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On the distinct interannual variability of tropical cyclone activity over the 
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RESUMEN

-
cuencia de ocurrencia de ciclones, con años muy activos (con más de 20 ciclones durante la temporada) y 
años muy poco activos (con sólo ocho ciclones). En este estudio se investigan los factores de gran escala 

y 10 años muy poco activos durante los 49 años del periodo 1965-2013. Los resultados del análisis de 
compuestos indican que la vorticidad a niveles bajos y la humedad relativa en la troposfera media son 

(TSM) parece desempeñar un pequeño rol modulando la frecuencia, y la disminución observada en la 

resultados previos de Camargo et al. (2007). Se investigan además los factores ambientales de gran escala 
que afectan la intensidad de los ciclones tropicales en la cuenca con un modelo numérico de intensidad 
(Emanuel et al., 2006, 2008), el cual predice la intensidad con base en la cizalladura del viento, la TSM 
y las trayectorias observadas. Los resultados indican que la variabilidad interanual en la frecuencia de 
huracanes mayores (categorías 3 a 5) se simula mejor cuando ambos parámetros se combinan. También 
es posible que los cambios en las trayectorias puedan ser determinantes para la intensidad alcanzada. En 
particular, durante los años activos, la zona de ciclogénesis se desplaza hacia el este y hay más ciclones 
con trayectoria norte-noroeste, lo cual determina que tengan una vida más larga y sean de mayor intensidad 
que los que se desarrollan en años con poca actividad en la cuenca.

ABSTRACT

of occurrence of tropical cyclones, presenting very active (more than 20 tropical cyclones per season) and 

interannual variability are investigated in this study, by analyzing the composites of seven years of high 
activity and 10 years of low activity from 1965 to 2013. The results of composite analyses indicate that the 
low-level vorticity and mid-tropospheric relative humidity are mostly unfavorable for tropical cyclogenesis 
during active years. The sea surface temperature (SST) may play a small role modulating the occurrence of 
tropical cyclones, but the reduced vertical shear of the horizontal wind between 850 and 200 hPa is the main 

et al. (2007). We 
use an intensity model (Emanuel et al., 2006, 2008) to further investigate the key environmental factors 
affecting TC intensity, exploring the relative roles of changes in SST, vertical wind shear and TC tracks. The 
results indicate that the interannual variability in the frequency of major hurricanes (categories 3 through 5) 
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ku"dguv"ukowncvgf"yjgp"vjg"ghhgevu"qh"dqvj"UUV"cpf"xgtvkecn"ykpf"ujgct"ctg"eqodkpgf0"Hwtvjgtoqtg."ejcpigu"
kp"VE"vtcemu"oc{"rnc{"cp"korqtvcpv"tqng"kp"vjg"kpvgpukv{"cejkgxgf0"Kp"rctvkewnct."fwtkpi"vjg"{gctu"ykvj"jkij"
cevkxkv{."vjg"nqecvkqp"hqt"e{enqigpguku"ujkhvu"gcuvyctf"cpf"oqtg"VEu"jcxg"yguv/pqtvjyguvyctf"vtcemu."ngcfkpi"
vq"nqpigt"nkhgvkog"cpf"jkijgt"kpvgpukv{."eqorctgf"vq"{gctu"ykvj"nqy"VE"cevkxkv{"kp"vjg"dcukp0

Keywords:"Kpvgtcppwcn"xctkcdknkv{."nctig/uecng"hcevqtu."kpvgpukv{"oqfgn."gcuvgtp"RcekÝe"dcukp0

1. Introduction

Vjg"gcuvgtp"Pqtvj"RcekÝe"*GPR+"dcukp"*2/52³"P."362/
:2³"Y+"gzjkdkvu"c"jkij"ngxgn"qh"vtqrkecn"e{enqpg"*VE+"
cevkxkv{."dgkpi"vjg"ugeqpf"oquv"cevkxg"tgikqp"kp" vjg"
inqdg"chvgt"vjg"yguvgtp"Pqtvj"RcekÝe"*YPR+"dcukp"cpf"
vjg"oquv"cevkxg"kp"vgtou"qh"vtqrkecn"e{enqpgu"fgxgn-
qrgf"rgt"wpkv"ctgc0"Cdqwv"37"VEu"fgxgnqr"kp"vjg"GPR 

dcukp"rgt"{gct"qp"cxgtcig."ceeqwpvkpi"hqt"cdqwv"3;'"
qh"inqdcn"VEu0"Ukpeg"oquv"VEu"vgpf"vq"oqxg"yguvyctf"
cpf1qt"pqtvjyguvyctf."VEu"kp"vjg"GPR"ocmg"ncpfhcnn"
nguu"htgswgpvn{"yjgp"eqorctgf"vq"qvjgt"dcukpu="jgpeg."
VE"cevkxkv{" kp" vjg"GPR"dcukp"jcu"rquukdn{"tgegkxgf"
tgncvkxgn{"nguu"cvvgpvkqp0"Jqygxgt."GPR"VE"cevkxkv{"ku"
cp"korqtvcpv"hcevqt"kp"vjg"uwoogt"rtgekrkvcvkqp"tgikog"
cetquu"Egpvtcn"Cogtkec"cpf"uqwvjyguvgtp"Pqtvj"Cogt-
kec"*Gpingjctv"cpf"Fqwincu."4223."4224="Eqtdqukgtq"et 

cn0, 2009; Wood and Ritchie, 2013). These regions are 

rtqlgevgf"vq"gzrgtkgpeg"rtqnqpigf"ftqwijv/nkmg"eqp-

fkvkqp"kp"vjg"hwvwtg"enkocvg."uq"c"dgvvgt"wpfgtuvcpfkpi"
qh"VE"cevkxkv{"kp"vjg"GPR"dcukp"jcu"pqv"qpn{"uekgpvkÝe"
tgngxcpe{"dwv"cnuq"c"rtqhqwpf"uqekqgeqpqoke"korcev0

There is currently no generally accepted theory on 

VE"igpguku="jqygxgt."ocp{"uvwfkgu"vjtqwijqwv"vjg"fg-
ecfgu"jcxg"rtqrqugf"vjcv"c"pwodgt"qh"rj{ukecn"eqpfk-
vkqpu"ctg"pggfgf"hqt."cpf"chhgev."vtqrkecn"e{enqigpguku0"
Gpxktqpogpvcn"hcevqtu"vjcv"chhgev"VE"igpguku"kpenwfg<"
vjg"Eqtkqnku"rctcogvgt."ugc"uwthceg"vgorgtcvwtg"*UUV+."
nqy/ngxgn" xqtvkekv{."okf/vtqrqurjgtke"jwokfkv{" cpf"
xgtvkecn"ykpf"ujgct"*Itc{."3;8:="Oedtkfg"cpf"¥gjt."
3;:3="Mnqv¦dcej" cpf"Itc{." 422:+0"Vjg" hqtocvkqp"
qh"VEu"nctign{"qeewtu"qxgt"ycto"ycvgtu"ykvj"UUVu"
itgcvgt" vjcp"4807"³E."cyc{"htqo"vjg"gswcvqt"cpf"kp"
gpxktqpogpvu"ykvj"uvtqpi"e{enqpke"nqy/ngxgn"tgncvkxg"
vorticity, moderate/high mid-tropospheric humidity 

cpf"ygcm"xgtvkecn"ykpf"ujgct0"C"igpguku"rqvgpvkcn"kpfgz"
*IRK+"ycu"fgxgnqrgf"dcugf"wrqp"vjqug"nctig/uecng"rc-
rameters (Gray, 1979; Watterson et cn0, 1995; Emanuel 

cpf"Pqncp."4226+"vq"wpfgtuvcpf"vjg"xctkcdknkv{"qh"VE"
igpguku"cpf"vq"ckf"kp"vjg"rtgfkevkqp"qh"VE"cevkxkv{0

Vjg"kpvgtcppwcn"xctkcdknkv{"qh"VE"cevkxkv{"kp"xct-
kqwu"qegcp"dcukpu"ku"uvtqpin{"kpÞwgpegf"d{"GPUQ."
cu" uwooctk¦gf" kp" tgxkgyu"d{"Ncpfugc" *4222+" cpf 

Ejw"*4226+."dwv"kvu"korcev"xctkgu"htqo"dcukp"vq"dcukp0"
Kp" vjg"Pqtvj"Cvncpvke"dcukp." vjg"pwodgt"qh"VEu" ku"
wuwcnn{"dgnqy"pqtocn"fwtkpi"Gn"Pk‚q"{gctu"*Itc{."
3;:6="Mpchh."3;;:+"cpf"cdqxg"pqtocn"fwtkpi"Nc"Pk‚c"
{gctu0"Kp"cffkvkqp"vq"VE"htgswgpe{."GPUQ"cnuq"ko-

pacts TC intensity (Landsea, 2000), genesis location 

*Gnupgt"cpf"Mctc."3;;:+"cpf"ncpfhcnn"rtqdcdknkvkgu"kp"
vjg"WU"cpf"Ectkddgcp"*Dqxg"et cn0, 1998; Pielke and 

Ncpfugc."3;;;+0"Kp"vjg"yguvgtp"Pqtvj"RcekÝe"dcukp."
GPUQ"jcu"pq"ukipkÝecpv"korcev"qp"VE"htgswgpe{"dwv"
jcu"c"ukipkÝecpv"korcev"qp"VE"kpvgpukv{."nqecvkqp"cpf"
track (Nicholls, 1979, 1992; Dong, 1998; Wang and 

Chan, 2002; Zhao et cn0, 2010; Zhao and Raga, 2014).

Yjkvpg{" cpf"Jqdiqqf" *3;;9+" hqwpf"pq" ghhgev"
qh"GPUQ"qp" vjg"VE" htgswgpe{" kp" vjg"GPR"dcukp."
cnvjqwij"vjg"pwodgt"qh"kpvgpug"VEu"vgpfu"vq"kpetgcug"
fwtkpi"Gn"Pk‚q" {gctu" *Itc{" cpf" Ujgchhgt." 3;;3="
Collins and Mason, 2000; Romero-Vadillo et cn0, 
4229+."ukoknctn{"vq"vjg"ghhgev"qdugtxgf"kp"vjg"YPR"
dcukp0"Wukpi"IRK" cpqocn{" eqorqukvgu" cuuqekcvgf"
ykvj"GPUQ."Ecoctiq"et cn0 (2007) concluded that 

qxgt"vjg"gcuvgtp"Pqtvj"RcekÝe."xgtvkecn"ykpf"ujgct"
ku"vjg"ockp"eqpvtkdwvqt"vqyctfu"vjg"GPUQ"ghhgev"qp"
e{enqigpguku"ykvj"rqvgpvkcn"kpvgpukv{"cnuq"rnc{kpi"c"
role, and vorticity and relative humidity acting in the 

qrrqukvg"ugpug"vq"vjg"vqvcn"qdugtxgf"cpqocn{0"
Cp"kpxgtug"tgncvkqpujkr"jcu"dggp"pqvgf"dgvyggp"

