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The Impact of Urban Morphology of Local Cloud
Formation

With accelerating urbanization, the influence of urban morphology on local climate and
atmospheric processes has become increasingly significant. Previous studies have noted that
cities enhance cloud cover, but the mechanisms by which urban morphological types influence
cloud formation have remained elusive. The Li Qi Research Group analyzed cloud climatology

observations from 44 major U.S. cities and systematically quantified the relationship between
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urban street-canyon aspect ratio, building density, and cloud enhancement — finding that cloud

enhancement increases with the street-canyon aspect ratio and decreases with building density.
To uncover the physical mechanisms underlying these observational patterns, the group employed
urban morphology-resolving Large-Eddy Simulations (LES), in which the independent role of urban
morphology in controlling moist convection is investigated.

Results reveal that urban morphology influences cloud formation through two distinct
mechanisms: taller buildings intensify urban-breeze circulations at the urban-rural interface,
promoting upward motion at the boundary layer; while denser buildings act as momentum sinks,
suppressing vertical turbulent transport at the urban core. These contrasting vertical motions
modify moisture transport within the urban atmospheric boundary layer, leading to significant
differences in cloud amount across different urban morphologies. This study establishes a
mechanistic link between urban form, vertical motions, and cloud enhancement, providing a
scientific foundation for developing city-specific boundary-layer convective parameterizations in

large-scale weather and climate models. This study was published in Nature Communications.
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How do local ecological engineering projects
modify boundary layer convergence lines and their
associated convection and precipitation in arid and

semi-arid regions?

Human activities are now profoundly involved in Earth's physical processes across scales
ranging from planetary to micro. In the Hetao area of the Yellow River, two of the most
representative human activities—artificial irrigation and desert afforestation—are profoundly
transforming the land surface properties of the desert-oasis boundary, thereby exerting a non-
negligible influence on the initiation and evolution of severe convection.

On the one hand, the Hetao Irrigation District, as a World Heritage Irrigation Structure,
demonstrates how humanity's largest hydraulic engineering project becomes a storm generator
through the enhanced vegetation contrast it creates with the surrounding extensive deserts. Large-
scale irrigation from the Yellow River keeps the oasis surface moist and cool, forming a pronounced
"cold island effect" that establishes a sharp thermal and humidity gradient against the adjacent hot,
dry deserts. This land-surface heterogeneity, shaped by human activity, often triggers local thermal
circulations akin to sea breezes under specific atmospheric circulation backgrounds, generating
boundary layer convergence lines (BLCLs) and initiating severe convection. Leveraging radar data
collected during the warm seasons from 2012 to 2023, the research team led by Zhiyong Meng
elucidated the evolution, diurnal variation, organization, and movement of convective systems (CSs)
initiated by BLCLs formed due to vegetation contrast between the irrigated oasis and the adjacent
Kubuqi and Ulan Buh Deserts under various synoptic patterns in the Hetao area (Cui et al., JGR,
2025) (Fig. 1). A total of 228 CSs were documented, forming primarily along vegetation contrast
lines in this arid region under synoptic patterns characterized by ample moisture and substantial
instability (Fig. 2). Among these, approximately 35% exhibited linear organization, and about 20%
propagated far downstream. Due to the sharper vegetation contrast, the frequency of CSs over the
Kubugi Desert was nearly 11.7 times that over the Ulan Buh Desert, with a greater prevalence of
stronger linear organizational modes, higher intensity, and more frequent downstream propagation.
In contrast, over the Ulan Buh Desert, characterized by a gentler vegetation gradient, a strong
cellular organizational mode dominated.

On the other hand, as a key component of the Yellow River Basin ecological protection strategy,
the Hetao area has implemented desert afforestation projects for over 30 years since 1986. Desert
afforestation is gradually reshaping the energy and water vapor exchange processes in the desert
region by altering surface albedo, roughness, and soil moisture. Conducting ensemble simulations

by perturbing a composite of 34 cases embedded in the synoptic pattern most favorable for BLCL
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formation and associated convection initiation, the research team led by Zhiyong Meng found that

afforestation weakens the desert-oasis contrast in 2-m air temperature and specific humidity (Fig.
3). This weakening causes BLCLs to form later, attain their maximum length later, and become
weaker (Fig. 4). Although it delays and weakens convective triggering, afforestation increases near-
surface water vapor content and its vertical transport. The resultant greater instability subsequently
accelerates convection initiation, intensifies and spatially broadens convection, and leads to more
frequent and heavier convective precipitation in the Hetao area (Wang et al., MWR, 2025).

These two studies reveal how irrigation and afforestation projects in the Yellow River's Hetao
region modulate the genesis location, intensity, and characteristics of convective activity by altering
land surface attributes. The findings deepen the scientific understanding of severe convection
initiation mechanisms in arid and semi-arid regions and provide crucial decision-making support
for ecological construction planning and disaster prevention early warning within the context
of the national Shelterbelt Program and food security strategy. Furthermore, they contribute to
constructing a novel meteorological framework within the "Anthropocene" context, enabling us
to scientifically anticipate the atmosphere's responses while restoring the Earth's surface systems,
thereby offering robust theoretical support for achieving sustainable development in a changing

environment.

40 40.5 41 41.5°N

39.5

105.5 106 106.5 107 107.5 108 108.5 109°E

Fig.1 Proportions of organizational modes (outer annuli in the pie chart), synoptic patterns (inner annuli), and far
downstream-moving convection (black sectors) in two deserts. The shading represents the averaged EVI over the 2012-2023 warm
seasons; the red cross denotes the location of Linhe radar; the cyan curves denote the Yellow River and irrigation channels; the
grey contours represent terrain elevations of 1500 m and 2000 m above mean sea level; and the white lines indicate the borders of
three subregions. The total number of CSs in each region is given at the center of each pie chart.
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Fig. 2 Exemplars of the six organizational modes depicted in radar composite reflectivity. The percentages in parentheses
indicate the proportion of corresponding organizational modes and the percentages in italics represent the proportion of CSs of
the corresponding modes moving far downstream. The white dashed circles highlight the focused CSs, and the timestamp for
each case is as follows: 1457 LST July 21, 2013; 1520 LST Aug. 15, 2021; 1821 LST July 29, 2022; 1751 LST Aug. 14, 2020; 1217 LST

July 23,2016; 1415 LST July 14, 2019.

