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Manga olika typer av oséakerheter

o Inom vindresursbeddmning

e Matningar * Modellering

— Matosakerheter — Representativitet
— Matfel - Tidsvariationer

— Representativitet YAl G TG

- Rumsvariationer — Approximationer
* Tidsvariationer

NEWA, New European Wind Atlas,
bedriver forskning pa dessa omraden
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NEWA - New European Wind
Atlas

e Accurate mapping of wind conditions
for the estimations of resources and
loads

e Development and testing of the
model chain

e A series of atmospheric field
experiment to validate the model and
atlas.

NEWA partners

Experimental sites
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Matningar av alla randvillkor + valideringspunkter for
modellstudier

« Markhojd, skogshojd och skogsdensitet fran laserscanningar
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distance [km]

Terrain 6 8 10
* In a vacuum lieht will travel approximately 0.3m in 1ns
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Matningar av alla randvillkor + valideringspunkter for
modellstudier
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Matningar av alla randvillkor + valideringspunkter for

modellstudier
« Markhojd, skogshojd och skogsdensitet fran laserscanningar
UNIVERSITET Floden (turbulens, varme, stralning) fran matmasten
Dep. of Earth Sciences Vlnde’Of”eI’ (Sodar)
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Zephir 300 lidar

2 locations,

Mean and raw data
collected for 4 resp 7
months.

£ . 3 Over all:

Worked well

Main problem:

g - Signal to noise

ratio
measurement
volume (upper
heights)

Wind direction
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AQ510 Sodar

7 locations,

Mean and raw data
collected for 6 resp 8
months.

Over all:
Worked well

Main problem:
* Very stable
conditions




Example of unstable
atmospheric conditions
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Example of very stable
atmospheric conditions

UNIVERSITET

Height [m]

Dep. of Earth Sciences 1
Campus Gotland === Sodar, from wavelet transform 0.5 A ﬂ h 25
WIND ENERGY = Sonic projected in SODAR direction 0
1
0.5 b A‘ 40
“cUF 2016-07-19-05:00 o -
1
250 : : 250 ' - Y 05 ﬁ ﬁ @ 60
> 0
= 1
200 1 200F 18
{ © 05 & & ﬂh 80
S 0
=y
150 | 1 150t 1
0
100 1 100 b 1
0e ﬁ A J‘k 120
0
50 f 1 50 f S 1
APy uiw uin uk
— — 0 rl
O0 5 1|0 15 00 910 1;30 2?0 36 1 ﬂ
‘ 173
W|nd Speed [ms_1] W|nd dII'eCtlon Dg A‘ m
~1 5 0 55 0 55 0 5

Radial wind speed

Height above ground



UPPSALA

UNIVERSITET
Dep. of Earth Sciences

Campus Gotland
WIND ENERGY

STandUP
wikio

7 <-)
- i NEW EUROPEAN WIND ATLAS

distance [km]

14

12

10

oo

(@)

2 4 6 8 10 12 14
distance [km]

il

340

320

300

N N
3 8
Altitude [m]

240

220

200

180



WLS 70, V1,

1 location,

st Callometer WLS70, V1 and
DepéofEafth;che; Vaisala cellometer.
ampus otlan
WIND ENERGY Mean and 1 Hz data
P Over all:

Has not worked well
(ceilometer not yet

\

-

I .417 investigated)

e

Main problem:

« Qverheating

« Signal to noise

« Wind shield wiper
not working or
wiping the whole
timpe
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Digiquartz micro barometers

* (.0001% Resolution

® +0.08 hPa Accuracy

® High Reliability and Stability better than 0.1
Campus Gotland hPa per year
WIND ENERGY ® Bi-directional RS-232 and RS-485 Serial
Interface.

® User Selectable Parameters through the
RS5-232 interface Includes Resolution,
Update Rate, Engineering Units, Sampling
Commands etc. with Supplied Software

® NIST Traceable - IS0 9001:2000 Quality
System

cﬁ)l‘

® Directly Compatible with Model 715 Display

® Free zero adjustment

® (ptional High Performance Pressure Port
Awailable (DigiPort)

® Click here for a data sheet

Tower 173 m east-west

Original settings
10 F A New freq2press eq.

[ms™]

geast west
N
o
<

U

08/28/16 09/04
Time

4 |ocations, one
value.

Over all:
Difficult, but
promising

Main problem:

 Temperature
dependence

« Calibration

« Set too close
apart
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Tower

Sonics
Thies cups

Vaisala cups

Wind vanes

Temperature profile

Kipp & Zonen 4-way
radiation sensors
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Remote sensing instruments
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Remote sensing instruments
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Att anvanda korrelationskoefficient ar
ett daligt matt pa hur bra instrument

ik ar!

