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The planetary boundary layer height (PBLH) plays an essential role in affecting many meteorological parameters
in climate change, and it is closely associated with the concentration of near surface air pollutants as well.
Uncertainty of simulating PBLH is large partly due to the complexity in the modulation of surface energy, and the
behaviors of the climate models in reproducing PBLH have not been fully evaluated, which also limits the un-
derstanding of future changes in PBLH. Here by utilizing a multi-model ensemble of Coupled Model Intercom-
parison Project Phase 6 (CMIP6), we first thoroughly evaluate the capability of CMIP6 models in reproducing the
spatial distribution of PBLH over China during the period of 1995-2014, revealing large discrepancies among the
CMIP6 models. Meanwhile, inaccuracy of simulated meteorological parameters can lead to large deviations of
PBLH in models, among which sensible heat flux (SHFLX) and near surface relative humidity (RH) show stronger
modulation effects. To enhance the confidence of future projections, we apply a method by selecting the five
models with the smallest biases and a high signal-to-noise ratio, and the results indicate that changes in PBLH
under shared socioeconomic pathways exhibit a dipole pattern in both summer and winter. Specifically, PBLH is
projected to decrease over North China and increase over Central China and South China in summer, while in
winter PBLH tends to increase stronger in southern China and weaker in the northern flank. To reveal the
mechanism governing the PBLH, we find that changes of PBLH is closely associated with surface energy. SHFLX
and near surface RH are the dominant factors shaping the changes in the spatial heterogeneity of PBLH in the
future. This study has important implications for the improvement of surface energy and PBLH in climate models
in order to effectively predict the future changes of air pollutants.

1. Introduction quality (Davy and Esau, 2016; Li et al., 2017), and accurate PBLH sim-

ulations are helpful for understanding its influence on air pollutants.

As an essential part of the atmosphere on Earth, the planetary
boundary layer (PBL) affects the vertical exchange of many substances
between surface and free atmosphere, including heat, humidity, mo-
mentum and air pollutants (Garratt, 1994; von Engeln and Teixeira,
2013). The PBL height (PBLH) is an important parameter representing
the characteristics of PBL (Seidel et al., 2010; Zhang et al., 2013), and
the development of PBLH is mainly driven by large scale weather con-
ditions and the transport of energy between land and atmosphere,
including both latent heat flux and sensible heat flux (Garratt, 1994).
PBLH has been widely used to investigate the effects of PBL on air
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The global climate models (GCMs) are the primary tools used to
investigate the PBLH evolutions under a changing climate in future (Fan
et al., 2020; Stocker et al., 2013). The PBL process is one of the most
important physical processes for numerical models, therefore the inac-
curacy of simulated PBLH often leads to weakened meteorological
simulation capabilities (Dang et al., 2022; Davy, 2018; Stull, 2006;
Vignon et al., 2018). For instance, during the historical period of
1979-2019, CMIP6 models in general capture the spatial heterogeneity
globally in the climatological mean and the trend change of PBLH,
however, the trend changes in some areas between Coupled Model
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Intercomparison Project Phase 6 (CMIP6) and observations may be
opposite particularly over the majority of China, and the climatological
mean PBLH in CMIP6 is higher than observations (Zhou et al., 2021). A
similar finding is shown in a different study (Yue et al., 2021) using
CMIP6 ensemble, which focused only on the areas of China, and the
opposite signs of PBLH interannual variability between CMIP6 and the
reanalysis data ERA5 are largely driven by the opposite variational
trends of sensible heat flux between them. Despite large bias in most
CMIP6 models, a few models show values close to ERAS5, indicating
apparent model discrepancies in PBLH simulations. Diagnozing the re-
lationships between PBLH and key meteorological drivers are of great
importance to understand the capability of climate models in repro-
ducing the PBLH.

