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Motivation 

 PV variability can be a concern for grid operation 

 Other studies have used irradiance variability as a proxy for 
power variability 
 Irradiance is measured at a point, but plant output is related to areal 

averaged irradiance 

 Variability of actual PV power plants has not been well studied 

 

 Since PV plant output data is scarce, a model for simulating 
plant output is needed 
 Wavelet Variability Model (WVM) is a way to simulate powerplant 

output with limited inputs 
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Two contrasting cases: 
Ota City, Japan 
 2.1MWp rooftop PV 

 553 houses with PV 

 Varying tilt/azimuth 

 

 

Alamosa, CO 
 19MWp utility-scale plant 

 38 500kW inverter blocks 

 20˚ tilted single-axis tracking 
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 At each plant, have 1-sec inverter power output and 1-sec measurements 
from a network of GHI (Ota City) or tracker POA irradiance (Alamosa) sensors.  
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Highly variable test days 

 For each plant, we focused on a highly variable test day: 

 

 Irradiance profiles have different shapes due to the different 
types of irradiance measured (GHI versus tracker POA), but both 
days were highly variable. 
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Ota City Alamosa 

  

Fig 1.      Irradiance profiles for Ota City GHI (left) and Alamosa tracker 

plane of array (right) showing the high variability on the test days.  
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Variability as Plant Size Increases 
 Relative ramp rates (relative to capacity) always decrease 

with increasing capacity. 

 Strong reductions in variability seen when going from 1 house 
(far left) to whole plant (far right). 

Ota City 
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Variability as Plant Size Increases 
 The same decay of variability with increasing capacity is seen 

at Alamosa. 

 However, the decay is slower and less than at Ota City. 

Alamosa 
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Reduction in Variability 

 Reduction in maximum RR (capacity) = 
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑅𝑅𝑝𝑜𝑖𝑛𝑡 𝑠𝑒𝑛𝑠𝑜𝑟

𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑅𝑅𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
 

 Large values indicate larger reductions in variability. 

 RMRR = 1 means no smoothing. 
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Causes of Reduction in Variability 
So why is the reduction in variability so 
much greater at Ota City than Alamosa, 
even though Alamosa has nearly 10 times 
the rated capacity? 

 

Reduction in variability depends on two factors: 
1) Geographic diversity of the plant  

• Both an increase in area and a decrease in 
density (GCR) can reduce the relative variability. 

2) Daily meteorological conditions (i.e., cloud 
speed) 
• Variations in the spatial correlations of clouds 

lead to different reductions in variability on 
different days. 
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Causes of Reduction in Variability 

Key Point 

Geographic smoothing is highly dependent on daily 
meteorological conditions. 

 
• The reduction in maximum RRs varies significantly by day. 
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Modeling the Reduction in Variability 

 To model the reduction in variability, we need to account for 
both the geographic diversity of the plant and the daily 
variability in cloud conditions. 

 We have developed the wavelet variability model (WVM): 
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𝐴 Value Accounts for Daily Variation 
 Correlations of wavelet modes between sites can be modeled 

as a function of distance and wavelet timescale: 

𝜌 𝑑𝑚,𝑛, 𝑡 = exp (−
1

𝐴

𝑑𝑚,𝑛

𝑡 
) 

 𝐴 value is related to cloud speed and has units of [m/s].  

 The smaller the 𝐴 value, the lower the correlations between 
sites and so the greater the benefit to geographic smoothing. 

 𝐴 values typically larger inland than at coastal sites. 

 

A<1.6 

A>1.6 
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𝐴 Values on the Test Days 
Ota City Alamosa 

  
 

 𝐴 values can vary significantly over 
a month. 

 Much smaller 𝐴 value at Ota City – 
much more geographic smoothing 
over the same distances. 
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WVM Results 
 Goal of WVM is to accurately simulate the statistics of plant 

power output (i.e., ramp rates). 

 WVM simulated RRs (blue) compare well to actual power RRs 
(red) and are an improvement over point sensor (black) at all 
timescales. 

 Ota City Alamosa 
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Summary 

 The relative variability of PV power plants decays as 
plant size increases. 

 Rate of decay depends on: 

 Plant footprint and PV density (GCR) 

 Daily meteorological conditions 

 WVM takes into account these two factors to 
produce simulated PV plant output that compares 
well to actual output. 
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