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Abstract In summer, the air temperature on the Tibetan Plateau (referred to as the
"Plateau™) has the intraseasonal variation characterized by initial warming followed
by cooling. Therefore, studying the long-term changes in intraseasonal air temperature
will help to deepen the understanding of the long-term air temperature change on the
Plateau. Based on the JRA55 and ERAS reanalysis datasets, this paper analyzes the
long-term warming trend of summer air temperatures in the eastern Tibetan plateau
from the perspective of intraseasonal evolution, as well as its atmospheric
thermodynamic mechanisms. The results show that the warming trend of the summer
temperature in the eastern Tibetan plateau is mainly related to three factors: (1) the
significantly accelerated warming rate in mid- and late June; (2) the significantly
decelerated cooling rate in mid-August; (3) the significantly prolonged duration of the
warming period. Thermodynamic diagnostic results indicate that the meridional
temperature advection, which climatologically acts as a cooling role, shows a
long-term weakening trend, which may be an important cause of the warming of
summer temperatures in the eastern Tibetan plateau. It should be noted that while both
reanalysis datasets generally reveal the consistent evolution of air temperature over

the eastern Tibetan plateau, there are certain differences in descripting the
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thermodynamic budget equation, with the JRAS5 dataset seemingly revealing better
diagnostic results.
Keywords eastern Tibetan plateau, summer warming, temperature tendency,

intraseasonal evolution
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W LA R v R R I T b XA S AR A C BN AT RIE R AR /L (Aidin et
al., 2009; Sun et al., 2020; Zhang et al., 2020; Luo et al., 2020; Wang et al., 2020; ¥
WESeSE, 2022) o R ER BRI B MY IR % (Liu and Chen, 2000;
Frauenfeld et al., 2005; Yin et al., 2013; Zhang et al., 2013; Yan et al., 2020; 3%,
2024) , HHK/INRL2 AR EIE 24% (Liu and Chen, 2000; Kang et al.,
2010; FE{#745 2015; Duan and Xiao, 2015; Kuang and Jiao, 2016; Yan et al., 2020;
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2015; You et al., 2016; = KI5, 2022; 35, 2024) , X AJHESE = R B IR AN ]
FHAN X B — N EERR CREES, 2022) 5 &EA RS RO AR K
I, 230 S BT B RO BH R i A G SR AN [B] KA R S R 5, ST
J5itEHE (Duan and Wu, 2006; Duan and Xiao, 2015; Yang and Ren, 2017) ; & /& &
LA B RD A AR A LA R G TR 3 75 0 S A i 46 SR R o 5 B30
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Fig 1. Schematic plot for summer warming. Black dashed line represents the typical evolution of
summer air temperature, with the left half being the warming phase and the right half being
the cooling phase. Red solid line, orange solid line, blue solid line and green solid line
represent four idealized scenarios corresponding to the warming of the summer mean
temperature: (1) increased temperatures in early June without a change in temperature

tendency (OT / ot), (2) accelerated warming, (3) slowed cooling, and (4) extended (shortened)
warming (cooling) phases
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ASAEH H AR RT HRHEHIE H 155 8 5T ENRAS5 (Kobayashi et al., 2015) ,
WEFTIT B N1958~2022- 2 2% (6 HH8H) . TRIHIK -4 #E% N1.25%1.25%,

