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Introduction - Typhoon Ha|yan (Yolanda) 2013 |‘~]

*Year: 2013
Month: November
Basin: Northwestern Pacific
Areas affected: Visayas
Death Toll: 6300+
Amount of Damages: $2.86 Billion

ESTIMATES:
TWC : 315 kph (1-min)
MA and PAGASA: 235 kph (10-
in)
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Taccluan City, Luyts, Philppnes {11.24144 125, iCysicas € 2013

TACLOBAN STATION iCyclone @ TACLOBAN

PAGASA - GUIUAN PAGASA - GUIUAN
Winds: 230-250 kph 7:20 am - 959.9 mbar 4:10am-190kph  5:10 am - 210 mbar
(Hours before Leyte (S 30° W) Time of Closest Approach: 5:15 am
landfall) (Aquino, (Severe winds were Time of Landfall at Guivan - 4:45
Mata, Valdez, 2013) observed from 7:.00 am The station was am

to 7:50 am) damaged then.
7:00 AM - 277 kph

i S

AN CARLOS /
7:15 am - 955.6 mbar !
E”i NEGROS BANTAYAN ISLAND

MAA;Illil SOUT;E;%N LEY*E I OCCIDENTAL
! Winds: 280 kph (9:45 am)*
Winds: 180 kph

.~ Winds: 175 kph *Instrument was damaged

ROXAS CITY, CAPIZ | at this point
AJUY, ILOILO

-~

Winds: 208.8 kph . Closest Approach: 10:30

Winds: 235 kph am
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Historical Analysis I - Past Occurences

October 12-13, | i o
1897 Accounts of Fr. Jose Algue, S.J.:

I\

- STORM TRACK: Guiuvan - Tanauan - Cebu - Panay

9, (

mem) MHERNANTI

PR 8S kph
fobon Sfch ) k

Hemani - 7.3 m; Lawaan and Tanauan |- -5
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Historical Analysis II - Statistical Analysis
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Wind Speed

Estimation
Forensic

Analysis

. K . »
Satellite | Reconnaissance | | Ground Surface

Estimation Missions Measurements 4 Forensic
b Structural
~ [ ’ ;

™ 7 _ I | Analysis

WINDICATOR

*Coined from the terms
“Wind” and “Indicator”
Structural objects of

_| interest whose structural
failure may lead to the
computation of the wind
speeds
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators |

wMFE ]Euuj!! “!D D*;»

Analytical
-Model

. p l‘
H Pl - iat LI
P K /’
- . « i
ustainable Bult Enviconment Conterence 2017 t
Translermung Our Budt Envirenment through s
- _ Innovation and Inlegration 5 5 abliian o 2. ansee 5
CeEes }: A C

Putting ldeas inte Action




Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

=— 5 a ———— ]

: k. . ) b : :"I.' .’\._ T’ - ' .: "“‘ .- -!‘i?*.'x.' : "“ " .
Windicator #10 $#% ;Wmdicato,;’% o i |
JSimpdicator #8 '

; Guindapunan

‘San Jose R

Hydraulic UTM

MANUAL:
ASTM A370-21419

ULTIMATE
STRENGTHS:
#1-473.71 MPa
#2 - 389.29 MPa

MATERIAL:

A36 steel
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

VAT TN WV 72 1 AT

LOGARITHMIC WIND PROFILE: EXTERNAL PRESSURE INTERNAL STRESS DISTRIBUTION
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

Horper B., Keper’r J. ond Ginger, J.
(201 0)
at+10 m Gust Factor G, 1,
. ! Class Description Pengd G”S'Di'zg”" =5
Wlnd.lca‘bor G"U.S't (mfs) S'IlStEJ.DEd 3500 1. 75 1 zn 1.19 1.15 ws E 2
d (m/s)* ntana | FOUYOpen S0 i
win = e feriain 20 18 | 113 | 100 - Eo.
4 109.43 65.95 e T
#8 1274 e otand | et N N
- - ant winds ata 180 - |
| coaslline 120 142 108 100 sssnspannnhm T
#9 10477 63.11 50 1% | o0
#10 113.48 68.36 onsnore o L ;
- - Off-Sea winds ata 180 1.31 1.05 1.00 1.00 o5 !
coastline 120 1.28 1.03 1.00
. 70 20 20 100 110 120 130 140
| *converted using the recommended values B 1 X
600 123 1.05 1.02 1.00 1.00 w—"‘lsm{mj
by WMO AtSea > 20 km 180 17 700 100 700
onishore 120 115 1.00 1.00 | e
- - _— ! _ 50 1.1 1.00 A
ndTY 2 o 8 = '
PR <k 2\ R o Windicator #8 - 127.4 m/s
4/ : 4 - ISRV LN, - —
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22 - 2 17
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- 15 k
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Wind Speed (m/s) wind speed [m/s) Wind Speed [mys)