Considering the importance of PBLH on air quality (Petaja et al.,
20165 Su et al., 2018), the future change of PBLH is vital of modulating
the air pollutant concentrations. Driven by global earth system model
CESM, Dou et al. (2021) conducted dynamical downscaling by WRF-
Chem, and found decreases of PBLH in mid-century (2031-2050) in
northern China under both Representative Concentration Pathway
(RCP) 8.5 and RCP 4.5 scenarios. Moreover, there are clear dipole
changes in summer demarcated by a line meandering the province
borders along with 32°-38°N, exhibiting decrease in northern China and
increase across the broad region over Yangtze River Delta (YRD) and the
surrounding areas. In contrast, another study of Gao et al. (2019)
applied similarly dynamical downscaling method, yielding a contra-
dictory finding with a dominant decrease over the majority of YRD in the
mid-century under RCP 4.5, indicating challenges in the robustness of
the finding based on a single regional model. Although high-resolution
regional climate models are conducted through dynamical down-
scaling, the biases inherited from global climate models have been
frequently reported to affect the prediction capability of regional
climate models (Chen, 2021), and the signals of future changes between
reginal and global climate models may be even opposite (Bartok et al.,
2017). Moreover, the inconsistencies of spatial distributions further
complicate the future changes in spatial heterogeneity of PBLH in China,
while the corresponding governing mechanism remains unclear.

Considering the differences in GCMs performance, some studies
apply a method to select models with better performances to improve
the confidence of future projections. Based on the bias, Tung et al.
(2020) selected five models with the higher skills in predicting Meiyu
precipitation over Taiwan Province in China, and indicated a substantial
increase of the Meiyu precipitation by the end of the century under RCP
8.5. Using a similar approach, Si et al. (2021) found that despite little
progress in reducing the double Intertropical Convergence Zone bias in
CMIP6 ensemble, top five models can be selected and largely reduced
the bias. Based on CMIP6 shared socioeconomic pathways (SSPs) sce-
narios that combine social, economic and environmental development
(Eyring et al., 2016; O’Neill et al., 2014; Stouffer et al., 2017), we
analyze the inter-model differences in reproducing PBLH in summer and
winter over China, and apply a model selection method to warrant the
robustness of the future changes in PBLH as well as governing
mechanisms.

This study is organized as follows. Section 2 presents the datasets and
methods, followed by the evaluation of historical PBLH and related
meteorological parameters influencing the PBLH in China from CMIP6
GCMs, as well as future projections and the associated mechanisms in
Section 3. The conclusions and discussions are shown in Section 4.

2. Data and methods
2.1. Data selection

The reanalysis data used in this study is ERA5 from the European
Centre for Medium-Range Weather Forecast (ECMWF) (https://cds.

climate.copernicus.eu/#!/home, last access: 1 February 2022; (Hers-
bach et al., 2020)), including variables of PBLH, sensible heat flux
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(SHFLX), latent heat flux (LHFLX), precipitation, near surface wind
speed, near surface relative humidity (RH) and total cloud cover.
Monthly GCMs data are used from 13 CMIP6 models (https://esgf-node.
llnl.gov/search/cmip6/, last access: 15 June 2022), with model infor-
mation shown in Table 1. Four SSPs scenarios are selected, including
SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 (O’Neill et al., 2016;
Tebaldi et al., 2021). Air pollutant data is available at China National
Environmental Monitoring Centre (http://www.pm25.in, last access: 1
February 2022).

2.2. Methods

The periods of 1995-2014 and 2080-2099 are considered as the
historical and future periods, respectively. To facilitate the comparison,
the CMIP6 model outputs and ERA5 reanalysis data are bilinearly
interpolated to the same grid of 1° x 1° prior to the analysis. The con-
fidence of future estimates can be characterized by signal-to-noise ratio
(SNR) (Shi et al., 2018; Zhu et al., 2020).

o
SNR = ||/, /; > —x)
i=1

where x; represents the variable value simulated by a single model, x,
represents the variable value from multi-model ensemble mean, n is the
number of models. The numerator and the denominator denote the
signal and noise, respectively. SNR >1 represents a larger signal than
noise, indicating considerable consistencies among the models and a
high confidence of future projection.

