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small. On the other hand, non-oxygenated compounds may partition to particle phase when
the value of MW is sufficiently large (MW > 300). These chemical species are expected to be

insoluble in water.

The idea has been experimentally validated by analyzing ambient filter samples collected in
Singapore. Following sample collection, the filters were extracted by water for obtaining WSOM
(A0). Highly polar fraction of AO was segregated using the 1-octnaol-water partitioning method.
The fraction was called as A1. Water-insoluble/methanol soluble fraction of OM (WISM-MS) was
also extracted. The extracted samples were measured using an atmospheric pressure chemical
ionization mass spectrometer (APCI-MS). Optical properties of extracted solutions were also

measured using the ultraviolet-visible (UV-Vis) spectrometry.

Figure 2 summarizes the APCI mass spectra for A0, A1, and WISM-MS. Most of ions
quantified for AQO resides in the range of m/z < 400, while that for WSIM-MS widely distributes for
200 < m/z < 800. The average value of m/z for A1 was smaller than that for AO, demonstrating
that highly polar fraction is rich in OM with smaller values of MW. The result is consistent with the
theoretical idea (Figure 1). UV-Vis data suggested that highly soluble fraction of OM is not likely
an important contributor for light absorption, while less polar species can absorb visible light.
Less polar species can have more complex chemical structure due to the predominant existence
of larger MW species. It is likely that MW, polarity, volatility, and optical properties of atmospheric

OM is interrelated.

Figure 1
Saturation vapor pressure (C*) of alkanes, mono- and di-carboxylic acids plotted as a function of
molecular weight (MW). The data points are color-coded by water-solubility.

(Y) MR

Figure 2
Normalized average APCI-MS mass spectra for (a) AO, (b) Al and (c) WIMS-OM. lons for series A,
B, and C are colored by red, blue, and green, respectively.

Reference

Liudongqing Yang, Sri Hapsari Budisulistiorini, Guorong Chen, Xianfeng Wang, and Mikinori
Kuwata (2021) The Relationship between Molecular Size and Polarity of Atmospheric Organic
Aerosol in Singapore and Its Implications for Volatility and Light Absorption Properties, ACS
Earth Space Chem., 5, 11, 3182-3196
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Record Arctic ozone loss in spring 2020 is likely caused by
North Pacific warm sea surface temperature anomalies
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Record ozone loss was
observed in the Arctic stratosphere
in spring 2020. The question is what
caused the formation of the extreme
Arctic ozone loss. Here, we show
observational and simulation results
that the extreme Arctic ozone loss
was likely caused by record-high
sea surface temperatures (SSTs)
in the North Pacific. It is found that
the record Arctic ozone loss was
associated with the extremely cold

and persistent stratospheric polar

vortex over February—April, and that the extremely
cold vortex was because of anomalously weak
planetary wave activity. Further analysis reveals that
the weak wave activity can be traced to anomalously
warm SSTs in the North Pacific. Both observations
and our simulations show that warm SST anomalies
in the North Pacific can cause weakening of
wavenumber-1 wave activity, colder Arctic vortex,
and lower Arctic ozone. These results suggest
that for the present-day level of ozone depleting
substances, severe Arctic ozone loss could form

again as long as dynamic conditions are satisfied.

(Y) MR

Figure: Distributions of SST anomalies in the North Pacific and associated SLP anomalies in January,
February, and March 2020. (a-c) SST anomalies with color interval of 0.2 °C, and (d-f) SLP anomalies
(color shading with color interval of 2.0 hPa). The contours in (d-f) denote the climatological mean SLP,
with the zonal-mean removed. White boxes indicate the area of warm SST anomalies in the area of 30 °N-
45 °N and 150 °E-130 °W.

