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Abstract In order to improve the quality of hourly observations with long-term series
at regional automatic observation station, as well as enhance its application value in
coping with and adapting to climate change, the homogenous hourly temperature data
of regional automatic weather station over 2008-2023 has been developed, taking
Tianjin area as an example. This dataset eliminates erroneous values from the
observational time series objectively, it has also effectively mitigated and evaluated the
systematic bias impact caused by non-climatic factors such as station relocation,
upgrade of observational instrument elements, and collector renewal on the time series
of regional automatic observation station. Firstly, in the data quality control, 148 errors
of 15 stations detected by internal consistency for the three temperatures were set to the
missing value or corrected by manual verification. And 19 errors of 3 stations, 21 errors
of 18 stations and 66 errors of 31 stations were set to missing values detected by climate
outlier, for hourly mean temperature, maximum and minimum temperature,
respectively. Correspondingly, for the detecting results from the spatial consistency, 5
errors of 3 stations, 2 errors of 2 stations and 1 error of 1 station were also set to missing
values. Secondly, in the homogenization analysis, 6 stations were eliminated by means

of the maximum penalty F test (PMFT) combined with station metadata, which had
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statistically significant breakpoints supported by accurate metadata. Finally, the
developed hourly temperature data of regional automatic observation station was
verified relatively reliable by comparing with the corresponding observations of the
national stations at 11 administrative regions in Tianjin. In addition, using the hourly
data of 106 regional automatic observation stations, it is shown that the increasing trend
and the amplitude of the maximum temperature in Tianjin during the recent 10 years is
relatively the most significant, followed by the mean temperature, and the minimum
temperature is relatively the least, especially in autumn, 100% of its regional automatic
observation stations show an increasing trend in the maximum temperature, among
which 63.2% are statistically significant (a = 0.05), with the amplitude range of 1.316-
3.760°C/10yr.

Keywords Regional automatic weather station, Long-term observation series,
Homogeneity analysis, Hourly surface air temperature, temperature trend
characteristics
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Table 1 The corrected results for internal consistency error data
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Table 2 The corrected results for spatial consistency error data
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Fig. 1 The number of the regional automatic weather station in Tianjin during the period of 2008-
2023.
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Fig. 2 Spatial distribution of the 112 regional automatic weather stations in Tianjin after quality
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Table 3 The inhomogeneity information of daily mean temperature for regional automatic
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(c) Probability distribution of standard deviation for minimum temperature difference series
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Fig. 3 Probability density function of standard deviation for daily observation difference series
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Fig. 4 The proportion of standard deviation for daily observation difference series between each
regional automatic weather station and its corresponding national weather station (a for mean
temperature; b for maximum temperature; ¢ for minimum temperature) in the range of 0.0-1.5°C,

0.0-2.0 °C and 0.0-2.5°C, respectively.
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BB AAC KM A
Fig. 5 Probability density function of trends in annual and seasonal mean temperature (a),
maximum (b) and minimum temperature (c) series based on hourly observations at regional
automatic weather station during the period of 2012-2023.

BT R FEAUMAUR N 36 (&) (Cross, 1977; TS, 1992;
Sietal.,2014) Xt KHEH 106 ANX I H shvk 2021—2023 F-FHHE - Hem AR KA
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SHORMRIIERAE, Jf HAH EC B/ — IR fliTHRERs 25 t AR Tof i) A R0 2 Hfil
T

W s Fios, STFERIIARLRDL, 106 XIS R0 FESE (B 52
H 67.0%F)uk 2 B EMINES (a=0.05), ZALIEEIEHE 0.863—2.984°C/10yr,
Horhr 94.4% ik 1.0°C/10yr AE o il (& 5b) B B E % (a = 0.05)
[ 5 79.2%, ZEAKIE VG 1.100—3.600°C/10yr, 53] 1.5°C/10yr BL EHyuEA
71.4%. X F B ER D (Kl 5S¢0, REFBINES (a = 0.05) FIHiFH 40.6%,
AR FE L 0.660—2.606°C/10yr, HH 69.8%[1)ufiik %] 1.0°C/10yr KA b 534k
A 15.1%)uk R0, BNGTH R R, SR ETN X A2162 FI
XK A2202 4E PR R G R ER (a=0.05), 083N
1.467°C/10yr. 1.492°C/10yr.