The study area is shown in Fig. 1, and red rectangles outline the four
regions focused in this study, including Beijing-Tianjin-Hebei region
(BTH), the border area of Jiangsu, Anhui, Shandong and Henan (SWLY),
Yangtze River Delta (YRD) and Pearl River Delta (PRD).

3. Results
3.1. Strong correlation between near surface air pollutants and PBLH

PBLH is a key factor affecting the vertical mixing and dilution of near
surface pollutants (Seidel et al., 2010). By matching the ERA5 PBLH
with near surface air pollutants, Fig. 2 shows the correlations between
MDAS8 O3 and PBLH averaged during 9:00-16:00 LST in summer, and
between daily mean PM; 5 and PBLH in winter.

In summer, the correlations between PBLH and MDAS8 Os are posi-
tive (Fig. 2a-d), possibly linked to the dilution of NO concentrations due
to enhanced vertical mixing which weakens the NO titration effect (He
et al., 2017), and strengthened downward transport of ozone from the
free troposphere (Reddy et al., 2012; Sun et al., 2010). In addition, the
increase of PBLH is usually accompanied by meteorological conditions
that are conducive to ozone generation, such as high temperature and
strong radiation (He et al., 2017; Liu and Wang, 2020). Therefore,

Table 1
List of 13 CMIP6 GCMs used in this study.

No. Model Institution/Country Horizontal resolution(lonxlat)
1 CanESM5-CanOE CCCMA/Canada 2.8° x 2.8°

2 CanESM5 CCCMA/Canada 2.8° x 2.8°

3 GFDL-ESM4 NOAA-GFDL/USA 1° x 1°

4 GISS-E2-1-G NASA-GISS/USA 2.5° x 2°

5 GISS-E2-1-H NASA-GISS/USA 2.5° x 2°

6 GISS-E2-2-G NASA-GISS/USA 2.5° x 2°

7 INM-CM4-8 INM/Russia 2° x 1.5°

8 INM-CM5-0 INM/Russia 2° x 1.5°

9 MIROC-ES2L MIROC/Japan 1.4° x 1.4°

10 NorESM2-LM NCC/Norway 2.5° x 1.9°

11 NorESM2-MM NCC/Norway 1.25° x 0.9°
12 TaiESM1 AS-RCEC/China 1.25° x 0.9°
13 UKESM1-0-LL MOHC/UK 1.875° x 1.25°
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Fig. 1. The topography (unit: m) of the study area and the geographical locations of four regions (® BTH, ® SWLY, ® YRD, ® PRD) of the focus in this study.

various factors together lead to a positive correlation between PBLH and
ozone. The largest positive correlation between PBLH and MDAS8 O3
appears over SWLY (Fig. 2b), indicating that ozone pollution in this
region is more susceptible to PBLH.

In winter, the correlations between PBLH and PM, 5 are negative
(Fig. 2e-h). Lower PBLH is not conducive to the dispersion of air pol-
lutants near the ground, resulting in higher PMj 5 concentrations (Dong
et al., 2017; Su et al., 2018). At the same time, in heavily polluted re-
gions such as BTH and SWLY, high concentrations of PMj 5 enhance the
stability of the boundary layer through the aerosol radiation effect (Chen
et al., 2023; Guan et al., 2020), thereby decreasing PBLH and further
resulting in an increase in PMj 5 concentrations (Petaja et al., 2016).

