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= Outline & motivation
~

Met Office

Use archived and rerun Met Office weather forecast models
Local downscaling adjustments

“Virtual Met Mast”

Extension to long term climatology

Verification

Wind atlas

High resolution modelling to improve adjustment

Conclusions/ Improvements




= Wind Climatology — site-

~=” screening
Met Office

Typical requirement :

mean wind speed estimates and distributions over periods of
10-20 years, 50-100 m above the surface

Traditionally assessment:

Direct measurement onsite - expensive and time consuming

Measure correlate predict (MCP) using closest long term wind
station (10m wind)




Primary Operational NWP
metofice FOrecast Systems

UK 4km/1.5km

*36 hour forecast
70 levels up to 40km
* 4 times per day

70
levels

Regional
12km

- 60 hour forecast

38 levels (70L now)

* 4 times per day

* +EPS 18km, 24member

Global 25km

*60 hour forecast twice/day
*144 hour forecast twice/day
*+EPS 24member, 90km
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Model levels — focussing on the near surface

80 km e

Met Office
40 km
LEFT:- Global and 12 km model levels
RIGHT:- 4 km and 1.5 km model levels I I
I
[ I T
1000m
( - Lowest levels at

Lowest 1000m _
Global +12km L70: 11 levels 500m .~ Lowest 5 levels at

| 2.5m, 13 m, 32m,
4km + 1.5km L70: 16 levels 60 m and 93 m

/
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Example: orography over the COLPEX (Cold
Air Pooling Expt) region

Met Office Model=box mean from 100m data

Terrain at 100 m resolution
Orographic 4 km model orography
Roughness

scheme in NWP
models accounts
for drag due to
unresolved
terrain.

Local wind

predictions need

to correct for this
7

i I 0 80 160 240 320 400 480 560
Height in Metres
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Impact of Orographic roughness in UK 4km model

I

2

© Crown copyright Met Office



Impact of Orographic roughness in UK 4km model
Wlnd Speed (mS-1) Mean 25m Wind speed Q‘QID—ZOOO}

from Met office gridded 10m observations

I} 30 m above ground level #ﬁ
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Land adjustments, Howard and
Clark(2007) - roughness correction

Met Office

h,e is the height above which aducment
perturbations due to sub-grid hills
have decayed to some small value _
Derive wind at mast height from Model wind
Upn(Nrer)
In VMM, only apply this correction i
href > Zhub
Determination of h. is therefore
Important
hyer={In(kh)-In(e)}k”

» k=characteristic wavelength

« h=amplitude orography

« g=adjustable tuning

tpg(hep)

adjusted wind--...,

Smoothed
model
orography

‘Real’
orography
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The ‘Virtual Met Mast’ - VMM

Met Office _ _
*Downscaling required

*Orographic roughness known to reduce low-level winds
Effect of unresolved orography can be considerable

Local roughness variablity

*Adjustment of boundary layer at coasts (roughness change)

Further Offshore - no adjustments
«“High”-resolution NWP archives are relatively short

* 4km,12km 2006—today

*Techniques to extend NWP climatology to cover longer periods

*Extending high resolution period by hindcasts - downscaling re-analyses
(ERA Interim)
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Climatology Extension
et e P : Uciimate

Probability matrix=

Weibull shope,scale=2.14, 8.46

Long climate
~ distribution —
b, other height

probability of downscaled wind u with
speed (& direction) in bin k when
“climate” wind u, has speed (& direction) g
in bin | '

bobility (%)

All directions

Weibull shape,scale=2.04, 7.80

U_mast
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All directions
30

Weibull shape,scale=2.04, 7.78

]
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Probability (%)
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Wind speed (m/s)

All speeds
30

20

Probability (%)

0
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Direction (degrees)
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Mean wind speed= 6.896 m/s

47m downscaled model distribution
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All directions
30

Weibull shape,scale=2.13, B.41

]
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Probability (%)

o 10 20 30 40
Wind speed (m/s)

All speeds
30

20

Probability (%)

0
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Direction (degrees)
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Mean wind speed= 7.444 m/s

60m ERA Interim distribution
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All directions
30

Weibull shape,scale=2.14, B.46

]
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Probability (%)
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Wind speed (m/s)

All speeds
30
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Probability (%)

0
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Mean wind speed= 7.494 m/s

B60m ERA Interim long period

Jiill

(11]

BENRNERRERERRRED

@
1
Ftr it iet=. 1 INT. YE FN

1

LBUBHTEREEE
BEYRHRNRYE



All directions
30

Weibull shape,scale=2.04, 7.80
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Mean wind speed= 6.914 m/s

47m derived model distribution
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Height adjustment for local orography -Linear

model

Fractional speed up
L 30 deg

-2 -10 -8 -6 -4 -2 0
x (km)

Based on Mason & King
‘model D’

100 m DTED orography
centred on site

Orography tapered at
edges of domain (typically
25x25 km?)