Wmdlco’ror #4 —-109.43 m/s Windicator #10 113.48 m/s Windicator #9 — 104.77 m/s
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

- __
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- # {\ .'fj‘?-‘ Holland’s Analytical Mode! [EEe-rI —A]
< W ’ for Pressure Profile of i — exXp {_F,,E
. b} o
Tropical Cyclones

A =2.44572x 1018 ; B=4.148688

Pressure (mbar)

/

960 T T T T T T -
AT EANL e TIRGDI TUEANL NEEN] TIRGDT O IRREEG AN
120AN  1IDAM 300 AN MOAM  HIAM SO0 AN BID AN pe ] Lea ]

SUPER TYPHOOM HAIYAN (FOLAKRDAKR 08 Mow 3843

DEWVICE 2

Barometer 2 - Hotel Alejandro -
Tacloban City (Morgerman, 2013)
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

N . P v d e MY 2l —ﬁ—..’

ent Wi Windi
Gradient Win indicator

Surface Wind

Intersection
with the storm

Tvphoon track

Haivan's Track

Storm Track (Source: Wikimedia Commons)

I:E.EI:‘r'zD_D'“:Hln (=g

Height of Boundary Layer |[EeFEaals TIME OF FAILURE

He|gh1' of Ekman Lgyer ‘H‘;f ‘ o Time of | Distance from the | Fadins of Maximm
Windicator
Failura Storm's Canter (km) | Winds (Lm)

Ekman Spiral Windicator #4 | 7:50 AM 30.57 iz

Windicator 28 6:41 AN 3593 iz

Eddy Viscosity 17 A R YV . -
(Constant on Rotating Fluids) IR P mdicator fdal 24.41 i1

Windieator 210 | 7:02 AN

Coriolis Parameter
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Holland’s Analytical Model on the
Gradient Wind

| ferl
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(p—pgl4B

[
e 2
+ ||(T] +57%

0 ()

A= 2 44572 X 10 ; B=4.148688

10-min

At 27.31 km :

68.39 m/s Tacloban Station

6:45 am: 77.7 m/s

At 37.48 km :

77.85m/s

Windicator Gust (m/s) sustained gn::le of
wind (m/s)* arure

#4 109 43 65.95 7:50 AM

#8 1274 T6.77 6-41 AM

#9 104.77 63.11 720 AM

#10 113.48 68.36 7:02 AM*

Windicator #10,

* .converted using recommended conversion factors from WMO
*- around the time of landfall; around the time of lowest barometric pressure recording

at Taclohan

10-min: 68.36 m/s

[a]

|

v

Fujii, T., Maedaq, J.,

80 4

s0 - Tacloban Station
70 4 Maximum Winds: 77.7 m.s
s0 | Time: 6:45 am
s0 | Distance: 37.48 km

40 A
30

204 T

Wind Speeds (m/fs)

ation began to suffer
10 { damage after 6:45 am

a

5

B

7

Time - Movember &, 2013 (Philippine Standard Time)

Ishida, N., Hayashi, T. (1999):
Formulation of Analytical Model of Storm with comparison of in-situ data
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

@ O @ c
#4 #8 #0 #10
Ty 2350 2241 2320 2302
Hmndeen= 2306 290.81 37182 | 281.67
| 28001 351.87 445.90 340.83
o e | 8.65% | -10.48% - 7.58%
Parcent Deviation
mm-?féﬁ&.«{lu- 19.17% 71.55% - 23.57%
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators
=
VERIFICATION

\'_;.i".'ir& I THERNIRN Ol ¥ .\ &', : f{
| Doppler Radar: k 2
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10-minute sustained winds (m/s)

=
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Estimating Typhoon Haiyan’s Wind Speeds Using Windicators

