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EEEN
Study On Uncertainties in Complex Terrain — Why?

Questions... o cal

= How can we do better in complex terrain?

= Should we include more WRF points in our icing
analysis?

= How to quantify the uncertainty?

Wind farm in complex terrain.
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= Let’s go back to the current setup o oz
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= EMD-WRF OD Icing modelling chain [1,2]
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Icing map seen in windPRO.

Atmospheric Data:

Ice Model:

WRF + Thompson Standard cylinder-
microphysics [3, 4] based ice model (ISO
Resolution: 3x3 km, 1 h| =% | 12494) [5, 6]

ERAS global boundary - Ice growth rate, ice
conditions load anq !nstru.+
meteo. icing hours

Production Loss
Estimations:

Production loss
estimates using:

IEA Ice Class system
(by IEA Task 19) [1]

Downscaling to 30m .
using CopernicusDEM _
windrrn

EMD Presentation




EEEN
Current Approach - Downscaling and Icing Maps

= One WRF grid point closest to mast/site center
= Downscaling using icing profile
= Meso terrain (WRF) to micro terrain (Copernicus DEM’s)
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Example case 1: Stor-Rotliden wind farm (SE).
Elevation map, Icing profile, modelled meteorological icing hours at 100 m (dm/dt > 10g [3]). windrrn
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Introducing Multiple WRF Points
= 50 WRF points (3km) |
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Example case 1: Stor-Rotliden wind farm (SE). windern
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Node 50
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Multiple Icing Downscaling Profiles

= 50 icing downscaling profiles
= 50 layers of icing maps at area of interest Node 25

Ice-downscaling profiles: EMD-WRF OD ICING - 50 nodes Stor-Rotliden (SE)
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How to quantify the uncertainty?

Method 1:

For every point in DEM map: /—\\‘Jxv m {k}i@f{?@x%

Icing inputs from 50 WRF nodes S _
6 WL AN

Standard deviation map
Std. of values at every point

Distance weighted mean map
Inverse distance weighting (IDW) [4]
One map per WRF point
Mean map:
Mean over the 50 IDW maps
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Results method 1:

= Standard deviation map (at 100m) = Distance weighted mean map (at 100m)
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Case Example 2: Complex site in southern europe

IEA Ice Loss

= Two met masts, 7.5 km apart (% AEP)
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Example case 2: IEA Ice Losses (% AEP) [3]. .
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Case Example 2: Complex site in southern europe

= We run icing at 50 WRF points
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Example case 2. Southern Europe. windrro
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Case Example 2: Complex site in southern europe

lce-downscaling profiles: EMD-WRF OD ICING - 50 nodes
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How to quantify the uncertainty?

Method 2:

Machine learning model
Kriging model

Kriging interpolation (Cokriging)
Primary attribute: downscaled icing hours from the 50 meso points
Secondary data for coregionalization: elevation (from DEM map)

Uncertainty maps
Derived from cokriging variance
68% (ux10o ) confidence interval map
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Results (preliminary) method 2:

= Kriging predicted icing map (p) = 68% (JM*x10 ) confidence interval map
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Summary and Conclusions

Going back to questions..
We have started the multi-point approach and presented first results

In complex terrain with high elevation gradients more data-points provide new
opportunities

We showed first steps, with a std, IDW and Kriging based maps
Next steps: validation

we will continue to improve our methods!
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