Reference: Xia, Y., Y. Hu*, J. Zhang, F. Xie, and W. Tian, 2021: Record Arctic Ozone Loss
in Spring 2020 is Likely Caused by North Pacific Warm Sea Surface Temperature Anomalies.
Adv. Atmos. Sci., 38, 1723—1736, https://doi.org/10.1007/s00376-021-0359-9.
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Abstract

Aerosol liquid water content (ALWC) has significant effects on aerosol optical properties,
radiative forcing, and the development of severe pollution events. In this study, the vertical
distribution and temporal evolution of ALWC were determined through linear particle
depolarization measured by a High Spectral Resolution Lidar (HSRL) from December 9 to 12,
2020. Near surface ALWC data retrieved by HSRL were validated by measurements from a
three-wavelength humidified nephelometer. The ALWC datasets derived by two methods were
highly correlated (R = 0.94, N = 192), illustrating the feasibility of retrieving the ALWC by HSRL.
A positive correlation between the ALWC and the enhancement of aerosol scattering coefficient
F calculated by the scattering coefficient at 525 nm using dry and ambient states proves the
reliability of the ALWC obtained from HSRL. However, previous research has implied that
fine mode particles dominating the total aerosol loading are required to precisely retrieve the
ALWC, while the uncertainty of ALWC data will be large when the particle depolarization ratio
is larger than 0.07. When the particle depolarization ratio is less than 0.07, the ALWC derived
from HSRL has high precision. By analyzing the aerosol property measurements (e.g., PM2.5,
PM10, particle depolarization ratio, and scattering coefficient) near the surface, we found that
ALWC contributes greatly to the deterioration of visibility. The variability of optical parameters
in the vertical direction showed that ALWC significantly promotes the enhancement of aerosol
extinction coefficient. Moreover, high ALWC will significantly increase the scattering capacity of

aerosols, leading to an enhanced cooling effect of the climate system.
Highlights
Aerosol liquid water content (ALWC) was retrieved by high spectral resolution lidar.
Results of ALWC in the atmosphere calculated by two methods were highly correlated.
The ALWC promotes the enhancement of the extinction coefficient significantly.
ALWC plays an important role in the direct aerosol radiative effect.

Citation: Ren, J., W. Tan, X. Tian, Z. Wu, C. Li, J. Li, C. Zhao, D. Liu, L. Kang & T. Zhu,
2021. Retrieval of aerosol liquid water content from high spectral resolution lidar. Science of
The Total Environment, 149423, 10.1016/j.scitotenv.2021.149423. (https://doi.org/10.1016/
j.scitotenv.2021.149423)
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Clear—sky Direct Aerosol Radiative Forcing
Uncertainty Associated with Aerosol Optical Properties
and Vertical Distribution Based on CMIP6 models
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The change in net radiative flux at some levels of the atmosphere (typically at the top or
surface) by the direct scattering or absorption of anthropogenic aerosols is referred to as the
direct aerosol radiative forcing (DARF), which plays an important role in Earth’s energy budget.
While the uncertainty of DARF remains high in climate models. DARF critically depends aerosol
optical properties (primarily aerosol optical depth (AOD), single scattering albedo (SSA), and the
asymmetry factor (g)) and its vertical distribution (AVD). We investigate the inter-model spread
of DARF across 14 global models within the Coupled Model Intercomparison Project Phase
6 (CMIP6), using unified radiative transfer calculation (RRTM) and aerosol optical parameter
assumptions. The global mean DARF for clear sky in 2014 with respect to 1850 is estimated as
-0.77+0.52 wW/m’ assuming externally mixed state and -0.68+0.53 w/m’ for internally mixed
state. We further conduct a sensitivity analysis for AOD, SSA, g and a mass-normalization
process for AVD in order to isolate the contribution of each parameters. It is found that globally,
for the external mixing assumption, AOD is the dominant factor, whose inter-model spread
results in 36% of the total DARF uncertainty. For the internal mixing assumption, SSA becomes
the major factor which also leads to 36% DARF uncertainty. The g parameter and aerosol
vertical distribution combined contribute to ~30% of the DARF uncertainty. We also further find
that the vertical distribution of SSA results in larger DARF uncertainty (0.17 W/m®) than that of
AOD (0.10 w/m’ ). Our results highlight the importance of aerosol scattering and absorption

properties in DARF estimation.
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Figure 1: Annual mean multi-model DARF distribution under clear sky condition. Panels (a)-(c)
are the maps for externally mixed state. (a) is the direct radiative forcing. (b) is the standard deviation of
DARF among the models. (c) is the relative uncertainty calculated as standard deviation/mean. (d)-(f) are
the same as (2)-(c) but for internally mixed state.

