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Abstract Dust storms pose a growing threat to air quality and public health across northern China. As part
of the carbon‐neutrality and clean‐air strategy, China is rapidly expanding solar farms, particularly in desert
regions, yet their potential to mitigate dust pollution and improve downwind air quality remains poorly
understood. Here, we develop an integrated modeling framework to quantify the effects of solar farms on dust
emissions, atmospheric transport, and particulate matter pollution in northern China. We find that existing
solar farms reduce particulate matter pollution by up to ∼5.7 μg/m3, with reductions reaching approximately
15.9 μg/m3 (13.8%) under future expansion aligned with China's 2060 carbon‐neutrality target. These findings
reveal an underappreciated air quality co‐benefit of renewable energy infrastructure, underscoring solar farms as
a promising dual‐purpose strategy for both dust mitigation and decarbonization.

Plain Language Summary Dust storms severely threaten air quality and public health in northern
China. China is rapidly expanding large solar farms in desert regions to achieve its 2060 carbon‐neutrality goals.
However, whether these deployments can also help reduce dust pollution has remained unclear. By using a
comprehensive modeling approach, our study reveals that solar panels act as a protective shield on the ground.
By covering the landscape, the panels reduce wind speed at the surface and stabilize the soil, making it harder for
dust to be lifted into the air. They alter the desert environment and local weather patterns, successfully reducing
air pollution. We show that existing solar farms are already contributing to cleaner air, and this positive impact
would become much stronger under China's future green energy expansion goals for 2060, which could cut
regional air pollution by nearly 14%. This study reveals an underappreciated air quality co‐benefit of renewable
energy infrastructure, showing its dual benefits for dust mitigation and rapid decarbonization.

1. Introduction
Dust storms, generated when strong winds mobilize erodible soils in arid and semi‐arid regions with sparse
vegetation, emit up to 2 billion tons of dust into the atmosphere each year (Wu et al., 2022; Zhang et al., 2023).
These storm events release large amounts of particulate matter (PM), exerting substantial impacts on global
climate and posing serious threats to atmospheric environments, ecosystems, and human health (Kok et al., 2023;
Min et al., 2009; Yang et al., 2017). Particularly, dust storms severely degrade air quality in Northern China,
where dust from the Gobi Desert is frequently transported downwind into megacities like Beijing (Yang
et al., 2022).

To mitigate dust storms, many countries have implemented land‐based interventions such as grassland restoration
and afforestation (Jiang et al., 2019; Tan & Li, 2015). More recently, large‐scale deployment of solar farms in
dust‐source regions has been increasingly discussed as a potential dust‐mitigation measure. Ecological con-
struction around solar farms, for example, artificial planting, can enhance local vegetation cover (Chen
et al., 2025; Wang et al., 2024), while dark, dense photovoltaic (PV) panels modify land–atmosphere interactions
by reducing surface albedo and increasing aerodynamic roughness (Chang et al., 2020; Stern et al., 2023; Wei
et al., 2024). These changes alter the surface energy balance and atmospheric circulation, potentially influencing
cloud cover, precipitation, and regional climate through land–atmosphere feedbacks (Chang et al., 2023; Hu
et al., 2015; Li et al., 2018; Long et al., 2024; Nguyen et al., 2017; Power et al., 2023). Among these, processes
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including weakened surface winds, increased precipitation, and vegetation recovery are expected to suppress dust
emissions.

Despite these potential effects, the role of solar farms in regulating dust activity has not been quantitatively
assessed. Notably, existing PV modeling studies often assume either implausibly large solar farm deployments
(Li et al., 2018; Long et al., 2024; Lu et al., 2021) or employ oversimplified albedo treatments (Li et al., 2025; Wei
et al., 2024). These simplifications obscure the scale‐dependent nature of PV‐driven climate responses and limit
the applicability of results to real‐world solar expansion. Moreover, existing PV schemes typically capture only
radiative and aerodynamic adjustments induced by PV arrays, while PV‐related ecological pathways, notably
vegetation change and soil erosion that directly regulate dust emissions, are largely omitted (Chang et al., 2023; Li
et al., 2018). Consequently, the absence of a unified framework that jointly incorporates realistic PV layouts,
complete ecological‐radiative‐aerodynamic pathways, and interactive dust evolution has so far obscured the role
of PV deployment in dust mitigation, both mechanistically and quantitatively.

