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Abstract
In this poster we explore the possibilities of producing probability density functions for the future group mean wind speed and the future group lumped power output through
the use of an implementation of Bayesian Model Averaging. Single site wind speed measurements are used as input data. The method is found to work well for predicting
wind speeds. For predicting power output further model development is needed.
Objectives and data
Bayesian Model Averaging (BMA) (see e.g. [1],[2],[3]) is a statistical technique for ensemble learning that has been successfully used for post-processing
of NWP-ensemble forecasts for a wide variety of meteorological applications (wind speed, wind direction, visibility, temperature etc.). Raftery et al. [2]
show how BMA can be used to produce probability density functions (PDFs) of future weather quantities. In this poster we explore the possibilities of
using BMA based on single site measurements to produce PDFs of average wind speed of groups of sites and of lumped power output of groups of wind
farms. As this is intended as an initial exploration, the procedure outlied in [3] is followed closely.
Hourly wind measurements from 8 weather stations in southern Norway and Hirlam 4*4 km forecasts for forecast horizons 12h and 24 h covering the
time-period 01.01.2009 – 17.12.2011, kindly made available by the Norwegian meteorological service Met.no, are used as input to the BMA and to
compute wind power forecasts using a generic wind turbine model (2.3 MW). Both the measured and forecasted wind speeds are initially given for 10
meter above ground level (a.g.l.). For the wind power forecasts a height transformation to 80 meter a.g.l. is performed using a logarithmic profile with
approximate roughness lengths taken from aerial photos.
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Methods
The BMA predictive PDF of the future mean wind speed of a group of sites is a weighted average of the single-site PDFs, where the weights can be interpreted as posterior
probabilities and reflect the single site forecasts’ contribution to overall group forecasting skill over a training period. Single site PDFs of wind speed is modeled as gamma
distributions. The parameter estimation is based on forecast-observation pairs from a training period of N days. Training periods of 15, 30 and 45 days length are tested.
In BMA for group forecasts each group member 𝑓𝑘 is associated with a component PDF, 𝑔𝑘 (𝑦|𝑓𝑘 ). The BMA predictive PDF for a future quantity is then
𝑝 𝑦 𝑓1 , … , 𝑓𝐾 = 𝐾
𝑘=1 𝑤𝑘 𝑔𝑘 (𝑦|𝑓𝑘 ), where the BMA weight 𝑤𝑘 is based on forecast k’s relative performance over a training period. The 𝑤𝑘 ’s are probabilities, hence they are
non-negative and add up to 1. K is the number of group members. The component PDFs of wind power production is modeled as a gamma distribution with shape
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parameters 𝛼𝑘 and scale parameter 𝛽𝑘 . This gives the PDF 𝑔𝑘 𝑦|𝑓𝑘 = 𝛼𝑘
𝑦
exp(− ) for 𝑦 ≥ 0, and 𝑔 𝑦 = 0 for 𝑦 < 0. The parameters of the gamma distribution is
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assumed to depend on the group member forecast, 𝑓𝑘 , through the relationships 𝜇𝑘 = 𝑏0𝑘 + 𝑏1𝑘 𝑓𝑘 and 𝜎𝑘 = 𝑐0 + 𝑐1 𝑓𝑘 , where 𝜇𝑘 = 𝛼𝑘 𝛽𝑘 is the mean of the distribution, and
𝜎𝑘 = 𝛼𝑘 𝛽𝑘 is its standard deviation. The standard deviation parameters are assumed constant across all group members to reduce the number of parameters to be
estimated and increase the solidity of the model. A thorough description of the method is found in [3].
The training period is a sliding window, and the parameters re-estimated for each period. The mean parameters, 𝑏0𝑘 and 𝑏1𝑘 , are estimated by linear regression for each
ensemble member. The remaining parameters, 𝑤1 , … , 𝑤𝑘 , 𝑐0 and 𝑐1 , is estimated by maximum likelihood from the training data. The log-likelihood function for the BMA model
is 𝓁 𝑤1 , … , 𝑤𝐾 ; 𝑐0 ; 𝑐1 = 𝑠,𝑡 log 𝑝 (𝑦𝑠,𝑡 |𝑓1𝑠𝑡 , … , 𝑓𝐾𝑠𝑡 ), where the sum covers all locations and times in the training data. The log-likelihood function is maximized numerically
using the ECME algorithm.[3][4]
Forecasted PDFs and estimates of the lumped power output of a group of wind farms is made by converting the wind speed results into power through the transformations
described above. The method and different lengths of training periods are evaluated by whether the share of outliers for a given confidence level is in line with expectation.

Results and conclusions
• BMA is able to produce fairly accurate PDFs for the future mean wind speed of a group of sites from the
single sites wind speeds. (See Tab. 1 and Fig. 1)
• For the longest training periods the probabilities for coverage of the true measurements are a little high
indicating a bit too wide confidence intervals (CIs). It should however be noted that the sample data set is
somewhat limited. (See Tab. 1)
• The simple method that here is tested to transform the group mean wind speed CIs into CIs for lumped
group power output underestimates the group power output and gives very unsatisfactory results. An
important reason for these problems are the flat upper part of the power curve and the upper cut-out limit
that this transformation is unable to reflect.
• Attempts were made to apply the same implementation of BMA to wind speed data in advance
transformed into power output, but for this to work larger changes needs to be made to the
parameter estimation and the assumptions. The main challenge is how to deal with longer
consecutive periods of no production or of full production. This will be the subject of further
studies.
• The possibilities for using the BMA weights 𝑤𝑘 to identify sample sites giving a good
representation of a larger group will be investigated.
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Fig. 1 – Example of group mean wind speed confidence levels. Red
lines = 90%, green lines = 75%, blue lines 50% and black dots
actual observations. 30 days training period.
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Tab. 1 - Probability that a BMA-based forecast confidence interval for group
mean wind speed based on a certain number of training days covers the true
group mean wind speed. (N ≈ 400)
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