(a) Horizontal wind divergence
T

- T
%:D‘ 4 s PreAFF N
1 sk —— PostAFF
PR e ——
5
o 7
g
5 8

-9 I !

1300 1330
(b) Desert-oasis differences of 2-m T and g
25 T T T T T T T T T T T 06 __

2N 103 2
52 N, mm— 2
et I Y o S S e o B )= e EE ey P et 0o 2
© e ATPreAFF e >
% —— ATPostAFF 03T
A N Aq PreAFF 065
a —— Ag PostAFF — 090
5 =
= 4-12 8

. “a

-1 | 1 | | i 1 1 | | | I | 15 w

03 04 05 06 o7 08 09 10 1" 12 13 14 (LST)

Fig. 3 Ensemble mean of (a) BLCL strength, and (b) desert-oasis differences in 2-m air temperature (red lines) and specific
humidity (blue lines) for PreAFF (dashed lines) and PostAFF (solid lines), as well as the uncertainty in terms of the ensemble mean
plus and minus one standard deviation for PreAFF (light red shading) and PostAFF (gray shading).
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Fig. 4 Simulated (a) frequency-time variations of BLCL formation (black and stippled gray) and the attainment of maximum
length (red and stippled light red). (b) As (a) but for convection initiation (black and stippled gray), the point of maximum intensity
(red and stippled light red), and dissipation (blue and stippled light blue). (c) Convection duration (black and stippled gray).
PostAFF is denoted in dark color while PreAFF is denoted in stippled light color.

References: (* Corresponding Author)
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Border, Monthly Weather Review. 154, 407—421. https://doi.org/10.1175/MWR-D-25-0108.1

Quxin Cui, Zhiyong Meng*, Yiren Lin, Yipeng Huang, Zimeng Zheng, Xiaojuan Yao, Yonggang Sun, Xuefeng

Meng, 2025: Storms Generated by a Sharp Vegetation Contrast between Huge Irrigated Oasis and Adjacent
Desert, Journal of Geophysical Research- atmosphere, 130(20), €2025JD044464, https://doi.org/10.1029/2025JD044464
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A simple model for the hydrological change over
Phanerozoic: untangling contributions from climate
and continental evolution

The global hydrological cycle has undergone substantial changes throughout Earth’ s
geological history. Previous studies have generally emphasized climate—often represented by
global mean surface temperature (GMST)—as the primary control on global mean precipitation
(GMP). This study demonstrates that changes in land-sea distribution, particularly variations in
low-latitude land fraction, also exert a significant influence on the global hydrological cycle.

Model simulations show that throughout most of the Phanerozoic (from approximately 540
million years ago to the present), GMST and GMP are strongly correlated. However, estimating
precipitation solely based on temperature leads to substantial biases, especially during
supercontinent periods (around 250 million years ago), when precipitation was markedly reduced.
Analysis indicates that these discrepancies primarily arise from changes in low-latitude land
coverage, highlighting continental distribution as an important regulator of GMP. The study further
elucidates how land fraction influences the hydrological cycle through atmospheric energy balance
mechanisms. Compared to the ocean, land surfaces exhibit lower latent heat flux. An increase
in land coverage alters the global partitioning between sensible and latent heat fluxes, directly
reducing GMP. Moreover, reduced latent heat flux dries the atmosphere, weakening the greenhouse
effect of water vapor and amplifying the direct impact by approximately 44%.

Based on these mechanisms, the research team developed a simplified model that expresses
GMP as a function of global mean temperature and land fraction, successfully reproducing
paleoclimate simulation results. The model is formulated as:

a
P~ (P0+CT)<1—B_€AA),

where P represents global mean precipitation, T denotes global mean temperature, and AA

represents low-latitude land fraction, with other terms corresponding to physical parameters.
This model provides a theoretical framework for reconstructing the hydrological cycle in deep-
time climates and enables efficient estimation of global mean precipitation given known climate
conditions and continental configurations. This study reveals the joint roles of climate change and
continental evolution in regulating global precipitation, offering important insights into the long-
term evolution of Earth’ s hydrological cycle.

Reference:

Zelong Li, Panxi Dai, Ji Nie*, Yongyun Hu, Yonggang Liu, JunYang, Shuai Yuan, Xiang Li, Jiaqi Guo, Jiawenjing
Lan, Xiujuan Bao, Mengyu Wei, Zhibo Li, Kai Man, and Zihan Yin, 2025: A simple model for the hydrological change
over Phanerozoic: untangling contributions from climate and continental evolution, Geophysical Research Letters, 52,
€2025GL115077. https://doi.org/10.1029/2025GL115077
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Environmental thermodynamic effects on future
changes of mesoscale convective systems and
isolated deep convection over the US

Mesoscale convective systems (MCSs) and isolated deep convection (IDC) are key drivers of
heavy precipitation and extreme weather in the United States, strongly affecting regional hydrology
and societal safety. Under global warming, understanding their future changes is critical, yet in
climate models the coupling of dynamic and thermodynamic processes makes it difficult to isolate
the role of environmental thermodynamic changes. This study develops a theoretical framework to
quantify these effects.

We focus on a 50 - day convective period in summer 2020, using convection-permitting
simulations under pseudo global warming to examine inland and coastal differences in MCS and
IDC changes. Thermodynamic profiles from the simulations were used to drive single-column
and multi-column parcel models (Figure 1). The single-column model captures IDC triggering and
evolution, while the multi-column model represents convective organization and MCS scale growth,
allowing evaluation of key factors such as MUCAPE, MUCIN, and precipitable water.

Results show that under warming, IDC becomes less frequent but longer-lasting and more
intense, due to higher MUCAPE and moisture enhancing potential intensity and precipitation, and
higher MUCIN suppressing frequent initiation. MCS responses differ between regions: inland areas
experience suppressed initiation but larger system area due to faster gust fronts interacting with
enhanced subsidence under increased MUCAPE, while coastal areas show changes dominated
by increases in MUCAPE and moisture. Overall, thermodynamic environmental changes largely
explain contrasting inland-coastal responses (Figure 2).

This study demonstrates the critical role of thermodynamic conditions in shaping deep
convection under warming, providing a theoretical reference for understanding convective
responses and improving projections of extreme precipitation. The results are published in Journal
of Geophysical Research: Atmospheres ( “Environmental Thermodynamic Effects on Future Changes of
Mesoscale Convective Systems and Isolated Deep Convection Over the US: A Case Study” ), with Qiu
Yang as first and corresponding author; coauthors include Ruby Leung, Zhe Feng, Jianfeng Li (PNNL)
and Xingchao Chen (PSU).