Figure 2. Global mean of DARF uncertainty associated with each aerosol parameter.
The pie charts illustrate the relative contribution of each of the 4 parameters (AOD, SSA, g and AVD)
to the DARF uncertainty.
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Research Progress on Globalizing Air Pollution

7N
Jintai Lin
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FHMIET (BEAATR ) BERHMGEE, XEEZERRESERUREH R DT E AL M levied based on tax rates of each city where the consumer lives, with tax rates determined
(E2) o FIRER A —THGFH P EREFREME T KB, (Wang, Lin* et al., ERL, 2021 ) based on cities’ affluence levels and with tax revenues used to support emission control, inter-

city economic inequality could be reduced (Fig. 2). This study provides quantitative evidence to
improve the environmental tax and can serve as the knowledge base for coordinated inter-city

The Atmospheric Chemistry & Modeling (ACM) group led by Jintai Lin focuses on the policy. (Wang, Lin* et al., ERL, 2021)

studies of atmospheric chemistry, satellite remote sensing, and climate change, with a particular
passion for science questions regarding the grand problem of globalizing air pollution caused
by atmospheric transport, economic trade and their coupling. In this year, a total of 3 papers
with Jintai Lin as (co-)corresponding author, together with his 8 co-authored papers, have been
published. Selected works include:

1.Revealed inequality in historical transboundary anthropogenic PM, s health impacts.
Atmospheric transport of PM, 5 is an important transboundary threat to public health, yet little is
known on the extent of such transboundary health effect in the history. In this study, we explore
the global transboundary premature deaths over 1950-2014 due to atmospheric transport
of PM, 5 originating from four country groups differentiated by affluence (as pollution source
regions). We find about 26 million cumulative premature deaths caused by transboundary PM, 5

pollution. On a basis of per capita contribution to transboundary mortality, a richer region tends
1. A ERANON I X 1S AR5 FRPM,, 535 Y I il o S A0 T N B i 5238t () R R i

to exert severer cumulative health externality, with the poorest bearing the worst net externality i -
XA R AN 25 (&) o SRJE: Chen, Lin* et al., Science Bulletin, 2021,

after contrasting import and export of pollution mortality (Fig. 1). Thus effort to reduce PM, ;-
Figure 1. Historical transboundary PM, ;-related premature deaths caused by four income groups (left) and

embedded inter-regional health inequality (right). Source: Chen, Lin* et al., Science Bulletin, 2021.

related transboundary mortality should seek international collaborative strategies that account for
historical responsibility and inequality. This study is published in Science Bulletin, together with a

press release. (Chen, Lin* et al., Science Bulletin, 2021)

2.Revealed inter-city economic inequality associated with Environmental Protection
Tax Law. To mitigate environmental problems, China introduced at provincial level the
Environmental Protection Tax Law in 2018. Yet the resulting economic burden on households
in different regions with significantly different affluence levels remains little known. Built upon
our previous work on inter-provincial contrast (Wang et al., Science Bulletin, 2019), this study
quantifies the economic burden of urban households from taxation of fine particle pollution
(PM, ;) for 200 cities nationwide from a ‘consumer’ perspective, accounting for PM,; and
precursor emissions along the national supply chain. We find that the current taxation method
intensifies economic inequality between cities nationally and within each province, with some

of the richest cities having lower tax intensities than some of the poorest. If the tax could be
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Figure 2. Environmental tax intensities of 200 cities associated with PM, , related emissions embedded ImpaCt Of Saharan Greenlng on Cllmate and Ocean
in their urban household consumption under current levy mechanism (a); Tax intensity as a function of Circulation during Mid—HOl ocene

city urban household affluence under current levy mechanism (b); and cross-city correlation between tax

intensity and urban household affluence under alternative levy mechanisms (c). Source: Wang, Lin*, ERL,

