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The Inner Mongolian Farmland
that Makes Thunderstorms

HORE FROM CBSERVATIONS.

Y IR ARE
“Humans aren’ t just altering the climate: our biggest projects can also change the weather. Bayannur’ s Hetao

Irrigation District is a perfect illustration of how what goes on at ground-level affects the weather. This sharp desert-oasis

contrast is what makes the irrigation district a weather generator.
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Development of an online method for detecting pH
of suspending sub-micrometer particles

pH is one of the most fundamental parameters for aqueous phases in atmosphere, including
aerosol particles, fog, and cloud droplets. In the case of aerosol particles, the roles of pH on aqueous
phase chemistry and human health have long been recognized. So far, pH of sub- micrometer
particles, which dominate particle population in urban atmosphere, has only been estimated by
thermodynamic models due to the absence of experimental techniques for directly quantifying

it. These thermodynamic models were developed for estimating gas-particle partitioning of
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atmospherically important chemical species, rather than for estimating pH. As a result, there have
been discrepancies among pH predictions by thermodynamic models. An experimental technique
for directly sensing pH is needed for testing the capabilities and limitations of the existing models.
For resolving the issue, we invented a new method for measuring pH of suspending sub-
micrometer particles using fluorescent pH probes. Figure 1 shows the experimental setup. A picture
of the instrument is available in Figure 2. Briefly, particles containing fluorescent pH probes were
injected to the aerosol fluorescence cell (AFC). Fluorescein and Oregon Green 488 were employed
as pH probes. Fluorescein covers the pH range of 5~7, while Oregon Green 488 is sensitive for the
range of pH 2~5. As a result, the combination of the two fluorescent probes allow quantifying pH for
the range of pH 2~7. Particles in the AFC were irradiated by two wavelengths of lasers alternatively.
The wavelengths of lasers were selected as 450 and 488 nm, facilitating ratiometric analysis of pH
by the selected probes. The fluorescence signals were monitored using the photomultiplier tube
(PMT) through the bandpass filters. Calibration of the AFC was conducted by inserting a cuvette

containing pH buffer solution with fluorescent pH probes.
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Constraining the Warming Effect of High-altitude
Water Ice Clouds on Early Mars in a 3D Moist
General Circulation Model with a Simplified Cloud
Microphysical Scheme

Geologic evidence suggests >102-yr-long lake-forming climates persisted on Mars 3-4 Ga.
These early warm climates cannot be explained by the greenhouse effect of CO2 and water vapor
alone. Recently, a warming mechanism for early Mars based on high-altitude water ice clouds was
proposed, for situations where the surface water inventory is limited and far away from tropical
regions. However, microphysical representations of clouds and precipitation remain one of the
main uncertain factors for climate modeling of terrestrial planets, including present-day Earth.
Here we use a three-dimensional moist general circulation model (3D moist GCM) with a simplified
cloud microphysical scheme to constrain the potential warming effect of high-altitude water
ice clouds in a physical parameter space. In our GCM, the cloud sink term is characterized by a
constant timescale that can be interpreted as the conversion timescale from clouds to precipitation.
Two distinct climate regimes emerge as the conversion timescale of cloud particles is varied in the
GCM simulations, separated by the time scale of ~10 days when the global climate dramatically
jumps from a cold state to a warm state. We show that this dramatic climate transition results
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from a strong positive feedback loop among surface evaporation, cloud mass, and the atmospheric
greenhouse effect, and develop a toy model with such positive feedback to reproduce the GCM
simulations. The behavior of dramatic climate transition is robust as we vary the surface ice
distribution, surface CO2 pressure, and the obliquity of the planet in the GCM simulations. Our
findings suggest that theoretical or experimental studies on cloud microphysics (e.g., cloud radii,
conversion timescales) in ancient Mars' atmospheric conditions are crucial for quantifying the

warming effect of high-level water ice clouds.
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Left panel: Global annual mean surface temperature as a function of the lifetime of cloud particles tc in SP (black solid) and
EQ (red dashed) simulations with standard parameters. Right panels: Surface water ice distributions in the SP and EQ simulations.

Brown shading represents land.
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Emergence of the modern global monsoon from the
Pangaea megamonsoon set by palaeogeography

Geologic evidence and palaeoclimate simulations have indicated the existence of an extensive,
interconnected megamonsoon system over the Pangaea supercontinent. However, the ways in
which subsequent continental break-up about 180 million years ago and reassembly in the Cenozoic,
as well as large global climatic fluctuations, influenced the transition to the modern global monsoon
system are uncertain. Here we use a large set of simulations of global climate every 10 million
years over the past 250 million years to show that the monsoon system evolved in three stages due
to changes in palaeogeography: a spatially extensive land monsoon with weak precipitation in the
Triassic period (>170Ma), a smaller land monsoon with intense precipitation in the Cretaceous
period (170-70Ma) and a return to a broader, weaker monsoon in the Cenozoic era (<70 Ma). It is
found that global-mean temperature variations have little impact on global land-monsoon area and
intensity over tectonic timescales. Applying an analysis of atmospheric energetics, we show that
these variations of the global land monsoon are governed by continental area, latitudinal location

and fragmentation.