MNEFFHNBNRE, PR (B Sa), FEA 97.2%MIshERILH 1 N
e, (A T X I A3506. A3510. A3512 Bi%iit i3 (a = 0.05), BRESHHN
2.174°C/10yr. 1.330°C/10yr. 1.428°C/10yr. X Z= 2 NEas kA3 T 98.1%,
Horr 46 2% g1t B3 (a = 0.05), MEEJEHE 0.939—3.014°C/10yr. [FFE, K
WA 98.1% KB R I M IS, K Gt B2E1 & 70.2%, IEEZEE 1.057—
2.905°C/10yr. T4Z= 2N FuA 52.8%, HACE X E A3512 £t
1 Ca = 0.05), TEEEN 1.722°C/10yr; 745, IEH 46.2%[1) 5k 2R I >,
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3.551°C/10yr; [AI), TV IX ) A2309 Fljdre X (1) A3302 RILH & 3E e sh

(a = 0.05), WEEES 1.710°C/10yr. 1.122°C/10yr. K2 100% 1) X ik 2 B
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FHEIX A2263. IEHEHTIX A2604, THT[X A3517 245 EEN (a=0.05), lFE
324 2.017°C/10yr. 2.889°C/10yr. 1.889°C/10yr.

PRI, BT X4 Bl s 7 dr 2 0, R ORE, REEHIX i
el PR 38 A 3R AR A AR R O IR i, LR S8R, TSR AR AE 0T
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BN R IG I AM AR B AR R, Rl X dit s
T A SRALFE HP [ 78 Py AR tH S8 B 20 S s iR AR —#E - (Vautard et al., 2020;
Ding etal., 2022; Maetal.,2023; White etal., 2023; Qianetal., 2024), *J it
PO SRR IR 5 N A B s i S R AR R R BRI, (Fischer et al., 2021;
Mckinnon et al, 2024; Xu et al., 2025).
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TSGR, JE IS W7 S A I GE i B P Fy o AEIEAT A0 AT, SR — 20 W il s 113

21



— ke FrBL, AEARRIXIE A Sl I 5125 — A B S R TR, PR G
JeHE R BB AR R b 2 B, DA LA BT SR 25 R SE LK
ARG LI B R 25— PEAT Ak, Dy X3 JR b S AN S A AR A F T AR
R 0 5 % W] 1) e il o

2% HRk (References)

Applequist S, Durre I, Vose R. 2024. The Global Historical Climatology Network
Monthly Precipitation Dataset, Version 4[J]. Sci. Data, 11, 633. doi: 10.1038/s41597-
024-03457-z

Cao L J, Zhao P, Yan Z W, et al., 2013. Instrumental temperature series in eastern and
central China back to the nineteenth century[J]. J. Geophys. Res. Atmos., 118(15):
8197-8207. doi: 10.1002/jgrd.50615

Cao L J, Yan Z W, Zhao P, et al. 2017. Climatic warming in China during 1901-2015
based on an extended dataset of instrumental temperature records[J]. Environ. Res.
Lett., 12(6): 064005. doi: 10.1088/1748-9326/aa68e8

Cerlini P B, Silvestri L, Saraceni M. 2020. Quality control and gap-filling methods
applied to hourly temperature observations over central Italy[J]. Meteorol. Appl., 27

(3): e1913. doi: 10.1002/met.1913

Cross AM, 1977. Confidence intervals for bisquare regression estimates[J]. J. Am. Stat.
Assoc., 72(358): 341-354. doi: 10.1080/01621459.1977.10481001