Reference:
Yang, Q.*, Leung, L.R., Feng, Z., Li, J. and Chen, X., 2025. Environmental thermodynamic effects on future
changes of mesoscale convective systems and isolated deep convection over the US: A case study. Journal of

Geophysical Research: Atmospheres, 130(21), €¢2025JD044740. DOI: 10.1029/2025JD044740.
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Intensification of extreme cold events in East Asia in
response to global mean sea-level rise

Today, the global mean sea level (GMSL) stands similar to 20 cm higher than at the beginning
of the last century, and the rate of sea-level rise has been accelerating in recent decades. Even a
slight, globally uniform sea-level rise can notably impact atmospheric and oceanic circulations at
climatic and potentially synoptic scales. However, the extent to which sea-level rise will influence
extreme weather remains largely unknown. Here, we focus on East Asia and conduct climate model

experiments to investigate the effects of GMSL rise on winter cold extremes. Our experiments
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demonstrate that GMSL rise promotes stronger and more frequent extreme cold events, and this
influence is expected to strengthen significantly in the coming century. This effect is attributed
to weakened mid-high latitude westerly winds and increased occurrence of blocking events over
Eurasia. Our study presents evidence that GMSL rise can modify synoptic systems and intensify
extreme events, suggesting that both coastal and inland countries are exposed to threats arising

from GMSL rise.
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Jiping Xie, Roshin P. Raj, Yong Liu, Bo Liu & Mingna Wu. Intensification of extreme cold events in East Asia in

response to global mean sea-level rise. Nature Communications, 2025, 16(1): 1-8. DOI: 10.1038/s41467-025-63727-1.
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Plant Functional Types
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Southern Ocean salinity impacts the intermodel
spread in cloud feedback

Uncertainty in climate change projections, including the rate of warming and the equilibrium
climate sensitivity (ECS) remains one of the central scientific challenges in climate research.
Numerous studies have demonstrated that the increase in greenhouse gas emissions caused by
human activities is the primary driver of global warming. However, substantial uncertainties
remain regarding the rate of warming and the magnitude of equilibrium warming. Among
various contributing factors, low-cloud feedback has been identified as a key source of intermodel
spread in climate sensitivity. Based on an analysis of 40 climate models from the Coupled Model
Intercomparison Project (CMIP), we find a strong statistical relationship between Southern
Ocean salinity and low-cloud feedback, suggesting that ocean salinity may be an important factor
influencing intermodel differences in cloud feedback. Compared with sea surface temperature,
the climatological Southern Ocean salinity exerts a stronger influence on intermodel differences
in upper-ocean stratification. In models with higher Southern Ocean salinity, ocean stratification
tends to be weaker, which facilitates the deeper subduction of Antarctic Intermediate Water and
Subantarctic Mode Water under global warming. The downward transport of warm surface waters
slows the rate of sea surface warming. This influence is not confined to the Southern Ocean but
can also propagate to subtropical regions (e.g., the southeastern Pacific) through teleconnection
processes, thereby affecting the spatial pattern and magnitude of sea surface temperature changes
across different models. Changes in the spatial pattern of sea surface temperature further modulate
the distribution of low-cloud feedback. In models with higher Southern Ocean salinity, reduced
surface warming leads to weaker low-cloud feedback over the Southern Ocean and the southeastern
Pacific, resulting in a lower climate sensitivity. We further develop an emergent constraint approach

to reduce uncertainties in projections of cloud feedback and climate sensitivity in climate models.
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Thresholds in the controls of denudation rates: A
global analysis of tectonic, climatic and biological
factors based on machine learning

Denudation is one of the most important processes on Earth’ s surface determining the
landscape evolution, weathering release and consumption of CO,, soil/sediment production. While
many studies attribute topography as the primary control on denudation rates, slope-based models
explain only half of the observed variance with systematic biases on both the high and low ends.
This model-data discrepancy may arise from secondary unidentified environmental factors and/
or the insensitivity of denudation to slope beyond certain thresholds. Here we train a machine
learning model utilizing denudation rates measured for ~4000 river basins worldwide to predict
global denudation rates based on 14 environmental predictors. Our results indicate that denudation
has prominent threshold behavior, and we identify key slope thresholds at 3 ° , 12 ° and 15 °
(calculated with 1 km resolution DEM, equivalentto 8 o ;21 o [ and 25 ° with 90 m DEM).
For slopes below 3 ° , denudation is most affected by temperature which potentially enhances
denudation by creating conditions conducive to faster chemical weathering. As slope increases,
precipitation seasonality, precipitation of the wettest month, and runoff become important by
activating river incision. Over the steepest mountains, denudation transitions from transport-
limited to detachment-limited regimes, where intense tectonic activity or discharge triggers
landslide adjustments that maximize denudation rates. Globally, the relationship between median
denudation rates and slope is better described by a logistic rather than exponential function. We use
the model to predict global denudation rates at 1-km resolution, and explain > 80 % of the observed
variance with systematic biases substantially reduced. Our results provide quantitative constraints

for understanding Earth surface dynamics over the last millennia and throughout geologic history.

Reference:
Zhao, J., Liu, Y.*, Li, G., Zuo, H., 2026. Thresholds in the controls of denudation rates: A global analysis of
tectonic, climatic and biological factors based on machine learning. Earth and Planetary Science Letters 674, 119750.

https://doi.org/10.1016/j.epsl.2025.119750
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Retention of Surface Water on Tidally Locked Rocky
Planets in the Venus Zone around M Dwarfs

Terrestrial planets within the Venus zone surrounding M-dwarf stars can retain surface ice caps
on the perpetual dark side if atmospheric heat transport is inefficient, as suggested by previous
global climate simulations. This condition is proposed to play a role in the potential regional
habitability of these planets. However, the amount of surface ice may be limited by considering
the water condensed from the steam atmosphere in a runaway greenhouse state, and the physical
mechanism for triggering the condensation process is not clear. Here, we use a two-column moist
radiative-convective-subsiding model to investigate the water condensation process on tidally
locked planets from the runaway greenhouse state. We find that the water condensation process is
characterized by two distinct equilibrium states under the same incoming stellar flux. The initiation
of condensation corresponds to a warm, unstable state exhibiting positive Planck feedback, whereas
the termination phase corresponds to a cold, stable state exhibiting negative Planck feedback. We
further show that the surface water mass in the collapsed state decreases with the incoming stellar
flux, background surface pressure, and optical thickness of noncondensable greenhouse gases, with
a global equivalent depth of less than ~20 cm. Our two-column approach provides a straightforward

way to understand the water evolution on Venus zone planets around M dwarfs.