VE"cevkxkv{"kp"vjg"Pqtvj"Cvncpvke"cpf"GPR"dcukp"cu"
c"hwpevkqp"qh"vjg"GPUQ"rjcug"*Itc{."3;:6="Ncpfgt"
and Guard, 1998; Larson et cn0, 2005). These stud-

kgu" kpfkecvg" vjcv" vjg" cpvk/eqttgncvkqp" ecp"dg" rctvn{"
gzrnckpgf"d{" vjg"fkhhgtgpv"ghhgevu"qh"GPUQ"qp"vjg"
vtqrqurjgtke"¦qpcn"ykpf"ujgct"kp"vjg"Pqtvj"Cvncpvke"
cpf"GPR"dcukpu0"Oqtgqxgt."vjg"GPUQ/tgncvgf"ukipcn"
kp"GPR"VE"cevkxkv{"uggou"vq"dg"uvcvkuvkecnn{"ygcmgt"
than that in the North Atlantic (Gray, 1984; Magaña et 

cn0."4225="Htcpm"cpf"[qpi."4229+."cpf"vjg"tqdwuvpguu"
qh"vjg"tgncvkqpujkr"dgvyggp"GPUQ"cpf"VE"cevkxkv{"
kp"vjg"GPR"dcukp"jcu"dggp"swguvkqpgf"*Yjkvpg{"cpf"
Jqdiqqf."3;;9="Tcnrj"cpf"Iqwij."422;+0"

Yjkng" vjg" tgncvkqp" dgvyggp" e{enqigpguku" cpf"
UUV"inqdcnn{"ycu" rquvwncvgf" ugxgtcn" fgecfgu" ciq 
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*Itc{"3;8:+."uvwfkgu"kpfkecvg"vjcv"vjg"fkhhgtgpeg"qh"
tropopause temperature and SST act as an upper 

dqwpf"qp"vjg"oczkowo"rqvgpvkcn"kpvgpukv{"qh"c"VE"
dwv"qvjgt"gpxktqpogpvcn"hcevqtu"wnvkocvgn{"fgvgtokpg"
its actual intensity. More recent studies have high-

nkijvgf" vjg" tqng" qh" qegcpke" hgcvwtgu"ykvj" gngxcvgf"
jgcv"eqpvgpv"cpf"uwiiguvgf"vjcv"vjku"xctkcdng"ku"oqtg"
korqtvcpv"vjcp"vjg"cevwcn"UUV"qpeg"kv"ku"cdqxg"vjg"
4807"³E"vjtgujqnf0"Gzcorngu"qh"vjku"korcev"jcxg"dggp"
rwdnkujgf"qh"ecugu"kp"vjg"Iwnh"qh"Ogzkeq"cpf"kp"vjg"
WNP, such as hurricanes Katrina and Rita (Jaimes 

and Shay, 2009) and super-typhoon Maemi (Lin et 

cn0, 2005), respectively. In the ENP, Oropeza and 

Tcic" *4237+" ujqygf" vjcv" vjgtg" ku" c" nkpm" dgvyggp"
qegcpke" hgcvwtgu"ykvj" jkij"jgcv" eqpvgpv" cpf" tcrkf"
kpvgpukÝecvkqp0"

Kp"vjku"uvwf{."yg"hqewu"qp"vjg"rgtkqf"3;87/4235."
htqo"vjg"uvctv"qh"vjg"ucvgnnkvg"gtc0"Vjg"GPR"ujqyu"c"
rtqpqwpegf"kpvgtcppwcn"cpf"fgecfcn"xctkcdknkv{"kp"vjg"
pwodgt"qh"VEu"fwtkpi"vjg"rgtkqf"3;87/4235"*Hki0"3+0"

Pqvg"vjcv"vjg"okpkowo"VE"htgswgpe{"ku"qdugtxgf"kp"
4232."yjkng"3;;4"rtgugpvu"vjg"oczkowo"htgswgpe{"
during the period considered. Wu and Chu (2007) 

eqorctgf"vjg"ejcpigu"kp"nctig/uecng"hcevqtu"dgvyggp"
vyq"gzvtgog"{gctu"3;;4"cpf"3;99."tgrtgugpvkpi"gz-

vtgog"jkij"cpf"nqy"vtqrkecn"e{enqpg"cevkxkv{"fwtkpi"
the period 1966-2003. Although Wu and Chu (2007) 

uwiiguvgf" vjg" gpxktqpogpvcn" hcevqtu" wpfgtiq"rtq-

pqwpegf"ejcpigu"qxgt"vjg"oclqt"fgxgnqrogpv"tgikqp"
*OFT+"hqt" vjg" vyq"gzvtgog"{gctu." vjg" kpvgtcppwcn"
xctkcdknkv{"qh"VE"cevkxkv{"qxgt"vjg"GPR"dcukp"tgockpu"
pqv"ygnn"wpfgtuvqqf."rctvkewnctn{"vjg"tqng"qh"hcevqtu"
kp" eqpvtkdwvkpi" vqyctfu" vjg" kpvgtcppwcn" xctkcdknkv{"
qh"VE"kpvgpukv{0"

Vjg"ockp" qdlgevkxgu" qh" vjku" uvwf{" ctg<" *3+" vq"
fkuewuu" vjg" eqorqukvg" fkhhgtgpegu" kp" ugxgtcn" gpxk-
tqpogpvcn" rctcogvgtu" fwtkpi" rgtkqfu" qh" jkij" cpf"
nqy"VE"cevkxkv{"qxgt"vjg"GPR"dcukp"cpf"vq"gzrnqtg"
vjg"rquukdng"rj{ukecn" hcevqtu" hqt" vjg"fkhhgtgpegu" kp"
cevkxkv{=" cpf" *4+" vq" kpxguvkicvg" vjg" tgncvkxg" tqng" qh"
UUV."ykpf"ujgct"cpf"VE"vtcemu"qp"vjg"ejcpigu"kp"VE"
kpvgpukv{"qxgt"vjg"GPR"dcukp0"Vjg"tguv"qh"vjku"rcrgt"
ku"cttcpigf"cu"hqnnqyu0"Ugevkqp"4"kpvtqfwegu"vjg"fcvc"
employed in this study. Section 3 gives statistical 

cpcn{ugu"qh"VE"cevkxkv{"qxgt"vjg"GPR"dcukp"dgvyggp"
rgtkqfu"qh"jkij"cpf" nqy"VE"cevkxkv{"cpf"eqpvtcuvu"
the associated environmental conditions. Section 4 

hwtvjgt" kpxguvkicvgu" vjg" mg{" gpxktqpogpvcn" hcevqtu"
chhgevkpi"VE"kpvgpukv{"qxgt" vjg"GPR"dcukp"wukpi"c"
pwogtkecn"kpvgpukv{"oqfgn0"C"fkuewuukqp"qh"vjg"tguwnvu"
and conclusions are presented in Section 5.

2. Data and methods

403 VE fctc
The TC data utilized in this study correspond to the 

dguv"vtcem"fcvcugv"htqo"Pqtvjgcuv"cpf"Pqtvj"Egpvtcn"
RcekÝe"Jwttkecpg"*JWTFCV4+"cxckncdng"vjtqwij"vjg"
Pcvkqpcn"Jwttkecpg"Egpvgt."yjkej"kpenwfgu"rqukvkqp"
cpf" kpvgpukv{"cv" ukz/jqwt" kpvgtxcnu0"Qpn{"VEu"ykvj"
oczkowo"uwuvckpgf"ykpfu"itgcvgt"vjcp"3904"ou–1 are 

eqpukfgtgf"kp"vjku"uvwf{0"Vjg"cppwcn"fkuvtkdwvkqp"qh"
VE"htgswgpe{"kp"vjg"dcukp"ku"ujqyp"kp"Hkiwtg"4="pqvg"
vjcv"vjg"oclqtkv{"qh"VEu"qeewt"htqo"Lwpg"vq"Qevqdgt"
*jgtgchvgt"tghgttgf"vq"cu"rgcm"VE"ugcuqp+0"Vjku"uvwf{"
yknn"hqewu"qp"vjg"rgcm"ugcuqp"VE"cevkxkv{"qxgt"vjg"
GPR"dcukp=" vjku" ku"ockpn{" dcugf"qp" vjg" hqnnqykpi"
vjtgg" tgcuqpu<" k+" vjg"VE" htgswgpe{" qxgt" vjg" rgcm"
ugcuqp"ceeqwpvu"hqt"cdqwv";5'"qh"vqvcn"ugcuqp"VEu="
kk+"vjgtg"ku"c"ukipkÝecpv"eqttgncvkqp"qh"VE"htgswgpe{"

1965

27 (a) JJASO TC frequency (mean = 14.08 / STD = 3.68)
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27 (b) Annual TC frequency (mean = 15 / STD = 3.78)
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Hki0"30"Qdugtxgf"pwodgt"qh"vtqrkecn"e{enqpgu"*VEu+"tgcej-

kpi"cv"ngcuv"vtqrkecn"uvqto"uvtgpivj"kp"vjg"PJE"dguv"vtcem"
fcvcugv"qxgt"vjg"Gcuvgtp"Pqtvj"RcekÝe"*GPR+"fwtkpi"vjg"
rgtkqf"3;87/4235"hqt"*c+"vjg"rgcm"ugcuqp"*Lwpg"vjtqwij"
Qevqdgt+"cpf"*d+"vjg"yjqng"{gct"*Lcpwct{/Fgegodgt+0
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over the peak season and total season (correlation 

eqghÝekgpv?20;9+="cpf"kkk+"vjg"gpxktqpogpvcn"ektewnc-
tions during the peak TC season are relatively steady.

Kp"cffkvkqp"vq" vjg"VE"htgswgpe{." vyq"qvjgt" kp-

tensity parameters are used to measure changes 

kp" vjg"VE" cevkxkv{<" vjg" Rqygt"Fkuukrcvkqp" Kpfgz"
*RFK+" *Gocpwgn." 4227+" cpf" vjg"pwodgt"qh"oclqt"
hurricanes during the peak season. The PDI rep-

tgugpvu" vjg" fguvtwevkxg" ecrcdknkv{" qh"VE" cevkxkv{"
cpf"oclqt"jwttkecpgu"ctg"vjqug"ykvj"Ecvgiqtkgu"5."
6"cpf"7"kp"vjg"UchÝt/Ukoruqp"uecng"*ecvgiqt{"5/7"
VEu+0"Vjgug"rctcogvgtu"jcxg"dggp"wugf"kp"rtgxkqwu"
uvwfkgu"*Gocpwgn."4227="Ygduvgt"et cn0, 2005; Wu 

et cn0, 2008) to evaluate TC impacts; moreover, 

vjg"pwodgt"qh"oclqt"jwttkecpgu"oc{"dg"ugpukvkxg"
vq"enkocvg"ejcpig."cu"uwiiguvgf"d{"ocp{"rtgxkqwu"
studies (Chan, 2005; Emanuel, 2008; Zhao et cn0, 
2011; Wu and Zhao, 2012; Zhao et cn0, 2014).