3.2. CMIP6 model grouping based on evaluation of PBLH hindcast results

The average seasonal PBLH from each CMIP6 model is compared
with ERA5, and the mean biases of each model and CMIP6 multi-model
ensemble (MME) in summer and winter are shown in Fig. 3a,b,
respectively. Based on the biases, the sub-ensemble of five models with
the smallest biases are considered as TOP-5 models. For the models with
least performance capability, we select those with large positive biases
without including the one (number 3) showing a large different (nega-
tive) sign of bias. Among the four selected regions, including BTH,
SWLY, YRD and PRD, the mean biases in CMIP6 MME are 18% and 17%,
respectively in summer and winter. The top ranking models better
reproduce the PBLH, with the mean bias of 11% in summer (TOP-5; No.
1,2,4,5,6) and 5% in winter (TOP-5; No. 1,2,5,6,12) over the four

regions. For the last ranking models (LAST-5), the mean PBLH biases
over the four regions are 56% in summer and 55% in winter.

The box and whisker plots (Fig. 3c,d) show more intuitively that
simulated PBLH by TOP-5 (green) is in general closer to that in ERA5
than that simulated by LAST-5 (red) and CMIP6 MME (orange). In
summer, the mean PBLH over the four major regions is 506.51 m in
ERAS5, 495.81 m in TOP-5, 592.98 m and 784.67 m in CMIP6 MME and
LAST-5, respectively. In winter, PBLH are generally lower than that in
summer. The mean PBLH in CMIP6 MME and LAST-5 are 474.84 m and
628.41 m, respectively, exhibiting larger biases than TOP-5 (402.33 m)
relative to ERA5 (406.77 m). In addition, the spatial distributions of
PBLH biases in summer and winter from TOP-5, LAST-5 and CMIP6
MME are shown in Fig. S1, further illustrating the improvement of TOP-
5 in delineating the spatial heterogeneity of PBLH.

To elucidate the possible reasons yielding the biases in PBLH, the
associations between PBLH and a few key meteorological parameters are
conducted. Sensible heat flux and latent heat flux are the most important
energy sources for atmospheric circulation (Garratt, 1994), and the
partitioning of energy between them dominates the development of
PBLH (Zhou et al., 2021). Cloud cover is one of the factors leading to the
long-term change of PBLH in China, and plays a key role in altering the
energy distribution and balance of the surface (Yue et al., 2021). At the
same time, PBLH is closely related to atmospheric stability, which in
turn is driven by near surface temperature, wind speed and relative
humidity (Huo et al., 2021; Zhang et al., 2013). Meanwhile, atmospheric
stability affects the vertical movement of air masses and changes the
ability of forming precipitation (Guo et al., 2022; Shin and Ha, 2005).
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Fig. 2. The correlation between MDA8 O3 and PBLH averaged over 9:00-16:00 LST in summer (a-d), and daily mean PM, s and PBLH in winter (e-h) during
2015-2019 over four regions. The correlation coefficients (R) are labelled in each panel, with the asterisk on the top indicative of statistical significance (p < 0.05).
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Fig. 3. Portrait diagrams of the PBLH relative errors (%) between CMIP6 models and the ERA5 reanalysis data during the period of 1995-2014 (a-b). The box and
whisker plot displays the seasonal PBLH during the period of 1995-2014 over each region (c-d), with the minimum and maximum (line end points), 25th and 75th
percentiles (boxes), medians (horizontal lines) and averages (black points). The top ranking models (TOP-5) and last ranking models (LAST-5) are identified from 13
models, with five models in each group. The numbers in the X Axis of Fig. 3a,b corresponds to the models listed in Table 1.