Reference:

Ouyang, Y., Ding, F., and Yang, J., 2025. Retention of Surface Water on Tidally Locked Rocky Planets in the Venus
Zone around M Dwarfs. The Astrophysical Journal Letters, vol. 985, no. 2, Art. no. L43, IOP. doi:10.3847/2041-8213/
adda4b.
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Bistability, Oscillations, and Multistability on Hycean
Planets

Hycean planets are hypothetical exoplanets characterized by H20
oceans and H2-rich atmospheres. These planets are high-priority targets
for biosignature searches, as they combine abundant surface liquid water
with easy-to-characterize H2-rich atmospheres. Perhaps their most unusual
climate feature is convective inhibition, which can dramatically alter a
planet’ s temperature structure. However, so far, hycean planets have

mostly been investigated using 1D models that do not account for convective

inhibition, and its effects are still poorly understood. This work develops

Daniel Koll

pen-and-paper theory to analyze the effects of moist convective inhibition
on hycean planets. The theory is tested and verified against a 1D radiative-convective model. We
show that hycean planets near the onset of convective inhibition can exhibit either bistability or
oscillations, due to the inhibition layer’ s trapping of heat and moisture. Meanwhile, hot hycean
planets exhibit multistability, in which the inhibition layer and surface climate show multiple stable
equilibria due to the lack of constraints on the water cycle inside the inhibition layer. The water
cycle inside the inhibition layer is influenced by numerous processes that are challenging to resolve
in 1D, including turbulent diffusion, convective overshoot, and large-scale circulations. Our results
demonstrate that hycean planets have unexpectedly rich climate dynamics. Meanwhile, previous

claims about hycean planets should be

(a) Convective (b) Inhibited
. . . . & 0.0 —
treated with caution until confirmed with 2 & st | g,
23
. £<
more self-consistent 1D and 3D models; s8¢ o0
s o
.. . . 5= -02
this includes the claim that K2-18b might =% -0
. 5000 10000 15000 20000 25000 10000 20000 30000 40000
. g
be habitable, as well as the proposal to ?  oemmmmmmmmmemmee— -
£ | i e e e
infer H20 oceans on sub-Neptunes from g 300
2
JWST measurements of chemical species &2 200
g | | O e
: : 5 5000 10000 15000 20000 25000 10000 20000 30000 40000
in their upper atmospheres. wA (©) Bistable (@) Oscillating
FH
=< 2
Reference: - 0
ol 0
Gao, Yichen, Daniel D. B. Koll, and Feng *®4l12 : - = X
. 5000 10000 15000 20000 25000 800 1000 1200 1400 1600 1800 2000
X
Ding. “Bistability, Oscillations, and Multistability ¢ 205 255
& e
on Hycean Planets.” The Astrophysical Journal & 200 20
g | mmmmmmmmemmmmmmmm e 245
997, 43 (January 2026). Doi: 10.3847/1538-4357/ 3% 240
g 5000 10000 15000 20000 25000 800 1000 1200 1400 1600 1800 2000
ael8d7 @ Time (days) Time (days)

65



A
= Mary

L EBASSEERNEE =
L s Emam HRESITRERRK

Ruir X &R BRI R 23RS FIIHEAZEE

TERBRAUBEARAHR T A, “AIIBORRI” T 9 KA, o2 DO T AR UK,
AR AR PR EE R TIREREE, A U X T B AR (A R AR R ST, W% A ZE
fett, WASHTIRVKENCZMumRIER, R (FEdbs 30°2 ) mdkih R E
PR B, bt AR BRSO B st R A=A e A AR Y AR R A i 2 (A RS Y
BRI BN,

— . AR U BV R BB AR E

SUERGHEERERE, JTHZE B ARERSSOATIRZ, RZVEE G AR

BE . B R, XBREEIRSE, IR — BRI, Pt DO R sl (o mi i 58 5,
HEGW K - BRI 2 B RS

H2Zat, A ﬁE%%ﬁ?ﬁﬁEﬁ%@fﬁﬁ(ﬂﬁﬂDTTHﬁﬂ%%T%m&ﬁAmﬁiﬁ
MBI 78 BA BRI, TR RTE RBRCPIR LT IAL) 7°CRIKIR], B2 1Em TR 30°CAIHR
i, i AR ZER R IEEARE AR (B D .

Qbservations (NCEP reanalysis)

(Tierney et al. 2020
t al. 2019)
Assimilation data-PETM (Tiemey et al. 2022)

o2
<

Assimilation dal yrs BP (Osman et al. 2021)
CMIP6-Abrupt experiments)
PMIP4-LGM (4 nts;

B
<

PMIP4-Lig127k (12 experiments)

PMIP4-Mid Holocene (14 experiments)

PMIP4-Mid Pliocene (4 experiments)
PMIP4-Past 1000 yrs (5 experiments)
Modelling-540 Ma to PI, group1 (Li et al. 2022

20

Surface temperature difference (°C)

Modelling-540 Ma 1o PI, group1 (Valdes et al. 2021

I il 1l L il Ll I T T N
5 10 15 20 25 30 35
Global-mean surface temperature (°C)

Modelling-PETM (Zhu et al. 2020)

L. BAOMMEXEMNARSRI TSR REEE, BREMASKTIPHREE, NEE: BRATESREI
%430 EZEpEE, ZATARESEILS 60 EZEEE, ERARESREIS 90 EZEINEE.

L MK R AR Y B

RIS, TR & 2 IR R S RHUEE R (B 2) o ZZantikl]: REERVIIREE 6.2°C
£ 36.1° C MK, RRFRIER. WBHEMIAGREE, BELmRmES, KuEFRE T BEEM,
HARIE S RI-ALE 30°. A AT 22 BRI AR /N, HANS T 2 BRPASIR R EMERIVARER O -0.08, HIRE 2
BRI EE AR 50° C, SV R ALIRZE NS Z) 4° C (Bl 1) o ML, ek B B R i v]
IRHBUEERCHE, HZEAEH, DUERTRARR RVHIR 2/ MEZ U DB, T O S R B A A PR AR
WAURTEEINAL, W IEH EREAYHELH E T,