404 Ueneetkqp qh retkqfu qh jkij cpf nqy VE cetkxkt{
Vjg" cppwcn"VE" htgswgpe{"fwtkpi" vjg" rgcm" ugcuqp"
*LLCUQ+" kp" vjg"GPR" dcukp" ujqyu" uwduvcpvkcn" kp-

vgtcppwcn" cpf"fgecfcn" xctkcdknkv{" *Hki0" 3c+."ykvj" c"
enkocvqnqikecn"ogcp"xcnwg"qh"3602:"cpf"c"uvcpfctf"
fgxkcvkqp" qh" 509:0"Vjg"VE" htgswgpe{" fwtkpi" vjg"
rgcm" ugcuqp"jcu" c" eqttgncvkqp"ykvj" vjg" cppwcn"VE"
htgswgpe{"qh"20;9."ukipkÝecpv"cv"vjg";7'"eqpÝfgpeg"
ngxgn"*Hki0"3d+0"Kp"vjku"uvwf{"yg"fgÝpg"c"rgtkqf"qh"

jkij"cevkxkv{"cu"qpg"fwtkpi"yjkej"vjg"vqvcn"pwodgt"
qh"VEu"qdugtxgf"fwtkpi"vjg"rgcm"ugcuqp"*LLCUQ+"ku"
itgcvgt"vjcp"vjg"ogcp"hqt"vjg"rgtkqf"eqpukfgtgf"kp"
this study (1965-2013) plus one standard deviation. 

Eqpxgtugn{."c"rgtkqf"qh"nqy"cevkxkv{"jcu"hgygt"vjcp"
the mean minus one standard deviation. During the 49 

{gctu"eqpukfgtgf"kp"vjku"uvwf{."vjgtg"ctg"9"{gctu"ykvj"
high activity: 1968, 1982, 1983, 1985, 1987, 1990 

cpf"3;;4."cpf"32"{gctu"ykvj"nqy"cevkxkv{<"3;87."3;8;."
1977, 1979, 1995, 1996, 1999, 2007, 2010, and 2011. 

Kp"qtfgt"vq"kpxguvkicvg"vjg"tgncvkqpujkr"dgvyggp"
GPUQ"cpf"VE"cevkxkv{"qxgt"vjg"GPR"dcukp."yg"fgÝpg"
GPUQ"gxgpvu"cu"Ýxg"eqpugewvkxg"qxgtncrrkpi"vjtgg/
oqpvj"rgtkqfu"cv"qt"cdqxg"vjg"-207"³E"cpqocn{"hqt"
ycto"*Gn"Pk‚q+"gxgpvu"cpf"cv"qt"dgnqy"vjg"Î207"³E"
cpqocn{"hqt"eqnf"*Nc"Pk‚c+"gxgpvu="qvjgt"gxgpvu"ctg"
fgÝpgf"cu"pgwvtcn"{gctu0"Vjg"vjtgujqnf"ku"hwtvjgt"dtq-

mgp"fqyp"kpvq"ygcm"*ykvj"c"207"vq"20;"³E"UUV"cpqo-

cn{+."oqfgtcvg"*302"vq"306"³E+"cpf"uvtqpi"*œ307"³E+ 
events. 

Fwtkpi"vjg"ugxgp"{gctu"ykvj"jkij"VE"cevkxkv{"yg"
Ýpf"vyq"uvtqpi"Gn"Pk‚q"{gctu"*3;:4"cpf"3;:9+."qpg"
moderate El Niño year (1968), three neutral years 

*3;:7." 3;;2" cpf"3;;4+" cpf" c"ygcm"Nc"Pk‚c" {gct"
*3;:5+0"Fwtkpi"vjg"32"{gctu"ykvj"nqy"VE"cevkxkv{"yg"
Ýpf"vyq"uvtqpi"Nc"Pk‚c"{gctu"*3;;;"cpf"4232+."qpg"
oqfgtcvg"Nc"Pk‚c"{gct"*4229+."vyq"ygcm"Nc"Pk‚c"
{gctu"*3;;7"cpf"4233+."vyq"pgwvtcn"{gctu"*3;9;"cpf"
3;;8+."qpg"uvtqpi"Gn"Pk‚q"{gct"*3;87+"cpf"vyq"ygcm"
Gn"Pk‚q"{gctu"*3;8;"cpf"3;99+0"Vjgtg"crrgctu"vq"dg"
pq"ukipkÝecpv"tgncvkqpujkr"dgvyggp"GPUQ"cpf"VE"
cevkxkv{"qxgt"vjg"GPR"dcukp."eqkpekfkpi"ykvj"tguwnvu"
htqo"uqog"rtgxkqwu"uvwfkgu"*Yjkvpg{"cpf"Jqdiqqf"
3;;9="Tcnrj" cpf"Iqwij" 422;+0"Vjg" kpÞwgpeg" qh"
El Niño Southern Oscillation on ENP TC activity 

jcu"dggp"ectghwnn{"cpf"eqortgjgpukxgn{"fkuewuugf"
d{"Lkgp"et cn0" *4237+0" Kp" vjku" uvwf{."yg"ockpn{" hq-

ewu" qp" vjg" fkuvkpev" kpvgtcppwcn" xctkcdknkv{" ngcfkpi"
vq"cpqocnqwun{"jkij"cpf"nqy"VE"cevkxkv{"qxgt" vjg"
GPR"dcukp."dwv"vjg"tgncvkqpujkr"dgvyggp"GPUQ"cpf"
VE"cevkxkv{"qxgt"vjg"GPR"dcukp"yknn"pqv"fkuewuugf0"
Yg"cnuq"gzrnqtg"vjg"nctig"ownvk/fgecfcn"xctkcdknkv{"
qh"VE"cevkxkv{"qdugtxgf"qxgt"vjg"GPR"dcukp"*Hki0"3+"
vjcv"tguwnvu"kp"enwuvgtkpi"qh"{gctu"ykvj"jkij"cpf"nqy"
cevkxkvkgu0"Kp"rctvkewnct."pqvg"vjcv"8"qh"vjg"9"{gctu"ykvj"
jkij"cevkxkv{"qeewt"kp"vjg"rgtkqf"3;:2/3;;6."yjkng"6"
{gctu"ykvj"nqy"cevkxkv{"qeewt"dgvyggp"3;87"cpf"3;:2"
cpf" vjg"qvjgt"8"{gctu"qh" nqy"cevkxkv{"ctg"qdugtxgf"
dgvyggp"3;;7"cpf"42350"

1965-2013 climatology
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405 Nctie/uecne Ýenf fctc
Vjg"oqpvjn{"gpxktqpogpvcn"xctkcdngu"*k0g0."ykpf."tgn-
cvkxg"jwokfkv{"cpf"xgtvkecn"xgnqekv{+"ctg"fgtkxgf"htqo"
PEGR1PECT."egpvgtgf"qp"c"407"z"407"itkf"*Mcnpc{"
et cn0."3;;8+0"Kp"qtfgt"vq"gzcokpg"vjg"kpÞwgpeg"qh"vjg"
xgtvkecn"ujgct"qh"vjg"jqtk¦qpvcn"ykpf"qp"VE"xctkcdknkv{."
vjg"xgtvkecn"ujgct"ku"eqorwvgf"cu"vjg"ykpf"fkhhgtgpeg"
qh"vjg"ocipkvwfg"qh"vjg"ujgct"xgevqt"dgvyggp"422"jRc"
and 850 hPa (V (U200 – U850)

2 + (V200 – V850)
2

shear= ). 

Vjg"oqpvjn{"Gzvgpfgf"Tgeqpuvtwevgf"UUV"xgtukqp"4 

fcvcugv" fgxgnqrgf" qp" c" 4̇z" 4̇itkf" d{" Uokvj" cpf"
Reynolds (2004), is used in the present study. 

406 Kptepukt{ oqfen 
Emanuel et cn0 *4228+"uweeguuhwnn{"tgrtqfwegf"vjg"
qdugtxgf"VE"enkocvqnqi{"htqo"3;:2" vq"4228"ykvj"
hqtocvkqp."oqvkqp" cpf" kpvgpukv{"oqfgnu0" Uwdug-

quently, Emanuel et cn0 (2008) used this approach to 

swcpvkh{" vjg"rquukdng" kpÞwgpeg"qh"inqdcn"yctokpi"
qp"VE"cevkxkv{."kpfkecvkpi"vjcv"inqdcn"VE"htgswgpe{"
ecp"dg"tgfwegf"d{"inqdcn"yctokpi."dwv"kpvgpukv{"oc{"
increase in some places. In this approach, the TC 

intensity is predicted using a deterministic, coupled 

air-sea model, the Coupled Hurricane Intensity Pre-

diction System (CHIPS). Zhao et cn0"*4233."4236d+"
used this intensity model to investigate interannual 

cpf"fgecfcn"xctkcdknkv{"qh"VE"cevkxkv{"qxgt"vjg"YPR"
dcukp0"Vjg"ucog"kpvgpukv{"oqfgn"ku"wugf"kp"vjku"uvwf{."
pqy"crrnkgf"vq"vjg"GPR"dcukp0"Vjg"VE"kpvgpukv{"oqf-

gn"ku"cp"czku{oogvtke"pwogtkecn"cvoqurjgtke"oqfgn."
eqwrngf"ykvj"c"ukorng"qpg"fkogpukqpcn"qegcp"oqfgn0"
Kp"vjku"oqfgn."yg"qpn{"eqpukfgt"vjcv"ejcpigu"kp"vjtgg"
environmental parameters (SST, environmental verti-

ecn"ykpf"ujgct"cpf"VE"vtcemu+"ecp"chhgev"vjg"kpvgpukv{"
qh"vtqrkecn"e{enqpgu0"Vjg"ukowncvgf"VEu"ctg"cnnqygf"
vq"oqxg" cnqpi" vjg" qdugtxgf"VE" vtcemu" fwtkpi" vjg"
rgtkqf"3;87/4235."gzrgtkgpekpi"vjg"qdugtxgf"xgtvkecn"
ykpf"ujgct"cpf"UUV"cnqpi"vjg"VE"vtcemu."kp"qtfgt"vq"
ukowncvg"vjg"gxqnwvkqp"qh"vjgkt"kpvgpukv{0"Vjg"kpvgpukv{"
oqfgn"ku"kpkvkcnk¦gf"ykvj"c"ycto/eqtg"e{enqpke"xqtvgz0"
Vjg"oczkowo"ykpf"urggf"qh"vjg"kpkvkcn"xqtvgz"ku"ugv"
vq"dg"43o1u"chvgt"c"ugtkgu"qh"pwogtkecn"gzrgtkogpvu"
cu"vjg"oqfgn"xqtvgz"ygcmgpu"cv"vjg"dgikppkpi"qh"vjg"
ukowncvkqpu="vjku"xcnwg"ku"cnuq"wugf"d{"qvjgt"uvwfkgu"
(Wu and Zhao, 2012; Zhao et cn0, 2011, 2014). The 

qvjgt"rctcogvgtu"qh"vjg"kpkvkcn"xqtvgz"pggfgf"hqt"vjg"
oqfgn"ygtg"vcmgp"vq"dg"cu"kp"Gocpwgn"et cn0 (2008) 

cpf"vjg"ucog"kpkvkcn"oqfgn"ugvwr"ku"wugf"hqt"cnn"vjg"
simulations in this study. 

The model skill is determined through correla-

vkqpu"qh"vjg"rtgfkevgf"cpf"qdugtxgf"vkog"ugtkgu0"Vjg"
uvcvkuvkecn" ukipkÝecpeg" qh" vjg" eqttgncvkqpu" cpf" vjg"
fkhhgtgpegu"qh" vjg"ogcpu"ctg" vguvgf"ykvj"UvwfgpvÓu"
t-test method (Wilks, 1995).