VERIFICATION
— - T ,.T &v

350
E
iCyclone storm chase report(iCyclone.com): g 0 g
E 230 E
= i 280.00
Y = definitely experienced distinct calm E 200 _.-w_lnd :_;'md %
N = definitely experienced no calm 2% 5 ~#Direction 23000 E
. . . , & =2 Y g
M = experienced fluctuations, lessening, or can't remember 27 0 g
o =
o 180.00 =
* Tacloban City: numerous N (includes author’s firsthand recollection) g 0 =
+ Palo: 6N, 1Y ’j 0 il . 130.00
* San Joaquin: 1N, 3M (includes group interview—with father & daughter) = SESTRERQETNES0E E oE
+ Tanauan: 2N, 3M (includes group interview—with husband & wife), 2Y,1? | aac 2{*'?' - Epi‘}ﬂﬁwﬁ Nﬁ:; 8&T
* Tolosa (Downtown): 4Y B
+ Tolosa (S): 2Y {gmup intetview—?vim husband & v:.rife} Tolosa, Leyte
+* San Jose: 3Y(group interview—with extended family)
+* Dulag: 3Y, 1N - 350
s  Mayorga: 2M (group interview—uwith relatives), 1N, 1? 2 30 330.00
* MacArthur: 2N z $
. ﬂhuyﬂg: 2N il E 20 —4=—Wind Speed 280.00 E
Given the above: the N boundary of the eye is estimated to have passed between San Joaguin and f _ 20 B Direct =
. . . . \ = irection
o=l Tanauan, with Downtown Tanauan clipping the M edge of the eye and experiencing a very brief calm. =150 23000
e T - - T g - | =
t Windicator #4 - Palo, Leyte Hotel Alejandro : 100 180.00 E
2 50
= =0 g 0 130,00
i 300 330.00 é = 00 £ AT I~ £ DD R D R - ’
s H 3 o Pl S e =
S >0 ——Wind Speed 280.00 E‘ 200 —+—Wind Speed 28000 ¥
s _ 200 __ = S 8
g 150 8~ Durection 23000 § - Durection £ 23000 £
2 10 . F: 3
© - 180.00 5 180.00 &
:
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Historical Analysis II - Statistical Analysis

) — W _
"g\ Typhoon Haiyan | U S 3 3

| 10-minute sustained winds:

- | 290 kph ; P—
I-minute sustained winds: Quantlﬁcatlon
| 351kph of
- Peak Gust: -
= \:i 127 m/s (Guiuvan and Palo) Severe Wmd
| 1125m/s (Tacloban) (Typhoons)

77.7 m/s (Tacloban - 6:45 am)

Historical -
Wiod Statistical Return

: _{fData",.“ Analysis Penod

Winds Functions
Tropical Cyclone
Strengths

. }'?.
. A
L]

4

| .
' . -y - .
¢ aat =1
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‘TBAVAT 270 kph (Elsle, 1975)
‘SCO 306 kph (Usagl, 2013)

‘AL‘YAN -194.4 kph (Sally, 1996)

o~ ‘?Mﬁl = 208.8 kph (Carta, 1967)

LADAG - 154.8 kph (Utor, 2001g
.IGAN -SINAIT}- 216 kph (Peggy, 1986)
ué\u:cmm 205.2 kph (Dinah, 1977)
0

‘«cuxo 169.Zkph (Ivy, 1974)
DAGUPAN - 201.6 kph (Bess, ;4146 ,mcunm 255.6 kph (Freda, 1959)
| ‘nen -219.6 kph (Ira, 1993)
@ .Awrum 158.4 kph (Dot, 1985)
@LARK ~'169,2 kph
SCIENCE GARDEN - 180 kph (Angel] 1 M"A 190.8 kph (Patsy, 1970)
SANGLEY POINT - 194,4 kph (Conson, 201 WY 151 2 kph (Conson, 2010)
AMBULONG - 270 kph (Vera, !993. 9 C@NET- 2484 kph (Angela, 1995)
mm luawflnh. l‘?f%) RAC SYNOP - 277.2 kph (Joan, 1970)
CALAP, Q, . VIRAC RADAR - 320.4 kph (Durian, 2006)
0 “56 (Betty, ”")‘ Ctmm 234 kph (Nina, 1987)

IBA - 169.2 kph (Ruby, 197!

ROMBLON - 223.2 kph (I‘Umcl, 19?)‘ ! L J ,‘A__TARMAN 194.4 kph (Emma, 1967)

JOSE-1 Chanchu, 2006 / / \
e ‘«:M"h‘: b Y Qasmms 270kph (Phyllis, 1987)
LORUR™ o {HAka 19“9. ‘.u OGAN - 183.6 kph {(Emma, 1967)
ROXAS CITY - 28,8 kph (Halyan; oy RONGAN - 216 koh (Haguakt, 2014)

‘Acmlsu.mo-xsx.zkph ) w TACLOBAN- 223. lﬁpﬁ (W * ‘uxum 259.2 kph (Axel, 1995)
W ‘uvo 100, quﬂ xsup mas

noxm 162 kph (Nina, nsa, ‘ucrm muph (Wike, 1990)
| @ U! 180 kph (Tke, 1884)
/ ‘utmomxm:sa st 1?“’ ; .unlém 216 kph (Tke, 1984)
TAGBILARAN-DAUIS - 129.6 kph (Mamie, gt \
DUMAGUETE “90¥phi (Mike, 1’9°) ‘utum CITY - 108 kph (Amber, 1997)