Yongyun Hu* Xiang Li, William R. Boos, Jiaqi Guo, Jiawenjing Lan, Qifan Lin, Jing Han,
Jian Zhang, Xiujuan Bao, Shuai Yuan, Qiang Wei, Yonggang Liu, Jun Yang, Ji Nie, and Zhengtang
Guo* 2023: Emergence of the modern global monsoon from the Pangea Megamonsoon set by

paleogeography. Nature Geoscience, https://www.nature.com/articles/s41561-023-01288-y.
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ZIF5E LA “Increased aerosol scattering contributes to the recent monsoon rainfall decrease over
the Gangetic Plain” N&RTE 2023 4 8 A Science Bulletin _E,

S Lk
Ying, T., Li, J.*, Jiang, Z., Liu, G., Zhang, Z., Zhang, L., Dong, Y. and Zhao, C.*, 2023: Increased aerosol scattering
contributes to the recent monsoon rainfall decrease over the Gangetic Plain. Science Bulletin, 68(21), 2629-2638. https://

doi.org/10.1016/j.scib.2023.08.052.
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MEZRIFH ACM WFFEH T EH SR 5 AR IR AN ORI -, A 3Rk
KRAFGRZERFERBANER, MNFERE, TR R R TT AT,
REFEUF EHEREEEIEE LR SCLIEX 8, HERSIFIL 10 /M. EEK
RUTR:

1. B EWR T 2R s A IR A dE g, \rRER A s
QN A RHERUR AR, HRAEK, WA R RS B FHR R T TR BRI
B SR B DU R SR R, RS, IRREE Y
15 FIR FERNHETBCOS 70 PRI S R AR ANAILAL, IR 55 06 R A S B 77 TR A it 2
o AEEAEXH N IIBIFEERE  RIBEFIAN, 1B A NS REKA
19 B AR5 NOx HERUR />, FF HAEIA 23U S AR AUB SR AR TR, iR
BT B EHF &) POMINO-TROPOMI T2 — S A EHEF PHLET HER S IH I,
B OCRILT e I A SR B ARTR NOx HEi.  FmiZEHY 135 MEEHERE &
HRBGRTAEY, A m AR R TR E R R (B 1D o XK
E!. 5E R SRR A ST E R R AR, RIARTREAE AL A I AR RIH RS L,
B & R F Nature Geoscience, Ff#% Nature # 1% = mifF5t. LA, HR
HET RERE A F ZARIE & 15 SRR ER R P TR @ BRIEE GEMS, 2o B & # POMINO Hik,
& POMINO-GEMS H EIZE/ NS AR S A EEFRERIESE (81D . &A18 F&IHTHET GEMS,
TROPOMI ##a#1 GEOS-CF BAIR & 5RE, HRARG T 2020 4F 12 A DORA) S EEHE, XEEd=/m
AN TR BRI ZS A G M H I m22/)N, B SRR 424 MAX-DOAS YLK MEE Stk 5 WLl 75
HWNZAL 77 T 20 RPN —8E, POMINO-GEMS R C MR A% A H. (Kong, Lin* et al., Nature
Geoscience, 2023; Zhang, Lin* et al., AMT, 2023)

2. BREERMGRE R NREERIENE ST RN PM2.5 IREIE, 7K IS0 TRE 2 2RR
Tk, MERRKAEIER. 51580 R E W RE R s DAY RERA R ST5 G S =2 M A S R, H1F PM2.5 1E
KA RIA an JEERRE,  —RIA BN N HEGE IS K o S E i st PM2.5 15 SAmig s s i b,
SR, FERZEUWHIFATERL, Nitt, WFFHE RS T BN TS R 95 5 fieon T E T i PM2.5 &
BMAFHS TR, &I 2015 FRFEREJLRAER X RS H 8% Y PM2.5 (5 pug m-3) FIHAH 19% HIfH
MRER AN ONHERAIE AL, JF FLISAMaIRRI TSI 1 A E N T, HIERRE, BAN5EYeT DOEE K<
B RE S NHE TS A e B 2R RN, B PR ] 2R S X R R AR R BR pe R 0 2R K, AT I
EBEA PM2.5 {53, RN G ERANG RN FREL SRR IR 70% (A% 30% Jy EHEHIRFENN) o FHOCRCRALAE
N ORI ZFRT Atmospheric Chemistry and Physics, fEHER b, FRATE BIEAE T IRING Febiig
X R E AR 22 ST R H AR RENA, R I RO At ] 5 S [RGB ARk B 422 AT /D R [ 2K 52 5 15 75 4 63%
2] 38.6 AT, e TEERIGRA AR RE TG RIGHE BRI EEE (B 2) . 1A, o
FTHRALRERTTE, RR TP EBET RSB 25 R, 20T W ER TR RN E R E R,
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[FJHZH PR AR R & ) PM2.5 15 S S LN, AN T S BO AR P4 M IRR T 5 HeE H R LI K
HIRATIRON RERETE. JE RSN AYHER. 23305 R B AGHE AN, 8 7 GEN N JE R
BRI THEBAR 2 PM2.5 15 3 BERiUN B IX A A MR G R 2R (B 2) » (Xu, Lin* et al., ACP, 2023a,b;
Wang, Lin* et al., Science Bulletin, in press; Li, Lin* et al., STE, 2023)

Research Progress on Globalizing Air Pollution

The Atmospheric Chemistry & Modeling (ACM) group led by Jintai Lin focuses on assessing
the sources of air pollution and greenhouse gases from microscopic and macroscopic views, with
its research areas covering atmospheric chemistry, satellite remote sensing and climate change.
A particular passion of ACM is establishing a multi-disciplinary framework to address the grand
problem of globalizing air pollution caused by atmospheric transport, economic trade and their
synergistic effects. In this year, a total of 8 papers with Jintai Lin as first and/or corresponding
author, together with his 10 co-authored papers, have been published. Selected works include:

1. Developed retrieval algorithms and data products for tropospheric NO2 columns and NOx
emissions at high resolutions based on satellite remote sensing, and uncovered previously unknown
emission sources. For more than a decade, the ACM group has been devoted to the retrieval
of tropospheric NO2 vertical column densities (VCDs) and subsequent NOx emissions at high
resolutions based on satellite remote sensing. In this year, based on our POMINO-TROPOMI NO2
VCD data and PHLET inversion algorithm for NOx emissions, we discovered previously unknown
high NOx emissions from natural lakes away from human activities on the Tibetan Plateau (Fig. 1).
Our finding challenges the conventional wisdom suggesting insignificant emissions from natural
inland waters. The total emissions from the 135 selected large lakes are comparable to those from
individual megacities, with the average per-unit-area emission intensity surpassing that of cropland
average in China. These emissions are influenced by climate warming and ecological changes,
suggesting previously unknown feedback mechanisms. The finding was published in Nature
Geoscience and marked as Research Highlight by Nature. (Kong, Lin* et al., Nature Geoscience,
2023)

