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The Asia Wind Energy Association was established in December 2016 to become the
leading trade association for the wind energy sector in Asia Pacific.

The association acts as the regional platform for all
wind power industry stakeholders to collectively promote the best interests of the wind
power sector.

The Asia Wind Energy Association is supported by a wide variety of stakeholders from
the offshore and onshore wind industry.
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Anna Hilden
Global Industry Manager Offshore Wind
StormGeo

With over a decade of industry experience, Anna provides
advanced meteorological services to clients in the renewable
energy sector for safer and more efficient offshore operations.
With a background of working in meteorology, as well as
experience from a leading wind turbine OEM, Anna is well placed
to find the right services for our clients in the renewable energy
sector. She has experience from all parts of the value chain, from
programming through project and product management, through
to sales. Anna co-ordinates StormGeo’s offshore wind team,
providing clients in offshore wind with services for wind
forecasting, helicopter logistics, and metocean forecasting —
contributing to safer and more efficient offshore operations.



Antoni Therattil

Forecast Manager
StormGeo

With over three decades of experience in the Asian Oceans and
weather, Antoni joined StormGeo 12 years ago and is the Forecast
Manager for Asia Pacific, Middle East & Africa. Qualifications in
MSc Maths, MSc Meteorology, PgDip Oceanography, and Naval

Meteorologist and Oceanographer (served as the Joint Director of
Meteorology and Oceanography).



Gard Hauge

Chief Data Officer
StormGeo

Leads an agile team focused on growing existing and future
business areas for StormGeo. Holds a strong technology and
analytic background with a focus on how weather and data
science influences people and complex decisions. An expert in
understanding how weather influences complex operations and
how advanced services can help to safeguard critical operations.
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// Outline StormGeo

e StormGeo — a short introduction

* Weather challenges for offshore wind in Asia

* Typhoons and tropical storms
— climatology and characteristics

* Recent systems

e StormGeo decision support tools



// StormGeo — a short introduction StormGeo
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StormGeo — weather information to weather

sensitive industries worldwide

// Established 1997
// 24 offices in 19 countries - China, Japan, South Korea, ...
// Shipping, Oil&Gas, Renewables, Cross Industry, Media

// 24/7/365

Offshore wind at StormGeo

// More than 100 project references
// Europe, Asia, USA

// Metocean and tropical forecasting
// Finescale modelling

// Wind resource modelling



// Outline StormGeo

e StormGeo — a short introduction
 Weather challenges for offshore wind in Asia
* Typhoons and tropical storms

— climatology and characteristics
* Recent systems
e StormGeo decision support tools
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// Outline StormGeo

e StormGeo — a short introduction
* Weather challenges for offshore wind in Asia
* Typhoons and tropical storms

— climatology and characteristics
* Recent systems
e StormGeo decision support tools
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// Tropical cyclones StormGeo
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*  Among the costliest types of natural disaster

* Climate models: Increase in extreme rainfall and winds associated to
these events most parts of Asia.

e Disruption to transportation, energy, and telecommunication

* Coastal erosion, increasing the risk of assets along coastlines

* Flooding increases the probability of landslides and mudslides,
affecting transportation infrastructure and power lines.

DROUGH]

sufficiently warm sea surface temperatures st b btk
atmospheric instability

high humidity in the lower to middle levels of the troposphere
enough Coriolis force to sustain a low pressure center

a preexisting low level focus or disturbance, and low vertical
wind shear.

