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Extreme Distribution

» Consider a random variable X with known probability distribution f, (x) or F,(x)

» We have set of n observations (x4, x3, -+, x;,) about X. Because the

observed values are unpredictable, they are a specific realization of a set of
random variables (X, X;, -, X,))

» We are interested in the maximum and minimum of (X4, X5, -, X},))
Yn = max(Xl, X2, "',Xn) Y1= min(Xl, Xz, "',Xn)

» With the assumption that X, X,, - -, X,, are statically independent and
identically distributed, i.e, Fx. (x) = Fx,(x) = --- = Fx_(x) = Fx(x)

» The CDF of Y,,, therefore,is Fy (y) = P(X1 <y, X, <y, -, X, <y) =
[Fx)]"

» The distribution of an extreme value converges asymptotically in

distribution as n increases. According to Gumbel, there are three types of
such asymptotic distribution.
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Extreme Distribution

» Type |(Gumbel) Distribution

PDF : fy, ) = apexpl—a,(y — uy) — exp{—a,(y — up)}l
CDF 1 Fy (y) = exp[—exp{—a,(y —uy)}l, —0o <y <o
Parameters YUy, =uUp t al» Oy, = an\/g

» Type Il Distribution

) = (£)x () exp{- (2)']
k
CDF : Fy (y) = exp {— (%”) },y > 0
Parameters D Uy, = vl (1 - %) Oy, = ”n\/{r (1 N %) - I (1 B %)}
» Type lll Distribution
PDF 2y, (V) = u_kwn (uu_;}vn)k_l €xp {_ (uu—_miln)k}
CDF : Fy (y) =exp {— (uu_;i’n)k},y <u
Parameters P ofy, =u— (u—wy)l (1 - %) 0y, = (U = Wn)\/{r (1 + %) - I (1 + %)}
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About Basic Wind Speed

» Basic wind speed is defined by 10-min averaged wind speed of 100-yr return
period at 10m height and open terrain(KBDC, 2012).

» Design Wind Speed is calculated from Basic Wind Speed.

Vp =1.723 (i)a Vio, Vo = (@)al -V (Z—Z)az (Ref. KBDC, 2012)

ZG Zy Z2G2
NEXE — - Zb ZG
X Al 3} |
Er i S L C
| e BHAL SHOL 0.12 0.174 125 015 0.125 200 2 200
o 72X, K|, M == HEHF =0
1 Al_l_xH_c.)_I_o:l ol = qu 0.16 0.21 1.54 0.2 0.2 150 5 300
c 23 HSAX20| YUBHC| s K|
I o X, 1= 420| AR50 Q)= x| ™ 0.22 0286 222 03 0333 100 10 400
. 2ttt B2 X
e X 1= 20| WA 9l x|
S, Lo U= == M =
IV . 7| 20| AlSEAZX| 0.29 04 3.33 0.45 0.5 50 20 500

» Method for obtaining the Basic wind speed
1) From annual maximum data of near weather station(Extreme Analy)

2) Typhoon Simulation(Monte Carlo Simulation)
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Extreme Analysis

» Collect the annual maximum wind data from weather station.
» Transform the data to terrain category Il and 10m height wind speed.
= The terrain category of weather station is determined by using map or picture.

L — —

:_-.". s i-r - - ke i -|'I| 7 £ - "I . 7
IFEEY <
v
4
1]

-:l-':~ _— P."F:"'- . - —fﬂ"- o L

| | I
» Obtain the basic wind speed.
" The annual maximum data is assumed as Type | distribution.

14 T

Fy, (y) = exp|—exp{—an(y —un)}l, uy, =u, + w O =TT
= R-yrreturn period wind means that the wind occur once in R-yr. This wind will
occur 1/Rin 1-yr.
1-— % = exp|—exp{—a,(V, —u,)}] = Vy=u, — ZIn (—ln (1 — %))

an

» Transform the basic wind speed to the target site
= Consider the terrain category and height of the target site.
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Measure-Correlate-Predict(MCP) Method

» Basic Concept

f_\ /—\
Observed Wind Data Observed Wind Data

N J N\ J

Correlation

Annual Maximum Data

N Y \___ (ver. Target Site) /

Annual Maximum Data

» Theoretical

Vtarget = (U_U
= U, Vare observed wind speed of reference site and target site, respectively.
Urerr Viarget iIs @annual wind speed of ref. site and target site.

= (), 0 mean the mean and standard deviation.