Orography filtered to
remove larger scales
represented in UK4

Run for all wind directions
e.g. with 5° resolution



Local wind map at location

Met Office
. ocdl mean wind speed (m s} and arcgraphy (m
. Comb|ne . | probext i DmJinecr_gorr'?ac}J;eE:I )
mean wind distribution ' Ea | '
» Fractional speed-up by .
direction

k)

« Show local orographic
influence

Digtanee
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Verification

Met Office
Monthly Mean Wind Speeds - 70m

Obs Mean: 6.68 m/s VMM Mean: 6.74 m/s
—e— Observation

—— VMM
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Verification

Met Office

Monthly Mean Wind Speed - 50m Height, Gentle Hills

Observation mean: 5.50 m/s VMM mean: 5.78 m/s
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Verification

Met Office

Monthly Mean Wind Speed - 70m height

Observatios Mean: 9.38 m/s VMM Mean: 9.24 m/s
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m/s

mean speed
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Verification

_inear_corrected_verify
monthly means
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Verification

Jdinear_corrected_verify
monthly mean bias and rmse
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Met Office
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Distance {km)

local mean wind speed (m/s) and orography {m)

_50m_linear_corrected
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Diurnal variation observed at
Met Office Cabauw Mean obs (2006) wind speeds

diurnal_Cobouw

= 20m

] ;— —_— 40m —f
E — 140m
= 200m

8

speed (m/s)
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Diurnal variation modelled at
metorice GaADAUW Yoo g, Grguly svee

speed (m/s)
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Met Office

speed {m/s)

Mean diurnal {2006) wind speeds
diurnal_Cabouw_20m_uncorrected
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@" - Wind Atlas maps

Met Offic

70m mean speed 2010 70m mean speed 2010
height and orcgraphic drag corrected uncorrected
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High Resolution modelling-
metofice  GOlpex — Met Office masts

« COLPEX
« Cold Air Pooling Experiment
« Valley in Shropshire

« Chose windy period in COLPEX observational period to
run UK4, 1 km, 333 m and 100 m models

* 4km model provides LBCs for 1km model which provides
LBCs for 333m model....through to the 100m model.

« All nested models (1km and finer) are free running and
fixed resolution.

« 17/12/09 to 31/12/09
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Configuration of each of the models

Met Office
Horizontal | Horizontal Timestep | Convection Orographic Sub-grid
Resolution Grid-size (s) Param. orm Turbulence
(km) (columns Drag (S-L=Smag’sky-
X FOWS) Lilly)
Effective 1DBL +
4 288x360 100 Shallow Roughness oD S.L
1 100100 30 None None As 4km + drainage
0.333 150x150 10 None None 3D S-L + drainage
0.1 200200 3 None None 3D S-L + drainage
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100 m model
domain and
orography
* Area = 20km x 20km
centred on Springhill
« Masts at:-
* Duffryn (main valley)
« 50m
* Springhill (valley rim)
« 30m

* Burfield (adjacent
valley)

e 30m

0 80 160 leﬂ . 320 400 480 560
© Crowin cgpyiigint MdeOHitice He|g ht IN metreS




1km model

Time averaged
wind speed at 30m
above ground level

o Area = 10km x 10km
centred on Springhill

» Orography contours from
200m (white lines) to 600m
(black lines).

4KM MODEL Speed ot mast = 4.13 m/s ODEL Speed ot mast = 6.30 m/s

ms-

3 3.6 4,2 4.8 5.4 6 6.6

 Increased detail and larger
range of winds in finer
resolution simulations.

| 100m model [

* Not surprisingly, windier
over the hill tops (including
Springhill) and calmer in the
valleys (including Duffryn).
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333M MODEL (smoll} Speed ot mast = 6,98 m/s 100M MODEL Speed ot maost = 6.35 m/s