HEAVY SNOW

O O O O O

» While these conditions are necessary for tropical cyclone formation,
they do not guarantee that a tropical cyclone will form.
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Diagram of the 1-2-3 Rule

NN a2t 48 our forecast, and 300 NM at the 72 hour forecast positions,
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// NW Pacific — the world’s most active tropical cyclone basin StormGeo
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// 161 named tropical cyclones last 5 years

// Activity peaks in August but tropical cyclones can occur in any month
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// Outline StormGeo

* StormGeo — a short introduction
e Weather challenges for offshore wind in Asia
* Typhoons and tropical storms

— climatology and characteristics
* Recent systems
e StormGeo decision support tools
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StormGeo

Freedom to Perform

If wind direction is between 128 to 250 AND

- Wind Speed below 7.0 knots = Green

- Wind Speed between 7 and 8 knots = Amber

- Wind Speed exceeds 8.0 knots = Red

If Wind Direction is outside this sector (at any WS) = Green
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// Outline StormGeo

e StormGeo — a short introduction
 Weather challenges for offshore wind in Asia
* Typhoons and tropical storms

— climatology and characteristics
* Recent systems
e StormGeo decision support tools



Freedom to Perform

// Decision support 1/4 StormGeo

Storm Advisory - i v o i e st
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up to 7 days ahead T
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Tropical Snorm Merant, Adv-sory #7 — Wind Profile for Formesa OWF 2470N 120.82E

// Decision support2/4 | At

?00
Site Forecast — details the effects of a storm at Evo
your site ;s,
// Wind ERl
// Waves — via coupling to metocean forecast E >
// Precipitation a0

// Storm surge
// Flooding

n _-. '

uenn""'?nd""znoo"'éehd"'ﬁabd""1456””2606
0814 0814 0414 0915 0915 0815 0815

fted First Onset and Duration of Sustained Winds

TROFICSWATCH bate / Time | Duration ' End Date / Time

Tropical Storm Meranti, Advisory #7 Site Forecast for Formosa OWF, Formosa OWF 24.70N 120.82€ p32CST | 37houm, S6minutes | 152128 CST
Valid 11.00 PM CST 10 Sap, 2016 114 CST | 32 hours, 34 minutes 15/1948 CST
k2 7 mumnu ' 3 7
Discussion: Tropical Storm Merant is sxpecied o strengthen inlo a 140 mph typhoon before making landiall en southem 5.0 =1 { 10 hovex _ - lt as)
Tawan Wednesday The highest winds and heaviest squalls will occur acioss cenfral and southern Tamwan Some heawvy 859 CST 6 hours, 11 minutes ‘ 150611 CST

squalls and tropical ztorm force winds are possible across northem Taiwan cn the cument forecast track Pointof C A D o Couthaa:

On our cumant frack, the Hsinchu City would expanence winds of 60-75 mph and i=solated squalls with winds gusts to 50 mph RO CST — 48 miles at Arimuth 260.0 degrees (SW)

on YWednesday. This would result in widespread power outages and minor damage o struciuras.
Cuarrent Storm Distance and Direction

General Rainfall Amounts: B Direction

Hainfall otals may possibly reach the 4-6 inch range on our current rack. This would resull in widespread Nooding of sireets. —'] Azimuth 120 d SE)




// Decision support 3/4

Trigger Report — ties in with your
Emergency Response Plan

// lIssued as soon as new alert level reached

// Explains what triggered new alert level

// States expected time to next alert level

[ mowicawarch)

Site Triggers Report for Your Location - Hurricane lke Adv. #38
Genesated  Weadnescay . September 10F 2003 4. 47pm COT

StormGeo

Cantred i 2 chonplog e aan

v > 1y
Lozation 24.4N8520
Movement WNG 2 8 mph
RPA S2tus Fostve

Winas 1 00mph
Carent HS| 20 (12/5)
Cavrant Inghcated Phase Preparation

2 Farecast Canaitons.
Max Forscast Winds 1 3%mph
Max Forscast HSI 32 (1716}
My 1o Next Trigper Pont Shre
Evacumioen
Gstimated Next Fiaee 10 4%0m Wed Sep 10*