China is at the forefront of combating both severe dust storms and global warming. Driven by ambitious climate
goals, China has rapidly expanded its photovoltaic capacity over the past decade, with a large share clustered
around the Gobi Desert, a major dust‐source region (China Daily, 2023). The ongoing PV expansion provides a
natural testbed for evaluating potential dust‐mitigation co‐benefits of renewable‐energy infrastructure. In this
study, we systematically investigate solar farms' influence on dust dynamics and quantify their mitigation effects
on urban air quality across northern China by integrating multi‐source satellite observations with a regional
climate–chemistry model featuring a new solar farm parameterization within the GOCART dust emission
scheme. This framework characterizes current dust pollution patterns, evaluates PV‐induced modifications to
land–atmosphere properties, and precisely quantifies resulting reductions in dust emissions, transport fluxes, and
urban particulate concentrations. Furthermore, we project future scale‐dependent air quality benefits under
China's 2060 carbon neutrality pathway. Our results highlight how renewable‐energy infrastructure may deliver
substantial co‐benefits for urban air quality and public health while advancing the clean‐energy transition.

2. Materials and Methods
2.1. Impact Assessment of Solar Farms on Surface Properties

We quantify the impacts of solar infrastructure on land surface properties by comparing parameter changes before
and after construction. Spatial configuration and construction timelines for solar farms are obtained from Zhang
et al. (2022) and Kruitwagen et al. (2021), respectively (see Text S1 and Figure S1 in Supporting Information S1
for data set details). For each solar farm, we employ high‐resolution remote sensing data sets to assess its in-
fluence on albedo, green vegetation fraction (GVF), and land surface erodibility (EROD). The surface albedo data
are obtained from the MODIS Level‐3 Version 6.1 MCD43A3 product, which has a 500 m spatial resolution and a
daily temporal resolution (Schaaf & Wang, 2021). The GVF is calculated based on satellite‐derived Normalized
Difference Vegetation Index (NDVI) values (Gutman & Ignatov, 1998). EROD represents the fraction of an
erodible grid cell and indicates the probability of sediment accumulation within that cell. It is influenced by
topography, vegetation cover, and snow cover (Hao et al., 2024). Detailed formulations for these variables are
also provided in Text S1 in Supporting Information S1.

We select 17 solar farms with an area larger than 1 km2 around the Gobi Desert, each of which has been in
operation for more than three years. The affected area of solar farms is defined as the solar farm itself plus a 1‐km
buffer zone surrounding it (Figure S1 in Supporting Information S1), consistent with previous studies (Xu
et al., 2024; Zhang & Xu, 2020). Our analysis evaluates land surface property shifts by calculating the absolute
and relative differences between two distinct 3‐year windows before and after construction, with specific
mathematical formulations detailed in Text S2 in Supporting Information S1.

2.2. Parametrization of Solar Farms' Impact on Land Surface Properties

The construction of large‐scale solar farms directly alters key surface properties, including albedo, surface
roughness, vegetation cover, and land surface erodibility. The surface parameters for baseline deserts and solar
farms are summarized in Table S1 in Supporting Information S1. The model accounts for the effective albedo of
solar panels by considering both direct reflectivity and energy conversion efficiency (Li et al., 2018). We estimate
the solar farm albedo at approximately 0.34, which represents an absolute reduction of 0.04 relative to the baseline
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desert value. To reflect the increased aerodynamic resistance caused by the physical structure of the PV arrays, the
surface roughness length increases to 0.08 m (Jiang et al., 2021). Furthermore, the parameterization incorporates
local vegetation enhancement based on a prescribed 20% relative increase in NDVI compared with the baseline
desert (Li et al., 2024; Xia et al., 2023). This updated NDVI subsequently determines the corresponding increase
in green vegetation fraction and the decrease in land surface erodibility within the solar farm domains (see Text S3
in Supporting Information S1 for detailed mathematical formulations and derivations).

