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Characterization for Offshore Wind Turbines

Validating NORA3 Reanalysis for Estimating Atmospheric Stability and Structure by Comparison with FINO-1 Observations

1.04 —— 41 m-34m
Methods e . Change of Stability with
SLH * Data Sources: X Height:
SLH  NORAS3 Reanalysis: The 3km Norwegian Reanalysis Both NORA3 and observations
SLH (NORA3) is a high-resolution atmospheric dynamic 206 show wider stability distributions
downscaling of ERAS (Haakenstad et al., 2021). NORA3 5 at higher levels for different
| | - has been shown to be a valuable dataset for studies . stability parameters (here
related to offshore wind applications (e.g., Solbrekke et surface-based Ri,) with
. . . 0.2 - . .r -
- . N N al., 2021; Cheyngt et al., 2024). Data output is available distinctly stronger stability at
every 1 hour for important near-surface data at a ——m‘m high levels
. relatively coarse height resolution, and every 3 hours "100-075-050-025 000 025 030 075 100
Introduction Ris (NORA3)

for a broader selection of atmospheric parameters at a

e C ' Bet Ob ti d NORA3-Based Stability:
much denser height resolution (14 levels below 500 omparison between LUbservation an ased Stability

The turbulent structure of the

Ajcmospherlc Boundary Layer (AE’L) K meters). Turbulent fluxes of momentum and heat are * Comparison Between Observation and NORA3-Based
h'gh!Y depgndent on atmospher.lc only available at the surface. Stability: - | |
stability. W|th the Igtest genergtlon of e FINO-1 Observational Data: The FINO-1 mast is * This comparison Is comp_hcated by two main factors.
oftshore wind turbines exceeding 250 situated in the German sector of the North Sea, in * NORAS does not provide L or z/L at ditferent heights
meters in height, surface-based oroximity to the Alpha Ventus wind farm. It provides * FINO-1 vertical temperature gradientsare subject to
stability parameters, such as the observational data at various heights, with three sensor driit and offsets, causing large uncertainties
I\/Ionm-ObukhoY §tab|I|ty parametgr, measurement levels equipped with sonic anemometers f'ind mc_onSIS’tenCIeS I_n Ri, | |
may not be suff|C|e‘njc to characterl.ze (41, 61, and 81 meters) and slow response temperature . .ThIS requires a conversion function, which may also
the turbulent conditions at the height and wind observations at 34, 41, 51, 61, 81, 91, and Introduce uncertainty, particularly under very stable and
levels covered by the rotor disc. 101 meters. This data is crucial for validating the unstable conditions.
| stability estimates from NORA3, particularly for the * Scatterplots: The scatterplots show a general agreement
However, pbsgrvatlonal data from study period from 2006 to 2009, before the but relatively weak correlation, which decreases with height.
offshore sites is sca.rce; even the commissioning of Alpha Ventus. o Stablllty. dlstrlbutlons arg ggnerglly similar, but
largest meteorological towers only » Study Period: The study focuses on the period from observations show wider distributions. |
reach altitudes of around 100 meters. 2006 to 2009, before the commissioning of Alpha » Conversion Functions: Converting observed z/L to Ri,
This lack of observational data - Ventus, to ensure undisturbed inflow conditions. appears reasonable (not for local R1,), but conversion
motivates us to gxplore the a!mllty of + Stability Parameters: fqncfuon_s need to be adjusted to achieve more similar
the 3km Norweg.lan Regnaly5|s 3 * Local and Surface-Based bulk Richardson number (Ri,) distributions.
(NQRA3) to provide rellable.stablllty from neighboring height levels or with the surface as 1.00 T