Forecast Track, Scope of Winds & Wind Profile Graghics
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Wind Fieid Forecast and Worst-Case Arival Times at Your Location gl e T -
Probability of [FTa PRIN-Chee 574 Wing bupact
Faresast ETA Worst-Case ETA Wind Irnpact = TR r—gr— = . ":
Wind Hrs, Until Hrs, Until TR il v ——
Arrival Tima/Data Duration Arrival Tima/Date Valua Trand FoT Zives S0 1 I
Brrival Arrival Lot 14rvs 28mn az 12%h 8 5i%am COT 1 =
1Zlh 5.32am COT 271 38min 12th 2:35&m COT T +11% ; ) 4
12Hh 5:57pm COT Tdhrs ZBmin 12H & 83am COT [ O o R ol ST

Response Decision Guidance: | Max Forecast HSl » 25, consider accalerating response actions

Fas

nadredrd

I e |Cnumrollbnmm

and FWIEE ~ 20%
and PWISE » 25%
and PWISE > 205,

RPA® and PWHE > 0%

Bwareness WCS3I9 < T2hrs and PWISE = 2005 oy e Ghry 10.45pes Wed Sep 10*
Stand-by WS90 « BOhrs and PWISE > 284, i ek o S e O
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// Decision support 4/4 StormGeo

Freedom to Perform

Our TropicsWatch team is there for you

// Call or email anytime 24/7/365 to discuss potential threats to your assets or operations

// Schedule a conference call with one of our specialists




// Concluding remarks StormGeo

Freedom to Perform

// Tropical cyclones can affect offshore wind farm assets and operations severely

// Detailed and accurate weather forecasting essential for managing the risks

// StormGeo’s Advisories provide detailed guidance up to 7 days ahead

// Site Forecasts and Trigger Reports enable rational decision making before and during storms
// 24/7 hotline to TropicsWatch team ensures optimal expert support throughout event
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Best chance of above-normal impacts into Japan/Korea and farther south through
the Philippines to Vietham

StormGeo

Freedom to Perform

Risk Areas
30-yr Average — EIV;NmmlI *
26 Named Storms B Above Normal l
13 Typhoons o g
uh g
2020 Forecast promae
28 Named Storms (+) I
15 Typhoons (+) e

Malaysia
Kuala .k‘t.mcur

Singapore



Safer and more efficient wind farms with
advanced weather analytics

StormGeo
Navigating tomorrow - toda

Gard Hauge, PhD
CTO StormGeo

Dr Nina Winther-Kaland, PhD

Research Director StormGeo



// StormGeo has more than 20 years of experience in handling of complex big data
Y + 4 StormGeo
optimized for advanced decision support v ———

Products & Services

Observations P Global scale models > Regional models 24-7 Operations D Visualization

i)

SHIPPING

A . (' - ! i ! : _,'- 9y . .
Global and local Data Engineering and processing %
Level 1 models (StormGeo Predictions)
L = ’ Tay .
E}_ 3 Party data A

Y, | : OCEAN
] 9-25 km resolution 0.1-9 km resolution : 45
S 7
. Synop 50 i b
& e CCECMWF o b A\ m
‘ GFS r j %
El Buoy FOAM e : ENERGY MARKETS >
= NORKYST o : =
TOPAS ' - > % . 2 s
Aircraft : ' g AL <
Level 2 models (StormGeo ML / Al) - o / < .- :| §
Vessel data Deep Learning Forecast Improvemetns
Vessel analytics and performance . TERRA
Response modelling eI Prof’UCtlon/
Environmental impact modelling e . Delivery —
LY Systems :Q.
a
MEDIA

---- INFRASTRUCTURE & DATA ARCHITECTURE ----



Performance of global wave model

// Global scale ECMWF model has quality challenges in the

Taiwan strait

*N
40 - (a) Bias (m 0.0195 93¢
(@) (m) 0.072 0.036 5 414
0.154 .-0.028 ¢0.113

0. 052.074

0101 * 0.037 . .-

#-0.093
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0.059
. 0.074
.0.027 0.089
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LR 9057
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°0.229 |

