
Topics in High Dimensional 

Energy & Access 

Forecasting
My PhD so far…

futureWind&Marine 2019

Supervisors: Jethro Browell, David McMillan, and Pierre Pinson



Contents

o What?, why?, and how?

o Probabilistic Forecasting

o Probabilistic Access forecasting for 
Offshore Operations

o More info?



What?

• Prediction of wind power/offshore access 
from 0-5 days ahead

• Take outputs from Numerical Weather Prediction - Wind Speed, Wind 
Direction, Air Density etc. and transform them

• My research is focused on the NWP -> forecast power/access process

• Leave NWP for the meteorologists...

• Involves a lot of data science-y content
 Data manipulation

 Statistical learning

 High dimensionality

 Cloud computing



Why?

• Energy Forecasts are required when future 
generation is a factor
– Scheduling, O&M, trading, portfolio mgmt, managing 

transmission, battery charging,…

• Penetration of renewables is significant– supplied 
29.3% of electricity in UK 2017 – [DUKES, UK gov, 2018]

• UK is a relatively isolated grid



How? Conventional Approach

oHistoric wind farm power data

oClean dataset (instances of curtailment etc.)

oCombine with wind speed predictions from NWP

oStatistical learning technique – GBM/gamllss/…

oForecast Power

Magnitude Error

Phase Error



Probabilistic Forecasting



Probabilistic Density Forecast

• Each time slice is 

a predictive CDF

• Quantile 

Regression – No. 

of discrete 

percentiles and 

interpolation

• Using a non-

parametric data 

driven approach

Example: Density Forecast for Clyde South WF
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Probabilistic Access forecasting for 

Offshore Operations

or….

Offshore Renewables Accessibility for Crew transfer, Loss 

Estimation & Safety

(ORACLES)



Summary



Ins and Outs

• Ensure safe 
transfer to and 
from turbines and 
to maximize 
availability

• Produce vessel 
specific forecast 
scenarios of 
motion during 
transfer

• Visualisation stage 
is really important
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Operation Training

• Forecasts of sea 
state

• Site-specific sea 
state forecast

• Vessel motion 
forecast



Sea State Forecasting

• 90% chance at 

each time step of 

observation falling 

in widest interval 

• Up to 5 days 

ahead!

• Same for Peak 

Wave Period

•  Use 

transformed 

versions of these 

FCs to drive a 

boat motion model
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Vessel Motion Model

• Pk2Pk ~ 
f(Hs,Tp,dir)

• Observations 
only in a section 
of Hs 
distribution

• Outer 
confidence 
interval 98% 

• Next stage 
Supply MET 
forecasts



Vessel Specific Forecast
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Scenarios

Scenario mean

• Scenario 
forecasts 
required for time-
dependant 
decision making

• Forecasts of 
Heave motion 
during Push-on

• Lots of 
“unrealistic” 
Heave Pk2Pks

• Next stage 
Visualisation!



Visualisation

• Scenario 
classification

• User defined 
scale

• “Transfer 
quality 
forecast”

• Focus on 24 
hours for 
simplicity

• Lots of more 
options



• The value in using probabilistic forecasts of sea-state variables for 
access has been shown in [1] compared to deterministic case

• Future work should consider other factors (visibility/lightning risk)

 Data driven vessel motion model can add value in this context as 
accessibility is constrained by this

 Visualisation and communication of uncertainty is extremely important

 We have added a new forecasting capability to aid decision making for 
offshore operations

[1] - James W. Taylor, Jooyoung Jeon, “Probabilistic forecasting of wave height for offshore wind turbine maintenance” 
European Journal of Operational Research, 2018, https://doi.org/10.1016/j.ejor.2017.12.021.

Comments/Conclusions

https://doi.org/10.1016/j.ejor.2017.12.021


More info?

• Presented work

• Ultra high resolution power forecasting

• Hierarchical power forecasting

• EEM wind power forecasting  --- 1st place :o 

• High dimensional energy forecasting with regime switching 
(TBC!)

https://pureportal.strath.ac.uk/en/persons/ciaran-gilbert

https://oracles.eee.strath.ac.uk/

ciaran.gilbert@strath.ac.uk

https://pureportal.strath.ac.uk/en/persons/ciaran-gilbert
https://oracles.eee.strath.ac.uk/
mailto:ciaran.gilbert@strath.ac.uk


Thanks for listening!