Det maximala r2 som kan uppnas ar

en funktion av turbulensintensitet och
avstand mellan instrumenten

Fungerar bara bra om instrumenten

sitter mycket nara varandra och mater
samma volym

2013-08-22




Remote sensing instruments

Windprofile from all systems
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Remote sensing instruments
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Remote sensing instruments

_UNIVERSITET Turbulence profile from all systems
¢p. o art ciences

Campus Gotland 200 — 95% confidence Metek Sonics
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Alla instrument har fordelar och
v nackdelar
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Campus Gotland ° Lidar
WIND ENERGY¥ Cup + vane + Multipoint

+ Reliable measurements

+ Cheap + No flow distortion
- Over speeding + (Cheap)

- Response time - (Expensive)

- Flow distortion - Precipitation, clear air
Sonic anemometer

+ Temperature  Sodar
measurements + Multipoint

+ Reliable measurements
+ Response time + Cheap
- EXxpensive + No flow distortion

-  Flow distortion - Neutral conditions and
low winds

Frequency of high
altitude measurements




L1320
mdmi‘w
O e T 3

UPPSALA ~
UNIVERSITET | s

Dep. of Earth Scienc v et S T2 cpent
T U torere
LE
Campus Gotlan @

WIND ENERG ==

ﬁ}/ <
e

skogsterrang!

2013-08-22




UNIVERSITET
Dep. of Earth Sciences

Campus Gotland
WIND ENERGY

STandUP
wikio

Probability

o
Tree height

Whole region (40X40 Km)
500 m closest tower

Probability

[}
= ‘
=]
Ll

20
Tree height




UPPSALA

UNIVERSITET 24
Dep. of Earth Sciences

Campus Gotland 2 9
WIND ENERGY
X

The three
directions were

selected
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eKoordinator: Uppsala universitet, (NEWA-Partner)
Stefan Ivanell (Coordination)
Johan Arnqvist (Measurements, model comparison)
Hugo Olivares Espinosa (Modelling SE)
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LES computations: Domain size

Edges: fixed PAD
Interior: PAD from LIDAR
Z0=0,03

X
e
\“ ‘(5;
\““ 3

: « CENER’s WindMesh
B - Axy=25m/edges 250 m
=7 ¢ Azmin=5m, ~1.05 growth
e Ny = 41.2 X 106 cells
=% Stabilization CPUh =~ 150 000

== -« Sampling (physical 20 000s) =
19 000

L, X L, X L, =32 km X 20 km X ~ 1.2 km
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Wind speed matches
the measured to a high
degree
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To return to the question,
Resolution or domain size,
what is most important?
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Sa LES med stor doméan verkar
SRS kunna matcha matningarna.

Campus Gotland

memmer | Men.... Om skiktningen inte ar

?
s neutral’

10

Wide effect of stability!
) And the effects does |
“newa  not cancel out!

< 0
Very stable <
Stable h
Stable near neutral 41
Neutral

Unstable near neutral
jk,t Unstable 27
All data
0
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Case west
WD 90 deg
Ug ~12 m/s

Barotropic, stationary
conditions for 72 hours

Varying cloud cover

Hornamossen dygnscykel
benchmark

Case east
WD 270 deg
Ug ~12 m/s

Barotropic, stationary
conditions for 72 hours

Mostly clear sky
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Vad hander nu?

Benchmark Hornamossen Oppnar

Testet kommer att utvardera hela modellkedjan

o Johan Amquist [ Follow |
Sep7 - 5minread

The Hornamossen diurnal-cycle
benchmark for flow modeling in forested
and moderately complex terrain

The test challenges the models to predict the wind field
during a full diurnal cycle using mesoscale input data
versus traditional methods based on onsite measurements

and idealized boundary conditions.

1 ;

Never miss a story from The Wind Vane, when you sign up for
& Medium. Learn more

Johan Arnquist, Stefan Ivanell, Hans Bergstrom


https://thewindvaneblog.com/
https://thewindvaneblog.com/

Vad hander nu?