. #0.249

03784

0274

0,298 :
"o 0.267 V.4as
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Wang et al. 2019: Comparison of ECMWEF significant wave height forecast in the China sea with buoy data

#0.251
#0.259

0.311
0.33

StormGeo

Navigating tomorrow - today



4

WRF improves accuracy and skill on short term wind
predictions

DY 4

ECMWEF 9km 17. May 00 UTC

Boundary and initial
conditions from ECMWF
operational global
forecast

36 vertical levels

Hourly model output




// Finescale hindcast modelling StormGeo

R = 087 15760 Oata Paoinks | Cuantile-Cusmntia

StormGeo modelling experts since 2003

 Dedicated in-house modelling specialists
 Hybrid Infrastructure (in-house + cloud) - scalable
* Global coverage

 1-5km resolution (typically)

* Independently validated by 3rd-party experts

Spemd (/1)
Dilare cs ||
7]

WEF Wi
Wind Spmad

World-class data for wind resource screening and assessment

i} 1 L o K .'"
Db Wied spaed () 083 Wil Coreetion (depy)

Fino2 52 m: Wind Speed Diflerence (WHF - 0BS5S

WAF ¥Wieel 5 peed (m'a)

WRF 1 km vs FINO2 92 m, 2 years of data



// Data Science in StormGeo StormGeo

Navigating tomorrow - today

GFS, UKMO,
DWD, TOPAS, ++

Public & Private

h_. 3rd Party data R
k Y 4
r Synop A

e Data and how you connect your data
[ s to internal and external sources is

SUPERVISED critical for success
LEARNING

UNSUPERVISED
LEARNING

- Buct et , Data science is a team effort that
S . _ . requires different skillsets across the
Aircraft | : team for successful algorithm

development.

g Ship data
80 % to 90 % of is spent gathering

t N - REINFORMCEMENT and cleaning the data NOT building
e i Data Engineering LEARNING algorithms and models. Revising

system to improve this.

sources



// DEep Learning Foredasting Improvements — DELFI

StormGeo

a ML framework to improve predictive skill
GET TRANSFORM  ACCESS
DATA +QC +STORE DELIVER
ML method :
ECMWEF ' :

Forecast blending
Client observations

Best model

Data selection .
Synop / Metar selection

Point forecast

Buoy network
Data

standardization : Best Available
Forecast Delivery




/ / StormGeo

Navigating tomorrow - today

linear_regression
passthrough
random_forest
weibull_correct
observed

— fp';

StormGeo base forecast
ME 0.21
MAE 0.23

Linear regression
ME 0.01
MAE 0.14

Random forrest
ME 0.05
MAE 0.17

Weibull correction
ME 0.06
MAE 0.15

Training data: 20.11.2018 - 20.04.2019
Test data: 29.04.2019 - 20.05.2019




Forecast improvement using ML for 100 meter

ECMWF RAW

SET-UP:

e Based on wind turbine observations and
ECMWEF hourly, 0.1° forecasts

* |Inputs 2-m temperature and 10-m and
100-m zonal and meridional wind speeds
and directions to
output 90-m and 99-m wind speeds

RESULTS:

* Weibull correction improved the upper
level winds forecast even with limited
observations available




More advanced models reduces errors more that simple models if
// suficcient observations are available StormGeo ..

35

* The graph shows the improvements
that can be achieved for one particular
location by taking the persistence of
model-errors into account.

3.0

20 25

2

15

£
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©
=
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1.0

* This is an ARIMA model, and the
improvement in MAE compared to raw
EC is about 25%, while the Do 56 a0 a1 a2
improvement of linear regression for
this location was < 10%.

