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Tropical cyclone landfall probabilities and track analysis for the Eastern North Pacific: 1970-2009
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Introduction.- Among the ocean basins of the world, the Eastern North Pacific (ENP) 1s characterized GENERATING SITES OF LANDFALLING TCs (1970-2009)
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by the largest number of tropical cyclones (TCs) produced per unit area (Blake, 2008). Every year, ' : ' ' 8 EEEEE T gdoh b dod
these cyclones affect the Mexican Pacific coasts, being an important source of freshwater for the region | | | 51 GERRERREE R R R
but also with the potential of being catastrophic for the population. 1979-2009 Climatology. - The hurricane season in the ENP b.egms May 15th and ends Lo .- SN RN N - .- ]

November 30th (NHC). All TCs that reached at least tropical storm (TS) strength .
A statistical review of the TCs that made landfall over the Mexican Pacific coasts during the period alqng its ohfe cycle %ﬂd ev.entually move ovet land are 001.151dered (50% of them e :%-4 T 1 I ! ! |
1970-2009, for which reliable records of TC tracks and intensity exist based upon high-quality satellite = arrived with a lower intensity than that attained along its trajectory). A total of 583 5 PERENEERRT, ¢+l R R ERaRTE
images, 1s presented. The analysis includes the monthly, seasonal, intraseasonal and interannual E TCs occurred during the 40-year period in this region, of which 98 hit one or more of = 2 N
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variability of TC landfalls, along with their spatial variation and type of TC trajectory. = the. elevep coastal Mexican Pacitic states, from Baja California in the northwest to
Ch1apas 1n the southeast (Fig. 2). This number accounts for an annual average of TC R 1 I 1 Y O O O L e ___________________ - ____________________________ LD el b - _______________________________________________ )
The genesis location of landfalling TCs is located east of 117.5°W, along a band roughly parallel to the landfalls of 2.4, with a standard deviation of 1.6, and represents ~17% of the total ; - \ \ % 0 I . I I I . X . X I I I .
coast, and the largest number is generated between 10°-16°N and 93°-103°W (Flg 1) act1V1ty i the ENP. In the analyzed perlod, a decreasmg trend in the number of ROT 115 110 _1|_%5ngitudé1\(/)\/o 95 ~90 85 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 S\iagro 91 92 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09
landfalls 1s shown (Fig. 3).
; S Fig. 2. Sites of TC landfalls. Blue dots indicate second landings. Fig. 3. Number of TC landfalls per year. Linear regression in black.
Data.- The National Hurricane Center best track database for the ENP (HURDAT, www.nhc.noaa.gov) $25 120 115 -110 -105 -100 95 90 -85 -80
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18 used for the analysis. Geopotential height and wind data from the NCEP/NCAR Reanalysis 1 Monthly and intraseasonal variability.- The monthly distribution, annual average, and percentage of occurrence of landfalls according to 18 — ——
(wva.es.rl.noaa.gov/psd) are used to calculate mean and anomaly patterns for different types of TC Fig. 1. Genesis location of TCs that made landfall along the the TC intensity are shown in Table 1. TC landfalls show an occurrence maximum in September and October, accounting for ~65% of the ol Bl andifall dates Frec?der;cy
trajectorics. Mexican Pacific coast (1970-2009). total. However, their monthly category distributions are quite different, since TS and minor hurricanes account for 71.4% in September and -:ari :a:e 'Tdfa”s distributions by
: : . : : : : . art date a | | ? ? ; | i
44 .8% 1n October, while major hurricanes account for 28.6% 1n September and 55.2% in October; actually, the only two maximum-strength ' — thirds of a month:
;earlzleen:e.zggg? t7l_7g IZ’,:’SZ;;’;’ stlcc)),\}e f';: :%:)‘éi; ";’79;’61 iff/ Cé o Iosation ). BCN=Baja California XIO o BOS= Bajag Cg e gu . TII’)I -~ Moxican Pacigz: ot w(?t N th.e November only TCs that reached TS or minor hurricane intensities made landfall, while from July to October TCs reaching major hurricane = 0 ' _ dates; (green)
coasts during 1970-2009 according to the maximum SON=Sonora, SIN=Sinaloa; NA \’/=Nayarit' JAL=Jalisco,' S ] ' strength happened to get to the coasts. 8 o B Starting dates of
g 19/ o A dg ol ’ S POSG ’ OAX=O ’CHIS oh ; largest number of TC hits 1n the period S TCs that make
intensity reached. =Michoacan; =Guerrero; =Qaxaca; =Chiapas. : : : - : o | . . ; .