Additionally, we modified and applied our POMINO NO2 algorithm to GEMS, the first
geostationary satellite instrument to detect tropospheric NO2 and other gaseous pollutants.
Through a fusion algorithm combining GEMS, TROPOMI, and the GEOS-CF data, we developed
the POMINO-GEMS algorithm and data product for daytime hourly tropospheric NO2 VCDs since
December 2020 (Fig. 1). POMINO-GEMS NO2 data are consistent with those from sun-synchronous
satellite instruments, ground-based and vehicle-mounted MAX-DOAS observations, as well as MEE
ground-based concentration measurements. POMINO-GEMS data are freely available. (Zhang, Lin*
et al., AMT, 2023)
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2. Revealed the impacts of atmospheric transport and socioeconomic changes on PM2.5
pollution. For years, the ACM group has been leading the studies of globalizing air pollution and
its impacts on air quality, human health and climate through interdisciplinary methods. Several
important results were found this year, as follows.

Given the short lifetime of PM2.5, the transboundary impact of foreign anthropogenic
emissions on China’ s air quality through atmospheric transport has typically been simplified or
neglected. However, we found that 8% of near-surface PM2.5 (5 pg m-3) and 19% of nitrate over
North China and East China in 2015 were caused by foreign anthropogenic emissions. This is
because foreign transported pollution interacts chemically with China’ s locally emitted pollutants
to cause stronger formation of ammonium nitrate. Such a chemical mechanism accounts for
about 70% of the overall influence of foreign anthropogenic emissions on PM2.5 over North China
and East China. The associated article was published in Atmospheric Chemistry and Physics as
Highlight Paper. Based on this result, we further quantified the impacts of foreign pollution on
China's future air quality and health improvements. We found that adopting the low-carbon instead
of the fossil-fuel-intensive pathway in both China and foreign countries would reduce 63% of
transboundary pollution and prevent approximately 386,000 associated premature deaths in China.
This finding underscores the importance of transboundary pollution for establishing future air
quality expectations and pollution mitigation strategies (Fig. 2). (Xu, Lin* et al., ACP, 2023a,b)

Based on an interdisciplinary approach, we further assessed the health impacts of PM2.5
exposure along with China's urbanization process. We explored the PM2.5 pollution contributed
directly or indirectly by urban and rural household consumption activities, and revealed the
underlying urban-rural inequalities to be avoided/alleviated during the nation’ s further
urbanization process. Finally, we investigated the long-term effects of COVID-like pandemics on
ambient PM2.5 and resulting premature mortality worldwide, by comprehensively considering
the changes in transportation, economic production and household energy use. We found that
changes in household income play an important role in inter-regional health inequality associated
with pandemic-caused PM2.5 pollution change, through altering household fuel types in less
developed regions (Fig. 2). Together, these studies offer valuable insight into human impacts on the
environment and resulting influence on public health. (Wang, Lin* et al., Science Bulletin, in press;

Li, Lin* et al., STE, 2023)
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Figure 1. Retrieved NOx emissions in JJA 2019 from 135 Tibetan Plateau lakes based on our PHLET emission inversion

algorithm and POMINO-TROPOMI NO2 VCD data (upper left); NOx emission totals and per-unit-area emission intensities from the

top 10 emitting lakes (lower left); Flow chart of the POMINO-GEMS retrieval algorithm (upper right); POMINO-GEMS NO2 VCDs

around 03:00 UTC in JJA 2021 and comparison with ground-based MAX-DOAS observations (lower right). Source: Kong, Lin* et al.,

Nature Geoscience, 2023; Zhang, Lin* et al., AMT, 2023.

2
£

Z
#

| 570
B S5P245
|- SEP110

0% |

Percent of cities achiaving
AQ goals in China

Z
#

Gross domestic product change

W B S B - 3 %
@
e = E" : 2
ot . 'Q-m. :
: ahd' O E
- Al = -1 B
- i E
=T m
() wahout residennad changes —7h -g
i wah reiential changed E

_'n.

‘Wha poliute Who suffer

= [

E E ¥ ¢

B

Promature deaths {10000 cases)

@ f
| Rural

- r aan

F- =

LN &

0 e

"

a b e —

w/Urban indirect alirban direct
®Rural indirect  sRural direct
* Oher consumption®*Matural sounces

77



- MEFRASSEEHER
o 2023 FEFR

2.2015 F2FIRINSRYVBIRIMEN KE PM2.5 BSMHEEBRENTER (£L) ; REFAFABKRBEZETHERI=SREBR
BEm &t (AF) ; XHEKAR TR FTEERMXFMERNEFMSRBEIL (BL) ; 2015 FEFH 2 ERNEZEMN a5
THERFRSIER PM2.5 MRS RIRTHENEFAZHNEEZMHNILE (FF) o 3R : Xu, Lin* et al., ACP, 2023a, b; Wang, Lin*, et al,,
Science Bulletin, in press; Li, Lin* et al., STE, 2023,

Figure 2. Annual mean contributions of foreign anthropogenic emissions to China’ s total and compositional PM2.5
concentrations in 2015 (upper left); Percent of cities achieving future air quality goals in China under current-policy and carbon-
neutral scenarios (lower left); PM2.5-related premature deaths in China in 2015 caused by urban and rural household consumption
and exerting upon these households (upper right); Contrast between economic and pollution changes caused by a COVID-19 like
long-term pandemic (lower right). Source: Xu, Lin* et al., ACP, 2023a,b; Wang, Lin*, et al., Science Bulletin, in press; Li, Lin* et al.,
STE, 2023.
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Convection Initiation Associated with a Boundary
Layer Convergence Line over a Real-World Sharp
Vegetation-Contrast Area

Forecasting convection initiation (CI) has long posed a challenge over the world, with mesoscale
boundary layer convergence lines (boundaries) constituting one of the key mechanisms. These
boundaries denote narrow zones characterized by low-level convergence, often stemming from
thermal disparities induced by surface heterogeneity, such as transition zone between desert and
oasis marked by uneven vegetation distribution. However, research on the physical mechanisms
of boundaries and their associated CIs in real-world scenarios, particularly those influenced by
vegetation discrepancies, remains considerably limited.