2021.
Z, MERRN D E BRGNS InE o g2 o) IUFS
References: BBBEXMRE,
(* Corresponding Author; # Joint first author; Current Group Member) FAE ANCARBICESM 1.2 24 AR L 7 #05 +z
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Jingxu Wang, Jintai Lin *, Kuishuang Feng, Yu Liu, Xiaomiao Jiao, Ruijing Ni, Mingxi Du,
and Klaus Hubacek: Towards reducing inter-city economic inequality embedded in China’s
Environmental Protection Tax Law, Environmental Research Letters, doi:10.1088/1748-9326/
ac34bd, 2021

Chen, L.-L., Lin, J.-T. *, Martin, R., Du, M., Weng, H.-J., Kong, H., Ni, R.-J., Meng, J., Zhang, BT RS a R A PR S, MR ASEE L
Y.-H., Zhang, L., and van Donkelaar, A.: Inequality in historical transboundary anthropogenic F, HEEES, LR DNIEESRE, AEE
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during the Mid-Holocene (~6 thousand years ago) than today, and vegetation was widespread
and dust emission was diminished. This change will be called Saharan greening in what follows
for the sake of simplicity. The reconstructed global mean surface temperature during this time
period was approximately 0.5 °C higher than that during the pre-industrial, in contrast to the
simulated results by most climate models. This model-data discrepancy may be alleviated if the

greening of Sahara is considered in models.

We studied the influence of Saharan greening on the climate of Mid-Holocene by using
the model CESM1.2.2. The results show that dust reduction weakens the North African
summer monsoon, and more water vapor is transported to the western North Atlantic, reducing
the salinity of the local seawater. This salinity anomaly is then transported northward by the
ocean current to the deepwater formation region of the North Atlantic, weakening the Atlantic
meridional ocean circulation (AMOC). The weakening of North African summer monsoon
is due to the weakened absorption of sunlight in the atmosphere when dust is removed,
which induces a downwelling anomaly of the atmosphere and a divergence of near surface
air flow. On the contrary, the increase in vegetation cover reduces surface albedo and thus
surface temperature, which induces upwelling and convergence of air flow. This air flow brings RI1 B b A A RO 80 A B 25 KA AMOCEE BRI L 1 2 B ) Y0 2R /b R 8AMOC
water vapor from the tropical Atlantic Ocean to the continent and enhances African summer WRES: b) RIS EAMOCHE B . — 3% R AR AT (425 S S R 1 28 S AL

monsoon. Consequently, vegetation expansion has an opposite effect on the AMOC to dust . . . . . . . .
9 y, veg P PP Figure 1 lllustration of mechanisms for how increase in vegetation and reduction in dust emission over

reduction (Figure 1). When both vegetation expansion and dust reduction are considered, the North Africa and Arabian Peninsula affect the North African summer monsoon and the strength of AMOC.
effect is similar to when vegetation expansion alone is considered. The strengthening of AMOC a) reduction of dust weakens AMOC; b) increase in vegetation strengthens AMOC. When both dust and
increases the northward oceanic heat transport and melts the Arctic sea ice. The Northern vegetation change, AMOC will also be strengthened.

Hemisphere then warms up, and the global mean surface temperature can increase by as
much as 0.4 °C. Therefore, considering the effect of Saharan greening in models helps reduce

the model-data discrepancy.