)Uref+17—("—V)U
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Example

p» Target site is Red mark (35° 07’, 126° 19')
= There are one weather station and 3 AWS(Automatic Weather Station).

Al
LT AWS 19.0km o ¥ BLAWS
fS 2km
“.”‘ T 9 Skm 4 - o s
S Aws ¥ .
. He2 syzvy 8 % U‘Jf
< "6_ 3 T F y
o 39.2km - . ¢
P _ ‘ v ) c
%2 A

2
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Example — Extreme Analysis

» Collect the annual maximum wind data of weather station.
= Terrain Category is determined by Engineer’s judgment.

Wind Speed Terrain Wind Speed Terrain
Year Year
m/s Categor m/s Categor
| 1964 | 25

1964 15.8 I 25.7 15.8 I
225 15.8 Il 24.8 15.8 Il
23.3 15.8 I 20 15.8 I
21 15.8 Il 18.8 15.8 Il
22.3 15.8 I 21.3 15.8 i
20 15.8 Il 19.3 15.8 Il
26.5 15.8 I 17.3 15.8 I
30 15.8 i 18.7 15.8 I
26 15.8 I 20 15.8 I
25 15.8 i 20.3 15.8 I
18.2 15.8 I 18.5 15.8 i
19.2 15.8 I 19 15.8 [
19.7 15.8 I 18.7 15.5 I
18.3 15.8 i 20.5 15.5 I
19.7 15.8 I | 2000 | 21.4 15.5 I
21 15.8 Il B 17.2 15.5 Il
23.7 15.8 I | 2002 | 29.1 15.5 i
18.3 15.8 Il | 2003 | 20.8 15.5 Il
18.3 15.8 I | 2004 | 17.2 15.5 I
19.3 15.8 i B 19.3 15.5 I
15.2 15.8 I B 17 15.5 I
22.7 15.8 Il 16.6 15.5 Il

F'
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Example — Extreme Analysis

P Condition of Weather Station

@ Past(1964”1997) @ Current(1997~Current) Condition of Mokpo Weather Station

» Correction
= Conversion the wind speed to condition of 10m height, Terrain Category Il

= The effect of orography should be considered because the weather station
is located at the hill(suggested in Eurocode 1 : Actions of Structures)

Vr‘\/

M

“g*?v Seoul National University
&Y Structural Design Laboratory

D 4

LL((((

N
LL




Example — Extreme Analysis

» Transform the data to terrain category Il and 10m height wind speed.
= Mean:24.9m/s, Standard Deviation : 3.97m/s

- Wind Speed Wind Speed - Wind Speed Wind Speed
Year Year

m/s I, 10m m/s I, 10m
| 1964 | 25 | 1986 |

1964 29.9 1986 25.7 30.7
22.5 26.9 24.8 29.7
23.3 27.9 20 23.9
21 25.1 18.8 225
22.3 26.7 21.3 25.5
20 23.9 19.3 23.1
26.5 31.7 17.3 20.7
30 35.9 18.7 22.4
26 31.1 20 23.9
25 29.9 20.3 24.3
18.2 21.8 18.5 22.1
19.2 23.0 19 22.7
19.7 23.6 18.7 22.5
18.3 21.9 20.5 24.6
19.7 23.6 | 2000 | 21.4 25.7
21 25.1 17.2 20.7
23.7 28.3 | 2002 | 29.1 34.9
18.3 21.9 | 2003 | 20.8 25.0
18.3 21.9 | 2004 | 17.2 20.7
19.3 23.1 | 2005 | 19.3 23.2
15.2 18.2 | 2006 | 17 20.4
22.7 27.1 | 2007 | 16.6 19.9
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Example — Extreme Analysis

» Orography Correction

_ Vhiu

Vplain Co —_ E-'cwst

site

0.05<$<0.3 1+2-5-¢ TN Gy
1+0.6-s . o xe

=g = A . e(B.%)

downwind slope > 0,05

A=0.1552 (Lie)4 —0.8575 (Li)3 +1.8133 (Lie)2 ~ 19115 (Li) +1.0124

e e

B = 0.3542 (Lie)2 —1.0577 (Lz—e) +2.6456

¢ : Slope(=H/L,)
X : Horizontal distance of the site from the crest
z : Vertical distance from the ground level of the site

H + Height
Le=|-u

Le : Effective length L.=H/0.3

10 ¥§5% Seoul National University
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Example — Extreme Analysis

» Orography Correction
=  Past(1964~1997yr)
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Example — Extreme Analysis