Ding T, Li X, Gao H. 2022. An unprecedented high temperature event in southern China
in autumn 2021 and the essential role of the mid-latitude trough[J]. Adv. Climate
Change Res., 13 (6): 772-777. doi: 10.1016/j.accre.2022.11.002

Dumitrescu A, Cheval S, Guijarro J A. 2020. Homogenization of a combined hourly air
temperature dataset over Romania[J]. Int. J. Climatol., 40 (5): 2599-2608. doi:
10.1002/joc.6353

Fischer E M, Sippel S, Knutti R. 2021. Increasing probability of record-shattering
climate extremes[J]. Nat. Clim. Change, 11 (8): 689. doi:10.1038/s41558-021-
01092-9

Hansen J, Ruedy R, Sato M, et al, 2010. Global surface temperature change[J]. Rev.
22



Geophy., 48 (4): RG4004. doi: 10.1029/2010RG000345

Hewaarachchi AP, Li Y B, Lund R, et al. 2017. Homogenization of daily temperature
data[J]. J. Climate, 30 (3): 985-999. doi: 10.1175/jcli-d-16-0139.1

IPCC, 2021. Climate change 2021: The physical science basis. Contribution of Working
Group I to the sixth assessment report of the Intergovernmental Panel on Climate
Change[R]. Cambridge: Cambridge University Press.

Izsék B. 2023. Homogenization and interpolation of relative humidity hourly values
with MASH and MISH software[J]. Int. J. Climatol., 43 (13): 6285-6299. doi:
10.1002/joc.8205

Jones P D, Lister D H, Osborn T J, et al., 2012. Hemispheric and large-scale land-
surface air temperature variations: An extensive revision and an update to 2010[J]. J.
Geophys. Res. Atmos., 117 (D5): D05127. doi: 10.1029/2011JD017139

Lawrimore J H, Menne M J, Gleason B, et al., 2011. An overview of the global
historical climatology network monthly mean temperature data set, Version 3[J]. J.
Geophys. Res. Atmos., 116, D19121. doi: 10.1029/2011JD016187

LiQ X, Sun W B, Yun X, et al., 2021. An updated evaluation of the global mean land
surface air temperature and surface temperature trends based on CLSAT and
CMST[J]. Climate Dyn., 56 (1-2): 635-650. doi: 10.1007/s00382-020-05502-0

XUEE, hE, FUFE, 252016 BT IR ISR /NI RO o o i Uy
WEFE[I]. W KE, 35 (3): 234-242. Liu Ying, Yan Jing, Wang Haijun, et al. 2016.
Study on an hourly relative humidity data quality control scheme based on the
relationship between temperature and relative humidity[J]. Torrential Rain and
Disasters (in Chinese), 35(3): 234-242. doi: 10.3969/].issn.1004-9045.2016.03.006

MaYY, Chen YT, Hu X X, et al. 2023. The 2022 record-breaking high temperature in
China: Sub-seasonal stepwise enhanced characteristics, possible causes and its
predictability[J]. Adv. Climate Change Res., 14 ( 5 ) : 651-659. doi:
10.1016/j.accre.2023.09.008

Mckinnon K A, Simpson I R, Williams A P. 2024. The pace of change of summertime

temperature  extremes[J]. PNAS, 121 ( 42 ) : €2406143121. doi:

23



10.1073/pnas.2406143121

Menne M J, Durre I, Vose R S, et al. 2012. An overview of the global historical
climatology network-daily database[J]. J. Atmos. Ocean. Tech., 29 (7): 897-910.
doi: 10.1175/JTECH-D-11-00103.1

Menne M J, Williams C N, Gleason B E, et al., 2018. The global historical climatology
network monthly temperature dataset, Version 4[J]. J. Climate, 31 (24): 9835-9854.
doi: 10.1175/JCLI-D-18-0094.1