2.3. Regional Air Quality Modeling and Experimental Scenario Design

This study integrates the new solar farm parameterization into the meteorology–chemistry coupled WRF‐Chem
model (version 4.4.1) with the GOCART dust emission scheme to evaluate solar farm impacts on atmospheric
dust dynamics. The model domain covers the Gobi Desert and northern China, with a horizontal resolution of
20 km and 30 vertical layers extending from the surface to 50 hPa, featuring finer resolution in the lower
troposphere to better capture near‐surface processes. Simulations are conducted in 96‐hr cycles with 24‐hr spin up
time, using previous outputs as initial conditions for the next run. Physics and chemistry configurations for all
simulations are detailed in Table S2 in Supporting Information S1, and for the specific dust emission scheme,
please refer to Text S4 in Supporting Information S1.

Numerical experiments consist of sensitivity tests comparing simulations with solar farms against a baseline
scenario without solar farms across both present‐day and future periods (Table S3 in Supporting Information S1).
The present‐day scenario incorporates 42 existing solar farms, represented by 33 unique model grid cells with a
total area of 13,200 km2 surrounding the Gobi Desert. The future scenario aligns with China's 2060 carbon
neutrality target, expanding the PV deployment area to approximately 140,000 km2 based on projected solar
energy requirements (Qin et al., 2024; Tong et al., 2020). Comprehensive documentation regarding the experi-
mental design is provided in Text S5 in Supporting Information S1. By analyzing these sensitivity experiments,
we elucidate the core mechanisms through which solar deployment modulates dust dynamics and simultaneously
quantify its mitigation efficacy on regional dust emissions, transport fluxes, and urban particulate matter
concentrations.

2.4. Meteorological and Air Quality Observations

To analyze the spatiotemporal variations of dust pollution in northern China, we utilize dust storm records, dust
aerosol optical thickness (DAOD), and PM concentration and emission data. Dust storm records are obtained
from the National Oceanic and Atmospheric Administration in the Integrated Surface Database (ISD) from the
National Oceanic and Atmospheric Administration (NOAA) (Smith et al., 2011). Dust events are identified by
weather codes 06, 07, 09, and 30–35, and any occurrence within a day is classified as a dust day. Dust optical
depth data (2013–2018) used in this study are obtained from Voss and Evan (2020), a global 1° × 1° data set
derived from MODIS measurements. Ground observations of PM10 and PM2.5 (particulate matter with diameters
less than 10 and 2.5 μm) are from China's Ministry of Ecology and Environment. The data on anthropogenic
emissions of PM2.5 and PM10 also came from MEIC for the spring seasons from 2013 to 2020 (Geng et al., 2024;
Li et al., 2017), while the anthropogenic emissions of PMcoarse (particulate matter with diameters from 2.5 to
10 μm) are also calculated as the difference between PM10 and PM2.5.

3. Results
3.1. Dust Pollution in Northern China and Solar Farms' Impacts

In spring, intense northwesterly winds mobilize vast volumes of soil dust and transport them eastward and
southeastward, degrading air quality across northern China (Figure 1a). Forward trajectory analyses confirm
dominant transport pathways from the Gobi Desert into 10 severely affected provinces, which consistently exhibit
high dust optical depth and frequent dust days (Figures 1a and 1b; Figure S2 in Supporting Information S1). The
mass ratio of PMcoarse to PM10 serves as a diagnostic indicator of dust pollution, where values exceeding 50%
signal dust‐dominated conditions (Zhao et al., 2019). As illustrated in Figure 1b, in cities adjacent to the Gobi,
such as Hohhot, Lanzhou, and Yinchuan, springtime PMcoarse/PM10 ratios frequently exceed 60%, underscoring
the dominant contribution of desert dust to urban PM pollution.
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Since the launch of China's National Air Quality Action Plan in 2013, PM2.5 (particulate matter with diameters
less than 2.5 μm) pollution has declined sharply due to reductions in fossil fuel‐dominated anthropogenic
emissions (Qin et al., 2024) (Figure S3 in Supporting Information S1). Meanwhile, Gobi dust activities show
strong interannual variability (Chen et al., 2023; Yin et al., 2022). Consequently, the relative contribution of
PMcoarse to total PM pollution across dust‐affected regions has risen from ∼55% in 2013 to ∼65% in 2023
(Figure 1c). This shift in pollution characteristics makes natural dust a potential dominant barrier to further urban
air‐quality improvements, creating an urgent need for innovative, large‐scale control solutions and thereby raising
the critical scientific question of photovoltaic dust control.

