Correction of the WWSIS Wind Production Data Seams Issue
3Tier Group developed a large wind speed and wind power database using a Numerical Weather Prediction (NWP) model applied to the West. Because the model allows the re-creation of the weather at any time or space, wind speed data were sampled every 10 minutes for a 3-year period on a 2-km spatial resolution at representative hub heights for modern wind turbines. The resulting data set does a good job of capturing the chronological behavior of the wind that would be seen at locations around the West. The high-resolution data set was then used to construct the various wind scenarios described above.

The NWP model of the Western Interconnection contained geographic and temporal seams that were not possible to resolve. This resulted in unrealistic wind energy ramps near the temporal boundaries, which occurred every 3 days.  To make the reserves and ramping analysis complete, a continuous annual record was needed, so a method to smooth those ramps below statistical significance was required.  We can use statistical comparisons to surrounding ‘correct’ data to improve upon the correction that was applied by the data vendor.

The goal the procedure is to reduce the variability of the output around the anomalies while leaving data outside the window of the anomalies unaffected.

The temporal seams occur every 3rd day at the same time of day.  If we count the days into 3 day blocks starting at January 1, 2004 and continue through the end of 2006, we end up with 363 days labeled as ‘1’, 363 day ‘2’ and 363 day ‘3’.  The seam was found to be at midnight UTC going from day 3 to day 1
.  It was empirically determined that the 3Tier smoothing can be over a period of up to 6 hours (36 10 minute intervals), 2 hours before and 4 hours after the seam.  

To illustrate the seam issue, consider Figure 1 which shows the 10 minute changes of output for a particular site.  This plot has the change in output verses the 10 minute interval of the 3 day period, 1 to 432 (there are 144 10 minute intervals in a day).  The first 10 minute interval of all day type ‘1’ are interval 1, etc.  Note the greater variability around the day 3 to day 1 transition as highlighted by the circles.
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Figure 1 - Distribution of wind changes by 10 minute interval number
Figure 2 shows a plot of the standard deviation for the data at each interval.  The first point is the standard deviation for all interval number 1 data points, and so on.  This figure clearly shows the higher variability around the seam as indicated by the higher standard deviation values just before and after the seam.
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Figure 2 - Standard deviation of 10 minute wind deltas by 10 minute interval number
A number of approaches to mitigate the higher variability at the seam were evaluated.  These included filtering of the 3Tier supplied data, synthesizing new data based upon average sigma of the 10 minute changes and finally randomly splicing of data from ‘good’ days to the effected ranges.
The filtering was successful at the individual site level.  However, as sites were aggregated to larger areas, it was found that the correlation between sites in the seam area was much higher than in the rest of the data.  This resulted in higher and higher variability as more sites were aggregated.  This is an artifact of the method 3Tier used to smooth the seams and led to unacceptable results as the aggregation increased to PCA regions.
To limit the correlation, synthesizing new data was evaluated.  This was done by calculating the average sigma for the 10 minute changes and then generating normally distributed values to add to a trend that matched the beginning and end of the seam smoothing region.  This approach showed no correlation between the sites and resulted in too low of variability as aggregation level increased.  Several distributions were tried and none yielded satisfactory results.

To match the correlation between sites, it was determined that splicing segments of the ‘good’ days into the seams days was a practical approach that should have the desired characteristics.  Code was built that randomly selected a ‘good’ day from the 2/3 of days that did not have seams.  Care was taken to only take splice data from the same time of day of the ‘good’ days.  The variability of the splice data was isolated by subtracting the trend and then the splice was blended into the ‘bad’ day by adding an appropriate trend to match the beginning and ending values surrounding the seam.

