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(from www. sun-stadtwerke.de/projekte/windpark-wolfhagen)

Create a stochastic model for wind gusts in different heights
as a function of weather model predictions!


https://www.sun-stadtwerke.de/projekte/windpark-wolfhagen/

Method



Overview

observations

Article:

J. Steinheuer and P. Friederichs (2020). “Vertical profiles of wind gust
statistics from a regional reanalysis using multivariate extreme value
theory”. In: Nonlinear Processes in Geophysics 27.2, pp. 239-252. DOI:

10.5194/npg-27-239-2020


https://doi.org/10.5194/npg-27-239-2020

Wind gusts from the Hamburg Weather Mast (Brimmer et al. 2012)
- in 5 levels (10m, 50m, 110m, 175m, 250m)

- for every 5 min from 2004 to 2014 = hourly gust 20m
maxima of 3s duration 20m

Hourly COSMO-REA6 regional reanalysis data
(Bollmeyer et al. 2014) 5m

- in 40 levels and mast surrounding 25 columns
right: Hamburg Weather Mast

(from wettermast.
uni-hamburg.de)

left: Domain COSMO-REA6
(CORDEX EUR-11) (from 4
Bollmeyer et al. 2014).



https://wettermast.uni-hamburg.de
https://wettermast.uni-hamburg.de

Model: layer-wise EVT

Members of generalized extreme value (GEV) family have cdf

exp (— [1+6(554)]F) € #0
exp(—[—exp(“24)],)  £=0,

Gmmm®={

with location p € (—o0, 00), scale o € [0, 00}, shape £ € (—oo, 00).

- We assume P(gust, <) ~ G(Y; 1, 0, &) with

p=po+mG 4+ pl + psG+ ...
O':eXp(O'Q—FO'qu +O'2C2+O’3C3—|—...)
§=2%&

- Covariates Cj(t) from COSMO-REA6 and identical in every height.

- Censored Maximum Likelihood Estimation (with LASSO) in a
cross-validation method on the years — 11sets of estimates 4



Model: vertical Legendre model

- Use Legendre polynomials for vertical parameter modeling:
1
Po(z) =1, Pi(2) =2, Py2)= E(3z2 —1)  forze[0,1].
- forz(10m) =0 and z(250m) = 1:

w2z, t) = pooPo(2) + po1P1(2) + po2P2(2) +
[110P0(2) + p11P1(2) + pi2P2(2)] Gi(E) + - . -

O'(Z, t) :exp( O'QQPQ(Z) + 0'01P1(Z) + 0'02P2(Z) 4+
[O’quQ(Z) + O’mP](Z) + U]zPQ(Z)]C](t) + ... )

— enables prediction between layers
(leave-layer-out model to test ability)

- and fix £(z,t) = 0 (Gumbel distribution).



Restriction on Gumbel distribution

Example GEV pdf’s for the three sub-classes
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Advantage: no restriction in domain of definition
— no upper endpoint (e.g. no highest gust)

— stable optimization routines



Results




LASSO selection

LASSO selection (x)

Model covariates (light blue)

in

LP1 ~ const. ‘ LP2 ~ lin.

for b o ko 4 |

LP3 ~ quad.

Wind gust diagnostic in 20 m (VMAX_10M)

Temporal variance (£2 h) of VMAX_10M X X
Barotropic mode of horizontal wind in mast layers X
Baroclinic mode of horizontal wind in mast layers X
Mean horizontal wind in 700 hPa X X
SD of horizontal wind in 700 hPa

Mean vertical wind in 700 hPa

SD of vertical wind in 700 hPa X
Pressure tendency X X
Lifted index X
Water content grid column X

SD of CAPE

Diff abs. horizontal wind in 6 km and 1 km

Temperature in 2m

Annual cycle X




Residuals in 10 m

Residuals

Observations against residuals QQ Plot
2 * below u 2 - belowu
o above u o above u C
above Qg g9 uncertainty
above Qg g9
2 2
0
K}
©
S
n - S v -
@
Q
it
o - o -
[y 10m 0 / 10m
T T T T T T T T T
20 25 30 35 -5 0 5 10 15
Observations Model

Legendre model diagnostics: censoring threshold u = 5.79 ms~" for MLE at 50 % quantile

- the one residual outlier correspond to no reanalysis signal and
is an outlier in observation data
- high gusts are slightly overestimated, but overall they fit well



Residuals in 110 m

Observations against residuals QQ Plot
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Legendre model diagnostics: censoring threshold u = 8.65ms~" for MLE at 50 % quantile

similar pattern as for 10 m
— good vertical agreement



- use proper scoring rules to validate a prediction against
observation y
- CRPS, Brier Score, or Quantile Score (QS) for probabilistic

prediction G
- QS can verify the prediction quality in high quantiles
QS; = p-(y—G7'(7)). (1)
for 7 € [0,1] and Check Loss Function:
XT if x>0,
pr(X) = o ()
x(r—1) ifx<o.

Score (3)
SCOregef

Skill Score =1 —

10



Verification: Quantile skill score

T = 99% quantile (from Steinheuer and Friederichs 2020)
leave-layer-out vs. climatology

Legendre model vs. climatology
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Legendre model vs. layer-wise

— improvements up to 60 %

leave-layer-out vs. layer-wise

— Legendre model similar to layer-wise model

— prediction of intermediate gust layers reasonable

n



Example: Storm Emma

g - observed gust Post-processing  of  vertical
- & VMAX_10M model over time (left) and
° height (below; from Steinheuer
75 ] and Friederichs 2020).
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Dependency




Dependency function
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Non-parametric Pickands dependency function in the bivariate
case (Pickands 1981)

—1
A(w) =n |37, min(% L)} for w = 2 with X, Y ~ F Frechét

w’! T—w X+y

Distinguish between stable, neutral, and unstable situations
Legendre vertical model (light grey) and climatology (dark grey) with cases
(2)53% LI > 6,(b)36% 6 > LI > —2,and (c) 11% —2 >LI for w = 00—
(from Steinheuer and Friederichs 2020).
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(c) unstable
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Dependency function

Dependency at w = 1/2 between gusts (grey) and model residuals (black) at all layers

and (a) z; = 10m, and (b) z7 = 110 m (from Steinheuer and Friederichs 2020).
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— new model reduces vertical dependencies between the layers
— dependency structure between gust layers does not follow a

simple distance relation
14



Conclusion

— Post-processing for the prediction of wind gusts in the
vertical based on regional reanalysis COSMO-REA6

— some outlier in the residuals exists, but the high gusts are
captured well by the model

— gusts in an interior layer can be predicted without
observations from that layer

— gust dependencies between the layers can be reduced

15
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