» Orography Correction

1964~1997yr 1998~Current
Upwmd Length Ly

11 23
Horizontal distance from top, X -25 -30
Vertical distance from ground, z 10 10
Slope, $(=H/L,) 0.055 0.121
Effective Length, L. 200(=Ly) 190(=L,)

1964~1997yr 1998~Current

0.921 0.917
2.594 2.591
0.666 0.609

(1+2 - s -$)=1.073 (1+2 - s -$)=1.147
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Example — Extreme Analysis

» Orography Correction
" ,=1.147(1964~1997), c,=1.073(1997~Current)

Wind Speed Wind Speed Wind Speed Wind Speed
I, 10m I, 10m, Plain I, 10m I, 10m, Plain

29.9 25.5 30.7 26.2
26.9 23.0 29.7 25.3
27.9 23.8 23.9 20.4
25.1 21.4 22.5 19.2
26.7 22.8 25.5 21.8
23.9 20.4 23.1 19.7
31.7 27.1 20.7 17.7
35.9 30.6 22.4 19.1
31.1 26.6 23.9 20.4
29.9 25.5 24.3 20.7
21.8 18.6 22.1 18.9
23.0 19.6 22.7 19.4
23.6 20.1 22.5 21.0
21.9 18.7 24.6 23.0
23.6 20.1 | 2000 | 25.7 24.0
25.1 21.4 20.7 19.3
28.3 24.2 | 2002 | 34.9 32.7
21.9 18.7 | 2003 | 25.0 23.4
21.9 18.7 | 2004 | 20.7 19.3
23.1 19.7 | 2005 | 23.2 21.7
18.2 15.5 | 2006 | 20.4 19.1
27.1 23.2 19.9 18.6
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Example — Extreme Analysis

» Obtain the basic wind speed.
= From mean and standard deviation, we can calculate the parameters of the

14

Type | distribution e ke
an = o = 0.323
n o |
Y -
= Basic wind speed by return period . . Windspee,,(nfi, <
1
Vp=u, — a—n In (—ln (1 — E))

Return Basic Wind Speed

Period(yr) (m/s)

30.45
32.35
34.24
36.13

2
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Example — Extreme Analysis

» Probability Paper

= Visual method of verifying whether a theoretical distribution fits an
empirical distribution

= The main advantage is that the plot tells us how well a theoretical
distribution fits a sequence of data

= x-axis is the cdf or standard variate of a particular distribution

e e
y-axis is the value of data Probabilty Paper
36

= Ex) Fy, (y) = exp[—exp{—a,(y — uy)}] | — Theoretical
84r ° Dat I
= Standard variate s = a,(y — u,,) %2l -
= Set of random variables (X1, X5, -+, X}) 2 a0y
" E[F(Xp)]=— &
= 24

\(
L
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Testing Goodness-of-Fit of Distribution Models

» The Chi-Square Test for Goodness-of-Fit
= Compare the observed frequencies nq, n,, ---,n; of k values of the

variate with the corresponding theoretical frequencies e, e, -, ey
calculated from the assumed theoretical distribution model.

k . 2
ZM <Cra,

i=1 €

1

where a is the significance level and f is the degrees-of-freedom.

A
L T

n, n, e
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Example — MCP

» Obtain the Mokpo Weather Station(Reference) and Haeje AWS data(Target).
Vearget = (Z—V) Urpes + V — (6 )T = 0.809U,f +1.222

_ Reference Site, U Target Site, V

10.24 9.51

Standard Deviation 4.27 3.46

Annual Maximum | Wind Speed Wind Speed

O Measured

w
o
L

4 Aws ‘EIIEIE{'GQ(mh)
o =

Wind Speed(m/s) (11, 10m, Plain) ° 5 10 15 20 25 30 35 40
SZIYY LHAZHES(m/s)

18.7 16.4 21.0 50
1999 | 20.5 17.8 23.0 00 |
2000 21.4 18.5 24.0 $oe0 |
2001 | 17.2 15.1 19.3 200 ¢
2002 | 29.1 24.8 32.7 50 4
2003 | 20.8 18.1 23.4 oo
2004 | 17.2 15.1 19.3 ® o |
m 19.3 16.8 21.7 O.o TA—MCP  —H—Extreme Analysis |
2006 | 17.0 15.0 19.1
Lk
m 15.0 13.4 16.9 Perlod(yr) Speed(MCP) Speed(Cor.)
2010 16.7 14.7 18.8 25.53 33.74
2011 | 16.6 14.7 18.6 27.12 35.95

