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Abstract: In this paper, the Piecewise Linear Fitting Model (PLFIM) was used to analyze the seasonal differences
of the Surface Sensible Heat (SSH) trend evolution characteristics at 70 meteorological stations on the Central and
Eastern Tibetan Plateau (CETP) during1982-2018, and the key meteorological factors influencing the changes of the
SSH in different seasons were quantitatively evaluated using the linear tendency estimation and the analysis of
variance method. Results show that: (1) the seasonal average SSH fluxes in the CETP have a trend transition feature
in all four seasons, as a whole, the trend transition time of autumn and winter is earlier (1999), and spring and
summer is later (2000); in terms of region, the turning time is earliest in Zone Il (Eastern part of TP), and then
expands to Zone IV (Southeastern part of TP) and Zone I (Northern part of TP), and the turning time is latest in Zone
III (Southwestern part of TP). Before the trend transition time, the weakening of the SSH is most prominent in
summer, followed by spring and autumn, and weakest in winter; after the trend transition time, the enhancement of
the SSH is strongest in winter, and the enhancement trend is similar in other seasons. In winter and spring, the key
areas for the trend transition of the SSH are in the eastern and southern of TP, respectively, while in summer and
autumn, the key areas are mainly in Zone II and III. (2) Before the trend transition time, the decrease of the surface
wind speed has an important contribution to the decreasing trend of the SSH in four seasons; however, after the trend
transition time, the key meteorological factors affecting the trend change of the SSH have significant differences in
the four seasons, that is to say, the change of surface wind speed is still dominant in summer, in winter and autumn
are affected by both the variations of ground-air temperature difference and surface wind speed, while the increase
of ground-air temperature difference in spring is the main reason for the trend strengthening of the SSH. At the same
time, in the interannual variability of the SSH, the effect of the ground-air temperature difference is more prominent
than the surface wind speed, especially in autumn and winter, the ground-air temperature difference is always the
dominant factor affecting its interannual variation, the eastern part of TP is also mainly affected by the ground-air
temperature difference in spring; before the trend transition time, the interannual variability of the summer SSH is
affected by both the variations of ground-air temperature difference and surface wind speed, and after the trend
transition time, the influence of the ground-air temperature difference on it is more prominent.
Key words Tibetan Plateau, surface sensible heat flux, trend transition, ground-air temperature difference, surface

wind speed, interdecadal variation
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Fig. 1 Distribution of 70 stations in the Central and East Tibetan Plateau and their underlying surface meadow
types and climatic zone division (cited from Zhang Lu et al., 2020)
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Fig. 2 Evolution of the surface sensible heat flux on each zone and the whole Tibetan Plateau in four seasons

during1982-2018 (Unit: W-m?) (a-b) winter, (c-d) spring, (e-f) summer, (g-h) autumn
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Table 1 Climatic tendency rates before and after the trend turning time of the surface sensible heat flux on each

district and the whole Tibetan Plateau in four seasons (unit: W-m2-(10a)?)
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(d) BKZF, N: FoREARNEEHAZL
Fig. 3 Distribution of trend turning years of surface sensible heat at 70 meteorological stations on the Tibetan
Plateau in four seasons during 1982-2018 (a) winter, (b) spring, (¢) summer, (d) autumn, N indicates stations with

no significant trend turning
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CRAZ: Wem2(10a)t, SE0iliifo=0.05 ZE R, (a) £F, (b) HF, (o) HFE, (D) KF)

Fig. 4 Distribution of climate tendency rates before (al-d1) and after (a2-d2) the trend turning years of surface

sensible heat at 70 meteorological stations on the Tibetan Plateau in four seasons

(unit: W-m2-(10a), solid points are passing tested by 0=0.05 significance level t-test, (a) winter, (b) spring, (c)

summer, (d) autumn)
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Fig. 5 Standardized series of the ground temperature, air temperature, ground-air temperature difference and
surface wind speed on the Tibetan Plateau in four seasons during1982-2018

(a) winter, (b) spring, (c) summer, (d) autumn

2 H RS X AR (Ts) « AU (Ta) « HAREZE (Ts-Ta) FAHRGE (V) 7EHIRR
oI ET AT A KT R (A (10a)™)
Table 2 Climate tendency rates of the ground temperature (Ts), air temperature (Ta), ground-air temperature
difference (Ts-Ta) and surface wind speed (V) before and after the trend turning years of surface sensible heat on
each district and whole Tibetan Plateau in four seasons (unit: (10a)™)
A EER GRAD IX X MI[X VX 2X
Fetr g B 1998 1998 2004 2000 1999
Hearmr 047 0.02 0.59*  0.47 0.36

Ts(°C)
Y - HATE 073 0.90**  0.34 0.63**  (.72%*
S
HATRT 0.40 0.13 0.51 0.57 0.38
Ta (°C)