3. Role of environmental factors on TC frequency

Cp"cppwcn"cxgtcig"qh"420:"VEu"ku"qdugtxgf"fwtkpi"
vjg"9"{gctu"qh"jkij"cevkxkv{."yjkej" ku" ukipkÝecpvn{"
higher than those generated on average during the 

32"{gctu"qh"nqy"cevkxkv{"*;"VEu+"cv"c";7'"eqpÝfgpeg"
ngxgn0"Uvcvkuvkecnn{"ukipkÝecpv"fkhhgtgpegu"ecp"cnuq"dg"
qdugtxgf"yjgp" ugrctcvkpi"VEu" kpvq" vjgkt" kpvgpukv{"
ecvgiqtkgu."cu"uggp"kp"Hkiwtg"5c0"Vjg"{gctu"ykvj"nqy"
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qxgtcnn"VE" cevkxkv{" cnuq" ujqy" nqygt" htgswgpe{" kp"
gcej"qh"vjg"ecvgiqtkgu0"Hwtvjgt"kpxguvkicvkqp"ujqyu"
vjcv"vjg"htcevkqp"qh"oclqt"jwttkecpgu"*ecvgiqt{"5/7"
VEu+"ku"ukipkÝecpvn{"jkijgt"kp"{gctu"ykvj"jkij"cevkxkv{"
eqorctgf" vq" vjcv" kp"{gctu"ykvj" nqy"cevkxkv{."yjkng"
vjg"rtqrqtvkqp"qh"ecvgiqt{"3/4"VEu"ku"ukipkÝecpvn{"
nqygt"kp"{gctu"ykvj"jkij"cevkxkv{"eqorctgf"vq"vjcv"
kp"{gctu"ykvj" nqy"cevkxkv{"*Hki0"5d+"cv"c";7'"eqp-

Ýfgpeg"ngxgn0"Vjgug"ukipkÝecpv"fkhhgtgpegu"oc{"dg"
cvvtkdwvgf"vq"vjg"fkhhgtgpegu"qdugtxgf"kp"vjg"nqecvkqp"
qh"VE"igpguku"cpf"qeewttgpeg"kp"{gctu"ykvj"jkij"cpf"
nqy"cevkxkv{" *Hki0" 6+0"Vjgtg" ku" c" ukipkÝecpv" tgikqp"
qh" gpjcpegf"VE" hqtocvkqp" egpvgtgf" ctqwpf"34³"P"
cpf"327³"Y"fwtkpi"{gctu"qh"jkij"cevkxkv{"eqorctgf"
vq"{gctu"qh"nqy"cevkxkv{"*Hki0"6c+0"Vjg"cxgtcig"VE"
hqtocvkqp"nqecvkqp"ujqyu"c"ukipkÝecpv"gcuvgtn{"ujkhv"
kp" vjg" {gctu"ykvj" jkij" cevkxkv{" eqorctgf" vq" {gctu"
qh" nqy" cevkxkv{0"Eqttgurqpfkpin{."oqtg"VEu" jcxg"
yguv/" cpf" pqtvjyguvyctf" vtcemu" fwtkpi" vjg" cevkxg"
xgtuwu"kpcevkxg"rgtkqfu0"Vjku"fkhhgtgpeg"kp"htgswgpe{"
qh"qeewttgpeg"*Hki0"6d+"ku"fwg"vq"fkhhgtgpegu"kp"VE"

hqtocvkqp" nqecvkqp" cpf" cnuq" qp"VE" nkhgvkog0"Vjg"
cxgtcig" nkhgvkog" ku" 60;" fc{u" fwtkpi" cevkxg" {gctu."
yjkej" ku" ukipkÝecpvn{"oqtg" vjcp" 604" fc{u" fwtkpi"
kpcevkxg"{gctu"cv"c";7'"eqpÝfgpeg"ngxgn0"Vjg"fkhhgt-
gpeg"qh"vtclgevqtkgu"ecp"dg"engctn{"uggp"kp"Hkiwtg"7 

vjcv" ujqyu" cnn" vjg"VE" vtcemu" qdugtxgf" fwtkpi" vjg"
active and inactive periods. 

Vjg"vjgtocn"cpf"f{pcokecn"eqorqpgpvu"qh"vjg"IRK"
*Itc{."3;8:="Gocpwgn"cpf"Pqncp."4226+"ctg"gzcokpgf"
vq" fgvgtokpg" vjg" tqng" vjcv" gcej"oc{"rnc{" vqyctfu"
e{enqigpguku"fwtkpi"{gctu"qh"jkij"cpf" nqy"cevkxkv{"
kp"vjg"GPR"dcukp0"Vjg"nqy/ngxgn"e{enqpke"xqtvkekv{"ku"
xgt{"korqtvcpv"hqt"vjg"fgxgnqrogpv"qh"eqpxgevkqp."kvu"
qticpk¦cvkqp"cpf"kvu"kpvgpukÝecvkqp"vq"VE."tgfwekpi"vjg"
nqecn"Tquud{"tcfkwu"qh"fghqtocvkqp"cpf"hqewukpi"vjg"
convective heating locally (Chen et cn0."4228+0"Hkiwtg"8 

ujqyu"vjg"eqorqukvg"uvtgcohwpevkqp"cv":72"jRc."cpf"kv"
kpfkecvgu"c"ukipkÝecpv"cpvke{enqpke"ektewncvkqp"cpqo-

cn{"qxgt"vjg"ockp"fgxgnqrogpv"tgikqp"*OFT+"hqt"VE"
genesis during the active compared to inactive years. 
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Vjku"cpvke{enqpke"xqtvkekv{"cpqocn{"qdugtxgf"fwtkpi"
vjg"jkij"cevkxkv{"{gctu"yqwnf"vgpf"vq"tgfweg"vtqrkecn"
cyclogenesis in this region. 

Vjg"rtgugpeg"qh"jkij"okf/ngxgn"jwokfkv{"kp"vjg"
gpxktqpogpv"cnnqyu"c"rctegn"qh"ckt"kpukfg"enqwfu"vq"
remain saturated as it entrains the surrounding air 

fwtkpi"kvu"cuegpv"cpf"kv"ku"eqpfwevkxg"hqt"ockpvckpkpi"
eqpxgevkxg"cevkxkv{"qh"vjg"VE"fgxgnqrogpv"*Mcrncp"et 

cn0."4232+0"Vjg"tguwnvu"qh"vjg"eqorqukvg"ujqy"c"ukipkh-
icant decrease in relative humidity at 600 hPa in the 

OFT"fwtkpi"vjg"cevkxg"{gctu"*Hki0"9+0"Nqygt"xcnwgu"
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qh"tgncvkxg"jwokfkv{"yqwnf"vgpf"vq"kpjkdkv"VE"igpguku"
kp"vjku"tgikqp"fwtkpi"vjg"cevkxg"{gctu0"Vjgtghqtg."vjg"
nqy/ngxgn"xqtvkekv{"cpf"okf/vtqrqurjgtg"tgncvkxg"jw-

okfkv{"dqvj"crrgct"vq"dg"oqte hcxqtcdne"hqt"vtqrkecn"
cyclogenesis in the region during the inactive years 

compared to that during the active years. 

C"ycto"qegcp"uwthceg"cnnqyu"hqt"gpqwij"ncvgpv"
jgcv"Þwz"htqo"qegcp" vq"ockpvckp"ugeqpfct{"ektew-

ncvkqp"yjgp"gpgti{"ku"tgngcugf"pgct"vjg"VE"eqtg"kp"
vjg"g{gycnn"*Itc{."3;8:+0"C"ukipkÝecpvn{"ycto"UUV"
cpqocn{"ku"qdugtxgf"qxgt"vjg"OFT"ctgc"kp"vjg"GPR"
dcukp" fwtkpi" cevkxg" {gctu" eqorctgf"ykvj" kpcevkxg"
{gctu."cu"ujqyp"kp"Hkiwtg":0"Pqvg"vjcv"vjg"UUV"rcvvgtp"
fwtkpi"vjg"cevkxg"{gctu"uqogyjcv"tgugodngu"vjg"rcv-
vgtp"cuuqekcvgf"ykvj"vjg"rqukvkxg"rjcug"qh"vjg"RcekÝe"
Fgecfcn"Queknncvkqp"*RFQ+."yjkej"uwiiguvu"vjcv"vjg"
VE"cevkxkv{"oc{"dg"oqfwncvgf"d{"vjg"RFQ="jqygxgt."

the HURDAT time series is currently not long enough 

vq"gxcnwcvg"vjku"rqvgpvkcn"kpÞwgpeg0"
Vjg"rtgugpeg"qh" ukipkÝecpv"xgtvkecn"ykpf"ujgct"

kpjkdkvu"VE"fgxgnqrogpv"d{"cfxgevkpi"cyc{"vjg"jgcv-
kpi"cpf"oqkuvwtg"htqo"vjg"egpvgt"qh"vjg"eqpxgevkqp"
*FgOctkc."3;;8+0"C"ukipkÝecpv"fgetgcug"qh"xgtvkecn"
ykpf"ujgct"ku"qdugtxgf"qxgt"vjg"GPR"dcukp"fwtkpi"
vjg"{gctu"qh"jkij"cevkxkv{"eqorctgf"vq"kpcevkxg"{gctu."
cu"ecp"dg"uggp"kp"Hkiwtg";0"Fwtkpi"jkij"VE"cevkxkv{"
{gctu"vjg"ujgct"dgvyggp":72"cpf"422"jRc"ku"wr"vq"6"
ms–1"nqygt"vjcp"fwtkpi"kpcevkxg"{gctu"kp"vjg"OFT"qh"
vjku"dcukp="vjku"fgetgcug"kp"ujgct"ngcfu"vq"oqtg"xgtvkecn"
eqjgtgpeg"qh"fgxgnqrkpi"e{enqpgu"cpf"ku"eqpfwekxg"
qh"hwtvjgt"kpvgpukÝecvkqp"fwtkpi"cevkxg"{gctu0"

Kp"qtfgt" vq"hwtvjgt" kpxguvkicvg" vjg"tgncvkxg"tqngu"
qh" vjgug" gpxktqpogpvcn" hcevqtu."yg" ecnewncvg" vjg"
eqttgncvkqp" eqghÝekgpv" dgvyggp"VE" htgswgpe{" cpf"
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qxgt" vjg"rgtkqf"qh"3;87/4235" vjtqwij" vjg"rgcm"VE"ugcuqp" hqt" *c+"
cevkxg"{gctu."*d+"kpcevkxg"{gctu."cpf"*e+"vjg"fkhhgtgpeg"*cevkxg"okpwu"
inactive years). 
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vjg" cpcn{¦gf" nctig/uecng" hcevqtu" qxgt" vjg"OFT0"
Vjg"tguwnvu"kpfkecvg"vjcv"vjg"nqy/ngxgn"xqtvkekv{"cpf"
tgncvkxg" jwokfkv{" ctg" cpvk/eqttgncvgf"ykvj"OFT"
VE" htgswgpe{."ykvj" eqttgncvkqp" eqghÝekgpvu" Î2033"
cpf" Î2043." tgurgevkxgn{0"Vjgug" eqghÝekgpvu" ctg" kp"
citggogpv"ykvj"cpvke{enqpke"cpqocnkgu"*Hki0"8+"cpf"

fgetgcug" kp" tgncvkxg" jwokfkv{" *Hki0" 9+" fwtkpi" vjg"
cevkxg"{gctu0"Pqvg."jqygxgt."vjcv"pgkvjgt"eqttgncvkqp"
ku"ukipkÝecpv"cv"vjg";7'"eqpÝfgpeg"ngxgn0"C"rqukvkxg"
dwv"pqv"ukipkÝecpv"eqttgncvkqp"*2037+"ku"hqwpf"hqt"UUV"
cpf"OTF"VE" htgswgpe{0"Vjku" tguwnv" uwiiguvu" vjcv"
yjkng"vjg"UUV"cpqocnkgu"crrgct"nctig"kp"vjg"dcukp"
*Hki0":+."vjg"nqecn"UUV"oc{"pqv"rnc{"c"fqokpcpv"tqng"
kp"VE"htgswgpe{0"Oqtgqxgt."vjg"eqttgncvkqp"dgvyggp"
OFT"VE"htgswgpe{"qxgt"vjg"GPR"dcukp"cpf"Pk‚q/
506"UUV"uwiiguvu"pq"ukipkÝecpv"eqttgncvkqp"dgvyggp"
vjgo."kp"citggogpv"ykvj"rtgxkqwu"uvwfkgu"*Yjkvpg{"
cpf"Jqdiqqf."3;;9="Tqogtq/Xcfknnq"et cn0, 2007; 