66



ez XY

PEKING UNIVERSITY

B
3

(©

ok AL L oo 2 SHTFYHREERET
K /| e @) B % B, 2013-2022
i %15 1979-188 &£ Z @M E 51 ; (b)
P . | LGM. 17000 £ & 0 PETM [A 1k %X
W e e SR R T PLOTL; ()
CMIP6 1 4 & CO, ZHIERATRET
ft; (d) 5.4 ZERMERBGEH
WEEEE ; (o) HWEBEMMT PI K
Tk ; () FEBHM R R,
(e-f) PABLHEFRRANSIE, &
BRANSE. ETHEREEEX
HFRSRES,

ATS ('C)
S &b o o 3 &

o

=, WIENIEE: RN, SSIRERE SRR R
VIR R EERRE A = KAOHUE . — 2 PRACKPHFEN A A, HIBR BRI L e/, REEEAST
KBRS REEE AR, M2 =B S RO E R T, R RARSHE R XI5 =2
SHIREREE (WTG) W/, HFtbXRHEERg, B R ORGER B2 KCHRERE, EHRSR
TEMIPRTL AT BE RN 430, 1;%%?5‘1@:“6}%@’2{4:; RN RAR (CMA) R E ], el B KR
HEMZRN SRS, BBy, =RIBEMEEME, & “WRIEN" W5, mHREEFILXIE
JEERE AR B IR A RS, IR =3d RS R EAMRGRIE 5 | AIR S SRR B RS RS S 280
N, HERFEEAIR ZREE

(a) (b) 415 W m?2 360 W m-2
Weak horizontal p gradient in the free h
AN CGravity waves ANANANANANAN

m | __ .

: TS | ¢ AR 3 BRSNS (1) REEIEAS AR

- § BIS, ERFMACFTERE, BEZN;(2)

8
AHBERASENEEREAM (WTG) ; (3) &I
ITEERIRE (CMA) , BHASSEHREEEX
Temperature 30°8 Small surface air temperature gradient and its quasi-invariance 30°N =a,

IR BIAHICMES AR — BN URERR IS, FIANZIE, AR — S ViR E
FURE R AR IRAS ;. RN AR U PR e s s, AR S HEE R SR B LR Z W3 AR,
PPAG USRS I 22 F) 70 SR BT Akl . =R OW R U AR W BRZ R, TERE BT AY A, vy
TS 1o P HE AN AR ME R O S8 UL 77 SRRV B S LR, SR FHRARE T,

ZHF LA “Quasi-invariance of tropical meridional surface temperature gradient in a wide range
of climates” i, &FT (B - @) (Nature Communications) ., X HE—VEE NI KA ETS T
[, WEHEE A ERIBR, S1FE NI, SR O EE £/ Yohai Kaspi #4%,

67



§ 2oy KB K

Impact of temperature on the chemical lifetime of
atmospheric organic aerosol particles

Atmospheric temperature varies both spatially and temporally. For
instance, the ground surface temperature in northern China occasionally
drops below -20 ° C during winter, while it exceeds 35 ° C in summer. In
principle, temperature should influence the chemical reactivity of aerosol
particles, as the diffusion of reactants slows at low temperatures due to
increased viscosity.

Oleic acid is a marker compound for cooking-related organic aerosols in

urban areas. Although laboratory studies have suggested that the chemical

Mikinori Kuwata

lifetime of oleic acid with respect to ozone exposure is on the order of
minutes at room temperature, the compound has consistently been observed in field studies using
offline filter samples for more than three decades. This discrepancy has been a major challenge in
understanding the atmospheric chemistry of organic aerosols, as the detection of oleic acid in filter
samples indicates that its actual chemical lifetime is likely several orders of magnitude longer than
suggested by laboratory studies.

We investigated this issue by combining both laboratory and field studies. For the laboratory
experiments, a temperature-controlled aerosol flow tube was developed. The flow tube is equipped
with a movable injector, allowing kinetic experiments to be conducted. The experimental
temperature range was -20 to 35 ° C. Both pure oleic acid particles and surrogates of cooking organic
aerosols (canola oil, lard, and hotpot soup base) were employed in the experiments. Regarding the
field data, observations from Beijing between 5 December 2021 and 4 January 2022 were used. These
data were obtained using semi-volatile thermal desorption aerosol gas chromatography (SV-TAG),
which enables high-time-resolution, real-time analysis of the chemical composition of organic
aerosols.

The laboratory data demonstrated that the chemical lifetime of oleic acid particles decreases by
1-2 orders of magnitude at wintertime temperatures in Beijing (-10 to 0 ° C), likely due to increased
viscosity. The field observations in Beijing quantitatively agreed with these laboratory results. This
finding provides the first quantitative evidence that the decades-long mystery of the prolonged

chemical lifetime of oleic acid is likely driven by temperature effects.
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Figure 1. Relationships between k2 (chemical reactivity of oleic acid) and temperature. The data for both the laboratory -
generated particles (open symbols: pure oleic acid (OL); cooking organic aerosol from canola oil, hot pot, and lard) and ambient
particles (closed symbols) are shown. Indoor cooking experiment data (closed symbols with the legend of “Cooking Exp” ) are
also shown. Literature data for Shanghai (SH) are shown (Wang & Yu, 2021), in addition to that for Beijing (BJ). Markers surrounded

by dark color edges indicate the high O3 periods.

Reference:

Liu, W., He, L., Li, Y., Li, P., Chen, S., Chen, J., et al. (2025). Prolonged Atmospheric Chemical Lifetime of
Unsaturated Fatty Acids From Cooking Sources Observed in Beijing During Wintertime. Journal of Geophysical
Research: Atmospheres, 130(19), €2025JD044172.
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2. PR E T R EE D HE A I 22 AR ERI RS RN, TR R TSRS SR BT N E RSN T, ki A
AR AR FEERESR, TELARIHRE SR OB BT RERTHR R, TN B WTH) PHLET HE
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HEUS B IR R, (BRI Z 7R, SRR AT R R AR, HER IR R AR
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A 55, MARRREAMZRMA (B 2) o X—45RINE T kg TR 18 N HE RO T B 72 5 M A
BRI 5 B R i EZEEH ., (Kong, Lin* et al., Environmental Research Letters, 2025; Xu, Lin* et al.,
Atmospheric Chemistry and Physics, 2025)
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BRIt =, RSS2SR IR AL T BT IR B B, TEPERRESHALE (KRR 217 100
JEAAEZ PR, MR ZREEZ ROBHL S RO B U ORI & 1 2, HEFRBLESS T 20 kP EA#E 1R
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INRREMEZR K&K, (Jiang, Lin* et al., Journal of Meteorological Research, 2025)