17 y. »% Seoul National University
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Typhoon Simulation

» For estimating the effect of typhoon, Monte Carlo simulation of typhoon is
suggested(Russell, 1971)

» Various wind model of typhoon are existed.
» Simulation Process
= Collect the observed typhoon data
= Determine the model of typhoon
= Generate the typhoon parameters
= (Calculate the wind speed of target site
= Estimate the wind speed applying the return period

%538 Seoul National University
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Example — Typhoon Simulation

» Collect the observed typhoon data
= Using Regional Specialized Meteorological Center data(Typhoon data)
= Observed year : 1951 ~ Current(total 62-yr)

51021906 002 2 200 1385|1010
51021912 002 2 200 (1385|1010
51021918 002 2 230 1421|1000 Format of Data
51022000 002 9 250 1460 | 994
51022006 002 9 276 (1506 | 994 @ [Time
51022012002 9289 [1533 || 994 @) Latitude of typhoon(0.1°)
51022018 002 9313 [1575| 992
51022100 002 9 326 |1621| 990 (3) Longitude of typhoon(0.1°)
51022106 002 6 339 1660 | 990 @) Center Pressure(hpa)
51022112 002 6 360 1700 | 990
® @ e ®

= The typhoons data which pass the 500km range from target site are used to
construct the probability model of parameters.

Sk
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Example — Typhoon Simulation

» Determine the model of typhoon

Vyesin O—f-r Vrsin @—f-r\2 = AP-B (15\5 _("_O)B :1-min averaged,
Vg’l(”l‘) = > + ( 5 ) + T (7) € \r Grdient height speed
Holland, G.J. (1980) An analytical model of the wind and pressure profiles in hurricane, Monthly Weather Review, Vol. 108.
V; = Translation Velocity f = Coriolis Parameter (=2Qsin)
0 = Approach angle (Q: Angular speed of the Earth,

r = Distance of Closest Approach ¢: Latitude)

AP = Central Pressure Difference (P.. - P,) B = Shape Parameter (=1)

r, = Radius of Maximum winds Parameter p = Air density (=1.15kg/m?) - Constant

\7& 50
- 2 40 -
\v\\ \ = ositeof =
Pt interest f -
\ \ 9 12 5 30
o =]
V)8 3 5.
J ] S 2
g < &
/ / Q,/ g 3 10
yd // a 0 -
o 0 20 40 60 80 100
o] Distance from center (km)
. 2 3 4 5 -5-%0 -30 -10 10 30 50
Distance from center(m) x 10° Distance from center (km)
V=0
20 ¥§5% Seoul National University
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Example — Typhoon Simulation

» Determine the model of parameter, Translation Velocitv(V-)
= Obtained from RSMC data " | ——simulated data

O Typhoon data

0.8

= Lognormal Distribution
= u=2.236, 0=0.529 056

0.4 -

CDF

0.2 -

0 10 20 30 40

0| S5 = (m/s)

» Determine the model of parameter, Distance of Closest Approach(r)
= (Calculating the distance of closest approach(Typhoon <> Target site)
= Uniform Distribution
= Min:25.672, Max=497.791

QLERP
Sy
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Example — Typhoon Simulation

» Determine the model of parameter, Central Pressure Difference(Ap)
= Difference between pressure of typhoon and out of typhoon

1 -

) WE|bUII DIStrIbUtlon = Simulated data
u Wn=36_689’ k:2522 O Typhoon data

08 4

0.6 1

CDF

04 -

0.2 1

O ------------ 210 “;O éO 810 1CI>O
S 7% X hPa)
» Determine the model of parameter, Approach angle(60)
= Calculate the probability by sections Vr(moving)

= Linear Step Function

6 (Clockwise)

Site

W2
22 W% Seoul National University
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Example — Typhoon Simulation

» Determine the model of parameter, Radius of Maximum winds(r,)

Lognormal Distribution

Dc

ry=15+4(2
u=4.101, 0=0.137

e 25)18 +ky (“‘35)k3

k2

Latitude “-_“

23

<35°

CDF

08 -

0.6

0.4 -

02 -

27.0

-5.4 -12.0 1.3

= Simulated data

O Typhoon data

70 80

IR

e
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Example — Typhoon Simulation

» Determine the model of typhoon

Central Pressure Difference, Ap Weibull w,,=36.689, k=2.522
Translation Velocity, V; Lognormal n=2.236, 0=0.529
Radius of Maximum winds, r Lognormal u=4.101, 0=0.137
Approach angle, 6 Linear Step Function -

