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Spatiotemporal evolutions of rail temperature on Guangxi railways and the influence
of meteorological elements

GUO Xiaowei', ZHOU Yue?, TAN Zhongchuan®’, ZENG Peng', WU Huali', HUANG Yan’

(1. Guangxi Zhuang Autonomous Region Lightning Protection Center, Nanning 530022; 2. Heavy Rainfall Research Center of
China/China Meteorological Administration Basin Heavy Rainfall Key Laboratory/Hubei Key Laboratory for Heavy Rain
Monitoring and Warning Research, Institute of Heavy Rain, China Meteorological Administration, Wuhan 430205; 3. China

Railway Nanning Bureau Group Co., Ltd., Nanning 530029)

Abstract: Rail temperature is a key physical variable governing thermally induced deformation of railway tracks, and it is strongly
affected by meteorological elements including air temperature and solar radiation. Abnormal track deformation caused by extreme rail
temperatures poses a serious threat to railway operational safety. Based on the observation data collected from 313 rail temperature
stations of Nanning Railway Bureau from March 2022 to February 2025, as well as observational datasets from national meteorological
stations and shortwave radiation products derived from ERAS reanalysis, this study analyzes the spatiotemporal characteristics of rail
temperature and explores the influences of air temperature, solar shortwave radiation and other factors on extreme rail temperature.The
results are as follows. The rail temperature in Guangxi exhibits a distinct spatial pattern, with lower values in the northwest and higher
values in the southeast. The maximum rail temperature ranges from 49.8 °C to 71.1 °C, while the minimum rail temperature ranges from
—7.6 Cand 6.9 °C. Northeastern Guangxi experiences both extreme maximum and minimum rail temperatures. Temporally, rail

temperature displays a unimodal annual cycle, peaking in July and reaching the minimum in January or December. The daily maximum
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rail temperature typically occurs during 14:00-16:00 BT. Rail temperature is highly correlated with air temperature across all seasons.

Intense solar radiation leads to the most obvious difference between rail temperature and air temperature in summer, and the two

temperature are generally consistent in winter. Solar shortwave radiation on sunny days makes the peak rail temperature much higher than

the peak air temperature, and the two peaks are the closest on rainy days. When radiation intensity exceeds 750 W-m™, increase of solar

shortwave radiation can substantially elevate rail temperature, and the sensitivity of rail temperature to air temperature decreases. These

findings provide a scientific basis for rail temperature forecasting and for ensuring railway operational safety under extreme

meteorological conditions.

Key words: rail temperature; spatiotemporal distribution; air temperature; shortwave radiation
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Fig. 1 The (a) schematic diagram of rail temperature measurement and (b) spatial distribution of rail temperature stations (crosses), nearby meteorological

stations (squares) and radiation stations (dots) in Guangxi
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Fig. 2 Spatial distribution of (a) average fixed-time, (b) maximum and (¢) minimum rail temperatures at rail

temperature stations in Guangxi from March 2022 to February 2025
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temperature stations in Guangxi from March 2022 to February 2025
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Fig. 6 Spatial distribution of slope, intercept, and correlation coefficient (shaded) of fitting lines between fixed-time rail temperature and air temperature in

(a) spring, (b) summer, (c) autumn and (d) winter at rail temperature stations in Guangxi from March 2022 to February 2025 (R represents the correlation

coefficient of the fitting line slope and intercept, p represents the significance test level)



5 4 1]

SRR, 55 ) DY SR BB N 2 AR S 52 G E R R I 549

PEFEMER (B 6d); 1M B 2= 0 R B AR S i 40 4
ik (1% 6b), 52 B Z= 552 % ) K25 1 R BH i o 90
i S5 52 o, IR S IR G 20 A AR 22 S R (FDIK,
2016; X234, 2017), B A2 il K 72810 B 52 0 AR X
B, HBGRAR E v Tl — 2 B0 B(EL, U R BH
Ve A B AL AR R B

