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Contributions of (a, d, g, j) surface downwelling solar flux, (b, e, h, k) surface air temperature, and (c, f, i, 1)

Fig.7

890

surface wind speed changes induced by global anthropogenic emissions reduction to the projected changes in (a—c) pho-

tovoltaic potential (Py,,,), (d—f) the fraction of days with extremely low photovoltaic output (PV10), (g—i) the

number of extremely low photovoltaic output events (PVION) , and (j—1) the maximum duration of extremely low pho-

tovoltaic output events ( PV10D) in China during the mid-21st century (2041—2060). Hatched regions indicate areas

where at least four of the five ensemble members agree on the sign of change.units: %
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Impacts of global anthropogenic emissions reductions on photovoltaic po-
tential in China

WANG Zhili,HU Zhiyao,LEI Yadong, YU Xiaochao,LI Yingfang, ZHANG Xiaoye

State Key Laboratory of Severe Weather Meteorological Science and Technology/Key Laboratory of Atmospheric Chemistry of CMA , Chinese Academy
of Meteorological Sciences ,Beijing 100081, China

Abstract Solar photovoltaic (PV) power generation represents one of the most-competitive and scalable options
for low-carbon energy production. As a major energy consumer and carbon emitter, China’s large-scale deploy-
ment of solar PV is central to achieving its energy transition and carbon neutrality goals. However, PV generation
is highly sensitive to meteorological conditions, which are in turn influenced by future changes in anthropogenic
emissions under carbon neutrality targets. These interactions introduce significant uncertainty for the long-term
planning and optimization of solar PV deployment in China. In this study, we use the Community Earth System
Model version 2 (CESM2) to conduct three sets of simulation experiments, combined with a multivariate bias
correction algorithm ( MBCn) to eliminate systematic model biases. We quantitatively assess the impacts of
global anthropogenic carbon dioxide and aerosol emissions reduction, under a carbon neutrality scenario, on
changes in PV potential (PV,,,) and the frequency of extremely low PV output events across China during the
mid-21st century (2041—2060).

Results show that global anthropogenic emissions reductions under a carbon neutrality pathway significantly
increase PV, over China by approximately 4.2% , while reducing the maximum duration (PV10D) , fraction of
days (PV10), and number of events (PVION) of extremely low PV output by about 21.1%, 35.3%, and
56.2% , respectively, relative to the Shared Socioeconomic Pathway (SSP) 2-4.5, which represents a moderate
emission scenario. These findings suggest that global emissions mitigation not only enhances total PV generation
potential but also improves the stability of PV output. The reduction of anthropogenic emissions within mainland
China accounts for roughly 77%—93% of the total increase in regional mean PV ,,. and 62%—92% of the total
decrease in extremely low PV output across Northeast China, Central and Eastern China, and Northwest China.
In contrast, emissions reductions outside mainland China contribute more substantially to improvements over the
Tibetan Plateau, explaining approximately 66% of the total increase in PV,,, and 72%—82% of the reduction in
extremely low PV output. These results highlight that achieving the full potential of PV generation in the energy
transition requires coordinated global emission reduction efforts. Mechanistically, the observed changes in PV,
and extremely low PV output are primarily driven by variations in surface downwelling solar radiation, with com-
paratively smaller contributions from surface air temperature and wind speed.

This study provides new quantitative insights to inform effective PV planning and deployment strategies in China
under carbon neutrality. Nevertheless, the findings are subject to certain limitations, as they are based on simulations
from a single earth system model. Future studies incorporating multi-model ensembles and evaluating additional renew-
able energy sources—such as wind energy and hydropower—will be essential for developing a more comprehensive

understanding of climate impacts on renewable energy systems under global decarbonization pathways.

Keywords carbon neutrality; anthropogenic emissions; meteorological factors; photovoltaic potential;

extremely low photovoltaic output
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