Springhill 14 Day Timeseries

30 mm above ground level

Met Office <
L g
EEEm === = 4km model  Mean =  4.03 m/s Ei é’
------------------------ Tkm model  Mean = 6.30 m/s 00 05 10 15 >0 5
........................ 333m model bMean = 5.08 I’ﬂ/S Days since 17,/12/2009 042
100m meodel  Mean = 637 m/s ) 30 m above ground level
Observations  Mean = 6.31 m/s :g]g
— 8
7 il
« Hill top location "
Days since 17/12/2009 042
. 30 m above ground level
« 4 km model consistently 2-3m/s Q
. . £
slower than wind mast observations.
8.0 s 7.0 ?,5 B 8.0 8.5
* Mean errors for 1 km, 333 m and Doys since 17/12/2009 042

A0 m above ground level

100m models all within 0.3 m/s of
observations

R
[ (0 RN s v I S O
LTI

speed (m/s)

d 1km reSO|UtIOn SUff'C'Gnt tO get %0 oo Days JE&E 17/12/20019105542 e e
winds right at this location 30 m above ground level

R,
[ S8 I e o i Y e N
o

Speed {m/s)

. . 12.0 12.5 12.0 13.5 14.0 14.5
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Duffryn 14 day timeseries

Met Office

--------- 4km model
........................ Tkm modeal
........................ 333m meoedel
100m model

Obszervations

Mean =
Mean =
Mean
Wean

Mean

5.87 m/s
5.24 m/s
3.37 m/s
361 m/s
3.42 m/s

Located in main valley

4 km model consistentl :
faster than wind mast observations.

1 km model consistentl _
faster than wind mast observations.

2-3 m/s

~2 m/s

Mean errors for 333 m and 100m
models within 0.2 m/s of

observations

« 333 m resolution sufficient to get

winds right at both locations
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Mean Wind Errors at the two sites:-

Met Office

Remarkable agreement
between finest resolution
model simulations and mast
observations

Using corrections to 4km
winds based on these 100m
(or 333m) simulations
should yield small errors in
the VMM timeseries.
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Summary

14 day averaged
Wind Speed Error (m/s)

Model | Springhill

Dyffryn

4km

1km

333m

100m

Observed
Speed 6.31 3.42




VMM High-resolution UM corrections
metormee 2 Months - 1/12/07-31/1/08

Correction techniques tested rely on relating high-resolution UM timeseries

(i.e. Ax=100m or 333m) to 4km resolution timeseries

1) Ratio of time average winds
(U100m/U4km)

2) Linear regression

3) Linear regression with forced zero
intercept

4-6) Directionally dependent versions
of 1-3
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Met Office

Summary of results — 14 locations

Ax=100m Linear Directional linear
VMM regression regression
Mean |bias| 1.05 0.83 0.80
St. dev |bias| 0.60 0.61 0.61
Mean bias 0.054 -0.017 -0.045
St. dev bias 1.26 1.03 1.18
Linear Directional linear
AXx=333m VMM regression regression
Mean |bias| 1.05 0.87 0.84
St. dev |bias| 0.60 0.62 0.63
Mean bias 0.054 -0.11 -0.05
St. dev bias 1.26 1.07 1.05
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= Gonclusions
—

Met Office

Cost Effective site screening

Wind maps/atlas in preparation
Extension to long term climatology

High resolution modelling for more local accuracy —
especially in complex terrain

Improvements
 Ability to ingest limited period site mast observations (MCP)

« Better orographic drag correction by scaling 1.5km/4km winds




1.5km model ( without orographic

metormee drAQ) 10 correct 4km model
07/2010-06/201 1

80m UKV and UK4 winds (matched dates)

Wind speed

IIIII
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Verification of corrected 4km model

Met Office

K4 uncorrected
K4 linear
K4 linear (zero int)

50m Monthly winds
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New domains 4km ( 2001-
Met Office 2010

Atmos surfoce orograph strat lower bc Atmos surfoce orogroph strot lower bc
850 : 8580 :

at 000 /0001 at 000 /0001

0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1300 2000 2500 3000 3500 4000 4500
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Summary of results — 14 locations

Met Office AX=100m
Directional linear
Directional linear regression, zero
VMM Linear regression regression intercept
Mean |bias| 1.05 0.83 0.80 0.87
St. dev |bias| 0.60 0.61 0.61 0.77
Mean bias 0.054 -0.017 -0.045 -0.20
St. dev bias 1.26 1.03 1.18 1.15
AX=333m
Directional linear
Directional linear regression, zero
VMM Linear regression regression intercept
Mean |bias| 1.05 0.87 0.84 0.90
St. dev |bias| 0.60 0.62 0.63 0.78
Mean bias 0.054 -0.11 -0.05 -0.19
St. dev bias 1.26 1.07 1.05 1.18
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