By 2020, a total of 42 solar farms covering an area of over 100 km2 had been installed across the Gobi
Desert, with their spatial distribution largely surrounding the desert (Figure 1a). Satellite observations
across 17 representative large solar farms reveal substantial post‐construction surface modifications during
spring. For the detailed technical descriptions and selection criteria of solar farms, please refer to Text S2
in Supporting Information S1. On average, springtime solar farm deployment reduces surface albedo by
4.0% and increases local vegetation cover by 17.2% relative to the pre‐construction baseline, an ecological
improvement primarily driven by construction and management practices such as sand fixation and
localized irrigation (Wang et al., 2024). This enhanced vegetation subsequently stabilizes the surface and
lowers soil erodibility by 17.4% (Figure 1d). Collectively, the composite effects of solar farms, including
changes to local radiative, ecological, and soil properties, demonstrate their potential for effective dust
mitigation by increasing vegetation cover and lowering soil erodibility, which are less conducive to dust
emissions.

Figure 1. Dust storm pollution in northern China and the impacts of solar farms on surface erodibility. (a) Average springtime soil erodibility (%) during 2013–2023. Red
dots, gray arrows, and yellow dots represent solar farms, surface wind vectors, and major dust transport areas, respectively. Representative cities are labeled in black.
(b) Springtime (2013–2023) PMcoarse/PM10 ratio and total dust days. The inset illustrates seasonal dust frequency, and the red boundary outlines the most affected
regions. (c) Interannual variation in the PM2.5 and PMcoarse concentrations, and PMcoarse/PM10 ratio across the heavily dust‐affected cities. (d) Satellite‐derived relative
changes in springtime surface albedo, vegetation cover, and soil erodibility following solar farm construction. Box plots show the mean as the horizontal line, 25th–75th
percentiles as box bounds, and 10th–90th percentiles as whiskers.
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3.2. Suppressed Dust Pollution by Solar Farm Deployment

Investigating the role of solar farms in regional dust pollution requires air quality models that capture their effects
on land surface properties, atmospheric dynamics, and dust emission fluxes. Here, we develop a new solar farm
parameterization within the WRF‐Chem model. Present‐day simulations (spring 2021–2023) validated against
observations accurately reproduce regional PM10 pollution patterns (Figure S4 in Supporting Information S1).
Consistent with satellite observations, the model captures the land surface modifications induced by existing Gobi
solar farms, including a 0.04 decrease in albedo, a 1.8% rise in vegetation cover, a 3.1% reduction in soil
erodibility, and a 0.07 m increase in roughness length (Figures S5–S6 in Supporting Information S1).

These surface adjustments alter springtime meteorology (Figure 2a and Figure S7 in Supporting Information S1).
Increased surface roughness reduces near‐surface wind speeds within solar farms by 9.3% (0.5 m/s), primarily due
to the physical obstruction of PV arrays that weakens near‐surface momentum transport (Jiang et al., 2021).
Furthermore, a ∼0.05°C near‐surface warming, an average ∼33 m increase in boundary layer height, and a
153.7% (0.8 × 10− 6 s− 1) intensification of low‐level convergence occur above the solar farms, mainly due to PV‐
reduced surface albedo, which enhances short‐wave radiation absorption at the ground surface (Figure 2a).