4. AR NG R R IR T S AR BRGNS DY, fERERURERE =T, MR
T RE SIS S HON AR 2R O SR R B SN, BRI, MEREEZ S S1FEH]
FAAEFRIFF AT TR, FIHZIR LEBERA ST 70 = TE2RAER R R ERHE, &AL TR
R MW SIS S SR RN R IR TR, $87R T R SR R A o S B A HI g5 EH,
AR REE RO PR A T M . AR e R A FEXRG 75 T, A 7S BIASS & K BRI & 5 R BTk
RGETAL TR KA = i A FREE A ARETE T KRR A REME, BT R IR, R s R AR S 15 (.
FHHINEENERIEREN, RAAEER AR TR R i 5 m A e gg M, IXEERTFRIRA 1<
ACFRFFEMAIAIR, (Hou et al., Nature, 2025; Yao et al., Science Advances, 2025 ; 3 3L [FETIEE)

Research Progress on Globalizing Air Pollution

The Atmospheric Chemistry & Modeling (ACM) research team led by Jintai Lin focuses on
the accurate quantification and source attribution of air pollutants and greenhouse gases. From
both macroscopic and microscopic perspectives, the team develops interdisciplinary research
approaches and frameworks for global air pollution studies, with research interests across satellite
remote sensing, atmospheric chemical modeling, artificial intelligence, and climate change. In this
year, a total of 6 papers with our team members as first and/or (co-)corresponding author, together
with our 8 co-authored papers, have been published. Selected works include:

1.Extending the satellite-based POMINO-TROPOMI algorithm to enable joint retrievals
of tropospheric NO, and HCHO VCDs. POMINO is a retrieval algorithm for tropospheric NO,
independently developed by our research team. Over the past decade, it has been used to
generate timely and accurate high-resolution NO, VCD datasets over Asia from polar-orbiting and
geostationary instruments (OMI, TROPOMI and GEMS), and applied to explore the drivers and
implications of their spatiotemporal variability. This year, we further extended POMINO to retrieve
tropospheric formaldehyde (HCHO), and enabled the joint retrieval of tropospheric HCHO and
NO2. Based on this capability, we developed a global dataset of tropospheric NO, and HCHO VCDs.
Compared with the official operational products of the TROPOMI instrument, the new POMINO-
TROPOMI dataset systematically improves the consistency between HCHO and NO, retrievals, and
enhances the agreement of the retrieved HCHO and NO, VCDs and their ratio (FNR) with ground-
based observations. These improvements provide more reliable and internally consistent data
supporting researchers to jointly use HCHO and NO2 retrieval products in scientific studies (Fig. 1).
(Zhang, Lin*, Van Roozendael* et al., Atmospheric Measurement Techniques, 2025)

2.Spatiotemporal characteristics and environmental impacts of city-level NOx emissions

in China. Driven by both development demand and pollution control, emission trends vary
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substantially across cities, while available emission inventories are unable to effectively track city-
level emission changes. Using the PHLET emission inversion algorithm, which was developed in
our previous studies from scratch, we comprehensively quantified NOx emission changes across
Chinese cities since the beginning of the 12th Five-Year Plan. Results show that total NOx emissions
in China declined markedly during 2012-2020, but with pronounced inter-city differences, with
larger emission reductions observed in cities with larger economic volumes. The spatial pattern of
emission reductions generally shows larger decreases in eastern regions than in western regions,
and larger decreases in provincial capitals compared with non-capital cities, indicating a potential
shift of environmental burdens toward non-core cities. By further integrating multi-source
observations and model simulations, we revealed a rapid increase in near-surface ozone pollution
in cities on the Tibetan Plateau, and investigated the causes. Ozone concentrations in these cities
increased rapidly during 2015-2019 (1.71 ppb yr-1), primarily driven by increasing external transport
and local emissions rather than meteorological variability. These findings highlight the important
role of high-resolution satellite-based emission inversion in diagnosing air pollution drivers in
regions with sparse monitoring (Fig. 2). (Kong, Lin* et al., Environmental Research Letters, 2025; Xu, Lin*
et al., Atmospheric Chemistry and Physics, 2025)

3.A systematic review of the contributions of Chinese researchers to satellite-based emission
inversion over the past two decades. For more than a decade, the research team led by Prof. Jintai
Lin has been committed to the independent development of satellite-based inversion algorithms
for tropospheric nitrogen dioxide (NO,) vertical column densities (VCDs) and near-surface nitrogen
oxides (NOx) emissions. The team investigates the high-resolution spatiotemporal variations and
underlying mechanisms of pollutant concentrations and emissions, and provides foundational
methodologies and datasets to promote open data sharing and support air quality management. On
the occasion of the 100th anniversary of the Chinese Meteorological Society and the founding of
Acta Meteorologica Sinica, Prof. Lin was invited to collaborate with other Chinese scholars in the
field of satellite-based emission inversion to review and summarize the major research progress
and scientific contributions made by Chinese researchers over the past two decades. Building on
a systematic review of the evolution of inversion methods and target species, the article further
identifies the current key challenges and points out the future directions, aiming to advance the
accurate quantification of air pollutant and greenhouse gas emissions in support of scientific
understanding and China’ s strategic needs. (Jiang, Lin* et al., Journal of Meteorological Research, 2025)

4.Climate change: Land surface albedo change and elderly vulnerability to temperature-related
mortality risks. Under global warming, changes in the land surface energy budget have become a
key topic. Prof. Lin and collaborators used multi-source satellite remote sensing data to examine
the changes in global land surface albedo over the past two decades and assess the contributions

of land cover, vegetation type, and snow cover to albedo variations and their radiative forcing. The
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results reveal an overall strong cooling forcing by enhanced land surface albedo during this period,

providing new insights for climate change attribution. The research team further combined long-

term survey with meteorological observations to evaluate elderly vulnerability to temperature-

related mortality risks in China under climate change. The results show that rising temperatures

and extreme heat events significantly increase mortality risks among the elderly, indicating

vulnerability of this population group in the warming climate. Together, these studies advance the

understanding of the causes and impacts of climate change. (Hou, et al., Nature, 2025; Yao, et al.,