Zhang, M., Y. Liu#, J. Zhang, and Q. Wen (2021), AMOC and climate response to
dust reduction and greening of Sahara during the Mid-Holocene, J Clim, doi: 10.1175/
JCLI-D-20-0628.1
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Fig.1 Spatial distribution of tornado occurrences (including tropical cyclone tornadoes) in contiguous China
(@) and United States (b) from 2007 to 2016. The boxes denote the four high-incidence areas of tornadoes.

K2 (a) PEENUMEXB RGN H » . (b) PIARFE X I PISHRE (824%) FIMLCAPE (KR £8) (1)
HAAL
Fig.2 (a) Monthly distributions of all tornadoes from 2007 to 2016 in the four target regions (shown by
the left axis), contiguous China (CHN; shown by the left axis) and the United States (USA; shown by the
right axis). (b) Monthly variations in SHR6 (solid line; shown by the left axis) and MLCAPE (dashed line;
shown by the right axis) in UC, USE1, USE2 and JS.

K3 PIAMRER XIS B RGBT E M2 e EFFREH () LA HERE R REMZ G H
e 548 H (b) .
Fig. 3 (a) Numbers of multiple (red) and single (blue) non-TC tornado events in the four target regions

during their respective tornado seasons (UC, April to June; USE1, March to May; USE2, March to May;
JS, June to August). (b) As in (a), but for the numbers of tornado reports.

Reference: Zhou R., Z. Meng, L. Bai, 2022: Differences in Tornado Activities and
Key Tornadic Environments between China and the United States, International Journal of
Climatology, 42(1), 367—384, https://doi.org/10.1002/joc.7248
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concentration distribution. In the absence of large changes in pollution sources, turbulence

as the main movement in the boundary layer plays a dominant role in the PM, 5 concentration

distribution. Y T > P = » = 28~
T T U A R 22 ST s ey BRI sl s v
Based on the characteristics of long quiescent periods of the intermittent turbulence N o N
| | . o | Synergies and trade—offs for air quality and carbon

process, we propose the barrier effect: turbulence may disappear at certain heights during

periods of heavy pollution, forming a laminar flow as if there is a barrier layer hindering the emission in clean heatlng Opthl'lS

transmission of turbulence up and down (as shown in the figure 1 below). the turbulence barrier

effect which reveals the principle of the rapid increase in ground PM, ; concentration observed

(as shown in the figure 2 below), and finds the possible reason that the boundary layer height

does not match the PM, 5 concentration in previous studies. "
AE o

This work explains the physical mechanism responsible for the accumulation of pollutants . . N
KRIRAAELEMITMARZEFREETRR, &

ST Wi BT RNRIE BB SR
wE&E.  CHEERT O R "HRS R
"R, a2 AEBR2015FHEILEFER I

in heavy pollution events and the influence of turbulent diffusion conditions on the distribution of

the PM, s concentration.

BT i i R A5 280 5 A0 AR A L4 AT AL R R A BEHREESE FTNPM, 2SR EMN KA TIE
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igure 1. Schematic of how the turbulence barrier =05 "
2 K1) o 201 W L5
effect hinders transport and is helpful for the ; ﬂ’?ﬁ%‘i%# (& E2015F BRI
accumulation of PM, , in the surface layer. The i MEAPT B 51%?7(9’]19{%}% SRR
first row shows the situation of relatively low Lin Zyr:ang "RERT Rz, AT “HER" &K ﬂFﬁ)‘(i‘ﬂU,
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Figure 2 The schematic of how turbulence BERER AT HEENIREZ, AT E - " . o ks
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Recognizing the large impact of the residential sector on air quality and human health, in
2017 the Chinese government promulgated the Clean Winter Heating Plan in northern China
(Clean Heating Plan). China has also committed to achieve the CO, emission peak by 2030 and
carbon neutrality by 2060. It is thus important to reduce carbon emissions during the energy
transition from coal to non-fossil energy as for clean heating. However, it is unclear whether the
different clean heating options, such as clean coal briquettes, natural gas, and electricity, would

have co-benefits for air quality improvement and carbon emission reduction.