Ralph and Gough, 2009). The largest correlation is 

qdvckpgf"dgvyggp"OFT"VE"htgswgpe{"cpf"xgtvkecn"
ykpf"ujgct"*Î2053."yjkej"ku"ukipkÝecpv"cv"vjg";7'"
eqpÝfgpeg"ngxgn+."eqpukuvgpv"ykvj"vjg"tguwnvu"qh"Ec-
margo et cn0"*4229+."cpf"kpfkecvkxg"qh"vjg"fqokpcpv"
tqng"vjcv"vjg"xgtvkecn"ykpf"ujgct"rnc{u"kp"oqfwncvkpi"
VE"igpguku"qxgt"vjg"GPR"dcukp0"

Yg"ecnewncvg"vjg"hqwt"hcevqtu"qh"vjg"IRK"ugrctcvg-
ly: vorticity at 850hPa, relative humidity at 600hPa, 

rqvgpvkcn" kpvgpukv{" cpf"xgtvkecn"ykpf" ujgct" vq" ickp"
oqtg"kpukijv"kpvq"vjg"tqng"qh"gcej"qh"vjgo0"Vjg"fg-
vcknu"qh" vjg"ecnewncvkqp"qh" vjg"IRK"ecp"dg"hqwpf"kp"
Gocpwgn"cpf"Pqncp"*4226+0"Hqnnqykpi"Ecoctiq"et 

cn0"*4229+"cpf"¥jcq"cpf"Tcic"*4236+."yg"gxcnwcvg"
vjg"tgncvkxg"eqpvtkdwvkqp"qh"gcej"qh"vjg"hqwt"hcevqtu"
vq"vjg"qxgtcnn"IRK"cpqocn{"dgvyggp"{gctu"ykvj"jkij"
cpf"nqy"cevkxkv{0"UrgekÝecnn{."yg"eqorwvg"vjg"IRK"
wukpi" vjg" nqpi/vgto" enkocvqnqi{" *3;87/4235+" qh"
vjtgg"qh"vjg"hcevqtu"cpf"wugf"vjg"cevwcn"fcvc"hqt"vjg"
hqwtvj" hcevqt=" vjku" ecnewncvkqp" ku" vjgp" tgrgcvgf" hqt"
gcej"qh"vjg"qvjgt"vjtgg"hcevqtu0"Hqt"gcej"hcevqt."vjg"
kpfkxkfwcn"IRK"cpqocnkgu"dgvyggp"{gctu"ykvj"jkij"
cpf" nqy"cevkxkv{"ctg" vjgp"ecnewncvgf0"Cnvjqwij" vjg"
pgv"cpqocn{"ecppqv"dg"ukorn{"fguetkdgf"cu"vjg"uwo"
qh"vjg"hqwt"Ýgnfu"eqodkpgf"fwg"vq"vjg"pqpnkpgctkv{"
qh"vjg"IRK."vq"c"egtvckp"gzvgpv."vjg"kpfgz"ecp"rtqxkfg"
ygkijvu"vjcv"crrtqrtkcvgn{"swcpvkh{"vjg"kpÞwgpeg"qh"
vjg"fkhhgtgpv"hcevqtu"hqt"vjg"fkhhgtgpeg"qh"VE"igpguku"
dgvyggp"{gctu"ykvj"jkij"cpf"nqy"cevkxkv{0

Hkiwtg"32"ujqyu"vjg"cxgtcig"IRK"fwtkpi"{gctu"
ykvj"jkij"cpf"nqy"VE"cevkxkv{"cpf" vjg"fkhhgtgpeg"
qh" cevkxg"okpwu" kpcevkxg" {gctu0"Vjgtg" ku" c" nctig"
rqukvkxg"IRK"cpqocn{"gxkfgpv"qxgt"vjg"GPR"dcukp."
ykvj"c"oczkowo"qxgt":/34³ P."327/:2³ W. There 

ku" cp" gcuvyctf" ujkhv" qh" vjg"IRK" cpqocnkgu" vq" vjg"
qdugtxgf"VE" igpguku" cpqocn{0" Hkiwtgu" 33c." d." e"
cpf" f" fkurnc{" vjg"IRK" cpqocnkgu" dgvyggp" {gctu"

Hki0";0"Eqorqukvg"xgtvkecn"ykpf"ujgct"vjtqwij"vjg"rgcm"
VE"ugcuqp"hqt"*c+"cevkxg"{gctu."*d+"kpcevkxg"{gctu."cpf"*e+"
vjg"fkhhgtgpeg"*cevkxg"okpwu"kpcevkxg"{gctu+0"Vjg"ujcfkpi"
kpfkecvgu"uvcvkuvkecn"ukipkÝecpv"fkhhgtgpegu"cv"vjg";7'"ngxgn0
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ykvj" jkij" cpf" nqy" cevkxkv{" ecnewncvgf"yjgp" vjg"
relative humidity, vorticity, potential intensity and 

xgtvkecn"ykpf" ujgct" ctg" tgurgevkxgn{" xctkgf"yjkng"
mggrkpi" vjg" qvjgt" vjtgg" xctkcdngu" hkzgf" cv" vjgkt"
climatologically values. Comparing the panels in 

Hkiwtg"33"ykvj" vjg"IRK"cpqocnkgu"dgvyggp"{gctu"
ykvj" jkij" cpf" nqy" cevkxkv{"yjgp" cnn" hqwt" hcevqtu"
ctg"xct{kpi"*Hki0"32e+." kv" ku"rquukdng"vq"fgvgtokpg"
vjg" tgncvkxg" eqpvtkdwvkqp" qh" gcej" hcevqt" vq" vjg"
overall GPI anomaly pattern. Note the overall 

pgicvkxg"IRK" cpqocnkgu" qxgt" vjg" GPR" dcukp" kp 

Hki0"33c."d="vjgug"pgicvkxg"cpqocnkgu"kpfkecvg"vjcv"
changes in relative humidity and vorticity do not 

eqpvtkdwvg" vqyctfu"VE" igpguku" fwtkpi" vjg" cevkxg"
years compared to that during inactive years. In 

contrast, there are positive GPI anomalies in the 

OFT"qh"vjg"GPR"dcukp"kp"Hkiwtgu"33e."f."kpfkecvkpi"
vjcv"vjg"UUV"cpf"xgtvkecn"ykpf"ujgct"ocmg"c"rqu-
kvkxg" eqpvtkdwvkqp" vqyctfu"VE"igpguku" fwtkpi" vjg"
active years compared to that during the inactive 

{gctu0"Oqtgqxgt."pqvg"vjcv"vjg"ocipkvwfg"qh"vjg"IRK"
cpqocn{"yjgp"xgtvkecn"ykpf"ujgct"xctkgu"*Hki0"33f+"
ku"jkijgt" vjcp"vjg"ocipkvwfg"qh" vjg"IRK"cpqocn{"
yjgp" rqvgpvkcn" kpvgpukv{" xctkgu" *Hki0" 33e+0"Vjku"
engctn{"uwiiguvu"vjcv"vjg"xgtvkecn"ykpf"ujgct"ku"vjg"

fqokpcpv"eqpvtkdwvqt"vqyctfu"hcxqtkpi"VE"igpguku"
during active years and suppressing it during the 

kpcevkxg"{gctu0"Vjgug"IRK"tguwnvu"ctg"eqpukuvgpv"ykvj"
vjg" fkhhgtgpegu" kp" eqorqukvg" nctig/uecng" rcvvgtpu"
dgvyggp"cevkxg"cpf"kpcevkxg"{gctu"cpf"eqttgncvkqp"
cpcn{ugu"tgrqtvgf"cdqxg0"

4. Role of environmental factors on TC intensity 

Vjg"kpvgpukv{"qh"VEu"kp"vjg"GPR"dcukp"ujqyu"ukipkÝ-

ecpv"kpvgtcppwcn"xctkcdknkv{."cu"ecp"dg"uggp"kp"Hkiwtg"34c 
*dncem" nkpg+."yjkej" fkurnc{u" vjg" pwodgt" qh"oclqt"
jwttkecpgu"kp"vjg"dcukp"*ecvgiqt{"5/7"VEu+0"Fwtkpi"
vjg" cevkxg" {gctu." cp" cxgtcig" qh" 7093" ecvgiqt{" 5/7"
VEu"ctg"qdugtxgf"fwtkpi"vjg"rgcm"VE"ugcuqp"qxgt"
vjg"GPR"dcukp."yjkng"qpn{"30;"qp"cxgtcig"ku"rtgugpv"
kp"vjg"kpcevkxg"{gctu0"C"nctig"cpf"ukipkÝecpv"*50:."cv"
;7'"eqpÝfgpeg" ngxgn+"fkhhgtgpeg" kp" vjg" htgswgpe{"
qh"oclqt"jwttkecpgu"ku"qdugtxgf"dgvyggp"cevkxg"cpf"
inactive years. 