Muller R A, Rohde R, Jacobsen R, et al., 2013. A new estimate of the average earth
surface land temperature spanning 1753 to 2011[J]. Geoinformatics & Geostatistics:
An Overview, 1, 1. doi: 10.4172/2327-4581.1000101

Peterson T C, Vose R S, 1997. An overview of the global historical climatology network
temperature database[J]. B. Am. Meteorol. Soc., 78 (12 ): 2837-2850. doi:
10.1175/1520-0477(1997)078<2837:A0O0TGH>2.0.CO;2

Qian C, Ye Y B, Jiang J C, et al. 2024. Rapid attribution of the record-breaking heatwave
event in North China in June 2023 and future risks[J]. Environ. Res. Lett., 19 (1):
014028. doi:10.1088/1748-9326/ad0dd9

Rahimzadeh F, Zavareh M N. 2014. Effects of adjustment for non-climatic
discontinuities on determination of temperature trends and variability over Iran[J].
Int. J. Climatol., 34 (6): 2079-2096. doi: 10.1002/joc.3823

Rohde R, Muller R, Jacobsen R, et al., 2013. Berkeley earth temperature averaging
process[J]. Geoinformatics & Geostatistics: An Overview, 1, 2. doi:
10.4172/gigs.1000103

Rohde R A, Hausfather Z, 2020. The Berkeley Earth land/ocean temperature record[J].
Earth Syst. Sci. Data, 12 (4): 3469-3479. doi: 10.5194/essd-2019-259

EZAE, WEE, N8, 5. 2015, 4 E 3R 0 S W IN 5OR = 2% 51 21 R
G [J]. A4, 41 (10): 1268-1277. Ren Zhihua, Zhang Zhifu, Sun Chao, et
al. 2015. Development of three-step quality control system of real-
time observation data from AWS inChina [J]. Meteorological Monthly (in Chinese)
,41(10): 1268-1277. d0i:10.7519/}.i1ssn.1000-0526.2015.10.010

24



Smith C D, Mekis E, Hartwell M, et al. 2022. The hourly wind-bias-adjusted
precipitation data set from the Environment and Climate Change Canada automated
surface observation network (2001-2019) [J]. Earth Syst. Sci. Data, 14 (12): 5253-
5265. doi: 10.5194/essd-14-5253-2022

JtAe, AR, 1992, R = 8 S B Il /s — Reak AR L FE R 0], R
G5, 3(3): 353-358. Shi Neng, Wang Jianxin. 1992. A method of iteratively
reweighted least square and its application[J]. Quarterly Journal of Applied
Meteorology (in Chinese), 3(3): 353-358. doi: CNKI:SUN:YYQX.0.1992-03-013

Si P, Zheng Z F, Ren Y, et al. 2014. Effects of urbanization on daily temperature
extremes in North China[J]. J. Geogr. Sci, 24 (2): 349-362. doi:10.1007/s11442-
014-1092-4

mMS, 4R3CE 2015, A RHtestsV4 AN REE 1951~2012 3% HURF
B — P M 0], SRS EEE 5T, 20 (6): 663—674. Si Peng, Xu Wenhui.
2015. Homogenization of Tianjin daily surface air temperatures by software pack
RHtestsV4 during 1951-2012[J]. Climatic and Environmental Research (in Chinese),
20 (6): 663—674. doi:10.3878/j.issn.1006-9585.2015.15014

alfg, I, FEH, 5. 20200 BHHEHEIZWN TR — AL BEHEOR 5B
M]. db 5. A % H Ak, 5-18. Si Peng, Wang Ji, Li Huijun, et al. 2020.
Homogenization and application of meteorological observation data at provincial
level. China Meteorological Press, Beijing, China (in Chinese), 5-18.