Oy BB i 4B 8 R S 19 R B0 S R B A O
P, 7 25 ISR 22 M RS ) I 220 22 08T B
5 H I EZE AL ARSI B EEE L
H & L, ol WA IR RR XA, Bl AU Y
U8 LA AL 1 B 20 B AR — 2 (FI5S, 2016),
P 260 0 /9 HECHE I KA 50%, MITEZ 2 Al
R R L 30%. X T 4l A1l Y H IR T
75 R A 5k 14D K B R 90 0 ol R e (L P 1 IR e (.
8 H B e 40%, 101 22 2 FTRS R BT 6 {0 T

30
@ - - 50
£ 20t 140
= I
4 E [=] [D] 130 2
g 10 i
m 20 &
g m
= OF {10
-10 0
-3 -2 -1 0 1 2
S EA P
30 50
()
220} 140
i N
& 130 S
Z 10 !
i 120 =&
& o
= 0 - 110
— —_ \
-10 0
-6~3 -2 -1 0 1 2 3~12 13~17
i % 2 1H
30 50
(e)
2 20} 140
NS
£ 10 i
o 120 &
g m
£l b « I
e N
-10 0
—8~5-4~3-2 -1 0 1 2 3~89~1213~1415~16

S EAPEE
T WU AR 20 - Hufs)

H A H Y2208/ C
(=)

SIRIEMER HEONE £ (K 7a, ¢, e). MHLEMTIR
(1) H A AR WERTE], R 22 Fi RSB R —
M R 43 A RRAE, B A E M TR A E ) H B0E
%, 5 40% ity (B 7b. d. o X ATETL K
B 66t 388 5 S5 B0 B2 0 S, b T G 30 6 S ) o A A
A BRI A 7 10 o B D0, (L s BT ) B e (5
M KA, 20255 7R 1LAF, 2015),

HE— PR PR AR H 2. H A E2E
B AR /NFT 0, B0 A s TR Y H 88 L
It 95%, IR AR IR 11 22 (E 7E W] — R
TR —2 (K] 7a. c. e), K. Z=FIWK
() I 22 {EF- 243 51 13.6 °C 8.6 °C fil 1.4 °C, 43
A1 B[] ] 43 31 2 —5.6~26.6 C . —4.4~23.6 °C F1-3.0~
14.7 °C., W5 K50 ZU A A BH J i 4 S0 00 75 300 3R 0 1 3
R TR, KEMIL 26.6 C,HBiE 75% 19218

10 50
7(b)
e st 140
IS
£ 0 i
= [ E [ 0 5
& m
m -5 10
Y 4 —
—18~—13 —8-2 -1 0 1 2 3 13~19
A %I 2415
10 50
(d)
{40

W
T

8 8
H Y /%

b
—
o

 e——a— S~

-10
21—15-14~4-3~2-1 0 | 2 3 46 7~18
oy 2] 221
10 @ 50
e sl {40
= Sy
i 130 =2
bbb AG R
{% {20 si%
o -5t \ 0
I e N .
-10 0
“16~6-5~3 -2 -1 0 1 2 3 46 7~15
B % 22

1 Bul AR 2E Ll

& 7 T FERE K (a,b). £ (¢, d) FINK (e, H) AR ZI2EE T PR SSIR H IS E2ZE AL (a, ¢, e).
HAMEZMEREHES L (b, d, H FZLE

Fig. 7 Boxplot magnitude and corresponding day proportion of (a, c, €) daily peak deviations and (b, d, f) daily trough deviations between rail temperature

and air temperature under (a, b) sunny, (c, d) cloudy and (e, f) rainy weather conditions in Guangxi