1381 6Bo/ajaf l(ljallfczirI;la SSurl (B(S:ISQI ng‘i Frequency distribution of TC landfall dates by thirds of a month shows that the last third of September and the first third of October are the S o WA I:JEQ:IJ?I, 52:2\2123:
ate ota : : : : : : : : : .. . | |
o o ; ; f.S 0 ( ahe .)' Vel td.oug Tt Ce;tate landings during the first third of August in the analyzed period (Fig. 4). It 1s noticeable that, although there i1s also a minimum 1in the O R ] —— in the ENP (1970-
May 1 1 2 0 0 0 4 4.1 BCN 0 0 i 0 0 0 1 1.0 O (')(Iilore‘t)l a5 Jus; onef TléeCt 1t,ha percentage of TCs generated in the ENP by the end of July and the first two thirds of August, the minimum 1n the percentage of landfalls 1s | | ‘ 2009).
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August 3 3 1 ) 0 0 9 9.2 (see Fig. 2). Fig. 5. Geopotential height (200 and 700 hPa) aqd wmd. anomaly patterns.for the two types of TC trajectories in Sep.
SIN 6 3 6 3 4 1 23 235 and Oct.: 24 hours prior to hit land and at the time of landfall.
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Table 3. Total number of TC landfalls by State and month. and?tjon.s (baselg izS; hye COa[\j}jl ;(;72 ;O\:‘?/e’?eccl’;i; Slggt aot thee e of bllt 13 made landing iIl the southeastern 125  -120  -115  -110 Lon-g1i’|[3u5de W-mo -95 -90 -85 125 <120 -115  -110 Lom-;itousde W-mo -95 -90 -85 Longitude W 125 120 -115 -110 Lon;itousde W-mo -95 -90 -85
_ _ _ _ states. November 1s different since the 200 mb 700 mb 200 mb 700 mb 200 mb 700 mb 200 mb 700 mb
landfall. W=Weak, M=Moderate, S=Strong, N=Neutral. two  observed landines occurred  in| sy 24 HOURS SN 5 BEFORE LANDING <oy 24 HOURS BEFORE LANDING o 24 HOURS BEFORE LANDING oy 24 HOUHS BEFORE LANDING o, 24 HOURS BEFORE LANDING o 24 HUUHS BEFURE LANDING s 24 HOUHS BEFORE LANDING
State/ \iAy  JUN  JUL  AUG SEP OCT NOV TOTAL T &1 & &3 i B E— > TR YA DN O TINT R N 7 C I T %%}é 2 o\ Q\\v e SN
BC 0 0 0 0 0 1 0 1 ' ) N 4 e R N Vol BRI A =N} RN/ = SN AN -
BCS 0 0 | : o p 0 . ENM 1 ) 5 0 1 1 5 : — : : WONLS ‘:_:, RS 20N ' 30N /i@ | [ & . / Jnge WON Y . 30N X R _».-/@ A\ WwNE /R __________________________ , -
: TC track variability.- TC trajectories L NN T o N SES RN Y T . 7~ N ~ ! 1
SON O O O O 1 O O 1 ENS 2 4 O 3 1 11 . . 20N Lo N, ; ............ Lot : ....... ,_ 7> 20N 2 | : N 20N mezk:i ...... , ?g ................ ' 20N L | . 20N AV /MA_K._ ,J......:,.Q 20N a ............................... ]
NV 1 , : 1 0 0 4 are different depending on the large- N R A TN DI - . o s AN 5 L s ]
L BT ERE v S (Y A LI N N A RO « R - i == 0 N R A AT SN SR W X W _ i Lo b ] TR : [N //”; _________ Bl S Nl