Our previous work (Huang et al. 2019; Huang et al. 2022) revealed the general features of
boundaries and their related convections, as well as synoptic impacts on boundaries and related
convection along the bend of the Yellow River in Inner Mongolia, China, where a sharp contrast in
vegetation exists (mainly between irrigated and desert areas, denoted as HID henceforth). About
60 boundaries form each summer along the desert-oasis border within HID, with 44% of them
triggering convection. Particularly. the Kubugi Desert south of the oasis emerges as a hotspot for
convective precipitation related to these boundaries.

By examining daily atmospheric circulations across five summers (2012-2016) within HID, we
classified five distinct synoptic patterns using the objective classification method (T-PCA), with
T1 emerging as the most prevalent pattern, characterized by a dominant high-pressure ridge
over HID. This pattern notably fostered the genesis of boundaries and associated CIs. Selecting a
representative case on 4 June 2013, from the T1 pattern, wherein a boundary triggered a series of
convections over the Kubuqi Desert, we investigated the physical mechanisms of boundaries and
related CIs within a real-world, non-uniform vegetation setting.

Through high-resolution numerical simulations using the Weather and Forecasting (WRF)
model, this study effectively reproduced the boundary and associated CIs, close aligning with
observations. The mesoscale thermal circulation, propelled by the surface temperature contrast
between the oasis and the southern Kubuqi Desert, converged with the lower-level prevailing
southerly wind, giving rise to a southwest-northeast-oriented boundary over the Kubuqi Desert.
The amplifying temperature contrast between the oasis and desert, coupled with the encroaching
middle-level westerly trough, synergistically bolstered the boundary. The simulated thermal
circulation between the oasis and the Kubuqi Desert exhibited a width of approximately 50 km and
a depth of around 2.4 km.
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Based on backward trajectory analyses for air parcels triggered by the boundary, we observed
discrepancies in parcel origins for CIs within a real non-uniform vegetation environment compared
to previous idealized simulations. Influenced by the intricate background flow in the real world,
the boundary lifted parcels from varied sources over different periods. Parcels originating from the
low-level southern desert veered, aligning almost parallel to the boundary, resulting in prolonged
lifting durations, whereas parcels from the western oasis experienced shorter lifting times and
minimal vertical displacement. Consequently, middle-level parcels from the western oasis and low-
level parcels from the southern desert attained their level of free convection first, different from
the trajectory observed in previous ideal simulation involving low-level parcels originating from the
wetter area.

The conclusions outlined above primarily rely on high-resolution numerical simulations.
Significant advancements in understanding the formation mechanisms of boundaries and
their impact on CI within the HID are anticipated with the implementation of the DEsert-oasis
COnvergence line and Deep convection Experiment (DECODE) during the summer of 2022 (https://
mp.weixin.qq.com/s/GSXz_SB7DeK_u6LXJbq80A), which was led by our research group and in
collaboration with eight domestic universities and operational meteorology agencies. By leveraging
comprehensive observational data collected during this experiment, including measurements of
atmospheric parameters, boundary characteristics, and convective processes, we expect to gain
deeper insights into the complexities of boundary formation and its implications for CI within HID,
ultimately leading to advancements in our ability to forecast CI events and improve early warning
systems for severe weather events in this region and downstream areas.
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Figure 1. Schematic diagram illustrating the CI mechanism associated with the boundary in the T1 synoptic pattern. It
includes representations of albedo (shading), topography (surface height), the boundary layer convergence line (red line), winds
at 600 hPa (red arrow), 700 hPa (blue arrow), 850 hPa (black arrow), and sources of parcels from the CI region and mesoscale
thermal circulation (empty arrows). The gray transparent surface denotes the vertical cross section along the boundary. Region

names are highlighted in yellow.
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p xR, 2) BEIRIEHFEREEIE (1) o KPHEHRE N TER D BRI A AR 3 2 ph i e -

%% G SRR 225 AR R AR A A G AR AN o Bl ) S IR K TPy, 4 —1

PERFHUEI RN, SAERBHER D, A BRIRBCRBHE R M s, MR

P TR TG W R 1 5 RIEIRIR ARG 2R RS 7 (RN L BROR G PRI B UTAE G« Hp s B FF el 6 T TR AR R BR

ZBRAG RN RS, TERGBIRERTEINGR, RRERIRE S — DR, BRI M A FRFIES R
EFREER LTS, ENZETBERENRTRERIX, BIRET ITCZ EMSgE (K1),

NGE B T AR S PTG AR, AT T — D BRARARRY ¢ MR i o A1 A ABL ) A i
AT R R SRR AT R P ERIVEHR 22 5 ARAETNBR A 25 g PR AN 220K [0 5 HH B8 7R B TR R
ik, 1XFE, MRHEIEE 5.4 {ZERIFRRE AR, TGRS AR D EEREE S AN AR, R
ik, MORARERIXR, DRSS SRS A ATTAT DURRAE 1 i 7 477 SR PR AR R A BRI - RN S,
XS HBTN AR IR IEN (R 82 5 iR B B 2 R — DB ERE A R AR

ITCZ M EX XK, FX, BEXNERERTRGEEELLMN, RN URBRTT, AT BREF
M EEREBE =T ITCZ L BIRM, AN, WFREERIEIETR TRPUEEI KSR R ) — D E R,