HAE 014 0.35 0.08 0.42 0.31
Ts-Ta (°C) ARG -0.23*  -0.10 0.08 -0.10 -0.02



PG 059%*  0.54**  0.26 0.22 0.41%*
HYrar -0.13 -0.20%*  -0.40%* -0.30** -0.29%*
Y 0.04 0.20%*  0.30**  0.20**  0.18%*
YT BB 2003 1997 2002 2000 2000
ARG 0.79%*  0.54*  0.48 0.45 0.69%*

V (mst)

Ts(°C)
/G 060*  058* 032 0.63*  0.73%*
0 BT 0.73** 046 0.30 0.50*  0.59*
Ta (°
= G 0.40 0.32 0.14 0.47* 0.51*
BET 0.06 0.08 0.17 -0.06 0.10
Ts-Ta (°C) B
HHrE  0.20 0.25**  0.18 0.16 0.22
AR -0.26%%  -0.26%*  -0.49** -0.37%  -0.33%*
V (ms?)

s -0.06 0.06 0.11 0.16*  0.08
ATAE BB 2000 2000 2001 2000 2000
HATET 0.91**  0.63**  -0.03 0.03 0.39%*

Ts(°C)
s 031 0.45 0.39 0.20 0.40
Ta(°C) AT 0.89**  0.55**  0.14 0.07 0.40%*
a O,
57 BPrE 0.21 0.44 0.39 0.40*  0.40*
HHrET - 0.03 0.08 -0.17 -0.03 0.00
Ts-Ta (°C)
BHE 010 0.01 0.00 -0.19 0.00
HATET -0.28%%  -0.21%*  -0.40** -0.36** -0.29%*
V (ms?)

HITE 0.04 0.17*%  0.21*%*  0.19**  (.17**
HAriE IB: 2000 1998 2002 1999 1999
AT 0.29 0.18 056*  0.63* 047

Ts(°C)
UG 0.85%*  0.47** 054 0.32 0.52*
A 0.50 0.25 0.53*  0.68*  0.50

Ta (°C)
== P15 0.10 0.22 0.42 0.35 0.28
HHrET -0.21*  -0.08 0.03 -0.04 -0.03

Ts-Ta (°C)
B 0.75**  0.25% 0.2 -0.03 0.24*
BATET -0.13*  -0.19%%  -0.29%*  -0.21**  .0.23%**

V (ms?t)

AT 0.04 0.15%*  0.32**  0.20**  (.16**
T *RIRIEIT0=0.01 EE ML, *FoniliTe=0.05 53 HHE I
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Table 3 Proportion of stations with the variance contribution rate of ground-air temperature difference and surface
wind speed on the surface sensible heat variation over 50% before and after the trend turning years of the surface

sensible heat on each district and the whole Tibetan Plateau in four seasons.

Fedrab et

T PSS IX IX mxX VK £X IX OIX ¢mIIX VK £KX
k% WAIRZE 6/7 2424 13/14 8/8  51/53 77 2123 12/13 9/9  49/52
W RGE  1/7 024 1/14  0/8  2/53  0/7 223 113 0/9  3/52
WAIRZEE 2/5 1822 6/14  8/9  34/50 3/5 21/25 413 8/10  36/53
HE .
W RGE  3/5 422 /14 1/9  16/50 2/5 425  9/13  2/10  17/53
WAIRZE 2/4 1223 6/14  4/8  24/49 34 18/22 7/13  8/9  36/48
2 W RGE  2/4 1123 8/14  4/8  25/49 /4 422 6/13  1/9  12/48
s WAIRZE 5/6 0 1625 912 7/9  37/52 /7 24127 9/14  8/9  48/57

i RE  1/6 925 3/12 29 15/52° 0/7 3/27 5/14 1/9 9/57
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Fig. 6 The distribution of stations with the variance contribution rate of ground-air temperature difference or
surface wind speed on the surface sensible heat variation over 50% before and after the trend turning years of the

surface sensible heat on the Tibetan Plateau in four seasons. (unit: %, red dots are surface-air temperature
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Fig. 7 Seasonal mean zonal wind variations of 200hPa (blue solid line) and 500hPa (red dotted line) over the East
Asian subtropics (range: 25°-45°N, 80°-120°E) during 1982-2018, (a)winter, (b) spring, (c) summer, (d) autumn
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Fig. 1 Distribution of 70 stations in the Central and East Tibetan Plateau and their underlying surface meadow
types and climatic zone division (cited from Zhang Lu et al., 2020)
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no significant trend turning
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Fig. 4 Distribution of climate tendency rates before (al-d1) and after (a2-d2) the trend turning years of surface

sensible heat at 70 meteorological stations on the Tibetan Plateau in four seasons
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Fig. 5 Standardized series of the ground temperature, air temperature, ground-air temperature difference and
surface wind speed on the Tibetan Plateau in four seasons during1982-2018

(a) winter, (b) spring, (c) summer, (d) autumn
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Fig. 6 The distribution of stations with the variance contribution rate of ground-air temperature difference or
surface wind speed on the surface sensible heat variation over 50% before and after the trend turning years of the
surface sensible heat on the Tibetan Plateau in four seasons. (unit: %, red dots are surface-air temperature
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