S : 0 : I NM 4 4 > 5 0 . 12 scale weather patterns (REFS), some ™2 ¢ Tl IR N ifp T Y = ' TR T
NAY O 0 0 0 0 2 0 2 , 0 _ . VRS , SRR R , BN , B L ) R W . V"
T 0 , | | , 0 ; NS 6 2 2 1 0 0 11 of ;hem foclllcziw la northv(v;rd ;’; [S0W  130W 110w 90w  70W 150W {500 130W 110W  90W  70W {50W  130W  110W  9OW  70W [50W  130W  110W  SOW  70W {50W  130W 110W 9OW  70W {50W  130W  110W  9OW  70W {50W  130W  110W  9OW  70W
: N 14 9 8 6 8 0 45 northwestward displacement ( lype
COL 1 1 1 0 0 1 0 4
R . ) ) , , ) . TOTAL 29 19 21 11 16 2 98 and others recurve to the north or| ,, SON 50N ,90\ HUB)E{FO/E EON OONHOU ABg\F;‘OFH%E,LKANDING con 0 B%HEJ &_N\G 4 . ;o HOURS BEFORC LANDING - \OOHOU EFOHE\IT\A%Z =N OOHOHHS BEFQEL\ADING
i : — . nor h T 1 . m r n s :\; e AWy f\ A :':.. ” o S\ N\ . « 4 l‘-j; t '::;;. ; / :“;‘*i 4 '. ?,r.];ﬂ};g,: o, - s e A A m__, 5/ o
GRO } 5 O O 2 1 O 9 Accordlng tO the Ocean Nlno IndeX (ONI), 45 landfalls OCCUI‘I'ed lIl mOnthS OO t lfaSt ( }Ee ) . Sedp;;e t;le 1 a d "-1-0N ° ',’, "-1-0N ‘\\ ;J\ L _ 40N / { :, . 40N J:":f;’” ...... L WA, S BTN OO A0 !‘ - .__,:;}/ . . .% .
OAX 0 3 1 0 4 1 7 1 with neutral conditions; 27 in months affected by La Nina (LN), and 26 by ctober are characterize y the large aoN | AN TS o N R SN\ ® SON:*:? __________________________ SRV E N 7/ _________________________________________________________ am | _ e )/ =\
CHIS 0 " 0 0 0 0 0 1 El Nifio (EN) (Table 4). Although the total number of landfalls occurring number of Type 1 tracks, 1.e., those —, L RN Y N\ A L AN SRS oy ) N DN RN\
.« o . . e . th . t 1 W'NW d 1 t SON T " L : SON T | = QUNN‘\\" ---------------------- . ------ Q. ey SON TN h ................. NoFp I \ . . o 2% p W, “‘.‘{-’ ; ; I AR RV - A { ..... P4 ] 2k
when EN conditions were present 1s not statistically different from that wilh an 1niua 1ISplacemen « YN 20 T NN N R N NG SR N A o7 / S S , S
when LN conditions were present, 1t can be seen that there 1s a significant and eventually recurving N-NE (Fig.| 1onf =~ "0 "0 AW 1ON o el N SL 4 mNZf_f; ----- ;’;071 ------ WoNb 2 PR o vy o e '135 _____ _ NPy W 1 ONE.,_HZ. ﬁ??ff _____
difference regarding the intensity reached by the landfalling TCs, showing 5). , o)y N I I S B4 Ohr\/fi//““f'” ) | i i NS S S I ) )L L N T\
*Corresponding author e-mail address: rosario@atmosfera.unam.mx | | that stronger cyclones occurred when EN conditions were present. {50W 130W 110W  90W  70W 150W 130W 110W  90W  70W {50W 130W 110W  90W  70W {50W 130W 110W  90W  70W {50W 130W 110W  S0W  70W {50W 130W 110W  90W  70W {50W 130W 110W  90W  70W {50W 130W 110W  90W  70W




	Slide 1