WESCBA R P 5% a8 3 2 4 S A g v BV A S BUAT A IERS” (Continental drift shifts tropical
rainfall by altering radiation and ocean heat transport) &&R7E (EF#£E#EE) (Science Advances) ., &
R NI RSB EHOR R S BRI AR L e, ZSNIHIK = N FEIRES,

P EBUN

Jing Han, Ji Nie*, Yongyun Hu* William R. Boos, Yonggang Liu, Jun Yang, Shuai Yuan, Xiang
Li, Jiaqi Guo, Jiawenjing Lan, Qifan Lin, Xiujuan Bao, Mengyu Wei, Zhibo Li, Kai Man, and Zihan
Yin, 2023: Continental drift shifts tropical rainfall by altering radiation and ocean heat transport,
Science Advances, 9, http://doi.org/10.1126/sciadv.adf7209
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P1: wind-driven

P2: land-ocean
albedo contrast

Age (Ma)

B Regression of $rrcz vS. Fagy, in 55 simulations

Fuam (PW)
1:(A)5.41ZERITCZ ENTT, BZMEIRKRIE ITCZ NSE: SETHNEKEOSE (BRL) ,MKIEENSE (BREL) ,
FIKEIFRRNRWTRE (BRL) o (B) SHEEER ITCZ SEMBFRERTABRIE (F_atm) SEMEX. (C) KRR ITCZ EHEHH
~EE (5.4 ZERitRENEAM) @ BRXNS (BB RopM¥EEHAR FYISEER) MAEKRR (FRSPRHRR S
REFEK) , Mt - EERERWE (EEFATER) .

Continental drift shifts tropical rainfall by altering
radiation and ocean heat transport

Shifts in the position of the intertropical convergence zone (ITCZ) have great importance for
weather, climate, and society. The ITCZ shifts have been extensively studied in current and future
warmer climate; however, little is known for its migration in the past on geological time scales.
Using an ensemble of climate simulations over the past 540 million years, we show that ITCZ
migrations are controlled primarily by continental configuration through two competing pathways:
hemispheric radiation asymmetry and cross-equatorial ocean heat transport. The hemispheric
asymmetry of absorbed solar radiation is produced mainly by land-ocean albedo contrast, which
can be predicted using only the landmass distribution. The cross-equatorial ocean heat transport
is strongly associated with the hemispheric asymmetry of surface wind stress, which is, in turn,
controlled by the hemispheric asymmetry of ocean surface area. These results allow the influence
of continental evolution on global ocean-atmosphere circulations to be understood through simple

mechanisms that depend primarily on the latitudinal distribution of land.
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TR &R AL A ERAEIRT T Mk Sy B F bt =2 A HBY

RAFERIARRIEL 5 RIS, T UL BRI ZIKEh R R AN iR
FEAERIHER, 5L (CHA) 24k %Lk (CO2) ZJai B EH A = UK, RIS
R IPCC T, HTEan DORREBRFEE A 0.6° CRH CH4 HEk. ik
BRI Z, BERBHERIE R RATE R &, Eitt, BT EE RS R PRE P
FAILA b, FEE B R TS R,  HrR B RETRATIE G, ™) ke
HERCR AR I SRR IR B B 22 T AT PR A 2 —

ZTAELARHEE TROPOMI LWL, 255 R UL# GEOS-Chem,

Shpk s TS P RS B R UM T R EOR, 1Al T 2 BREEIRAT ML s () 73 9% (50km) AY

HEEHEI Z SRR T AR HRIRI 2 W A R, R TR A SR HRIE,

R FEE 9k /D SR B AT S B RURE R P O HR ik R T8 ( BMARSRITE UL Shen et al., 2021, RSE), HRIHEFEIR)

HERGRE 5 2Bk 23 DM & R =S — B, IR IR R T A v1.07 &
FEPRER, ZAEL SR AITRFE L, B E AR HPR I EZ T A,

SERLIN, EERIAFIER AT AIHERC T 62.7 £ 11.5 Tg a-1 f132.7 &+ 5.2 Tg a-1 BH L, HAHS
FTr Ry 2 ERHEBUE B EL AR T B R _E 75 ARG RS T 30%, TEREEE. BP M. ZAmAMLES
HTHPAN E S RS T e, S55C5R, A 8 MERMRAAE - EREFRzRED T 5%, H
FRNERRL, PHE S Z B AR R T 20%, A0 SRAEFIR £ [ 5 1 R AR A B iR R 42 il 2 22 BRF
PR 2.4%, XA EERPSEHER 11 Tg a-1, AT BRI EHRE 18%.

Mational emission estimates from TROPOMI inversion and UNFCCC reports
{a} Oil and natural gas emissions
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Satellite remote sensing quantification of high-
precision methane greenhouse gas emissions in the
global energy industry

Reducing methane emissions from fossil fuel exploitation (oil, gas, coal) is an important target for climate policy,
but current national emission inventories submitted to the United Nations Framework Convention on Climate Change
(UNFCCC) ate highly uncertain. Here we use 22 months (May 2018-Feb 2020) of satellite observations from the TROPOMI
instrument to better quantify national emissions worldwide by inverse analysis at up to 50 km resolution. We find global
emissions of 62.7 + 11.5 (20) Tg a-1 for oil-gas and 32.7 + 5.2 Tg a-1 for coal. Oil-gas emissions are 30% higher than the
global total from UNFCCC reports, mainly due to under-reporting by the four largest emitters including the US, Russia,
Venezuela, and Turkmenistan. Eight countries have methane emission intensities from the oil-gas sector exceeding 5% of
their gas production (20% for Venezuela, Iraq, and Angola), and lowering these intensities to the global average level of 2.4%
would reduce global oil-gas emissions by 11 Tg a-1 or 18%.