Prof. Lin Zhang’s group, collaborating with Princeton University and other institutes,
analyzed four non-district heating options: clean coal with improved stoves (CCIS), natural
gas heaters (NGH), electric resistance heaters (RH), and air-source heat pumps (AAHP) by
assuming all 2015 residential solid fuel heating in northern China switches to one of these
heating options, and quantified the impacts on PM, 5 air quality and carbon emissions. The
results show that although air-quality and health benefits are similar across heating options,
their impacts on carbon emissions and household heating costs vary greatly. Under the 2015
power grid, NGH has the largest health-climate co-benefits, followed by AAHP, while RH would
led to an increase in carbon emissions, i.e., health-climate trade-offs. As air pollutant emission
intensities of remaining coal-fired power plants decrease and the power grid decarbonizes, both
PM, s and carbon emissions from electricity will decrease. Under the projected 2030 power grid,
AAHP would led to the largest health-climate co-benefits. This study was published on Nature

Sustainability.

In 2021, Zhang’s group has also made important progress on understanding the
environmental effects of reactive nitrogen emissions. First, collaborating with Zhejiang University,
Zhang’s group proposed a metric of nitrogen-share (N-share) to represent the contributions of

reactive nitrogen emissions on global PM, 5 air pollution and resulting health effects. The results

showed that global mean PM, s N-shares increased from 30% in 1990 to 39% in 2013. N-shares
of NH3 emissions are higher than N-shares of NOx emissions in most countries and regions.
As NOx emissions have been under controlled in many countries and regions, while NH,
emissions have not been effectively controlled, abating NH; becomes more cost-effective than
NO, for mitigating global PM, 5 air pollution. Second, analyses of surface ozone air pollution over
North China has identified an underappreciated role of agricultural soil NO, emissions. Zhang’s
group found that the presence of soil NO, emissions in North China significantly reduced the
sensitivity of ozone to anthropogenic emissions from fuel combustion, further challenging the
ozone pollution regulation in the region. The two studies were published on Science and Nature

Communications, respectively.

B 3R b 7 3 DX AS [ 375 7ok U 5 A5 S AR 20 1 4R Uk 15 100 FRIPM,, Sf BE RN, (N A 4
W e (BESRhD WPREIRUN, (synergies) BUALETRLN. (trade—offs) o KIHE FEH)TE L
BR A SR T B R HEUA T (CCIS_low)  ETEBEr-—mHEER A 1 (CCIS_high) RSP
(NGH)  FEBE#3-2015M 7458 (RH_2015) . HIBE#F-2030F /7458 (RH_2030) . #4FE-2015F /)45

¥y (AAHP 2015) . #AZE-2030F8 /74549 (AAHP 2030) LLAIGE-JEL A REIE &K HL (NFE)

Figure 1. Synergies and trade-offs for PM, ; health effects and carbon emissions in each clean heating
scenario relative to the 2015 base case across northern China.
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precipitation radar, here, for the first time, we explore global differences in the five distinct
environmental types producing these storms (Figurel). Two are found over tropical plains
and hills with high convective instability, high-moderate moisture, and low vertical wind shear
(VWS) (Figure 2). The third type are supercell environments characterized by strong VWS, with
moderate instability and moisture, commonly occurring over mid-latitude plains. Higher latitude
plains and elevated terrain reflect the final two, with moderate VWS and low melting height,
instability, and moisture. The variety of hailstorm environment types illustrates distinctions
in the associated convective mode, sounding schematic and embryo type, highlighting that
multiple environment types pose challenges for modeling present frequency and anticipating the

response of hail to climate change.

7% 3k -

Zhou, Z., Zhang, Q., Allen, J. T., Ni, X., & Ng, C.-P. (2021). How many types of severe
hailstorm environments are there globally? Geophysical Research Letters, 48, €2021GL095485.
https://doi.org/10.1029/2021GL095485
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