Kp"qtfgt"vq"gxcnwcvg"vjg"eqpvtkdwvkqpu"qh"xgtvkecn"
ykpf"ujgct."UUV"cpf"vtcem"ejcpigu"vq"VE"kpvgpukv{"
ejcpig."yg"hqnnqy"vjg"ogvjqfqnqi{"wugf"d{"¥jcq"et 

cn0 (2011, 2014) and apply the same intensity model 

vq"vjg"GPR"dcukp"vq"gxcnwcvg"VE"kpvgpukv{"cnqpi"vjg"
qdugtxgf"VE"vtcemu0"Yg"rgthqto"c"eqpvtqn"gzrgtkogpv"
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(CTRL) and three other sensitivity simulations: T65, 

X87"cpf"XV87."cu"pqvgf"kp"Vcdng"K0"Vjg"gzrgtkogpv"
ncdgngf"V87"ku"ukoknct"vq"EVTN."dwv"mggru"UUV"cnqpi"
vjg"VE" vtcem"Ýzgf" cpf" eqttgurqpfu" vq" vjg" xcnwgu"
qdugtxgf" kp"3;870" Kp"gzrgtkogpv"X87." vjg"xgtvkecn"
ykpf"ujgct"ku"Ýzgf"*eqttgurqpfkpi"vq"vjg"qdugtxc-
vkqpu"qh"3;87+"cpf"kp"gzrgtkogpv"XV87"dqvj"vjg"UUV"
cpf"xgtvkecn"ykpf"ujgct"ctg"Ýzgf"eqttgurqpfkpi"vq"
vjg"xcnwgu"qdugtxgf"kp"3;870"Pqvg"vjcv"vjg"vtcemu"qh"
individual TCs remain unchanged in the sensitivity 

gzrgtkogpvu="vjg"vtcemu"eqttgurqpf"vq"vjg"qdugtxgf"
vtclgevqtkgu"htqo"vjg"JWTFCV4"fcvcugv0

Kp"vjg"EVTN"gzrgtkogpv."cnn"vjg"VEu"oqxg"cnqpi"
vjgkt"qdugtxgf" vtcemu"cpf"gzrgtkgpeg" vjg"qdugtxgf"
oqpvjn{" xgtvkecn"ykpf" ujgct" cpf"UUV" cnqpi" vjgkt"
nkhgvkogu."kp"vjg"rgtkqf"*3;87/4235+0"Vjg"tguwnvu"htqo"
vjg"EVTN" gzrgtkogpv" kpfkecvg" vjcv" vjg" ukowncvgf"
htgswgpe{"qh"oclqt"jwttkecpgu"*VEu"ykvj"Ecvgiqtkgu"
5"vjtqwij"7+"cpf"RFK"ctg"kp"iqqf"citggogpv"ykvj"vjg"
qdugtxcvkqpu"*Hki0"34+0"Vjg"eqttgncvkqp"eqghÝekgpvu"
are 0.64 and 0.87, respectively during the period 

3;87/4235." dqvj" uvcvkuvkecnn{" ukipkÝecpv" cv" c" ;7'"
eqpÝfgpeg"ngxgn0"Fwg"vq"c"uweeguuhwn"ukowncvkqp"kp"
cppwcn"RFK"cpf"ecvgiqt{"5/7"VE"htgswgpe{."kv"tckug"
qwt"eqpÝfgpeg"hqt"hwtvjgt"gzrnqtkpi"vjg"tgncvkxg"tqng"
qh"UUV."ykpf"ujgct"cpf"VE"vtcemu"vq"ejcpigu"kp"RFK"
cpf"ecvgiqt{"5/7"VE"htgswgpe{"kp"vgtou"qh"eqttgncvkqp"
and magnitude.

Vjg"xcnwgu"qh"vjg"eqttgncvkqp"eqghÝekgpvu"rtgugpv-
gf"kp"Vcdng"KK"kpfkecvg"vjcv"vjg"ukowncvgf"cppwcn"htg-

swgpe{"qh"oclqt"jwttkecpgu."cu"ygnn"cu"vjg"RFK."kp"vjg"
vjtgg"ugpukvkxkv{"gzrgtkogpvu"ku"ygnn"eqttgncvgf"ykvj"
tguwnvu"htqo"vjg"EVTN"gzrgtkogpv"*cnn"eqttgncvkqp"eq-

ghÝekgpvu"ctg"cdqxg"20:"cpf"uvcvkuvkecnn{"ukipkÝecpv+0"
Tgecnn"vjcv"cnvjqwij"cnn"vjtgg"ugpukvkxkv{"gzrgtkogpvu"
ctg"jkijn{"kfgcnk¦gf"dgecwug"vjg{"eqpukfgt"Ýzgf"eqp-

fkvkqpu"cv"3;87"xcnwgu"hqt"vjg"UUV"cpf1qt"vjg"xgtvkecn"
ykpf"ujgct."vjg"VE"vtcemu"tgockp"wpejcpigf"kp"vjg"
vjtgg"ugpukvkxg"gzrgtkogpvu"cpf"EVTN"gzrgtkogpv0"
Vjg" jkij" eqttgncvkqpu" dgvyggp" vjg"EVTN"cpf" vjg"
vjtgg"ugpukvkxg"gzrgtkogpvu"uwiiguv"vjcv"vjg"rtkoct{"
eqpvtqnnkpi"hcevqt"hqt"vjg"kpvgtcppwcn"xctkcdknkv{"oc{"
cevwcnn{"dg"vjg"vtclgevqtkgu"qh"vjg"VEu0"

Vcdng"KKK"rtgugpvu"vjg"eqttgncvkqpu"qh"vjg"fkhhgtgpeg"
kp"RFK"cpf"htgswgpe{"qh"ecvgiqt{"5/7"VEu"hqt"gcej"qh"
vjg"ugpukvkxkv{"gzrgtkogpvu"cpf"vjg"EVTN"gzrgtkogpv0"
Vjg"kpÞwgpeg"qh"vjg"UUV"qp"vjg"kpvgtcppwcn"xctkcdkn-
kv{"ecp"dg"fgvgtokpgf"d{"eqorctkpi"vjg"tguwnvu"hqt"
vjg"EVTN"cpf"*EVTN"Î"V87+"gzrgtkogpvu0"Vjg"ghhgev"
qh"UUV"ku"uocnn"hqt"vjg"ugv"qh"gzrgtkogpvu."ukpeg"vjg"
eqttgncvkqpu"ctg"2028"cpf"2044"cpf"pqp/ukipkÝecpv0"
Ukoknctn{."vjg"ghhgev"qh"vjg"xgtvkecn"ykpf"ujgct"qp"VE"
kpvgpukv{."gxcnwcvgf"d{"eqorctkpi"vjg"tguwnvu"htqo"vjg"
EVTN"cpf"*EVTN"Î"X87+"gzrgtkogpvu."kpfkecvgu"c"
uvtqpigt"fgrgpfgpeg"vjcp"ykvj"UUV."ykvj"nctigt"cpf"
ukipkÝecpv"eqttgncvkqp"eqghÝekgpvu0"Pqvg"vjcv"vjg"eqo-

dkpgf"ghhgev"qh"UUV"cpf"xgtvkecn"ykpf"ujgct"ejcpigu"
vq"vjg"kpvgtcppwcn"xctkcdknkv{."d{"eqorctkpi"EVTN"
cpf"*EVTN"Î"XV87+."ku"nctigt"vjcp"vjg"uwo"qh"vjgkt"
kpfkxkfwcn"eqpvtkdwvkqpu0"Vjg"eqttgncvkqp"eqghÝekgpvu"
hqt"vjg"htgswgpe{"qh"ecvgiqt{"5/7"VEu"cpf"RFK"ctg"
Î2052."cpf"Î206;."tgurgevkxgn{."dqvj"ukipkÝecpv"cv"c"
;7'"eqpÝfgpeg"ngxgn0"

C"ukoknct"cpcn{uku"ycu"rgthqtogf"vq"eqorctg"vjg"
tguwnvu" qh" vjg" ukowncvkqpu" cickpuv" qdugtxcvkqpu" hqt"

Vcdng" K0" Uwooct{" qh" gzrgtkogpvu" eqpfwevgf"ykvj" vjg"
tropical cyclone intensity model.

Gzrgtkogpv Description

CTRL Dqvj"UUV"cpf"xgtvkecn"ykpf"ujgct"eqttgurqpf"
vq"vjg"qdugtxgf"xcnwgu"hqt"gcej"VE."htqo"
1965 to 2013.

T65 UUV"ku"Ýzgf"cv"vjg"qdugtxgf"xcnwg"kp"3;87"
cpf"xgtvkecn"ykpf"ujgct"xctkgu"hqt"gcej"VE."
htqo"3;87"vq"42350

V65 Ujgct"ku"Ýzgf"cv"vjg"qdugtxgf"xcnwg"kp"3;87"
cpf"UUV"xctkgu"hqt"gcej"VE."htqo"3;87"vq"
2013.

VT65 Dqvj"UUV"cpf"xgtvkecn"ykpf"ujgct"ctg"Ýzgf"
cv"vjg"qdugtxgf"xcnwgu"kp"3;870

Vcdng"KK0"Eqttgncvkqp"eqghÝekgpvu"dgvyggp"vjg"xcnwgu"qh"
RFK" cpf" htgswgpe{"qh"oclqt" jwttkecpgu" *ecvgiqt{"5/7+"
kp"vjg"EVTN"cpf"ugpukvkxkv{"gzrgtkogpvu"*V87."X87"cpf"
VT65).

Gzrgtkogpv CTRL-PDI EVTN/"Htgswgpe{"
qh"oclqt"jwttkecpgu

T65 0.96** 0.81**
V65 0.98** 0.92**
VT65 0.94** 0.84**

,,"UkipkÝecpeg"cv"vjg";7'"ngxgn0
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vjg"rgtkqfu"qh"jkij"cpf"nqy"cevkxkv{"kfgpvkÝgf0"Vjg"
tguwnvu"ctg"rtgugpvgf"kp"Vcdng"KX"cpf"ujqy"cickp"vjcv"
vjg"fqokpcpv"tqng"kp"vjg"kpvgtcppwcn"xctkcdknkv{"qh"vjg"
htgswgpe{"qh"oclqt"jwttkecpgu"cpf"RFK"*pqv"ujqyp+"
kp"cuuqekcvgf"ykvj"tgfwegf"ykpf"ujgct"kp"vjg"dcukp"
and that the local SST anomalies play a secondary 

tqng"eqorctgf"vq"vjg"ykpf"ujgct"pgicvkxg"cpqocnkgu0"
Vjgug"tguwnvu"ctg"kp"citggogpv"ykvj"rtgxkqwu"uvwfkgu"
*Gocpwgn."3;:9."422:="Iqnfgpdgti"et cn0."4223="Ygd-

ster et cn0, 2005; Zhao et cn0, 2011), that indicate that 

fgetgcugf"xgtvkecn"ykpf"ujgct"ku"tgncvgf"vq"kpetgcugf"
TC intensity, and that higher SST correspond to 

higher TC intensity.

Cu"ogpvkqpgf" dtkghn{" cdqxg." vjg" kpvgtcppwcn"
xctkcdknkv{"qh"VE"vtclgevqtkgu"oc{"cnuq"dg"rnc{kpi"c"
ukipkÝecpv"tqng"kp"vjg"xctkcdknkv{"qh"VE"kpvgpukv{0"Yg"
gzrnqtg"hwtvjgt"vjku"rquukdknkv{"d{"eqorctkpi"tguwnvu"
htqo" vjg"EVTN"cpf"XV87"gzrgtkogpvu0"Pqvg" vjcv"
vjg"htgswgpe{"qh"oclqt"jwttkecpgu"ku"ygnn"eqttgncvgf"

dgvyggp"vjgug"vyq"gzrgtkogpvu"*20:6."ukipkÝecpv"cv"
vjg";7'"eqpÝfgpeg"ngxgn."ugg"Vcdng"KK+0"Vjku"kpfkecvgu"
vjcv"vjg"ejcpigu"kp"vjg"VE"vtcemu"ecp"ceeqwpv"hqt"oquv"
qh"vjg"qdugtxgf"kpvgtcppwcn"xctkcdknkv{."rctvn{"fwg"vq"
vjg"eqodkpgf"ghhgev"qh"ejcpigu"kp"UUV"cpf"xgtvkecn"
ykpf" ujgct0"Vjgug" tguwnvu" eqpÝto" vjcv" vjg" ejcpig"
kp"VE"fwtcvkqp"ku"vjg"ockp"hcevqt"hqt"vjg"qdugtxgf"
ejcpig"kp"VE"kpvgpukv{"*Ecoctiq"cpf"Uqdgn."4227="
Wu and Wang, 2008; Zhao et cn0, 2011). Changes 

kp"VE"nkhgvkog"ctg"enqugn{"cuuqekcvgf"ykvj"ejcpigu"
kp"VE"vtcemu0"VE"nkhgvkog"ku"cnuq"enqugn{"cuuqekcvgf"
ykvj"VE" igpguku" nqecvkqp0"Fwtkpi" vjg" {gctu"ykvj"
jkij"cevkxkv{."vjg"tgikqp"qh"gpjcpegf"VE"hqtocvkqp"
ujkhvu" gcuvyctf" cpf" ngcfu" vq" nqpigt"VE" vtcemu" cpf"
vjwu."nqpigt"nkhgvkogu0"Vjku"kp"vwtp"yknn"tguwnv"kp"VEu"
jcxkpi"oqtg"vkog"hqt"kpvgpukÝecvkqp"cpf"cp"kpetgcugf"
nkmgnkjqqf"qh"fgxgnqrkpi"kpvq"kpvgpug"VEu"eqorctgf"
vq"vjcv"fwtkpi"vjg"{gctu"ykvj"nqy"cevkxkv{0"Vjg"gcuv-
yctf"ujkhv"qh"vjg"tgikqp"qh"gpjcpegf"VE"hqtocvkqp"ku"
cnuq"enqugn{"cuuqekcvgf"ykvj"yctogt"UUV"cpf"nqygt"
xgtvkecn"ykpf"ujgct"fwtkpi"{gctu"ykvj"jkij"cevkxkv{"
vjcp"fwtkpi"{gctu"ykvj"nqy"cevkxkv{0"