DIPOLOG g00.8 kph |

‘INAYUM 129.6 kph (Mamie, 1982)
LUMBIA-EL SALVADOR - LIZA kph (WH, 20‘12,
'4ALAY

BALAY - 79.2 kph

[ /¢ 85S ‘OTABATO 100.8 kph
mma u“ph ‘kvnocrrv 111.6 kph (Olga, ;qu,

(
|

ENERAL SANTOS - 90 kph

N v
(" IS of

gy
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Historical Analysis II - Statistical Analysis
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Palapag
o

Oras

Calbaygg City

o
Dolores

Isla han Samar

Boro*City

Catb*
City

| AH26 |

Taclobai City

Palo

Biliran Island

Leyte
Q

Ormoc ;*
(n]
Pulo ng Leyte

Baybay City
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. e S T— ’ aadl Linaga
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[Jaih,f Max Catarman
| Station T\I’FJE | T‘g"PE ] 2 ¥=75%4 + 18589 ¢
- R?= 0.9589 ’/
A B A B o ’,’,”’
Mactan 18.44143 | 7.261625 | 18.52069 | 6.828771 E: ?
< Maasin 17.15099 | 8410334 | 17.26715 | 7.865964 m -
. Catbalogan | 15.6749 | 9.886965 | 15.80301 | 9.361444 s ; , . [as
By g S
¢ Catarman | 18.68947 | 7.596423 | 18.77932 | 7.207723 Calbayog City e
'&" Borongan | 16.46741 | 8.97078 | 16.60539 | 8.411409 2] Dolores
Ly Tacloban | 2007591 | 7.793412 | 20.1574 | 7.345179 Cathalogan
Y4 - w Isla han Samar Borongan
Guiuan 23.11989 | 11.11882 | 23.26805 | 10.42299 e v:«»gxn.&m,
4 A E 50 oo ;-”{' w - 8.9708x + 16.467
‘\\ 3 . ° 3 40 .V Y 56 ' R?=10.94( ,".
- Coefficients of the Exireme Value Functions ’ | I P ow s 2t
> H }/ X d g 2 /
EV Return Period Mactan | Maasin | Catbalogan | Catarman| Borongan | Tacloban Z“ “ ) B s 010 : »‘/
10 126.583| 131.4594| 138.3857216| 130.2512| 133.6442| 136.8753 Yovalue ) - UU ; .
25 150.5365| 159.2021| 170.9993254| 155.3091| 163.2357| 162.583 Yovalue
Tvpel 50 168.6567| 180.1887| 195.6705643| 174.2647| 185.6207| 182.0301 .
P 100 186.7768| 201.1752| 220.3418032| 193.2202| 208.0058| 201.4772 Tacloban m
200 204.897| 222.1618( 245.0130421| 212.1758| 230.3908| 220.9244 70 :)'a C'ty
| 500 228.8505| 249.9045| 277.6266459| 237.2337| 259.9823| 246.6321|( - o Y,,m,mm’ oA
10 123.2803| 127.3651| 134.4907131| 127.3526| 129.5041| 133.4531 § w “"fi‘ﬂ-"""
25 145.806| 153.3122( 165.3708088| 151.1283| 157.2504| 157.6822 § 30 .ﬁnﬁ"‘ >
z alo -
T I 50 162.846| 172.9403| 188.7306995| 169.114| 178.2397| 176.0109 H .W GUI.L
* ype 100 1759.886| 1925685 212.0905901| 187.0996| 199.2289| 194.33595 ) 12
* 200 196.9261| 212.1967| 235.4504808| 205.0852| 220.2181| 212.6682 -2 o 2 4
’- 500 219.4518| 238.1437| 266.3305765| 228.861( 247.9644| 236.83973 Yovalue
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Historical Analysis II - Statistical Analysis
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Historical Analysis II - Statistical Analysis
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Historical Analysis II - Statistical Analysis |
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Japan Meteorological Agency
Data:
10-minute maximum sustained winds of

Typhoons
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Historical Analysis II - Statistical Analysis
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10-minute sustained winds:
290 kph (Pre-Leyte Landfall)

1-minvute sustained winds:
351 kph (Pre-Leyte Landfall)

Minimum Central Pressure:
. 872.2 mbar (Post-Guiuan Landfall)
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Typhoon Haiyan

10-minute sustained winds 290 kph

1-minute sustained winds 351 kph

Minimum Central Pressure 872.2
mbar
Minimum Central Pressure at 888
Landfall mbar
Strongest Gust 127 m/s
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