Combining land surface and meteorological effects, solar farms enhance surface stability and aerodynamic
resistance by reducing soil erodibility and near‐surface wind speed, decreasing springtime Gobi Desert dust
emissions by 352.4 kt/month (Figure 2b). Solar farms situated along the desert margins function analogously to a
windbreak wall by attenuating near‐surface southward and eastward wind speeds in downwind areas and inducing
low‐level atmospheric convergence, which subsequently weakens the downstream diffusion of low‐altitude dust
particles toward major urban centers. Under the combined effects of suppressed emissions and altered meteo-
rology, the total springtime dust transport flux below 1 km into northern China decreases by 131.4 kt/month

Figure 2. Impacts of solar farms on meteorology, dust emissions, dust transport, and PM10 concentrations during spring
2021–2023. (a) Simulated near‐surface temperature, 10‐m wind speed, boundary layer height, and low‐level convergence
averaged over solar farms under scenarios with (red) and without (blue) solar farms. (b) Simulated changes in springtime
mean dust emission rates, where the yellow and light red outlines denote the Gobi Desert and its Chinese portion,
respectively. (c) Spatial distribution of changes in the springtime mean dust transport fluxes, where arrows along the Chinese
Gobi boundary reflect the direction and magnitude of flux alterations, with the total absolute change labeled in blue.
(d) Changes in springtime near‐surface PM10 concentrations, with the red boundary outlining the most dust‐affected northern
Chinese cities.
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(Figure 2c). By decoupling these drivers, we estimate that 88% of this transport flux reduction is driven by lower
ambient PM10 concentrations (i.e., source suppression), while the remaining 12% is attributed to wind field
adjustments (i.e., transport attenuation), indicating that downstream PM10 mitigation is primarily dominated by
the solar farms' source control. Detailed calculations are provided in Texts S4 and S6 in Supporting Informa-
tion S1. Hence, the dust mitigation effects of solar farms extend across the broader Gobi through long‐range
transport, ultimately improving urban air quality.

At the current scale of deployment, solar farms already yield measurable reductions in PM10 concentrations
across northern China (Figure 2d). Cities adjacent to the Gobi Desert (e.g., Yinchuan, Lanzhou, and Hohhot)
experience the greatest average springtime PM10 reductions of up to 8 μg/m3. Importantly, air quality benefits
from solar farms depend strongly on pollution severity and are amplified during severe dust events (see Text S7
and Table S4 in Supporting Information S1 for a summary of air quality standards). We estimate that on days with
PM10 exceeding 250 μg/m3—higher than the Chinese National Ambient Air Quality Standards (NAAQS)‐Grade
V, regional average reductions can reach up to 5.7 μg/m3 (4.0–7.5 μg/m3, an average 2.0% reduction). On days
with lower pollution levels, when PM10 concentrations range from 150 to 250 μg/m3 (meeting NAAQS‐Grade V)
and less than 150 μg/m3 (meeting World Health Organization (WHO)‐Interim Target 1), regional average re-
ductions are 4.2 μg/m3 (2.6–4.6 μg/m3, an average 2.2% reduction) and 2.3 μg/m3 (1.6–2.7 μg/m3, an average
2.1% reduction), respectively. This increasing mitigation effectiveness with pollution severity occurs because
severe dust events, characterized by strong background winds, simultaneously elevate dust emissions and
downwind transport, where the absolute wind‐attenuation effects of PV arrays are maximized to subsequently
suppress emission and transport fluxes via non‐linear scaling (Figure S8 in Supporting Information S1).

3.3. Urban Air Quality Co‐Benefits of Solar Farms Expansion Under China's Carbon Neutrality Goal

China's carbon neutrality goals are accelerating the transition toward renewables, with the solar power share in
electricity generation projected to rise to 23.3% by 2060 (Qin et al., 2024; Tong et al., 2020), substantially
reducing anthropogenic emissions across northern China (Figure 3a and Figure S9a in Supporting Informa-
tion S1). However, natural dust emissions driven by climate change may threaten these environmental efforts.
Future‐period (2059–2061) simulations are conducted (see Text S5 in Supporting Information S1 for detailed
configuration), and model projections indicate that climate‐driven increases in wind speed could elevate
springtime Gobi dust emissions by 13.4% and transport fluxes by 27.5% by 2060 (Figure 3b and Figure S9c in
Supporting Information S1). Consequently, cities downwind of the Gobi experience springtime PM10 increases
exceeding 15 μg/m3 (Figure S9d in Supporting Information S1), facing approximately 20 heavily‐polluted days
(daily PM10 > 250 μg/m3) during spring. Across northern China, the regional average PMcoarse/PM10 ratio is
expected to rise from 18.3% to 21.3% due to declining anthropogenic emissions and intensified dust storms.
Driven by the sharpest decreases in anthropogenic sources, eastern downwind cities such as Zhengzhou and Jinan
exhibit the most pronounced increases in this ratio, as detailed in Figure 3b and Figure S9e in Supporting In-
formation S1. This shifting particulate matter profile underscores the growing necessity of integrating natural dust
mitigation into future air quality policies.