SH R

Shen, L7 Jacob, D., Gautam, R., Omara, M., Scarpelli, T., Lorente, A., ., Zavala-Araiza, D., Lu,
X., Chen, Z., Lin, J. National quantifications of methane emissions from fuel exploitation using
high resolution inversions of satellite observations. Nature Communications, 14, 4948, https://doi.
org/10.1038/s41467-023-40671-6 , 2023.
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BEREITPPER 2B S Y B TR

1995 4, H—WESRKHEE BRI KHARIMTE (R “RIMTE”) 51
Pegasi b &, X2 PMRINRIHEMF, XPUG, SFERHTFHIATRIMTESRH
2 e faEUEM, FAIFEANEST BRI G IERAE, MTE— 2 e T R R
T AT AMERFR AR AE, BAIREE BN, RIMTER TG RVITN TR T2
AU S B R IE B R

BT B R — R SO B A TE R RIMT . HRF R E TIREAT R A
HEMEAFT NEEY, BT ARG HIERNPUERR, 1TE—HKIZENEEE,
—HKIZHEEER, FERA KRS, H—mKigkdt TRRzH, B

1‘%? WIEAETIXEITRRS, HARBEGLIRRE NN, LRERNRIHRIE/ N, R
FERRAMR, MR S A 2000-3000 K 4, XEEEMFMRE, WIHRH 70%
M ERERARRLER, MARKHXRER, HAWRIMTEES S, ERER 2 EEIARE A

). SHUEROR/NEOIY, RTREEEAIIT &

SHERRUEF 7R, RIMTEUBERARPRRNARFER 2 —it2 “=7, RARBREY IR ER
PR AE, X KRBT ABERENZIEE, BT ZILREETTEMNERIMT B LR fgst, HaE
S FIE D TR BUE RO SR, O T RIS RV EENE, HENHEFEEHR T — I NERS
1T EBIERR, RAJIMAREBIEER (CAM3, CAM4, CAM4_Wolf, AM2, LMDG) K [R] I #8l— 5ty
BUHIT R, IXEEEDIECR AR RS, BR R TUEMIRE URIKE, ERER . XA
FRIEY TR LRSS =, HREAARABREINTRERERFENEER. FEERZKIEN T
TN ZERF AN RSB TTRTTHENZES, ARSI EZERKE 2 #R G R 2 1R/ (Yang et
al. 2016, 2019, ApJ; Zhang & Yang 2020, Ap]JL; Wei, Zhang, Yang 2020, Ap]).

N T SR EIX 7T H A EIRE W AUARIRE, R RSEULTT RN, H%EREE7EE B 2019 4
FHER A AEE 1, S RN RN (Cloud-permitting model, CPM) Fl = fi##i#53% (Cloud-
resolving model, CRM) RKi#t—HHFFTTIX— A, &% HNMEERT @I PR AZBUE A Al DAREIE 15 25
N E LA AR NTEMTAN 23854, HORO2A] A BHINT GCMs BN IS =2 & A R BRI [,

I SO AT EEEN (SNAP F1 SAM) FIBLLLTT ., 19 %5 PR AAH A 53 A0 Re v 70 9 23R ) 2 g A5 =X L
FEEA BT B R 2R, BRI AR UE T 2 TR RS R . WY BT 2 AR T R X
ZAEIR X IR =~ FT 8 % (Song, Yang, Luo, Li, Fu 2022, Ap]J; Yang, Zhang, Fu, Yan, et al. 2023, Nature
Astronomy) ., {HZ, S5EHRKTARHAENL (GCMs) BRILERMLL, &OPRELEREINZKBEEN =
BEICEE /N, ZRMRER, SBOEOKEEFHEMER (B 1D o RN, Z0KE0ME S 8IE59 17 D,
RAHIKIHIWLIEREE SN, X MRIKISPENT R BRI EE IR —, BERSGPRRBIL T ITINE,

RERE PRI A] IR B — RS B AT 45 —— =4 (cloud streets—long bands of low-level
clouds oriented nearly parallel to the direction of the mean boundary-layer winds) . Xf=#2/ LT
FATHIRN R AT, S ZAREER), K E RS R BF RI7H 77 A AR, XA E
e N E S, NZ KRNSO A B 45 R

2% LA B R & MT BB BRI 23 [ 73 95 2 M ~100 2 B 42 51 ~2-4 A B, & FAE Nature
Astronomy Z%& b1 “RBRE 2 PERELL RS BiHE AT R LR RFHE” (Cloud Behaviour on Tidally
Locked Rocky Planets from Global High-resolution Modeling) .
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Cloud behaviour on tidally locked rocky planets
from global high-resolution modelling

Determining the behaviour of convection and clouds is one of the biggest challenges in our
understanding of exoplanetary climates. Given the lack of in situ observations, one of the most
preferable approaches is to use cloud-resolving or cloud-permitting models (CPM). Here we
present CPM simulations in a quasi-global domain with high spatial resolution (4 X 4km2 grid)
and explicit convection to study the cloud regime of 1:1 tidally locked rocky planets orbiting
around low-mass stars. We show that the substellar region is covered by deep convective clouds
and cloud albedo increases with increasing stellar flux. The CPM produces relatively lower cloud
liquid water concentration, smaller cloud coverage, lower cloud albedo and deeper H20 spectral
features than previous general circulation model simulations using empirical convection and cloud
parameterizations. Furthermore, cloud streets—long bands of low-level clouds oriented nearly
parallel to the direction of the mean boundary-layer winds—appear in the CPM and substantially
affect energy balance and surface precipitation at a local level.
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RAMEBUINRRIERI W

SRFR IR VR ERRTEER (R, BRAEMYE) HEBH K SIRREUNL,
2023 4E R E ST IEE RIS R A 2 IR B YR IR 28 5 KSR BT
il TS T BB R

TR LA FEPRATFEEIBN, 8K WRF-Chem XIRZE S REBR, HHHIRN
N RHERGE Bl A B R SRR M RS R AR, KAt T

AFFEER Nr (NH3 1 NOx) Hed= il Wi PM2.5 28 REHIZ M, W5 R

‘ ¢\ PR, AEARWARK TR NH3 3t NOx JBHEE 2B PM2.5 KBRS, 1E78
AR BRI X Sk HE K I 409 B, NH3 J8HEA FHEE R B BRINHEBEEHIKCE I3 &,

NHS3 JEHERCERS N, 1 NOx JHFSCR MGG R, FFFHIBNGS & PM2.5 {5 44 % R

ARERIRAR, Bt T BA ARG RN Nr HEFES Gl RS2, SRR EZRT (AAED .