In order to determine the potential reasons that may lead to large
deviations of PBLH in GCMs over China, the correlations between PBLH
and the meteorological variables including SHFLX, LHFLX, precipita-
tion, near surface wind speed, RH and total cloud cover among CMIP6
MME, TOP-5 and LAST-5 are shown in Fig. 4. Compared to CMIP6 MME
and LAST-5 results, the relationships between PBLH and meteorological

parameters exhibited in ERA5 are better reproduced by TOP-5 models in
both summer and winter (Fig. 4b), with a correlation of 0.98, further
indicating a strong confidence in applying TOP-5 model results to
analyze future changes of PBLH in China. Moreover, among these
meteorological factors, SHFLX and RH show the highest correlations of
close to 1.0 and — 1.0, respectively, stressing stronger modulation
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Fig. 4. Comparison of correlation coefficient between meteorological parameters and PBLH from ERA5 (Y Axis) reanalysis data and the results of models (X Axis),
including CMIP6-MME (a), TOP-5 (b) and LAST-5 (c). The markers in red and blue represent summer and winter, respectively. The correlation coefficients (R)
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of the references to color in this figure legend, the reader is referred to the web version of this article.)

effects relative to other parameters. Considering the strongly positive
correlation between PBLH and SHFLX, biases in PBLH is to a large de-
gree associated with the deficiencies in simulating SHFLX in CMIP6
models, which are in part associated with biases of downward surface
solar radiation (Betts and Dias, 2010; Yue et al., 2021), and higher-
resolution Earth sysmte models are desirable in reproducing the down-
ward surface solar radiation (Kou et al., 2023).

3.3. Divergence of future PBLH in CMIP6 models

Fig. 5 shows the spatial distributions of projected summer changes in
PBLH from CMIP6 MME, TOP-5 and LAST-5 under SSP1-2.6, SSP2-4.5,
SSP3-7.0 and SSP5-8.5 scenarios at the end of the 21st century
(2080-2099). For TOP-5 models, PBLH is projected to change featured
by a dipole in the northern and southern China (Fig. 5b,e,h,k). Specif-
ically, PBLH tends to decrease substantially by the end of the century in
North China, with the largest magnitude in SSP3-7.0, whereas the
changes of PBLH over central and southern China are projected to in-
crease, with the largest increases under the fossil fuel intensive scenario
of SSP5-8.5. This dipole feature is missed by LAST-5 and CMIP6 MME to
a large extent, with a low model agreement and SNR values less than
one, indicative of a much-weakened confidence in future projections
compared to the signal exhibited by TOP-5 models. The dipole pattern of
PBLH changes in China is, however, displayed in a previous study which
applied dynamical downscaling and simulations with a regional model
under RCP 4.5 and RCP 8.5 scenarios (Dou et al., 2021), strengthening
the confidence of the spatial heterogeneity of PBLH in responding to a
warming climate.

Among the meteorological parameters affecting the PBLH, SHFLX
and RH have the highest correlations with PBLH during the historical
period (Fig. 4). Thus, the projected changes of SHFLX and PBLH from the
TOP-5 models show similar spatial dipole patterns over China (Fig. 6a-
d vs. Fig. 5b,e,h,k), while the changes of near surface RH exhibit an
opposite and consistent spatial dipole patterns (Fig. 6e-h). It suggests
that future changes of PBLH in CMIP6 models are closely related to
SHFLX and RH in summer, which not only holds for TOP-5 models
(Fig. 6), but also applies to CMIP6 MME (Fig. S2) and LAST-5 models
(Fig. S3), although the dipole feature emerged in TOP5 may have partly
missed in CMIP6 MME and LAST-5. In terms of the larger reduction of
PBLH in SSP3-7.0 compared to the other scenarios (Fig. 5h vs. Fig. 5b,e,
k), the changes of SHFLX and RH do exhibit in stronger magnitudes in
SSP3-7.0 correspondingly (Fig. 6¢,g vs. Fig. 6a,b,d,e,f,h). Moreover, it is
possibly linked to the emission increase under SSP3-7.0 in the future
(32% in VOCs and 20% in NOy; Fig. 2 in Zeng et al. (2022)), whereas the
emissions in other scenarios such as SSP1-2.6, SSP2-4.5 and SSP5-8.5
are projected to decrease, and the aerosol radiative effect in SSP3-7.0 on

PBLH tends to become stronger, triggering a larger decrease of PBLH.