Figure 3 results of the correction method applied to the sample site used above.  The red dots are the synthesized intervals plotted on top the original data (blue dots).  Only data surrounding the anomaly are affected as seen in the figure.
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Figure 3 – Corrected site data
To validate the results, we can calculate the standard deviation for all of the points in each interval of the 3 day window across the entire year of data.  Figure 4 shows the interval standard deviations for both the uncorrected and spliced data.  As is expected the values are identical except where the spliced data is substituted.  Observing the spliced area, we can see that the variability in the anomaly has been reduced to approximately the same range as for day 1 to 2 and day 2 to 3 transitions.  
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Figure 4 - Standard deviation for 10 minute intervals for a single site
This detailed analysis was done for 10 randomly selected sites for each year (2004 to 2006) with equally good performance for each site.  
The preceding analysis shows that the method produces reasonable results for a single site.  However it is very important that the method gives similar results for all levels of aggregation.  To verify this performance, the detailed analysis was run for a number of regional combinations and for all of the wind assigned to the Western Interconnect for the WWSIS 2 study.  

Figure 5 shows the results for the aggregation of all PCA regions into approximately 25% penetration into the WI.  Note that the red dots are the corrected data plotted over the original data in blue.  

The performance of the method seems quite good.  There is a small ‘notch’ in the negative side of the corrected data at the point where the correction ends (approximately interval 24).  This is probably due to some sites having a smoothing period (3Tier correction) that is longer than the 6 hours empirically determined.  This effect can be seen in Figure 6 where the standard deviation for the 10 minute intervals of the original data is slowly decaying from the high level seen in the anomaly region.
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Figure 5 - 10 minute wind change distribution by interval for all regions aggregated
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Figure 6 - Standard deviation for by 10 minute interval for all regions aggregated

It is also important to be sure that the method provides acceptable results with one hour averaged data as well at the 10 minute data.  Figure 7 shows the distribution of hourly changes for each hour of the 3 day period.  Figure 8 shows the standard deviation of the data at each hour of the 72 hours of the 3 day period.
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Figure 7 - One hour changes in wind for 25% WI scenario by hour number
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Figure 8 - Sigma for one hour wind changes for 25% WI scenario by hour number

In the WWSIS 1 study, GE provided a different visualization of the hourly data to demonstrate the problem with the 3Tier smoothing.  Figure 9 and Figure 10 show the bar-and-whisker plots the original and corrected average one hour change in wind output for the hour.  The whiskers are the min and max values for each hour of the 3 day intervals.  The bars show the mean value plus and minus one standard deviation.
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Figure 9 - Bar and whisker of hourly changes for original data
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Figure 10 - Bar and whisker for hourly changes for corrected data
[image: image11.png]10 min. change in wind (MW)

30

20

10

Site 151 2004 Data - With Fix

10 Minute Interval (3 days total)

Day 1 Day 2 Day 3
T O
N . . .
a® oo, o le Satet
H « Base
rected
} 't . B : o .-.
. . )
0 144 288 432





[image: image12.png]10 min. change in wind (MW)

Site 151 2005 Data - With Fix

Day 2 Day 3

« Base

144 288 432
10 Minute Interval (3 days total)





[image: image13.png]10 min. change in wind (MW)

Site 151 2006 Data - With Fix

Day 2 Day 3

144 288 432
10 Minute Interval (3 days total)





[image: image14.png]Interval sigma (MW)

~
v

o N w
BN 0w s

o
o

Site 151 2004 Data - Sigma for 10 minute intervals
(n=121 for each interval)

| I —on

™ g

o

144 288
10 Minute Interval (3 days total)





[image: image15.png]Interval sigma (MW)

~
v

o N w
BN 0w s

o
o

Site 151 2005 Data - Sigma for 10 minute intervals
(n=121 for each interval)

—Org

n —Filt

10 Minute Interval (3 days total)





[image: image16.png]Interval sigma (MW)

«

IS

Site 151 2006 Data - Sigma for 10 minute intervals

(n=121 for each interval)

‘ ' ——Org
—Filt

144 288
10 Minute Interval (3 days total)





� When counting from the beginning of each year individually, the seam is at midnight on day 3 to day 1 for 2004 and 2005.  If counting begins on January 1, 2006 the seam appears at midnight on day 1 to day 2.  This is because 2004 had 366 (divisible by 3) days and 2005 had 365 days (divisible by 3 with a remainder of 2 days).