MARVEVITEFES B, BRESTREN “RRATENIR BIPEE E AT REUR 8 HARSE 12.3 4% “2030 425K
EEYIIHIRSE” , WA AS 2 AR, PE T Y RTs AR 2R EYI 5iR % (FLW) Xt
NH3 JHE. PM2.5 {5340 %%. BUIRERERI GG, 7RI, 1E 2015 48 FLW sk 17 11.4 5 5 NH3 i,
d AHIEHER 16%, HA, BYHRIHEE NH3 HiS AR 12%, BYIR%S 4% (1) . % FLW A]
HRERETREIRD 7%, RERAEVIZAEMER A KIS BT PR R IR 19%, /02BN &1
ol NH3 e, REM T 2B A = BRSO R R NH3 BHEE 1 (41%) 2, (B
KI5 IR A B R BIER, MDA RCRERTE (AR - BY) .

Research Progress on environmental effects of
reactive nitrogen

Prof. Zhang, Lin" s group has recently focused on the emissions of atmospheric reactive
nitrogen (such as ammonia, nitrogen oxides, etc.) and their environmental effects. In 2023,
the research group made significant progress in studying the optimal reduction pathways for
reactive nitrogen emissions and the linkage between global food loss and waste to atmospheric
environment.

Zhang’ s group collaborated with an international team to integrate the WRF-Chem
regional air quality model, the latest emissions estimates for Europe, human health exposure
models, and data on the cost of controlling reactive nitrogen emissions. We systematically
analyzed the impact of different levels of Nr (NH3 and NOx) emission controls on PM2.5 air
quality in Europe. We found that in Eastern Europe, reducing NH3 or NOx emissions at low
levels has similar effects in mitigating PM2.5 concentrations. However, in Western Europe, NH3

reduction becomes effective only when emission reductions exceed 40%. The efficiency for
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NH3 controls increases at high-ambition reductions while NOx slightly decreases. Combining
the effectiveness of PM2.5 pollution mitigation and implementation costs, we designed a cost-
effective optimal pathway for controlling European Nr emissions. This work was published in
Nature Communications.

From the perspective of agricultural consumption, linking China's "Clean Plate Action"
to United Nations Sustainable Development Goal 12.3 to halve global food loss and waste by
2030, we employed interdisciplinary research methods to assess present and future benefits
of reducing global food loss and waste (FLW) on NH3 emission reduction, PM2.5 pollution
mitigation, and nitrogen deposition mitigation. We found that in 2015, FLW contributed to
11.4 million tons of NH3 emissions, accounting for 16% of anthropogenic emissions. Among
these, food loss-related NH3 emissions accounted for 12% of anthropogenic emissions, while
food waste accounted for 4% (Figure 1). Avoiding FLW would lead to a 7% reduction in global
nitrogen deposition, and the rate of excessive nitrogen deposition in global biodiversity hotspots
would decrease by 19%. Although the reduction in agricultural NH3 emissions associated with
global food loss and waste is smaller than the mitigation potential from global agricultural
technology improvements (41%), it still plays a significant role in promoting the control of

reactive nitrogen pollution. The related findings were published in Nature Food.

FLW-MH,ftesal MH,
6%

- ﬂ’ﬂ"..‘
B 65 1 15 2 25 3 35 4 45 5 55 6 45 7 75 & 83 o PHVOM) o cep py  orsx iow kS 5% MA% 20N 225% 1m 2ISw Mo

Figure Contribution of global FL and FW to NH3 emissions in 2015. Panels a, ¢, and e are in absolute terms (kg NH3 ha - 1 per
year), and b, d, and f are shares in total anthropogenic NH3 emissions (%).
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Fig. 1. Size distribution of (a) organics, (b) dust and (c) bioprotein aerosols in hailstone embryos.
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of organics and dust.
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Analysis of insoluble particles in hailstones

Insoluble particles, acting as the main heterogeneous ice-nucleating particles in the atmosphere,
may alter the cloud water phase and further affect weather and climate. Due to the lack of comprehensive
microphysical observations of ice-nucleating particles in clouds, temperature and vapor supersaturation are
used to calculate the number concentration of ice crystal particles in the microphysical parameterization,
instead of considering the physical and chemical properties such as species and size of ice-nucleating
particles in weather and climate models. The lack of description of ice-nucleating particles in models can
lead to biased estimation of ice crystal quantities.

Hail is a form of solid precipitation in deep convective clouds. Hailstones can record atmospheric
aerosol information during their growth within deep convective clouds. Therefore, analyzing the number
concentration, species, and size of insoluble particles in hailstones provides a new perspective for observing
ice-nucleating particles in deep convective clouds. We analyzed the species and size distribution of
insoluble particles in 12 hailstones collected from different regions in China between 2016 and 2021, using
a combination of scanning electron microscopy and energy dispersive X-ray spectroscopy integrated with
a machine learning approach. The results revealed a variation in the number concentration, type, and size
of insoluble particles in hailstones. The difference in number concentration of insoluble particles between
hailstones spans 1 to 2 orders of magnitude. The variability in the size distribution of insoluble particles
among shells within a single hailstone was considerably less than the size distribution of insoluble particles
among different hailstone embryos (Figure 1). This is because the updraft of a severe storm carries insoluble
particles from the surface or boundary layer of the atmosphere into the cloud. Insoluble particles in both
hailstone embryos and residual shells all record local aerosol information, although hailstone embryos
require insoluble particles as initial ice-nucleating particles to form ice crystals, and hailstone growth
depends on the accretion of supercooled droplets after the embryo stage.