The dipole feature of PBLH decrease in northern China and increase
in southern China in the future is to a certain extent appears in winter
(Fig. S4) particularly of the results of TOP-5 models. However, instead of
sign differences of PBLH in summer between northern and southern
China, the dipole is characterized by a stronger increase of PBLH in
southern China and weaker increase in northern China (Fig. S4b, e, h, k)
in winter, though consistencies among scenarios are relatively loose.
The primary driving mechanism remains to lie in the modulation of
SHFLX and RH in terms of the consistencies in the spatial distributions
(Figs. S5b,e,h,k, S6b,e,h,k vs. Fig. S4b,e,h,k). The characteristics are
largely missed in the results of CMIP6-MME and LAST-5 models
(Figs. S4, S5, S6).

3.4. Discussion of potential mechanisms and implications

In order to further examine the governing mechanisms of SHFLX and
RH on future changes of PBLH in the selected regions, relationships
between PBLH and these two variables are shown in Fig. 7. In BTH, for
TOP-5, SHFLX is projected to experience a decrease by 0.35 W/m?2, 4.43
W/m? and 0.67 W/m? in SSP2-4.5, SSP3-7.0 and SSP5-8.5, and the
corresponding decreases of PBLH are 11.92 m, 42.90 m and 13.84 m
under these scenarios, respectively. In contrast, the changes in BTH from
LAST-5 and CMIP6 MME are mostly positive (Fig. 7a). For the regions of
SWLY, YRD and PRD, the mean increases of PBLH in TOP-5 under the
four scenarios are 60.21 m, 35.65 m and 29.76 m, respectively, whereas
the corresponding mean increases of SHFLX are 5.42 W/m?, 1.17 W/m?
and 0.91 W/m?, and the increases of PBLH and SHFLX are consistent
with CMIP6 MME (Fig. 7b,c,d). At the same time, the projected changes
of near surface RH are negatively correlated with PBLH in both summer
and winter (Figs. 7 and S7). The increase of RH leads to enhanced latent
heat flux, which inhibits the convective process in the boundary layer,
resulting in a decrease in PBLH, while a decrease of RH favors moisture
diffusion and convective transport and tends to trigger higher PBLH (Liu
et al., 2018; Miao et al., 2019; Zhou et al., 2021).

Similar results are also observed in winter (Fig. S7). However, the
correlation coefficients between changes in SHFLX and PBLH are much
weaker in the northern China, which is likely due to the weaker solar
radiation and surface heat flux in winter (Schneider and Eixmann,
2002), as well as the diminished effect of land-atmosphere interaction in
the boreal winter (Dirmeyer, 2003).

Land surface models (LSMs) play a crucial role in the energy parti-
tioning in climate models (Berg et al., 2016; Irannejad et al., 2003;
Merrifield and Xie, 2016; Ukkola et al., 2018). Previous studies have
shown that one of the main sources of uncertainties in global land sur-
face modeling is the meteorological data used to drive LSMs (Jung et al.,
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Fig. 5. Projected ensemble mean (left), TOP-5 (middle) and LAST-5 (right) changes of PBLH (m) in summer during 2080-2099 under SSP1-2.6 (a-c), SSP2-4.5 (d-f),
SSP3-7.0 (g-i) and SSP5-8.5 (j-1), relative to 1995-2014. The black dots indicate where at least four-fifths of the models agree on the sign of change. The areas where
SNR > 1 are hatched.
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grid patterns.