Science Advances, 2025; both as co-corresponding author)
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Figure 1. Comparison of NO, and HCHO VCDs derived from POMINO-TROPOMI with the official operational TROPOMI products.
(a-b) Spatial distributions of NO, and HCHO VCDs retrieved by POMINO-TROPOMI (averaged over April, July, and November 2021
and January 2022). (c-d) Absolute concentration differences between the TROPOMI official product (RPRO v2.4) and the POMINO-
TROPOMI retrievals. (e-f) Comparison of the HCHO-to-NO, column ratio (FNR) derived from the TROPOMI operational product
(RPRO v2.4) and the POMINO-TROPOMI retrievals against ground-based observations. Source: Zhang, Lin*, Van Roozendael* et al.,

Atmospheric Measurement Techniques, 2025.
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Figure 2. City-level NOx emission changes derived from PHLET inversion, and the influence of emissions and external

transport on ozone trends in Tibetan Plateau cities. (a) Changes in NOx emissions for 288 cities with relatively small inversion

uncertainties between 2013* and 2019*. To reduce the influence of satellite data gaps, we calculated the three-year moving
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averages of NOx emissions (i.e. 2013* and 2019* represent the averages over 2012-2014 and 2018-2020, respectively). (b) Trends in
NOx QNR (quantity of NOx entering the retroplume, denoting the potential contribution of regional emissions to the target area) in
Tibetan Plateau cities associated with external transport. (c) Trends in NOx QNR in Tibetan Plateau cities associated with changes
in local emissions.

References: (* Corresponding Author; # Joint first author; Group Member)
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Natural wetland methane emissions following 1.5 and 2 °C climate mitigation pathways
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1. 23k 1.5 M 2° C FHRERE T ARMGIXGRM R HRA RN (RPREH0 RN MBRETNFZLHEROTIMEN, B
BSRREITE P R E IR

Z B R O R LA “The large role of declining atmospheric sulfate deposition and rising CO,

concentrations in stimulating future wetland CH4 emissions” JN#l, KZEAE Science Advances I,
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(MERIHE: 8. B, 8. T8, ZHE. T
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HHRESRR

AR K SRR
KRERBHBESEE

10010 0 10 100 250
delta CAPE(J/kg)
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S—H, ETATRERTRT FRMERGIT—EME S AN AIARKEERE O | A BPRBINERANFHREDSE, BEFR
RENEERENHE,.

2. WGV LHE A, FEA R R R TR KBIMERE S, ¥ RREER, fH 52X S8
b ARIX—2BREE (Yu and Ginoux 2022, Nature Geoscience) . %M FTEE T 22 WEE T STHINL AN 112 1%
RBRFFRIESS, (R EL S PIE AR ENE : (D Sk G0 AHER I E & AT, (2) 23T /NEE
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R S E KGR, R BIRBIFEER O, SRR IR ) 2 R BN ) R s, R T R4
R, DR ST @M T 5 OORFE R B KRB, R 619% HYEF K5 HEEMREREE o5 HEA
RNV EHER, BERRTIEAL 5.6 Tg ¥4, HAAr 95% R E/NKIEINIMAR, ITHR, B
TR B SR, (B2 3 )R L HEUS B 2R AR RN T 77%, X — S &N R A/
KIgvh ek, FF B2 &k 155% HEF K GTh AHERGREE K £S5, EE 58 F RIS R K S +
HBMRRE A R, FEREE U N BETH @ AN ER AOXRS, I K DX EERVD B A M e, PREE ALY
TIMETS I — IR, (Meng et al. 2025, Nature Geoscience)
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3. FPKIH AR = AR R R, BRI AN S, ARSI AR @R BT 25, R AL
KA BIISEE & BE R PA HOm ARG A SR PR AR DS, JRTT, I AR i (A A B A AR R 2B 1
JFE, PR TR R, RSB T T2 Y Sofiev M0 HA BilFTEHIEE S T I S B ES AR (1)
JH A A AR SIB R OR FERR S 2R “BEaA” 30, (2) IMRERAOSIRAR EEHRSMET 8 1, BT (i
DrE RS TR (B 3) , MR Sofiev A8, st AU MR ZIFIL T 10%, “FIImZERILT 95%
DAL, M58 7 N AR AR AE S R HERE . SO R KA AR et s FE AR R R B TR = RIS, R
TR 2GR 7 &, (Xu et al. 2025 GRL)

Research progress on land-atmosphere interactions

Yan Yu' s research group studies land-atmosphere interaction, with a particular focus on dust
and wildfire processes. In 2025, they made the following progress:

1. Revealing land-atmosphere coupled drivers of global wildfire activity. Wildfires are favored
by hot, dry, windy, rainless conditions - this knowledge about fire weather informs both short-
term forecast and long-term prediction of wildfire activity. Yet, wildfires rely on the availability of
ignition and fuel, which are underrepresented in fire forecast and prediction practices. By analyzing
satellite measurements and atmospheric reanalysis, here we show that near-surface weather only
partially captures wildfire occurrence and intensity across the daily to seasonal timescales. Beyond
near-surface weather, convection and fuel abundance play a complementary role in regulating
burning processes. Specifically, enhanced atmospheric convection is identified for over 40% of the

79



i

2025 FREER KRAWBLE RS

low-human-impact regions and 61% of global burnable areas during wildfire ignition and spreading
periods, respectively. Meanwhile, 56% of shrublands and 54% of grasslands see higher fuel load with
actual occurrence of fire. Our results highlight the role of convection and fuel in wildfire forecast,
prompting a revisit of wildfire prediction under intertwined atmospheric and terrestrial changes.

2. Quantifying global post-fire dust emission. Wildfires reduce vegetation cover and soil
biocrust, thus expanding bare grounds susceptible to wind erosion, as confirmed by in situ and
satellite measurements. However, global characterization of post-fire dust emissions has remained
qualitative and focused only on landscapes disturbed by relatively large wildfires. Here, by applying
principles from fluid mechanics to multiple satellite measurements, we find that 61% of global
wildfires at various extents are followed by enhanced dust emission, injecting 5.6 (3.3-9.2) Tg
of dust per year during 2003 to 2022. 95% of this post-fire dust emissions are sourced to small
wildfires, which occur more frequently and broadly than large wildfires especially across sparsely
vegetated regions. Despite the recent decline in global burned area and a resultant decreasing
occurrence of post-fire dust events, the total amount of global post-fire dust emission has increased
by 77% during the last two decades. This elevation in total post-fire dust emission is attributed to
intensifying burning and worsening fire-induced land degradation, which trigger a 155% increase
in the intensity of post-fire dust emissions. With an ongoing enhancement of extreme wildfires and
synchronized droughts under global warming, our results indicate the emerging importance of
post-fire dust emissions globally and regionally.