550

&

% 45 %

KT 10 °C, 17 W K PRI 8 WA AR X 4200 (B 18 4%,
2018) BTN A 25 (0 R B AN —FE Y 53
TRAE, B K 22 2= M K 028 (8 22 (6 58 0 - 24 3
SYARTE 0 °C 2oy, L3 i e 30 2 W ek s 1)
fiE, SERME S 58 —1.1 °C. —0.3 °C F1-0.2 °C, /3 IX
&) 0] 43 51 —9.8~9.0 °C . —6.0~6.1 °C F1-2.4~3.3 C
(1 7b. d. )

5 KBBE KRS X HIE R 72 I AL

IR PH 65 05 % S 2 0K Sl 00 T A8 T R AT B ) A%
PRI DR, B S ok B v R R, MELAE )
VY el 28 A R IR L v A B ) SO T A AT
1E ERAS F-43 BT A% 5040 S BCE (R 1R %55, 2021),
T HAE SR S I PE . RS S EHER
M) 281) 35 b 17 1% A BH 60 30 6 1 oA, 181 8 4 )T

K. 2 MR, J0ifg | it AR 4 56 55
S5 R I 657 00 S5 % ORI 185 1 3 A R 10 o S 1L 1)
FHOCHERRAE, W UL = Fp R T, I R K PH J i
S O 0 A% oA O T B i, TR A OC R B
0.71, HEUS BB S A MERLE LM A (K 8a);

TR RUE/(W - mT2)

RS A 1 AH DG R B AR, (A 0.47, T3 28 il A
TR (K 8b. ¢ MELAE KN 43 R
T, A BH e 8 G UL AE A [ R SR £
ARAE 0~1 200 W-m™> {38 [l P, G o s 2R SO0 I A1 14 4
M5, M2 = MRS EWAEZE 1200 Wm™?
FEAT B R KA, (R R 3 HIOS AT A TR AR IR X5 1
X T R S A R BT 5 R . 2 5 BT R A%
JAE 9 F AR AELE 0~1 000 W-m ™2, 0~900 W-m 2
F10~800 W-m™ 435 Bl P, JHL i A 528 B0 W o /N )
FEAE

MIAAEEIRAT, BIEK | 222 A K A A BH
U4 SO AR 43 ) /N T 476.5 Wom™2, 416.8 W-m?
F1303.5 Wm™ B, 4% i (B 22 K T WL IR, 1 K T3
— B B A R ARAE (1] 8a—c)o K PHERIE I
XTI I AR P 2 S SO0 5 e s )
SRR (O 3 A, 2015), 3% 22 BH 24 b 1fi 52 21 K PH 5% 50
U2 % S 5 W BsF 7 P R a5 D e S B s (A R B
S R S RN, 2 T 3 IR R A B O A1

DAL kg A B 6 8 i B S LR RN R 0 A 25 5
() EE B R 2R, 2 Bl A it L T B0 G D R (X
SEREAE, 20175 AR, 2024), PR B v L I+ R
BN T ORI LR R L 4 AN

1400

(b)

3=0.59x+173.04
R=0.61

1200
1 000
800
600
R E[d13

400 |4
200 | &

0 | . e
0 200 400 600 800 100012001 400

S B S LA/ (W -m2)

2 25 R R ) A7 7 DR B 1) 30 3R AR A WL I (/N T
200 W-m* AERARL DX, AR 2R A FH R I8 S5 0L
1200 =5 7068x 152,10
1000 k=071
G
2 800
=
=600
&
R 400
EIE
=
s O
0 | bt
0 200 400 600 800 1000 1200
S R B /(W m2)
1400
(c)
~ 1200
s 1000 |
=
o
s
E
ﬁ
=
ﬁ

y=0.54x+141.15 -~
R=0.47

NN

I it

0 200 400 600 800 10001 2001 400

RLBAR ST OLIE /(W -m ?)

8 T VUG (a). 225 (b) MIRHK (c) 4 /R o A PR AR S LIE A ERAS 73 B a5 (EL B P (ME R M Rl (ED MU (L
AHAFIY y=x £&, TWRFIRIUG LR, R o WIN(E A% S 1R DG R 50
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