This study is the first to simultaneously observe the number concentration, species, and size of insoluble
particles in hailstones. Our results highlight the need to consider atmospheric chemistry in the simulation
of the ice freezing process, rather than the physical character of the surrounding atmosphere. Furthermore,
we fit the classical size distribution of organic matter and dust to log normal distributions (Figure 2), which

could potentially be adapted in future weather and climate models, despite the existence of uncertainties.

SR
Zhang, H., Lin, X., Zhang, Q., Bi, K., Ng, C.-P., Ren, Y., Xue, H., Chen, L., and Chang, Z.: Analysis of insoluble
particles in hailstones in China, Atmos. Chem. Phys., 23, 13957 — 13971, https://doi.org/10.5194/acp-23-13957-2023, 2023.
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BT 2R T EMMA A EdE, R, 12X R ER AW, SBEICERERERE, BN mRE
KRAATREE, HEMG R BESRAIRANR, TS B 7 e J5E g 3™ A B SR A TR PR K, X IR 45 SR i
EARRRETFEMRE T RT, HlEEmEENREKS 22—, Sk EIRNERREESR
‘Y, RBEEARME (Geophysical Research letters) o

@ 1E/R T VD A SIA RIE IS R S ARG IR SAFRE FE T S BON TR A Al A AE RO - RN
FHE RO A FEX, R @2 R 5T 8 S 1k TR PG I ERIA S 28 AL U I 2 S H AR R
], Pk 2016 - 2018 FAE T 469 MR AL, WFFRFEA, iy ARSI IR BORBHE
S ] At <R, MM RN R RBERTERBEARRE, ENmA LN g, fgited
RERME, FESHSEMMXES, SBBOLAREEGRNN 0.1, JEMX 7z A BRI KA SRR 2 /N 245,
R R & FRTE (Journal of Geophysical Research - Atmospheres) .

@ I T SIAON AN e AL R K B RE MR 22 S gt T HTBE B« AOA RO R M R K 9 Y 5
W — B EARARA, (DB R BN SIE B FE7K EE B Leal s o F /K 3 5 3 R 45 I sE e, T IR
HrEAEJEIX 2015-2020 E#EZFE (5-9 A) GPM TLER/KERLSSEWINEHRLE & EdE, R 7 Uamot
Bk EE BRI, TR IR, e DX A IRt i XA 1 R /K R T o ) s i 2 B — DN ET, B
EE IR, R SRR G R S HIRES . AELEAN ] m JE E R K g R A R M S AEREARTR] . CEARA A& Y
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EER,  FERKGE S KR T e BN S R A e L AE ], 23 HS Rk Se s s 5 I8 N B 2 L s (HR AE b
B, BN ARG A BRI A, X FERHT A NRKASRZ R TG i, IXTI T R R
BRI B E N RS AL (R 45 1S A R N R TR R R X I 2 RO I M R B 51 () AR 5 78R U 5 BB 7K DR
SRR TE S, AT B R38R B Bl =B IRAE AN R & E RS R, AFF R 73l & R 4E {Geophysical
Research Letters) .

@ JEIE T A BRI b 2 S BRSO ARTA i S R e A B EE T K . SRR B, OKBH & A (Solar
Zenith Angle, SZA), %z I8 % (Surface Albedo, SA) 1 8 IR 1 4t % (Single Scatter Albedo, SSA) *¥
ASTA R S RN 35 B R, A R S R, (B U TE AR BT BEKBH & A 2 EIE 016, 15
cos(SZA)=0.3-0.4 NIAF R AME ; MrHbE [ FERATE 28 > s dha st ois. (EAEEFo R Agaxt
1B, T4 i S B BN — I FUYE (I SHERE AR AR AR ) I, KRB TAIE B S U AT PA
HUEEIE ; A SSA JBUINIE, KA TSI R S R, 2 1 9 17 U M T =T PR B R 23 kst 5 it <
T PR R RN B A R AR A 55, B RSB TSI PR SR R, B =T BRI AR AR, IX R BN T 38AT]
FE 57 PRV TS SO, T B A ST B ) U S, B A R BB 2 . PR R & R 7E (Atmospheric
Research)

Significant impacts of atmospheric environment
perturbation on cloud, precipitation, and radiation

Atmospheric environmental perturbation, such as emission of aerosols, depletion of
stratospheric ozone, and abnormal of atmospheric circulation, can change cloud properties
and then affect the precipitation and radiation balance, playing an important role in weather
and climate. The research group of Prof. Chuanfeng Zhao, by focusing on cloud physics, reveals
significant impacts of atmospheric environmental perturbation on cloud, precipitation, and
radiation in 2023: discover the changes of spatio-temporal variation of cloud properties including
cloud phase by North Atlantic Oscillation, which further affect the ice melting over Greeland by
modifying the cloud radiative effect; revealed the enhancement of deep convective precipitation
over South Slope of Tibetan Plateau by stratospheric ozone depletion there through reducing the
atmospheric stability near tropopause; figured out the important contributions of aerosol optical
properties and surface albedo on aerosol radiative forcing; quantitatively found the advancement
of convective cloud formation in time by near surface dust aerosols via increasing atmospheric
instability with absorbing solar radiation (heating); figured out the distinct difference of
precipitation at different height between different pollution conditions and proposed the potential
underlying physical mechanisms. In addition, Prof. Zhao’ s group developed a new detection and
tracking algorithm for convective clouds using geostationary satellite observations, revealed the

spatio-temporal variation characteristics of fire emission.
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Fig. 1 The difference in the average surface net CRE (W/m2 ) of (a) ice clouds, (b) LBCs, and (c) total clouds over Greenland

calculated from 2B-CLDCLASS-lidar and 2B-FLXHR-lidar between positive and negative NAO events in summer.
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Fig. 2 A schematic depiction of the climate impact of stratospheric ozone loss over the TP. The vertical and horizontal axes

represent the altitude and the latitude, respectively.
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