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Abstract
In photovoltaic (PV) systems, installing PV arrays whose rated capacity exceeds that of the power conditioning 

system (PCS) is referred to as DC-to-AC oversizing (inverter overloading). This study investigates the interaction 

between oversizing and spatial smoothing in large-scale PV power generation. Using estimated actual (reconstructed) 

and forecasted PV power data from 105 sites in the Kanto region of Japan, the variability characteristics and forecast 

errors of aggregated PV power were evaluated for inverter loading ratios (ILRs) ranging from 1.0 to 3.0. Results 

indicate that oversizing locally increases variability through clipping and enhanced ramp rates, whereas spatial 

aggregation of geographically dispersed PV power mitigates fluctuations by reducing the duration of clipping and 

decreasing the frequency of ramp occurrences. The root mean square error (RMSE) decreases with increasing 

aggregation radius, with significant improvement observed up to approximately 50 km and limited gains beyond this 

range. A normalized RMSE variation index reveals that the trade-off between oversizing-induced variability and spatial 

smoothing is strongly governed by spatial scale.
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(a) 105 distributed municipalities 

 
(b) Number of municipalities included within each 
aggregation radius. 

Fig.1 Spatial distribution of municipalities and aggregation 
characteristics. 
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(a) ILR = 1.0 

 
(b) ILR = 3.0 

Fig.2 Time series of aggregated estimated PV power for 
different aggregation radii. 
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Fig.3 Total clipping duration as a function of ILR for 
different aggregation radii. 
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Fig.4 Ramp event count as a function of aggregation radius. 
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Fig.5 Changes in the Occurrence of Ramp Events with 
Increasing ILR. 
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Fig.6 Ramp event count as a function of ILR.
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Fig.7 Example of time-series for estimated and forecast PV 
power at ILR = 1.0 and 3.0.
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Fig.10 Standard deviation of residuals in estimated PV 
power as a function of aggregation radius. 

 
Fig.11 Annual RMSE as a function of the standard 
deviation of residuals. 
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Fig.8 Annual RMSE of forecast PV power as a function of 
aggregation radius. 

 
Fig.9 Annual RMSE as a function of ILR for different 
aggregation radii. 

0 50 100 150 200
0.00

0.05

0.10

0.15

0.20

0.25

Area radius (km)

R
M

SE
 (p

.u
.)

1.0
1.3
1.5
2.0
3.0

ILR

1.0 1.5 2.0 2.5 3.0 3.5
0.00

0.05

0.10

0.15

0.20

0.25

ILR

R
M

SE
 (p

.u
.) 30 km

50 km

0 km

100 km

Jun YAMASHITA, Shinichiro OKE and Hideaki OHTAKE

－ 66 －Journal of Japan Solar Energy Society Vol.52, No.5, 2026



7 

 
RMSE

ILR=1.0 r
RMSE RRMSE(ILR, r)  

( , ) (1.0, )( , )
(1.0, )RMSE

RMSE ILR r RMSE rR ILR r
RMSE r

 1  

RRMSE(ILR, r) ILR
RMSE

RMSE E_RRMSE(ILR, r)
 

( , ) ( ( )_ )( , )
( ( )) ( ( ))

RMSE RMSE
RMSE

RMSE RMSE

R ILR r Min R ILRE R ILR r
Max R ILR Min R ILR

2  

Max(RRMSE(ILR)) Min(RRMSE(ILR)) ILR
RRMSE(ILR, r)

RMSE
 

Fig.12 RMSE
ILR = 1.5

20 km
ILR = 2.0 15 km

30 km
ILR = 3.0

18 km

30 km

2026
ILR = 1.5

PV
ILR PV

PV

PV

 

PV
PV

105 PV
ILR 1.0 3.0

PV

RMSE
50 km

ILR
RMSE

PV
RMSE

RMSE

ILR 1.5

ILR 2.0
30 km

PV

 

PV

 
30 PV

 
Fig.12 Normalized RMSE variation index as a function of 
aggregation radius. 
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