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General Ideas

Step 1: standardize distribution at each station

@ model V2 and V2 by GEV distribution

IP’(Vgx)zexlo(_ (1 +§x_ﬂ)1/s>

g

for1+£<£>0
@ transform to standard Gumbel margins
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General Ideas

Step 1: standardize distribution at each station
@ model V2 and V2 by GEV distribution

X 1/5
e |

for1+£<£>0
@ transform to standard Gumbel margins

Step 2: bivariate Brown-Resnick model for
standardized observation and forecast

~ flexible modelling of bivariate BR process

@ dependence in space

@ dependence between observations and
forecast
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wind speed V(/, d) at location / and day d:

Vo:

V(l,d) =4 s(l,d)Vo + m(/,d)
standardized distribution
m: mean

depend on general weather situation
s : std. deviation } P g
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General Ideas

wind speed V(/, d) at location / and day d: }

V(I,d) =4 s(I,d) Vo + m(/, d)

maximal wind speed Vhax(/, d) at location / and day d:

" ( Vmax(l’sc(l/)’ ;)m(” d) x) ~ exp ( - (1 " 5%) _1/6)

for1 +¢<£>0
GEV parameters:
@ ¢ constant in space in time
@ error model allows i, o to vary spatially
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General Ideas
Marginal

Vr(r)'lle)l?((/’d)_m(/vd) obs , obs _obs
S(1.d) GEV(§°, u°™, 0°%)

W
Forecast

Ve (1, d) — m(/, d) d d d
9 ) ~ EV pre pre pre
) GEV/(&Pree, uPree, oPeq)

Parameter Estimation:
@ “weather parameters” (m, s): estimated via mean wind forecast
@ GEV parameters (¢, u, o): fitted to wind gust data
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Brown-Resnick Processes

9 Brown-Resnick Processes
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Brown-Resnick Processes

@ {Uk}ken: Poisson point process w. intensity e~ du (magnitudes)
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Brown-Resnick Processes

@ {Uk}ken: Poisson point process w. intensity e~ du (magnitudes)
@ {Wk(")}ken: i.i.d. standard Brownian motions
Wi (-) — | - |/2: Brownian motions with trend (spatial profile)
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Brown-Resnick Processes
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Brown-Resnick Processes
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Brown-Resnick Processes
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Brown-Resnick Processes
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Brown-Resnick Processes
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Brown-Resnick Processes

|t|
X(t) =m + W, = = R
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X is max-stable and stationary!
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Brown-Resnick Processes

@ {Uk}ken: Poisson point process with intensity e=¥ du
o W(-) = (WO(), W®(.)): centered Gaussian process s.t.

pseudo-variogram

v(s, 1) = (Var(WO(s) — WO(1)));=1,2

depends on s — t € RY only
@ {Wi(-)}ken: independent copies of W
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Brown-Resnick Processes

@ {Uk}ken: Poisson point process with intensity e=¥ du
o W(-) = (WO(.), W®)(.)): centered Gaussian process s.t.

pseudo-variogram

v(s, 1) = (Var(WO(s) — WO(1)));=1,2

depends on s — t € RY only
@ {Wi(-)}ken: independent copies of W

XO(t) = max (Uk+ wi(t) —Var(wk(")(t))/z), teRY, i=1,2, J
€

@ X is max-stable and stationary (as bivariate process)

Then,
@ law of X depends on ~ only
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Brown-Resnick Processes

(s, t) = (Var(W(s) — WO(1)))1<ij<2 )

Question: Can a pseudo-variogram have the form

hl> 2
7(t+h,t):<”?” ”hHﬁ), O<a#p<27
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Brown-Resnick Processes

(s, t) = (Var(W(s) — WO(1)))1<ij<2 )

Question: Can a pseudo-variogram have the form

hl> 2
7(t+h,t):<”?” ”hHﬁ), O<a#p<27
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Answer: No!
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Brown-Resnick Processes
What doe

Let ~(s, t) a pseudo-variogram that depends on s — t only.
Then, ~ is of the form

(A0 ) (e el
(eeno= (30 50 )+ (B s ) ther

for some univariate variogram ~* and bounded functions (f;(-))1<; j<2-

Y11 Y22
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Brown-Resnick Processes

Cc

@ U(-): univariate Gaussian process with stationary increments
and variogram ~*
e V()= (V(.), V(.): bivariate stationary Gaussian process
, : Ci1(h) Ciz(h) )
with covariance fctn. C(h) =
m=( htn outn
W() = (U()+ VD), U(-) + V@)(.)) has pseudo-variogram

\ 1 ey c.
~(h) = (w (h) + 5Ci(0) + 5Cj(0) - C (h)>,-,,-=1,z'
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Brown-Resnick Processes

Con

@ U(-): univariate Gaussian process with stationary increments
and variogram ~*
e V()= (V(.), V(.): bivariate stationary Gaussian process

with covariance fctn. C(h) = ( g;gz; g;i% )

W() = (U() + V), U() + VA)(.)) has pseudo-variogram

x 1 L
~v(h) = (7 (h) + 2C,,(O) + 2c,,(0) C (h)>i7j:172.

Example:
SR, Jp. L S P
(1+[h|2)5” ’

C: bivariate Matérn model (Gneiting et al., 2010)
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Application to Data

9 Application to Data
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Application to Data

The

@ observed maximal wind speed at
110 DWD stations in Northern
Germany on 360 days (03/2011 -
02/2012) ~ Vobs

@ predictions from COSMO-DE EPS

e for the maximal wind speed

pred
~ Vmax

o for the mean wind speed
~+ covariates for GEV parameters
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Application to Data
The L

@ observed maximal wind speed at Observations

110 DWD stations in Northern ,' .
Germany on 360 days (03/2011 - L 15
02/2012) ~» Vobs . o tmow 8
s N Beleteld  ©  ® oMa0debhg ] "
@ predictions from COSMO-DE EPS R R
e for the maximal wind speed T s e | 7
~ Vg;e)z(d o o 0o .: E:urt. ° :

e for the mean wind speed - :

~- covariates for GEV parameters Forecast

Model Fitting:

@ GEV parameters:
maximum likelihood

@ pseudo-variogram for BR process:
via extremal coefficient function
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Application to Data

Estimates for p°° Estimates for p"?
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Application to Data

Extremal
(cf. Schlathe

ECF between X°Ps and X°bs

]P;(XObS(h) < X, XobS(O) < X) _ ]P)(XObS(O) < X)G(h)

ECF between X** and X°**
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Application to Data

Extremal
(cf. Schlathe

ECF between X°bs and xpred

P(X“%(h) < x, XP*(0) < x) = P(XP™¢(0) < x)("
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Application to Data

Extremal
(cf. Schlathe

ECF between XxPred and Xxpred

P(XPed(h) < x, XP™4(0) < x) = P(XP™4(0) < x)"(")
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Application to Data

Extremal (
(cf. Schlathe

ECF between XxPred and Xxpred
P(XPd(h) < x, XP™(0) < x) = P(XP"*(0) < x)*(")
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Fit ECF of bivariate BR process to estimated ECF!



Application to Data

Unconditional simulation of the Brown-Resnhick process:

Realisation of xP"¢
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Summary & Outlook

Summary:

@ bivariate Brown-Resnick processes model

e dependence in space
e dependence between forecast and observation

@ flexible modelling in spite of restricted class of pseudo-variograms

Outlook/Open Questions:

@ simulation of observations conditional on forecast
~+ conditional simulation of bivariate Brown-Resnick processes

@ downscaling (how to choose GEV parameters?)
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