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Statistical Analysis

Part II – Hourly variability and Day-
ahead predictability
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Hour-to-Hour Variability
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Variability Analysis - Deltas

68%

99.7%

95%

μ – 3σ μ – 2σ μ – σ μ  μ + σ μ + 2σ μ + 3σ

68%

99.7%

95%

μ – 3σ μ – 2σ μ – σ μ  μ + σ μ + 2σ μ + 3σ

34%34%

13.5% 13.5%
2.35% 2.35%

68%

99.7%

95%

μ – 3σ μ – 2σ μ – σ μ  μ + σ μ + 2σ μ + 3σ

68%

99.7%

95%

μ – 3σ μ – 2σ μ – σ μ  μ + σ μ + 2σ μ + 3σ

34%34%

13.5% 13.5%
2.35% 2.35%

For a normal distribution of deltas, σ is related to the percentage of 
deltas within a certain distance of the mean

Statistics used to characterize variability:

• Delta (∆) – The difference between successive data points in a series, or period-
to-period ramp rate. 

¾ Positive delta is a rise or up-ramp

¾ Negative delta is a drop or down-ramp

• Mean (μ) – The average of the deltas (typically zero within a diurnal cycle)

• Sigma (σ) – The standard deviation of the deltas; measures spread about the
mean
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Study Footprint Wind Deltas vs. Load Deltas for Spring 2006 
(30% Wind Energy in Footprint – LP Scenario)

(1932, -2766)

Increased L-W 
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Increased L-W 
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Load and wind 
deltas offset

Load and Wind 
deltas offset
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(-2874, -1466)
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Study Footprint Wind Deltas vs Load Deltas by season for 2006
(30% Wind Energy in Footprint – LP Scenario)

Increased L-W 
up-ramps

Increased L-W 
down-ramps

Load and wind 
deltas offset

Load and Wind 
deltas offset

-5000 MW

-4000 MW

-4000 MW

-5000 MW

(3436, 3813)

(3673, 1675)

(3674, -1061)

(1932, -2766)

(3339, -1611)

(2841, -1574)

(-2837, -1677)

(3540, -1225)

(2496, -2210)

(-4250, -135)

(-842, -3012)

66 hours where net load 
up-ramps more than 
largest load-alone up-
ramp

3 hours where net load 
down-ramps more than 
largest load-alone down-
ramp
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Study Footprint Wind Deltas vs Load Deltas by Scenario for 2006
(30% Wind Energy in Footprint)

(1182, -3949)
Increased L-W 

up-ramps

Increased L-W 
down-ramps

Load and wind 
deltas offset

Load and Wind 
deltas offset

-5000 MW

-5000 MW

(-703, 4966)

(-2881, 3185)

(3673, 1296)

(3540, -1351)

(329, -4513)

(2496, -2569)

(-3340, 3390)



7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
0

5000

10000

15000

20000

25000

30000

35000

40000

-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

-8000

-6000

-4000

-2000

0

2000

4000

6000

8000

Mean + Sigma

Study Footprint Average Daily Profile of Deltas Over Year 2006  
(10% Wind Energy in Footprint – LP Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Study Footprint Average Daily Profile of Deltas Over Year 2006  
(20% Wind Energy in Footprint – LP Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Study Footprint Average Daily Profile of Deltas Over Year 2006  
(30% Wind Energy in Footprint – LP Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Average Daily Profile of Deltas Over 2006 for Selected Areas
(30% Wind Energy in Footprint – LP Scenario)
(Avg. +/- sigma, Minimum, Maximum)
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Selected Days with Extreme 1-Hour Up-Ramps and Down-Ramps
(30% Wind Energy in Footprint – LP Scenario)

Study Footprint Net Load for Nov 14 - LP
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Study Footprint Net Load for Jun 7 - LP
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Study Footprint - Timing of Extreme Net Load Up-Ramps
(Local Priority Scenario)

Wind/solar drops drive extreme up-ramps in late 
afternoons during late fall and winter
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Study Footprint - Timing of Extreme Net Load Down-Ramps
(Local Priority Scenario)
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Significantly more 
extreme net-load 

deltas beyond largest 
load delta, especially 

up-ramps (pos)
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Study Area Cumulative Distribution of One-Hour Deltas
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Distribution of Extreme Hourly Net Load Deltas 2006
(Local Priority Scenario)

For baseline, 
9 up-ramps of 
3600 MW/hr or 
more

For 30% penetration, 
152 up-ramps of 3600 
MW/hr or more.

For baseline, 
3 down-ramps of 
4400 MW/hr or 
more

For 30% penetration, 
6 down-ramps of 4400 
MW/hr or more

Curtail loadCurtail wind

There is a case to be made for load participation
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Study Footprint Cumulative Distribution of One-Hour Deltas
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Distribution of Extreme Hourly Net Load Deltas 2006
(Mega project Scenario)

For baseline, 
9 up-ramps of 
3200 MW/hr or 
more

For 30% penetration, 
131 up-ramps of 3200 
MW/hr or more.

For baseline, 
3 down-ramps of 
4400 MW/hr or 
more

For 30% penetration, 
31 down-ramps of 
4400 MW/hr or more

Curtail loadCurtail wind

More and larger extreme down-ramps with 
concentration of wind in WY
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Duration of Extreme Hourly Net Load Deltas 2006
30% Wind Energy - Local Priority Scenario

AZ Net-load deltas ≥
2100 MW for .2% of 
the year

AZ Net-load deltas ≤ -
1800 MW for .2% of 
the year

Wide area balancing →
greater diversity, less 

relative variability and 
extremes 

FP Net-load deltas ≥
4800 MW for .2% of 
the year

FP Net-load deltas ≤ -
4000 MW for .2% of 
the year

Sum of max 
pos deltas = 
10,300 MW

5644 MW

Sum of 
max neg
deltas = 
-9,682 MW

-4931 MW
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Summary Statistics
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Day-Ahead Predictability
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Study Footprint Next Day Wind Forecast Errors vs. Forecast
30% Wind Energy - Local Priority Scenario
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Key Take-Aways
• Significant monthly/seasonal variation of wind and solar energy within 

footprint and across areas

• Relatively small observable difference among scenarios, but more
pronounced at area level

• Load coincidence with wind and solar a large driver of diurnal 
variability

• At footprint and area level, net load variability tends to be high during 
fall/winter late afternoons due to simultaneous load rise, and 
wind/solar roll-off

• Extreme net load down-ramps in summer/early fall driven by evening 
load roll-off

• There is a good case to be made for load participation in reducing 
ramping requirements

• Wide area balancing → greater diversity, less relative variability and 
extreme ramps

• Forecast error is not a linear function of the wind forecast →
discounting forecast to increase spin may not  to be a good option
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