AREROFE2 m R (T2m) . MRS DUSE R BRI (T) - X
(U v @) FIEHERINFAR (Q) o SEfr b, ACHWATH TERAS (the fifth
generation of European Centre for Medium-Range Weather Forecasts Reanalysis) F
SHTBOR R R AR, KP4 B4 929 2 (Hersbach et al., 2020) . £
JRHLIX , L3 P9 170 B BEORE 5 i T 0L 0l i B8R AT M — Bk, U
JRASSEURL (BhSan fZ=RIE, 2016; RAEESE, 2022) o MBI AT BORHI AR
IEAESEbUR LSS ATIP/
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P02 5 oy v S o A i e [X 1 B g B S R AIE T R A 2 R D A Ok
(Sheng et al., 2012) . [E2b%5 T 659 M P E MR k. HERTI,
Hh 2SR PP AR S AR, 90 E LAV F bR R IE AKX T-560 hPa, fif BAAR
R ETEG40 hPaZify . Ak b, iR R #7600 hPa. At —H
WEEHSEST2mZ WL R, E2cfds T 20 T2m 5 % 2 k<
REMX RS, TR, EXRES, T2n5REEEIEMXRR, BEHME
K0 7L b, F KM O R EH LA W3 Hh 2% 119500-600 hPas ki [. (EATERM
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[27~28 N]HI[80~85 E]H:[X, FH:500-600 hPafI ¥ fE N N0.475 47 . HILTT W, AH#EL
TR R PGS, 7E R R AR 500 hPa URARER T2mE A&, XM A SR &
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2 Summer variables in the plateau and surrounding regions from 1958 to 2022. (a) Linear
trend of T2m (units: K/year), (b) climatological mean surface pressure (units: hPa), (c) and
(d) correlation coefficients between T2m and air temperature at various pressure levels in a
vertical cross-section at 97.5 and 32.5N (contour interval 0.1), respectively. Black dots in
(@) and (c. d) indicates regions passing the 0.05 significance test, and black shading
represents terrain. Blue dashed boxes in (a) and (b) outline the study region [27.5%40N,

90=105E]. The black thick solid line represents the 3000 m contour line, indicating the
main part of the plateau
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Fig. 3 Summer variables in the plateau and surrounding regions from 1958 to 2022. (a) linear
trend of 500 hPa air temperature (units: K/year), and (b) climatological mean 500 hPa
circulation field (shading represents vertical velocity, units: Pa/s; vectors represent horizontal
wind field, units: 10m/s). Black dots in (a) indicate regions passing the 0.05 significance test.

The black thick solid line represents the 3000 m contour line, indicating the main part of the
plateau
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Fig. 4 Ten-day-period evolution of the 500 hPa temperature tendency over the eastern plateau
from 1958 to 2022. (a) Climatological mean (K/ten-day period), (b) linear trend (K/ten-day
period/year). Dashed and solid lines represent the JRA55 and ERA5S reanalysis datasets,
respectively. Vertical dashed lines indicate the ten-day period of the highest temperature
during summer, and horizontal dashed lines represent the zero value reference line; in (b),
stars and circles indicate regions passing the 0.1 and 0.05 significance tests, respectively.
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Fig. 7 Ten-day-period evolution of the 500 hPa temperature tendency and climatological mean of
each thermodynamic term over the eastern part of the plateau during summer from 1958 to
2022 (units: K/ten-day period). dT is the temperature tendency, H is the horizontal advection
term, V is the vertical motion term, Q is the diabatic heating term, HE is the horizontal eddy
term, and VE is the vertical eddy term; (b, d) are the same as (a, ¢) but for the vertical motion
term and its two component terms Vc and Va. (a-b) and (c-d) represent the JRA55 and ERA5

reanalysis datasets, respectively.
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Fig. 8 Long-term linear trends of the 500 hPa air temperature tendency and each thermodynamic
term over the eastern plateau during (a, d) mid-June, (b, €) late June, and (c, f) mid-August
from 1958 to 2022 (units: K/ten-day-period/year). (a-c) and (d-f) represent the JRA55 and
ERADS reanalysis datasets, respectively. Stars and circles indicate regions passing the 0.1 and

0.05 significance levels, respectively
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Table 1 Long-term linear trends of horizontal advection of air temperature (H) and its zonal
component (Hz) and meridional component (Hm) at 500 hPa over the eastern Plateau as

revealed by the two reanalysis datasets. * and ** indicate the significant trend at the 0.1 and
0.05 confidence level, respectively.
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H Hz Hm H Hz Hm
6 4] 0.06** -0.005 0.064* 0.036* 0.014 0.022
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