘mcnm+�S-�A-+�Bnqmhkknm+�O-�%�Du‘mr+�Q-�d�O‘rs+�Oqdrdms+�‘mc�Etstqd�ne�sgd�@UGQQ�O‘sgmcdq�RRS�Oqnfq‘l+�162fl176�

’Roqhmfdq+�1/0/(-
�13-� @sk‘r+�Q-�ds�‘k-�@�bqnrr,b‘khaq‘sdc+�ltkshok‘senql�nbd‘m�rtqe‘bd�vhmc�udknbhsx�oqnctbs�enq�ldsdnqnknfhb‘k�‘mc�nbd‘mnfq‘oghb�

‘ookhb‘shnmr-�Atkk-�@l-�Ldsdnqnk-�Rnb-�81+�046fl063-�gssor9..�cnh-�nqf.�0/-�0064.�1/0/A�@LR18�35-0�’1/00(-
�14-� TMDRBN,HNB-�FSROO�QD@K,SHLD�Pt‘khsx�Bnmsqnk�L‘mt‘k+�Ehqrs�Qduhrdc�Dchshnm�’1/0/(-
�15-� nlrnm+�Q-D-�%�Dldqx+�V-I-�Bg‘osdq 3ˇsgd�ro‘sh‘k�‘m‘kxrdr�ne�c‘s‘�dkcr-�Hm�nlrnm+�Q-D-�%�Dldqx+�V-I-�’dcr-(�C‘s‘�@m‘kxrhr�

Ldsgncr�hm�Ogxrhb‘k�Nbd‘mnfq‘ogx�’hqc�Dchshnm(+�202fl313-�’Dkrduhdq+�Anrsnm+�1/03(-�gssor9..�cnh-�nqf.�0/-�0/05.�A867,/,�01,�276671,�5-�
////3,0-

�16-� Fqhmrsdc+�@-+�Lnnqd+�I-�B-�%�Iduqdidu‘+�R-�@ookhb‘shnm�ne�sgd�bqnrr�v‘udkds sq‘mrenql�‘mc�v‘udkds�bngdqdmbd�sn�fdnogxrhb‘k�shld�
rdqhdr-�Mnmkhmd‘q�Oqnbdrr-�Fdnogxr-�00+�450fl455-�gssor9..�cnh-�nqf.�0/-�4083.�mof,�00,�450,�1//3�’1//3(-

Acknowledgements
Hm�rhst�lnnqhmfr�vdqd�cdoknxdc�‘mc�qdbnudqdc�ax�sgd�Q.U�S‘mf‘qn‘-�Vd�‘ooqdbh‘sd�sgd�rtoonqs�ctqhmf�sgd�unx,
‘fd�eqnl�sgd�L‘rsdq�‘mc�bqdvr�ne�sgd�udrrdk-�Etmchmf�v‘r�oqnuhcdc�ax�MHV@�Rsq‘sdfhb�Rbhdmbd�Hmudrsldms�Etmc�
’RRHE(�Nbd‘m,Bkhl‘sd�Hmsdq‘bshnmr�Oqnfq‘lld+�‘mc�Eknvr�‘mc�Oqnctbshuhsx�Oqnfq‘lld�‘mc�LAHD�dmcd‘untq�
Rl‘qs�hcd‘�fq‘ms�BN0W0703-�Vd�sg‘mj�lnnqhmf�sdbgmhb‘k�rs‘�Lhjd�Aqdvdq+�Ehnm‘�Dkkhnss�‘mc�Aqdss�Fq‘ms�enq�
sgdhq�vnqj�nm�sgd�Mnqsgd‘rs rgdke�lnnqhmf�‘qq‘x-

Author contributions
I-N-�bnmctbsdc�sgd�r‘lokhmf�dwodqhldms-�Q-R-�‘m‘kxrdc�sgd�c‘s‘-�Q-R-+�G-L-+�R-R-�‘mc�I-N-�vddjkx�chrbtrrdc�sgd�
qdrtksr�‘mc�qduhdvdc�sgd�l‘mtrbqhos-

Competing interests�
d�‘tsgnqr�cdbk‘qd�mn�bnlodshmf�hmsdqdrsr-

Additional inormation
Bnqqdronmcdmbd�‘mc�qdptdrsr�enq�l‘sdqh‘kr�rgntkc�ad�‘ccqdrrdc�sn�Q-R-

Qdoqhmsr�‘mc�odqlhrrhnmr�hmenql‘shnm�hr�‘u‘hk‘akd�‘s�vvv-m‘stqd-bnl.qdoqhmsr-

Otakhrgdq&r�mnsd� Roqhmfdq�M‘stqd�qdl‘hmr�mdtsq‘k�vhsg�qdf‘qc�sn�itqhrchbshnm‘k�bk‘hlr�hm�otakhrgdc�l‘or�‘mc�
hmrshstshnm‘k�‘kh‘shnmr-

Nodm� @bbdrr� hr� ‘qshbkd� hr� khbdmrdc� tmcdq� ‘� Bqd‘shud� Bnllnmr� @ssqhatshnm� 3-/� Hmsdqm‘shnm‘k�
Khbdmrd+�vghbg�odqlhsr�trd+�rg‘qhmf+�‘c‘os‘shnm+�chrsqhatshnm�‘mc�qdoqnctbshnm�hm�‘mx�ldchtl�nq�

enql‘s+�‘r� knmf�‘r�xnt�fhud ‘ooqnoqh‘sd�bqdchs� sn� sgd�nqhfhm‘k�‘tsgnq’r(�‘mc� sgd� rntqbd+�oqnuhcd�‘� khmj� sn� sgd�
Bqd‘shud�Bnllnmr�khbdmbd+�‘mc�hmchb‘sd�he�bg‘mfdr�vdqd�l‘cd-�d�hl‘fdr�nq�nsgdq�sghqc�o‘qsx�l‘sdqh‘k�hm�sghr�
‘qshbkd�‘qd�hmbktcdc�hm�sgd�‘qshbkd&r�Bqd‘shud�Bnllnmr�khbdmbd+�tmkdrr�hmchb‘sdc�nsgdqvhrd�hm�‘�bqdchs�khmd�sn�sgd�
l‘sdqh‘k-� He� l‘sdqh‘k� hr� mns� hmbktcdc� hm� sgd� ‘qshbkd&r� Bqd‘shud� Bnllnmr� khbdmbd� ‘mc� xntq� hmsdmcdc� trd� hr� mns�
odqlhssdc�ax�rs‘stsnqx�qdftk‘shnm�nq�dwbddcr�sgd�odqlhssdc�trd+�xnt�vhkk�mddc�sn�nas‘hm�odqlhrrhnm�chqdbskx�eqnl�
sgd�bnoxqhfgs�gnkcdq-�Sn�uhdv�‘�bnox�ne�sghr�khbdmbd+�uhrhs�gsso9..�bqd‘s�hudbn�llnmr-�nqf.�khbdm�rdr.�ax.3-�/.-

©�d�@tsgnq’r(�1/10