Under China's 2060 solar targets, the modeled solar farm area expands to approximately 140,000 km2, nearly an
11‐fold increase over the present‐day scenario (Figure 3c, Figure S10 and Text S5 in Supporting Information S1).
This future large‐scale deployment reduces dust emissions by 12.2% and dust transport by 21.2%, yielding an
order‐of‐magnitude greater mitigation capacity than the current stage and highlighting strong scale‐dependent
benefits (Figure 3b and Figure S11 in Supporting Information S1). Future large‐scale solar farm deployment is
expected to effectively reduce PM pollution, with local PM10 concentrations in affected urban areas decreasing by
more than 100 μg/m3, ultimately delivering notable urban air quality improvements (Figure S11 in Supporting
Information S1). We further estimate changes in PM10 concentrations using both population‐weighted (P‐W) and
area‐weighted (A‐W) metrics (Text S8 in Supporting Information S1). Future projections show that solar farm
deployment could lower average springtime PM10 across northern China by 13.7 μg/m3 (14.5%) for P‐W and
15.9 μg/m3 (13.8%) for A‐W (Figure 3c; Figure S12 in Supporting Information S1). These relative reductions are
15‐fold (P‐W) and 13‐fold (A‐W) greater than the 2021–2023 averages. The greater P‐W reduction indicates that
large‐scale solar farms primarily benefit densely populated metropolitan regions. Furthermore, while the absolute
PM10 reductions remain concentrated near the Gobi source (up to 100 μg/m3), the relative improvements in
eastern provinces scale up by 17–18 fold, promoting a more equitable spatial distribution of urban air quality.
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Consistent with present‐day patterns, solar farms are particularly effective in mitigating PM10 concentrations
during severe dust events (Figure 3d). Specifically, on days when air quality exceeds NAAQS‐Grade V thresholds
(daily PM10 exceeds 250 μg/m3), Gobi‐adjacent cities experience P‐W and A‐W reductions of 71.0 μg/m3 (20.5%)
and 71.5 μg/m3 (21.0%), respectively, compared with more moderate reductions of 35.9 μg/m3 (10.9%) and
37.0 μg/m3 (11.2%) across eastern cities (Figure 3d; Figure S12 in Supporting Information S1). Comparatively, on
days meeting the strictest standard (WHO‐AQG level, daily PM10 lower than 45 μg/m3), PM10 reductions are
much smaller, with Gobi‐adjacent cities showing P‐W reductions of 4.6 μg/m3 (16.5%) and A‐W reductions of
4.5 μg/m3 (16.8%), and eastern cities showing P‐W reductions of 1.4 μg/m3 (5.8%) and A‐W reductions of
1.6 μg/m3 (6.4%). Overall, PV deployment substantially improves air quality, enabling most northern cities to
meet the next WHO air quality tier for average springtime daily PM10 concentrations, progressing from Interim
Target 1 toward the AQG level (Figure S13 in Supporting Information S1), highlighting that carbon‐neutral
pathways can markedly alleviate air pollution during extreme weather via large‐scale PV deployment.

4. Conclusion
By coupling realistic photovoltaic configurations with an interactive dust cycle, our integrated framework
explicitly resolves the multi‐aspect impacts of solar farms on land‐surface properties to demonstrate that solar
infrastructure curbs regional dust pollution through synchronized source emission reductions and downwind
transport damping. Figure 4 illustrates the underlying atmospheric and ecological mechanisms. Dynamically,
panel‐induced aerodynamic roughening slows near‐surface wind speeds, while associated ecological practices
increase vegetation cover and lower surface erodibility, collectively suppressing dust emission at the source.