estimates for the lower marine reference level using NORA3 and FINO-1 data. 375 conic 60 m (R-0.15) | 04"
atmOS here . - sonic 80 m (R=0.15)
P ' * Inverse Obukhov length (1/L) and local Monin- 0.50 - =
| | | Obukhov stability (z/L) directly from sonic 9 025 2
In F|’.1IS study, we aim to vallda.te the anemometer data (FINO-1), from NORA3 surface fluxes 5 on- <IN I s A
ab'!'ty of tEe NOS_'IA.‘B rea;\alyss to : or employing a transfer function to Ri, (Businger, et al., £ G A2 N Wi B
estimate the stability and structure o 1971) z D 38 = sl
the ABL by comparing the results to B [ =% " }
s .+ N341-0m (R=0.24)
observations from F|NO-1, a 101- Res ItS —0.75 A : L. AT o | - . :; 21:82 52:8;;;
meter maSt Sltuated In the German u o o o ogg e . _1.0(—)1.00—0l.75—0|.50—0|.25 O.IOO 0.|25 0.|50 0.|75 1.00 —CI).4. —(|).2 IO.IO 0!2 | 0:4
saaier G e Nerlh Sea. T * Mean Profiles Analy5|.s for dlffer.ent stabiltiy classes: Ri (NORA3. local bulk) 2L (sonic)
comparison will help us assess the . NORA3 produce.s.dlstmct profiles of w§, T, and tke as a I i
oerformance of different stability function of stal?lllty (for c.om|.oarable.wmd speeds — Nsstam
oarameters. around hub-height), confirming the importance of 084 - N35134m
S atmospheric stability for offshore wind applications
Ob]eCt“’es e Stable: Characterized by a mean Low-Level Jet (LLJ)
 Main Goal: To validate the ability of and surface-based inversion, with weak tke close to
the NORAS3 reanalysis to estimate the the surface.
stability and structure of the * Unstable: Shows a sharper increase in wind speed
Atmospheric Boundary Layer (ABL) near the surface, a stronger negative temperature
for offshore wind applications. gradient, and the highest levels of tke. 54 02 oo 02 o4 T S e w8 o
- Specific Objectives: * Neutral: Displays log-wind profile and intermediate BT E ER i
 Compare the performance of tke-characteristics. 101 — Nzavom 1.0-
different stability parameters, T aeem .
including local and surface-based | |
e e, . 600 1 —— unstable 600 A 600 A
definitions of the Richardson I e e
number and the Monin-Obukhov | — stable . . = z
stability parameter (z/L). 24 82
* Assess the reliability of NORA3 400 - 400 - 400 -
- . . 0.2 1 0.2 1
stability estimates by comparing -
them to observational data from — 3% S0 S0 0.0 i , 00 , | | |
the FI NO-]_ mast, -0.8 —-0.6 R—iO(.légcal b_l:)”i) 0.0 0.2 -0.8 —-0.6 Ri—(()i.:;lom SC—)SHZC) 0.0 0.2
. . . 200 - 200 H 200 -
* |[nvestigate the variation of
turbulent fluxes and atmospheric - - REFERENCES | | |
e . . . Haakenstad, H., Breivik, @., Furevik, B. R., Reistad, M., Bohlinger, P., and
Stablllty with hE|ght; part|CUIar|y / Aarsnes, O. J.: NORA3: A non-hydrostatic high-resolution hindcast for the North
in relation to the rotor disc heights o- | | | 0 - | | | | 0 - | | | | Sea, the Norwegian Sea and the Barents Sea, J. Appl. Metcle(orol. Clim., 2021.
. . 10 12 14 278 280 282 284 286 02 04 06 0.8 Solbrekke, I. M., Sorteberg, A., and Haakenstad, H.: The 3 km Norwegian
of modern oftshore wind turbines. ws [m s™1] T [K] tke [m? s~2] reanalysis (NORA3) — a validation of offshore wind resources in the North Sea
and the Norwegian Sea, Wind Energ. Sci., 6, 1501-1519, 2021.
ACKNOWLEDGEMENTS Cheynet, E., Diezel, J. M., Haakenstad, H., Breivik, @., Pefia, A., and Reuder, J.:

. . . Tall Wind Profile Validation Using Lidar Observations and Hindcast Data, Wind
This work is funded by projects Large

U N I V E R S I T Y O F B E RG E N Ofishore Wind Turbines (LOWT) (project E:ergessljDAI‘S,CJUSE'V%/?/i;ard, Y. Izumi, and E. F. Bradley: Flux-Profile

number: 325294) and ImpactWind Southwest Relationships in the Atmospheric Surface Layer. J. Atmos. Sci., 28, 181-189,
(project number: 332034), both funded by the 1971

Research Council of Norway




	Slide 1