3. Developing a wildfire smoke injection height model. Smoke released from increasingly
severe wildfires has exerted widening impacts on the climate, ecosystem, and human life. Precisely
quantifying these effects requires accurately representing smoke injection height in climate and air
quality models. However, existing parameterizations of smoke injection height often diverge from
actual observations, commonly underestimating smoke injection height from extreme burnings. In
this study, we improve a widely used smoke injection model by integrating two critical processes:
aerosol radiative absorption and atmospheric convection. The new parameterization, optimized
and validated by satellite measurements of smoke extinction profiles above active fires, achieves a
10% reduction in root mean square error and an over 95% reduction in mean bias compared to its
predecessor. Such improvements are especially pronounced in tropical and shrubland-dominated
regions. This study underscores the critical role of aerosol self-lofting and convective processes
in vertical dispersion of wildfire smoke, towards better quantifying its climate and environmental
effects.

References:

Su H., Yu Y.*, Guo W,, and Mao J. (2025). Convective potential and fuel availability complement near-surface
weather in regulating global wildfire activity. Science Advances, 11(8): eadp7765, 10.1126/sciadv.adp776.

Meng X., Yu Y.*, and Ginoux P. (2025). Rise in dust emissions from burned landscapes primarily driven by small
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Xu R., Yu Y.*, Meng X., Xue H., Zhao C., Lin J. (2025). Atmospheric convection and aerosol absorption boost
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Figure 1. The integrated modeling framework for quantifying greening effects on carbon storage and ozone air quality.
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Co-benefit of forestation on ozone air quality and
carbon storage in South China

Since 2000, the Earth has become increasingly “green,” and large-scale afforestation efforts in
southern China have contributed significantly to this trend. Forestation (including both afforestation
and reforestation) influences the coupled biosphere-atmosphere system: it not only promotes
carbon storage but can also affect air quality. Near-surface ozone is one of the major air pollutants
in China. It is produced mainly through photochemical reactions involving nitrogen oxides (NOx)
and non-methane volatile organic compounds (NMVOCs) emitted by both human activities and
vegetation, and it is removed via chemical loss and dry deposition. However, how changes in forest
cover influence near-surface ozone air quality through complex biosphere-atmospheric chemistry
interactions remains an open question.

Zhang Lin’ s research group, by integrating satellite observations, forestry statistics, and an
improved atmospheric chemistry model, revealed the co-benefits of forestation for regional ozone
air quality and forest carbon storage. The results show that forestation reduces surface ozone
through enhanced dry deposition and suppressed turbulent mixing, and this ozone-reducing effect
outweighs the ozone increase associated with enhanced biogenic emissions. Greening during 2005-
2019 decreased the growing-season mean surface ozone by 1.4 £ 2.3 ppbv, reduced ozone-related
vegetation exposure damage in forests over South China by 15%-41%, and increased China’ s forest
carbon storage by 1.8 (1.6-2.1) Pg C. Further forestation in the future is projected to increase forest
carbon storage by 4.3 (3.8-4.8) Pg C and to reduce surface ozone over South China by 1.4 & 1.2 ppbv
by 2050. As forestation becomes increasingly necessary for achieving carbon neutrality, air-quality
management should fully account for these co-benefits. The related work was published in Nature
Communications under the title “Co-benefit of forestation on ozone air quality and carbon storage in
South China.”
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WETFE N IRARAL AR DA, 4 BRAE R ISR 65 T BT AURLA (Zhang et al., 2025, Science Bulletin),

83



T

R
-y

L mnEEeR KB KRB

. Clear sky

ground
reflection:

2 AR TRESRRIRIES AN 5 1R R A E

3. KIVKE MG SR AR B RN, 8  IREvK T RiE

Wt X ath 2R THRE R IR B R ER VLK 2-4 45, X —BLRGHRRN " JARIBORTIN " GBI, Ik
TR R R, SECEZ KRS R, Rk - RIERIERB ", 2, HIBAET 2000-2020 4
CERES TLE#E & CMIP6 SRR, {5R T =BEEME PRSI EMN o, JhkikE?
BmRETETE0.016, ik ZEERSHQARN M, R BEWARES QA5 -1.2540.49
Fi1-0.2140.20 W/m?/ +4, H#r &K S Ak ; CMIP6 BEIHIN ToR, SSPS85 1 it FALkiB vk E 5% 5
2100 EHF /D 83%, QAN RS s, BRI RS B A TIALHER #t T H LA (Chen et al., 2025,
National Science Review)O

4. IR LR R T R B REK X 5 AERE K XA P BRI 2 =

T 2020 4 5 A AL CHIIMEERL, R ZFEK X S IEREK X EE AT RBH, oKX 32 )2 H]
FEAEER, =PmtER, WmEAM TR, RIOVKREE 2, REIEmE. SHEN, 2W
TIBBRIEFI RN, Rk IX AR BRI, JCHOZ 0.3 um DANRLFIRERE R, 45 R, BR9aizh
HIERER e R AR ISR R, AR A A RE RN, (Li et al., 2025, JGR-A),

{a) F1 (b)F2 - (c)
1068-1575m 1| 650-1261m — F1 (Precipitating part)
&> 100} — 1575-2515m — 1261-1804m | —— F2 (Non-precipitating part)
5 — 2515-3320m 1y = 1804-2330m
= ‘ M
8
5 10}
“HQ
=
o
1
01 0203 05 1 2 3 01 0203 05 1 2 3 01 0203 05 1 2 3
D (pm) D (pm) D (um)

B 3MkK (F1) MIEMAR (F2) FRE. FREMLROTYSERKEH T,
5. 7RI 5 AL b X SR RO 2 B R A ) DX ek 22 S
BT CMPA Bk ¥4, Himawari-8 ZHRHEEIEM MERRA-2 SiARE R, W5 7 SIS BRI =A%
TR R R X IR ZE S, 45 R, fEAEALHIX, B SUARIN 2, KRBT ARRE, Miih b,
MITIHERERE TR AR TR AREK 5 TEM) MK, STARIIE RSB TRE, IR, S
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