Figure 3. Dust pollution changes and solar power contributions under the carbon neutrality target, and the resulting impact of
solar farms on air quality in northern Chinese cities. (a) Springtime anthropogenic PM10 emissions from 2020 to 2060. Inset
pie charts indicate China's solar power shares in total electricity generation for 2015 and 2060. (b) Springtime dust emissions
and transport fluxes (Mt/month) across present‐day (2021–2023) and future (2059–2061) periods. Blue and red represent
scenarios without and with solar farms, and pie charts show corresponding PMcoarse/PM10 ratios. (c) Absolute PM10 changes
due to solar farm construction, represented by area‐weighted (A‐W) and population‐weighted (P‐W) PM10. Red border
marks the location of solar farms projected under the carbon neutrality target. (d) City‐level absolute changes in 2060
springtime P‐W (left) and A‐W (right) PM10 concentrations grouped by air quality conditions, where curly brackets classify
cities into Gobi‐adjacent and eastern Chinese regions.
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Thermally, dark PV arrays reduce surface albedo and enhance solar absorption, warming the near‐surface air and
deepening the planetary boundary layer. These modifications induce anomalous low‐level atmospheric conver-
gence that weakens outflow from the Gobi Desert. Together with lower source emissions, these boundary‐layer
adjustments collectively curtail downstream dust transport, significantly alleviating particulate matter exposure
across northern Chinese cities. Quantitatively, current solar farms reduce springtime regional emissions by
352.4 kt/month and transport by 131.4 kt/month. Under 2060 carbon‐neutral expansion, these reductions reach
12.2% and 21.2%, lowering regional PM10 by 13.7 μg/m3 (14.5%) for population‐weighted metrics and 15.9 μg/
m3 (13.8%) for area‐weighted metrics.

While several simplified assumptions in this pioneering assessment merit further examination (detailed in Text S9
in Supporting Information S1), our findings reveal previously overlooked interconnections between renewable
energy and dust dynamics. Ultimately, our findings suggest a paradigm shift in environmental
governance—synergizing renewable energy development with ecological restoration—and underscore the
importance of strategically planning future solar deployment to maximize dust control co‐benefits, particularly in
countries facing similar challenges.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Figure 4. Conceptual scheme of PV‐based dust control. Solar farms deployed around the desert margins act to suppress
emissions and transport, where positive and negative signs indicate parameter increases and decreases, respectively. Gradient
and straight arrows illustrate driving factors, regional wind speed reductions, and altered dust transport pathways from the
Gobi Desert toward northern China. The Gobi Desert is marked in yellow, and the 10 most dust‐affected provincial‐level
regions are outlined in white. The locations of representative cities are labeled in white, and the basemap also includes
population density (Liu et al., 2024).
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Availability Statement
Information on solar farms is available from Zhang et al. (2022) and Kruitwagen et al. (2021). Albedo data
(MCD43A3) are available from Schaaf and Wang (2021), and NDVI (MOD13A1) are from Didan (2021). Snow
retrievals (MOD10CM) are from Hall and Riggs (2021). Land cover data (MCD12C1) are available from Friedl
and Sulla‐Menashe (2022). Terrain heights are obtained from Becker et al. (2009). Dust optical depth and dust
records are archived at Voss and Evan (2020) and Smith et al. (2011). Population data of China are available from
Jiang et al. (2024) and Liu et al. (2024). Anthropogenic emissions are from the MEIC emission inventory (Li
et al., 2017; Zheng et al., 2018) and the DPEC emissions inventory v1.1 (Cheng et al., 2021, 2023; Qin
et al., 2024; Tong et al., 2020). ERA5 reanalysis data are available from Hersbach et al. (2023). Meteorological
data for 2059–2061 are available at Xu et al. (2021). The source code of the modified WRF‐Chem model and the
GOCART code, solar‐farm run configuration, and erodibility data sets can be downloaded from Hao (2026).
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