Distance of Closest Approach, r Uniform Min : 25.672, Max=497.791

» Generate the typhoon parameters and typhoon

XD L vy
V) o)

B
. o 2 B Iy
VT‘smO-f'r V.-sin0 -f-r AP-B(r [r]
= + T + -0
Vg,l(r) 2 \/{ 2 J P (r} €

&P D ®

g*‘ Seoul National University
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Example — Typhoon Simulation

» Calculate the wind speed of target site
= Transformation Process

Grdient Height, 1-min averaged

0.825 -V, 1 (1 < 21p)

0.075
VOWS,l = (0.825 - 2 * 1‘) * Vg,l(ZTO <r< 47‘0)

N 0.750 * Vg’l(r 2 47‘0)

Terrain Category | 9 Vickery, P.J. and Twisdale, L.A. (1995b) Wind field and filling models for hurricane
10m h eight 1-min avera ged wind-speed predictions, J. Structural Engineering, ASCE, Vol. 121, No. 11.
)

VOWSl
V = e
ows,10 1.18

- Simiu, E. and Scanlan, R.H (1996) Wind Effects on Structures, Wiley Interscience.

Terrain Category |,
10m height, 10-min averaged

al a2
(%61 Zy
Vs,10 —\Z * Vows,lo : 2
KBDC, 2012 1 G2

Terrain Category Il,
10m height, 10min averaged

2 Seoul National University
& Structural Design Laboratory
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Example — Typhoon Simulation

» Estimate the wind speed applying the return period

1 Nte * Yearly Occurrence Rate

i i : i-th wind speed

R =

m : Number of Simulated Typhoon

Batts, M.E., Russell, L.R., and Simiu, E. (1980) Hurricane wind speeds in the united states, J. Structural Division, ASCE, Vol.106, No. 10.

» Basic wind speed.
= 100-yr Return period : 27.03m/s
= 200-yr Return period : 28.74m/s

eoul National University
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Proving

» Let the probability that the wind speed in any one storm is less than v be
denoted by F,,

= P(V<wv|l)=E,

» The probability that the highest wind speed V in n storms is less than v
= PV<vn)=(F) =F
= The wind speed of each n storm must be less than v

» Let the probability that V < v in T years be denoted by P(V < v, T)
m P(V <, r): ZP(V <V n)P(n, Z')
n=0

“[}; Seoul National University
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Proving

» Let the probability that the wind speed in any one storm is less than v be
denoted by F,,

= P(V<v|l)=FE

» The probability that the highest wind speed V in n storms is less than v
= P(r<vin)=(F,) =F/
= The wind speed of each n storm must be less than v

» Let the probabilify that V < v in T years be denoted by P(V < v, T)

= V <V, Z' Zﬂ @ (@) Probabillity that n storms occur in T year

Considering all n T Probability that the highest wind speed V in n storms is less than v

28 2 E},“ Seoul National University
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Proving

» If a Poisson process is assumed to describe P(n, 1)

. n=0 n! . .
v is the annual rate of occurrence of hurricanes in

» Poisson Process

these events occur in a given time interval t(from

ve) .

P(X:n)= e
n!

v is the mean occurrence rate

X is the number of occurrences inatime t

29

T : How many years considered
n : The number of Hurricanes
occurred in T years
F, : the probability that the
wind speed in one storm is less
than v

‘he area of interest

Stochastic process which counts the number of events and the time that

Wikipedia)
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Proving

» Fort = 1yr, P(V < v, 1) is the probability of occurrence of wind speeds
less than v in 1 year

» Consider now the wind speed v; . Its probability of occurrence can be
i
m+1

written as F,,, =

> PV <v, 1)=exp[—V(l—Fv)]:eXp{_V(l_ i ﬂ

m+1

» Wind speed of return period R year means that this wind speed will occurl—l2

i 1
in 1 year and not occur 1 — R

» If vis the wind sFeed of return period R year,
P(V <v, 1)= -

30 2 E},“ Seoul National University
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Proving

]
m+1

» Put the equal between two equations
r P(V <v, 1) = exp[—v(l —Fv)] = expT v(l -

= P <v, 1):1—%

> exp{—v(l— i ﬂzl—l
m+1 R

» By arrangement the equation in terms of R, you can see the equation in 15t

page

R= 1

)

31
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THANK YOU

for your attention!
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