00 05

Obs — black
EC raw model —
DELFI ARIMA - green




ENSEMBLE FORECAST to account for uncertainty
// ML approach to bias correct individual ensemble members StormGeo .

ens corr
ens orig
— obs

2020-01-01 2020-01-08 2020-01-15 2020-01-22 2020-02-01 2020-02-08 2020-02-15

Calibration of ensemble allows for better estimation of uncertainties during critical operations
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— / IN PARTNERSHIP WITH

AsiaWind \

Energy Assgciation StormGeo

" AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Q&A
Session




\/ IN PARTNERSHIP WITH
Asia Wind \

Enewgaﬁan StormGeo

'AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 1

What is your forecast for typhoons for the
rest of the year?



\/ IN PARTNERSHIP WITH
AsiaWind \

Energy/As;Q.danan StormGeo

\WEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 2

Are developers in Asia-Pacific aware of
the weather risks?



Asia Wind

Energy Association StormGeo

JAWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 3

Have you already seen weather
related damages in Asia-Pacific?



Asia Wind

Enewc.iaﬁan StormGeo

'AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 4

Do you expect typhoon intensity to
increase due to climate change?



\/ IN PARTNERSHIP WITH
AsiaWind \

Energy Assodiatian StormGeo

AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 5

Does ENSO have any direct relation with predicting
a cyclone/ typhoon? For example, for an El Nino
year can we expect more cyclones in a region?



\/ IN PARTNERSHIP WITH
AsiaWind \

Energy Assodiatian StormGeo

» AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 6

Out of the four main offshore wind markets
(China, Taiwan, Japan and South Korea) which
is the most affected by weather related issues?



Asia Wind

Energy Assodiatian StormGeo

AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 7

When do you (Stormgeo) typically get engaged
by wind farm developers / operators?
(Pre-construction, during construction, after
commissioning)?



\/ IN PARTNERSHIP WIT "
AsiaWind \

Energy Assodiatian StormGeo

» AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 8

Do you have a view on weather conditions
for upcoming offshore wind developments
in Vietham and Australia?



Asia Wind

Energy Association StormGeo

JAWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 9

How do you combine your great know-how
with earthquake (Tsunami) risks?



\/ IN PARTNERSHIP WITH
AsiaWind \

Energy Assodiatian StormGeo

AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 10

Could the Site Forecast service be
used to assist generate a financial
model acceptable to Lenders ?



Asia Wind

Energy Assodiatian StormGeo

AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
- Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 11

Do you (Stormgeo) have a public online
tools to evaluate the project site belongs
to storm surge or typhoon or other natural
perils?



\/ IN PARTNERSHIP WITH
AsiaWind \

Energy Assodiatian StormGeo

AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Question 12

Do you see weather events hindering
the development of the offshore
wind industry in APAC?



— / IN PARTNERSHIP WITH

AsiaWind \

Energy Association StormGeo

\WEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Closing



Information

{8 www.asiawind.org
@ @asiawindenergy

in Asia Wind Energy Association
& (65) 6679 6071

¥ membership@asiawind.org

~
AsiaWind \

Enegbwﬂﬂ

ﬁ CapitaGreen - Level 24
138 Market Street, Singapore 048946
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http://www.asiawind.org/

Upcoming Webinars

IN PARTNERSHIP WITH

D wino Pioneeas MM SIEMENS Gamesa

oping onshore wind farms for the next generation of huge turbines

TUESDAY, 22 SEPTEMBER 2020 - 3 PM SGT

/ IN PARTNERSHIE WITH
S~

AsiaWind \ WORLD FORUM
Energy As i OFFSHORE WIND

WEBINAR SERIES 2020 - MARKET SESSION

Highlights of WFQO's Global Offshore Wind Report 1H2020

TUESDAY, 29 SEPTEMBER 2020 - 3 PM SGT




— / IN PARTNERSHIP WITH

AsiaWind \

Energy Assgciation StormGeo

" AWEA WEBINAR SERIES 2020 - TECHNICAL SESSION
Managing Weather Risks for Offshore Wind Projects in Asia-Pacific

Thank You!




