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Abstract

To improve the accuracy of daily power generation forecasting for distributed photovoltaic (PV) sys-
tems, multiple distributed PV power stations in Nanxun District, Zhejiang Province were selected as
the study area. Historical power generation data together with hourly meteorological data, including
precipitation, air temperature, relative humidity, wind speed, cloud cover, visibility, and clear-sky so-
lar radiation, were collected to develop a daily PV power generation forecasting model based on
XGBoost. The importance and temporal characteristics of different meteorological variables, as well
as the relationship between prediction errors and meteorological factors, were further investigated.
The results indicate that cloud cover and visibility are the most influential meteorological variables
affecting daily PV power generation forecasting. Cloud cover maintains consistently high importance
throughout the daytime, whereas the importance of visibility is mainly concentrated around midday,
demonstrating a clear temporal dependence of meteorological factors on PV power generation. The
proposed XGBoost model effectively captures the nonlinear relationships between multiple meteor-
ological variables and daily power generation, achieving a coefficient of determination (R?) of 0.98, a
mean absolute percentage error (MAPE) of 13%, and a prediction accuracy of 87% on the validation
dataset. The predicted values show high consistency with the measured observations. Furthermore,
error analysis reveals no significant systematic relationship between prediction errors and individual
meteorological variables, including cloud cover, visibility, temperature, and clear-sky solar radiation,
indicating that the model can comprehensively utilize multiple meteorological inputs to achieve sta-
ble predictions with strong generalization ability and robustness. The findings provide a useful tech-
nical reference for regional distributed PV power forecasting, power grid dispatching, and renewable
energy integration.
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Figure 1. Distribution of installed capacity of sampled distributed photovoltaic power plants in Nanxun Region
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Figure 2. Temporal variations of daily (a) and weekly (b) electricity generation per unit installed capacity for typical power
plants in Nanxun Region
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Figure 3. Feature importance ranking of input variables in the XGBoost model
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Figure 4. Feature importance ranking of input variables for each time period from 04:00 to 20:00
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Figure 5. Scatter plots of predicted versus observed values of distributed photovoltaic daily electricity generation for the training
(left) and validation (right) sets using the XGBoost model
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Figure 6. Relationships between the absolute percentage error of distributed photovoltaic daily electricity generation prediction
and daily electricity generation (left) and installed capacity (right)
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Figure 8. Relationships between the absolute percentage error of distributed photovoltaic daily electricity generation prediction
and average temperature (left) and average clear-sky irradiance (right)
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