5. Discussion and conclusions 

Vjg"GPR"dcukp"gzjkdkvu"xgt{"nctig"kpvgtcppwcn"xctk-
cdknkv{"kp"vjg"htgswgpe{"qh"VEu0"Vjg"cpcn{uku"qh"vjg"
6;/{gct"rgtkqf"dgvyggp"3;87"cpf"4235"kpfkecvgu"vjcv"
fwtkpi"vjg"jkij"cevkxkv{"rgtkqf."oqtg"vjcp"vykeg"cu"
ocp{"VEu"fgxgnqr"qp"cxgtcig"kp"vjg"dcukp"eqorctgf"
vq"vjg"nqy"cevkxkv{"rgtkqf0"Vjku"uvwf{"kpxguvkicvgu"vjg"
nctig/uecng"eqpfkvkqpu"chhgevkpi"VE"igpguku"cpf"vjg"
mg{"hcevqtu"chhgevkpi"VE"kpvgpukv{."vq"vt{"vq"gxcnwcvg"
vjgkt" tqngu"qp" vjg" kpvgtcppwcn"xctkcdknkv{"cpcn{¦kpi"
rgtkqfu"qh"jkij"cpf"nqy"cevkxkv{"fwtkpi"vjg"rgtkqf"
3;87/42350"Cu"ycu"ujqyp"kp"Hkiwtg"6."vjg"{gctu"qh"
jkij"cevkxkv{"ujqy"c"uvcvkuvkecnn{"ukipkÝecpv"gcuvgtn{"
ujkhv" qh" vjg" igpguku" nqecvkqp" qh" vtqrkecn" e{enqpgu0"
Gutzler et cn0" *4235+" hqwpf" vjcv"VEu" kp" vjg"GPR"
dcukp"qeewttgf"pgct"vjg"eqcuv"qh"Ogzkeq"oqtg"qhvgp"
fwtkpi"Nc"Pk‚c" {gctu" kp" vjg" gctn{" ugcuqp" hqt" vjg"
rgtkqf"3;73/42280"Dwv"tgecnn"vjcv"vjg"{gctu"qh"jkij"
cevkxkv{"kp"qwt"uvwf{"cnuq"kpenwfg"pgwvtcn"{gctu"qh"vjg"
GPUQ."uwiiguvkpi" vjcv" vjgtg"ctg"qvjgt" hcevqtu" vjcv"
may modulate genesis location. 

Vjg"tguwnvu"qh"vjg"cpcn{uku"qh"eqorqukvgu"qh"nctig/
uecng" gpxktqpogpvcn" eqpfkvkqpu" hqt" cevkxg" xgtuwu"
kpcevkxg"{gctu"*rtgugpvgf"kp"Hkiu0"8" vjtqwij";+"ctg"
xgt{" kpvgtguvkpi0"Vjg" nqy/ngxgn"xqtvkekv{" ujqyu"cp"
anticyclonic anomaly and the mid-tropospheric rela-

Vcdng"KKK0"Ghhgevu"qh"UUV."ykpf"ujgct."cpf"eqodkpgf"UUV"
cpf"ykpf"ujgct."tgrtgugpvgf"d{"vjg"eqttgncvkqp"dgvyggp"
vjg" EVTN" gzrgtkogpv" cpf" vjg" fkhhgtgpeg" *EVTN" /"
gzrgtkogpv+0"Ugg"vgzv"hqt"oqtg"fgvcknu0

PDI Htgswgpe{"qh"oclqt"
hurricanes 

UUV"ghhgev 0.22 0.06
Ykpf"ujgct"ghhgev –0.45** –0.27*
Eqodkpgf"UUV"
cpf"ykpf"ujgct"ghhgevu –0.49** –0.30**

,,UkipkÝecpeg"cv"vjg";7'"ngxgn=",ukipkÝecpeg"cv"vjg";2'"
level.

Vcdng" KX0"Ukowncvgf" cpf" qdugtxgf" htgswgpe{" qh"oclqt"
jwttkecpgu" hqt" cevkxg" cpf" kpcevkxg" rgtkqfu" cpf" vjgkt"
fkhhgtgpeg0

Active 

period

Inactive

period

Fkhhgtgpeg

HURDAT2 5.71 1.90 3.81**
CTRL 4.60 1.60 3.00**
T65 4.00 1.70 2.30*

V65 3.50 1.70 1.80
VT65 4.20 1.50 2.70*

,,"UkipkÝecpeg" cv" vjg" ;7'" ngxgn=" ," ukipkÝecpeg" cv" vjg"
;2'"ngxgn0
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vkxg"jwokfkv{"ujqyu"c"ft{"cpqocn{"fwtkpi"vjg"cevkxg"
{gctu0"Dqvj" vjgug"cpqocnkgu"yqwnf" vgpf" vq" tgfweg"
vtqrkecn"e{enqigpguku"kp"vjg"dcukp."pqv"eqpvtkdwvkpi"
vqyctfu"cevkxg"{gctu0"Vjg"oquv"korqtvcpv"gpxktqp-

ogpvcn"curgev"vjcv"hcxqtu"cp"kpetgcug"kp"vjg"htgswgpe{"
qh"vtqrkecn"e{enqpgu"ku"vjg"tgfwegf"xgtvkecn"ujgct"qh"
vjg"jqtk¦qpvcn"ykpf"qxgt"vjg"yjqng"GPR"dcukp0"Vjgug"
tguwnvu"ctg"hwtvjgt"uwrrqtvgf"cpf"eqpÝtogf"d{"vjg"
GPI analyses.

Vjgug"tguwnvu"ctg"eqpukuvgpv"ykvj"vjqug"rtgugpvgf"
d{"Ecoctiq"et cn0"*4229+"kp"vjgkt"cpcn{uku"qh"vjg"eqo-

rqukvgu"qh"Gn"Pk‚q"cpf"Nc"Pk‚c"{gctu0"Kp"vjgkt"uvwf{."
xgtvkecn"ykpf"ujgct"ycu"cnuq"vjg"ockp"eqpvtkdwvqt"vq"
ENSO genesis potential anomalies in the ENP, and 

nqy/ngxgn"xqtvkekv{"cpf"okf/vtqrqurjgtke"tgncvkxg"jw-

okfkv{"eqpvtkdwvkpi"kp"vjg"qrrqukvg"ugpug0"Jqygxgt."
the active and inactive periods studied here do not 

eqttgurqpf"gzenwukxgn{"vq"gkvjgt"Nc"Pk‚c"qt"Gn"Pk‚q"
{gctu0"Vjg"GPUQ"ukipcn"qp"VE"cevkxkv{"uggou"vq"dg"
uvcvkuvkecnn{"ygcmgt"kp"vjg"GPR"dcukp"vjcp"vjcv"kp"vjg"
Pqtvj"Cvncpvke."cu"jcu"dggp"pqvgf"d{"rtgxkqwu"uvwfkgu"
(Gray, 1984; Magaña et cn0."4225="Htcpm"cpf"[qpi."
2007; Romero-Vadillo et cn0, 2007; Martínez-Sánchez 

cpf"Ecxc¦qu." 4236." coqpi" qvjgtu+0" Hwtvjgtoqtg."
Yjkvpg{"cpf"Jqdiqqf"*3;;9+"cpf"Tcnrj"cpf"Iqwij"
*422;+"jcxg"swguvkqpgf"vjg"tqdwuvpguu"qh" vjg"tgnc-
vkqpujkr"dgvyggp"GPUQ"cpf"VE"cevkxkv{"kp"vjg"GPR"
dcukp0"Jqygxgt."vjg"tgegpv"uvwf{"d{"Lkgp"et cn0 (2015) 

hqwpf"c"uvcvkuvkecn"fgrgpfgpe{"qh"VE"cevkxkv{"qp"vjg"
GPUQ"rjcugu."dwv" ukipkÝecpv"qpn{"qp" vjg"yguvgtp"
rqtvkqp"qh"vjg"fgxgnqrogpv"tgikqp."dgvyggp"334"cpf"
362³"Y0"UrgekÝecnn{." vjgkt" tguwnvu" kpfkecvg" vjcv"Gn"
Pk‚q"{gctu"ctg"ejctcevgtk¦gf"d{"oqtg"htgswgpv"cpf"
more intense events compared to La Niña conditions 

hqt"vjku"yguvgtp"uwd/tgikqp"qh"vjg"dcukp0"Vjgug"pgy"
tguwnvu"ctg"pqv"kp"citggogpv"ykvj"tguwnvu"d{"Ecoctiq"
et cn0"*4229+0"Cpf"qwt"tguwnvu"qh"cevkxg"{gctu"kpfkecvg"
vjcv"vjg"oczkowo"cpqocn{"kp"vjg"tgfwevkqp"qh"ykpf"
ujgct"eqxgtu"c"nctig"ugevkqp"qh"vjg"yguvgtp"uwd/tgikqp"
fgÝpgf"kp"Lkgp"et cn0 (2015). This suggests to us that 

vjg"GPUQ"oqfwncvkqp"oc{"pqv"dg"c"iqqf"rtgfkevqt"
hqt"{gctu"qh"jkij"cevkxkv{"kp"vjg"GPR"dcukp"cu"enckogf"
d{"Lkgp"et cn0 (2015). 