Depof Earch Scences Benchmark Hornamossen &r éppnat

Campus Gotland

WD EREREE - Testet kommer att utvardera hela modellkedjan

“or Produktionsberakningarna fardigstalls

- Fardigstallande av databas.
Mikroskaleberakningar startar
- Baserat pa modellvalidering i flera Benchmarks

Atlasen sammanstalls och publiceras
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Sammanfattning/slutsatser

Laserdata gor det mgjligt att i detalj modellera
den faktiska skogen

Skjuvning och turbulens kan kopplas samman
med uppstroms topografi och rahet

LES med stor doman och riktig skog verkar
kunna reproducera méatningarna, RANS ar
troligen for diffusiv

Det verkar viktigare att ha stor doman an hog
upplosning

Modeller maste kunna reproducera ickeneutral
skiktning!
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Tack for att ni lyssnat!
Fragor?
Kommentarer?

Johan Arnqvist och Stefan Ivanell


mailto:Johan.arnqvist@geo.uu.se
mailto:Stefan.ivanell@geo.uu.se

Announcement:
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May 22-24, 2019, Visby, Sweden
Welcome to Visby!

Stefan Ivanell & Jens Ngrkeer Sgrensen

european academy of wind energy

UNIVERSITET




Forest model

Campus Gotland * We wish to model the heterogeneities of the forest, obtained with LIDAR

WIND ENERGY  Drag force of the forest is implemented through the addition of sources in
the momentum equation

UNIVERSITET
Dep. of Earth Sciences

D (u;)

Dy = Pressure + Viscosity + Fapr,: + Fwr: + Fp.i

FD’,,; = —Cpa |ﬂ| U;

Fpi Net effect of the plant drag

a Frontal Area Density, unif./non-unif.

Cp Drag of the forest

Fapr.i: ABL-driving volume forces
(pGrad & Coriolis)

Fwr, AD/AL volume (sink) forces

L.-E. Boudreault (2015)




Forest model

UNIVERSITET
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Campus Gotland e The SGS model also needs to be modified, to account for the
WIND ENERGY “destruction” of TKE by the forest

* Another source term is introduced in the transport equation of TKE

ap
ok
5 = Advection + Disstpation + Dif fusion + Production — €,

8

Neutral conditions: This modification is implemented to a SGS model
(Yoshikawa, 1986) that is available in the standard distribution of OF

Non-neutral: A different model will be used, like that of Deardorff (1980)

Yoshikawa, A. (1986). Statistical theory for compressible turbulent shear flows, with the application to subgrid modeling. Phys. Fluids 29 (7).
Deardorff, J. (1980). Stratocumulus-capped mixed layers derived from a three dimensional model. Bound.-Layer Meteo. 18 (4).




UPPSALA

UNIVERSITET
Dep. of Earth Sciences

Campus Gotland
WIND ENERGY

(ﬁ)"

z <«?
. i‘ NEW EUROPEAN WIND ATLAS

East case

N
iy
o

T

i
!

direction

Y
o o,

MM

R
Ujoom[ms]

O(J'I

it mwvwww W

800 -

R [W/m?]
n
<]

SW,-30m

o

05/31/16 06/01 06/02 06/03

06/04

West case

(o]
o
T

|
|

direction

[{e]
o
T

07.’31 16 08/01 08/02 08/03

08/04



Level 4
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PAD — Plant Area Density (often called
LAD — Leaf Area Density)

— The frontal area of the forest in the wind
direction

PAI — Plant Area Index (Often LAl — Leaf
Area Index)

— The vertically integrated PAD



Calculation of PAD from Airborne Laser Scans

* We use the Beer-Lambert law to determine the density based on the
difference between incoming and transmitted intensity of the laser
beam (/) between two canopy layers

7 Where 6, is the angle of the beam.
2

1
* The intensity is calculated by: k
I, =1— erk/rso

PAD = —2cosf;1In

i=1
Where r,, is the (scaled) number of returns in the grid cell at a certain
vertical level and r, is the (scaled) total number of returns in the grid
cell.
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Mesoscale Production Runs — Final Setup

S-Iv-sgﬁdup *  WRF version: modified v3.8.1 (PBL, icing)
IND * Grid: 27 km = 9 km = 3 km; 61 vertical levels
* 10 regions

» 8-day runs incl. 24 h spin-up, spectral nudging in D1
* MYNN PBL scheme (modified) + MO surface layer

* Forcing: ERAS reanalysis (0.39)

2 o + OSTIA SST and sea-ice (1/12°

“newa L el

* Adaptive time step (where working)

* CORINE 100 m land use data, USGS where CORINE
not available

* NOAH land surface model
* lcing (WSMS5 + icing code + sum of qcloud and qgice)

» Radiation time step = 12 minutes

* 480 cores, 10 Quilting (1 node used for output)

2013- Besok ... 65
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