2007; Shrestha et al., 2020; Wang et al., 2016), and the behavior of LSMs
is closely associated with the accuracy of meteorological variables. For
instance, Fan et al. (2020) found that the overestimation of SHFLX and
LHFLX on land in CMIP6 models was largely attributed to overestimates
of surface humidity and underestimates of near surface air temperature.
These biases of meteorological parameters (Fig. S8) may be attributed to
errors of CMIP6 model inputs, inappropriate model parameterizations
and land-atmosphere coupling (Dirmeyer et al., 2013; Hourdin et al.,
2017; Li et al., 2021; McNeall et al., 2016). In addition to the biases
resulting from meteorology, inaccuracy of land model physics and land
cover also contribute to the biases in LSMs (Li et al., 2018; Wartenburger
et al., 2018). Furthermore, the role of model resolution in improving the
performance of LSMs has been highlighted. Higher horizontal and ver-
tical resolutions have been found to better capture the spatial and
temporal variability of surface fluxes over complex terrain in tropical
regions (Zhou et al., 2020), and the distribution of SHFLX and LHFLX
can be substantially improved based on high-resolution (0.25°) Earth
system model simulations compared to CMIP5 (Gao et al., 2023). Given
the interactions between land and atmosphere in current CMIP6 LSM
models are not well represented, improvement of LSMs are vital to
obtain a well reproduced PBLH.

4. Conclusions

This study thoroughly investigates the capability of CMIP6 multi-
model ensemble in reproducing the historical PBLH, and identifies two
groups of models showing small and large discrepancies in PBLH sim-
ulations over China, respectively. We further determine a group of

models with better performance, and indicate that the ability in simu-
lating a few key meteorological variables may determine the perfor-
mance of PBLH. Then, we discuss the consistencies in future projections
of PBLH in China and the associated mechanism. In both summer and
winter, TOP-5 reasonably captures the spatial distributions of PBLH. The
results of TOP-5 show a clear dipole feature of future changes in PBLH in
both summer and winter. In summer, PBLH decreases in northern China
and increases in southern China, while in winter, the spatial dipole is
characterized by a stronger increase of PBLH in southern China and a
weaker increase in northern China. The change of PBLH is largely
modulated by changes in SHFLX and RH, indicating the vital role of
governance in the land-atmosphere interactions on PBLH.

The influence of PBLH on major air pollutants including ozone and
PM, 5 behaves differently. For instance, low PBLH favors the accumu-
lation of PMj 5, and the boundary layer-aerosol interactions may further
induce a shallower PBLH and exacerbate surface PM, 5 concentrations
(Ding et al., 2016; Petaja et al., 2016; Su et al., 2020; Wang et al., 2020).
In contrast, the effect of PBLH on near-surface ozone is distinctive. Deep
PBLH promotes photochemical reactions of ozone precursors, resulting
in increased ozone concentrations (He et al., 2017; Liu and Wang, 2020;
Ma et al., 2021). By the end of the 21st century, the findings of the
changes of PBLH in this study indicate that the future decrease of PBLH
in summer over northern China may favor a concomitant decrease of
ozone concentrations, while in southern China the aggravated effect
may be reinforced resulting from the increase of PBLH. In winter, PBLH
is projected to increase in a large degree over southern China, which is
conducive to the dispersion and decrease of PM; 5 concentrations. The
exact effects of PBLH on ozone and PM; 5 need further investigation in
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Fig. 7. The inter-model relationships between projected changes of PBLH (m)
and SHFLX (W/m?) in each model group in summer during 2080-2099 under
SSP1-2.6 (square), SSP2-4.5 (triangle), SSP3-7.0 (circle) and SSP5-8.5
(pentagram) over BTH (a), SWLY (b), YRD (c) and PRD (d), relative to
1995-2014. The correlation coefficients (R) are given at the top right of each
panel, with the asterisk on the top indicative of statistical significance (p <
0.05). The color-shaded patterns indicate projected changes of RH (%) in each
model group.

the future. Our analysis provides useful information and high confidence
of the future projections of PBLH, which is helpful to support future air
quality studies in China. Considering high-resolution earth system
model may exhibit an enhanced capability in simulating surface energy
such as sensible heat flux and latent heat flux, a higher-resolution model
development is one of the key directions in improving the simulations of
PBLH as well as air pollutants (Zhang et al., 2023).
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