Also interesting to discuss are the results related 

vq" vjg"UUV"cpqocnkgu."yjkej" crrgct" vq" eqpvtkdwvg"
rqukvkxgn{"vqyctfu"vtqrkecn"e{enqigpguku"fwtkpi"vjg"
cevkxg"{gctu."{gv"vjg"eqttgncvkqpu"ykvj"VE"htgswgpe{"
ctg"pqv"ukipkÝecpv0"Hkiwtg":"ujqyu"c"urcvkcn"fkuvtk-
dwvkqp" qh" vjg" UUV" cpqocnkgu" dgvyggp" cevkxg" cpf"

kpcevkxg"{gctu"vjcv"uqogyjcv"tgugodngu"vjg"rcvvgtp"
cuuqekcvgf"ykvj" vjg" rqukvkxg" rjcug" qh" vjg" RcekÝe"
Fgecfcn"Queknncvkqp"*RFQ+."yjkej"uwiiguvu"vjcv"vjg"
VE"cevkxkv{"oc{"dg"oqfwncvgf"d{" vjg"RFQ0"Tcic"
et cn0"*4235+"fgvgtokpgf"vjcv"vjg"vkog"ugtkgu"qh"383"
{gctu"qh"ncpfhcnnkpi"VEu"*tgeqpuvtwevgf"htqo"jkuvqt-
kecn"tgeqtfu"cpf"eqodkpgf"ykvj"oqfgtp"dguv" vtcem"
fcvc+"gzjkdkvu"c"oqfgtcvg"eqttgncvkqp"ykvj"vjg"RFQ0"
C"rtgxkqwu"uvwf{"d{"Gpingjctv"cpf"Fqwincu"*4224+"
ujqygf"vjcv"rtgekrkvcvkqp"kp"PY"Ogzkeq"ku"eqttgncvgf"
cnuq"ykvj"RFQ0" Kv" ku" pqvgyqtvj{" vjcv" ncpfhcnnu" ctg"
qpn{"octikpcnn{" nctigt" *dwv"pqv" ukipkÝecpv+"fwtkpi"
active years (2.00 ± 1.15) than inactive years (1.70 

ł"3038+."yjkng"vjg"tcvkq"qh"ncpfhcnnu"vq"vjg"vqvcn"eqwpv"
qh"VEu"ku"cnoquv"c"hcevqt"qh"4"fkhhgtgpv"*2032"xgtuwu"
0.19), respectively. Inactive years do not necessarily 

korn{"hgygt"ncpfhcnnu"cpf."vjwu."nguu/chhgevgf"tgikqpu"
qh"yguvgtp"Ogzkeq0

Vjg" gcuvgtp"Pqtvj" RcekÝe" dcukp" gzjkdkvu" xgt{"
nctig"kpvgtcppwcn"xctkcdknkv{"kp"vjg"htgswgpe{"qh"oclqt"
jwttkecpgu."cu"uggp"kp"Hkiwtg"34c."cpf"cevkxg"{gctu"
cnuq"ujqy"c"ukipkÝecpv"kpetgcug"kp"oclqt"jwttkecpgu"
*Hki0"5c+0"Vjg"hqtgecuv"qh"VE"kpvgpukv{"jcu"tgockpgf"
rtqdngocvke" pqv" qpn{" kp" vjg"GPR" dcukp." dwv" cnuq"
inqdcnn{0"Qwt"tguwnvu"ujqy"c"ncem"qh"ukipkÝecpeg"kp"
vjg"eqttgncvkqp"dgvyggp"UUV"cpqocnkgu"cpf"VE"htg-
quency and also TC intensity. Even though during El 

Niño years and during the most active years the SST 

rqukvkxg"cpqocnkgu"kp"vjg"dcukp"ctg"swkvg"nctig."cpf"
yqwnf"kp"rtkpekrng"eqpvtkdwvg"vq"kpetgcugf"eqpxge-
vkqp."vjg"eqttgncvkqpu"ctg"oquvn{"pqv"ukipkÝecpv0"Vjg"
cpuygt"oc{"dg"tgncvgf"vq"vjg"qegcp"jgcv"eqpvgpv"cpf"
pqv"UUV."cu"uwiiguvgf"d{"Ujc{"cpf"Dtgyuvgt"*4232+0"
Vjg"tgegpv"rcrgt"d{"Lkp"et cn0 (2014) argues that the 

kpvgpukÝecvkqp"qh"VEu" kp" vjg"GPR"dcukp" ku" tgncvgf"
vq"uwduwthceg"qegcp"jgcv"vjg"ugcuqp"chvgt"vjg"oczk-
owo"qh"Gn"Pk‚q."vjtqwij"c"fgnc{gf"qegcp"vtcpurqtv"
ogejcpkuo0"Cpqvjgt"curgev"vq"dg"eqpukfgtgf"yjgp"
uvwf{kpi"VE"kpvgpukÝecvkqp"ku"vjg"rtgugpeg"qh"vtcp-

ukgpv"cpvke{enqpke"gffkgu"kp"vjg"GPR"dcukp"vjcv"nqecnn{"
ecp" gpjcpeg" vjg" qegcp" jgcv" eqpvgpv" cxckncdng" hqt"
hwgnkpi"vtqrkecn"e{enqpgu0"Qtqrg¦c"cpf"Tcic"*4237+"
jcxg"ujqyp"vjg"korqtvcpeg"qh"vjg"rtgugpeg"qh"uwej"
gffkgu"kp"vjg"tcrkf"cpf"gzrnqukxg"kpvgpukÝecvkqp"qh"
jwttkecpgu"kp"vjg"GPR"dcukp0"

Kp"vjku"uvwf{."yg"wugf"c"jwttkecpg"kpvgpukv{"oqfgn"
(Emanuel et cn0, 2006) to evaluate the individual 

eqpvtkdwvkqpu"qh"ejcpigu"kp" vjg"UUV."xgtvkecn"ykpf"
shear and TC tracks to changes in TC intensity on 



175Distinct interannual variability of tropical cyclone activity

the interannual time scale and considering also the 

cevkxg"cpf"kpcevkxg"rgtkqfu0"Vyq"rctcogvgtu"ctg"wugf"
vq"swcpvkh{"VE"kpvgpukv{"kp"vjg"dcukp<"vjg"htgswgpe{"
qh"oclqt"jwttkecpgu"cpf"vjg"RFK0"Vjg"tguwnvu"uwiiguv"
vjcv"vjg"rtkoct{"eqpvtqnnkpi"hcevqt"hqt"vjg"kpvgtcppwcn"
xctkcdknkv{"oc{"cevwcnn{"dg"vjg"vtclgevqtkgu"qh"vjg"VEu."
cu"ycu"cnuq" kpfkecvgf" kp" vjg"YPR"dcukp" kp"uvwfkgu"
d{"Ycpi"cpf"Ejcp"*4224+"cpf"Ecoctiq"cpf"Uqdgn"
*4227+0"VE"kpvgpukv{"gzjkdkvu"c"uvtqpigt"fgrgpfgpeg"
qp"vjg"ghhgev"qh"vjg"xgtvkecn"ykpf"ujgct"vjcp"qp"vjg"
nqecn"UUV0"Pqvg"vjcv"vjg"eqodkpgf"ghhgevu"qh"xgtvkecn"
ykpf"ujgct"cpf"UUV"crrgct"vq"dg"oqtg"korqtvcpv"vjcp"
vjgkt"tgurgevkxg"tqngu"cpf"vjcv"vjg"htgswgpe{"qh"oclqt"
jwttkecpgu" ku" c"oqtg" ugpukvkxg" xctkcdng" vq" enkocvg"
change than the PDI.

Uvwfkgu" d{"Yw" cpf"Ycpi" *422:+." ¥jcq" et cn0 
(2011), Wu and Zhao (2012) and Zhao et cn0 (2014) 

jcxg" kpxguvkicvgf"VE" cevkxkv{" kp" vjg"YPR"dcukp."
cpf"uwiiguvgf"vjcv"ujkhvu"kp"vjg"VE"vtcemu"oc{"jcxg"
cnnqygf"oqtg"VEu"vq"jcxg"nqpigt"nkhgvkogu."hcxqtkpi"
oqtg" kpvgpug"VEu0"Qwt" tguwnvu" htqo" vjg"GPR"dcukp"
engctn{"kpfkecvg"vjcv"VE"hqtocvkqp"ku"gpjcpegf"ctqwpf"
34³"P."327³ Y"kp"c"tgikqp"qh"uvcvkuvkecnn{"ukipkÝecpv"
tgfwegf"xgtvkecn"ykpf" ujgct." cpf" vjcv"VEu" hcxqt" c"
pqtvjyguvyctf"vtcem"fwtkpi"vjg"cevkxg"{gctu"*Hki0"6+0 
Vjgug"vtcemu"fwtkpi"vjg"cevkxg"{gctu"gzrqug"VEu"vq"vjg"
yctogt"UUV"cpqocnkgu"kp"vjg"tgikqp"vjcv"tgugodng"vjg"
RFQ"rcvvgtp"*Hki0":+."tguwnvkpi"kp"nqpigt"nkhgvkogu"cpf"
oqtg"kpvgpug"VEu0"Vjg"uvwf{"d{"Octv‡pg¦/Uƒpejg¦"cpf"
Ecxc¦qu" *4236+" ujqyu"c" eqttgncvkqp"dgvyggp"RFQ"
jwttkecpgu"ykvj"ecvgiqt{"6"cpf"7"kp"vjg"GPR"dcukp0"

Hkpcnn{."kv"uggou"rgtvkpgpv"vq"dtkgÞ{"fkuewuu"qwt"tg-
uwnvu"qh"VE"htgswgpe{"cpf"kpvgpukv{"fwtkpi"cevkxg"{gctu"
kp" vjg"eqpvgzv"qh"enkocvg"ejcpig"uegpctkqu0"Ugxgtcn"
studies in the last decades (Emanuel, 1987, 2005, 2008; 

Ygduvgt"et cn0, 2005; Wu et cn0, 2008) have discussed 

vjg"kpÞwgpeg"qh"UUV"cpf"xgtvkecn"ykpf"ujgct"qp"ejcpi-

gu"kp"VE"kpvgpukv{"gkvjgt"inqdcnn{"qt"hqewukpi"rtkoctkn{"
qp"vjg"Pqtvj"Cvncpvke"dcukp"*Iqnfgpdgti"et cn0, 2001). 

Tguwnvu"qh"c"inqdcn"eqwrngf"enkocvg"oqfgn"*Xgeejk"cpf"
Uqfgp."4229+"hqt"vjg"vygpv{"Ýtuv"egpvwt{"uwiiguv"vjcv"
vjg"oczkowo"rqvgpvkcn"kpvgpukv{"kp"vjg"GPR"dcukp"yknn"
kpetgcug"htqo"vjg"eqcuv"qh"Ogzkeq"yguvyctf"vq"342³ 
Y"cpf"dgvyggp"32"cpf"42³"P."ygnn"ykvjkp"vjg"tgikqp"
qh"gpjcpegf"VE"igpguku"cpf"gpjcpegf"vtcemu"fwtkpi"
the high activity years. While our results indicate that 

vjg"rqvgpvkcn"kpvgpukv{"fqgu"pqv"crrgct"vq"dg"c"fqo-

kpcpv"eqpvtkdwvqt"vq"e{enqigpguku"kp"vjg"cevkxg"{gctu."
kv"ku"rquukdng"vjcv"nctig/uecng"eqpfkvkqpu"oc{"ngcf"vq"

oqtg" kpvgpug"VEu"fwtkpi"cevkxg"{gctu" kp" vjg"dcukp0"
Pgxgtvjgnguu."hwtvjgt"uvwfkgu"cpcn{¦kpi"vjg"tguwnvu"qh"
eqwrngf"oqfgnu"ctg"pggfgf"vq"gxcnwcvg"vjg"tqng"qh"vjg"
oquv"hcxqtcdng"hcevqt"*tgfwegf"xgtvkecn"ykpf"ujgct+"
kp"vjg"dcukp0
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