SiP, LiQ X, Jones P. 2021. Construction of homogenized daily surface air temperature
for the city of Tianjin during 1887-2019[J]. Earth Syst. Sci. Data, 13 (5): 2211-
222. doi: 10.5194/essd-13-2211-2021

alMg, GRS, BRI, 252021, A REIT 60 A 2R AN AR i i A
1 38 B 2w 0], Sk 5 B B OBF 5L ,26 (2): 142-154. SiPeng,
Liang Dongpo, Chen Kaihua, et al. 2021. Urbanization Effect on Average and Extre
me Temperature Warming in Tianjin during the last 60 Years[J]. Climatic and Envir
onmental Research (in Chinese), 26(2): 142-154. doi:10.3878/].issn.1006-
585.2020.20060

25



FMG, B, BETE, 452022, AL 1841 fELLRI b m AR RIE HE)F
FIIRIEET]. %24, 80 (1): 136-152. SiPeng, Guo Jun, Zhao Yufei,
et al. 2022. New series of daily maximum and minimum temperature observations
for Beijing, China since 1841[J]. Acta Meteorologica Sinica (in Chinese) ,
80(1): 136-152. doi:10.11676/qxxb2022.008

SiP, Li Q X, Chen X Y, et al. 2024. Construction of daily precipitation series and the
observational characteristics of extreme precipitation in Tianjin, China, during 1888-
2022[J]. Adv. Climate Change Res., 15(1): 52-61. doi: 10.1016/j.accre.2024.02.002

Sun W B, Li Q X, Huang BY, et al., 2021. The assessment of global surface temperature
change from 1850s: the C-LSAT2.0 ensemble and the CMST-interim datasets[J]. Adv.
Atmos. Sci., 38 (5): 875-888. doi: 10.1007/s00376-021-1012-3

Vautard R, Aalst M V, Boucher O, et al. 2020. Human contribution to the record-
breaking June and July 2019 heatwaves in Western Europe[J]. Environ. Res. Lett.,
15 (9): 094077. doi:10.1088/1748-9326/aba3d4

White R H, Anderson S, Booth J F, et al. 2023. The unprecedented Pacific Northwest
heatwave of June 2021[J]. Nat. Commun., 14 (1): 727. doi: 10.1038/s41467-023-
36289-3

FHE, HFRFE, W5, 52014, B TTE A S H A BRAE RS 2 SR R st
FERASE, 33 (6): 1722-1729. Wang Haijun, Yan Qiaoqiao, Xiang Fen, et al. 2014.
Algorithm design of quality control for hourly air temperature[J]. Plateau
Meteorology (in Chinese), 33 ( 6 ) : 1722-1729. doi: 10.7522/j.issn.1000-
0534.2014.00028

Wang X L. 2008. Penalized maximal F test for detecting undocumented mean
shift without trend change [J]. J. Atmos. Ocean. Tech., 25(3): 368-384. doi:
10.1175/2007JTECHA982.1

Xu W H, Li Q X, Jones P, et al., 2018. A new integrated and homogenized global
monthly land surface air temperature dataset for the period since 1900[J]. Climate
Dyn., 50 (15): 2513-2536. doi: 10.1007/s00382-017-3755-1

XuQY,WeiSH,LiZC, et al. 2025. A new evaluation of observed changes in diurnal

26



temperature range[J]. Geophys. Res. Lett., In Review.

Yun X, Huang B'Y, Cheng J Y, et al., 2019. A new merge of global surface temperature
datasets since the start of the 20th Century[J]. Earth Syst. Sci. Data, 11 (4): 1629-
1643. doi: 10.5194/essd-2019-80

Pl 2025, E AR K FEATA (B EEGERTH] (1900-2022) [J]. K
BH&2, 49 (1): 13-22. Yang Su. 2025. The development of a homogenized in-situ
daily and monthly precipitation dataset over China in last 120 years (1900-2022) [J].
Chinese Journal of Atmospheric Sciences (in Chinese), 49(1): 13-22.  doi:
10.3878/j.1ssn.1006-9895.2304.22227

HE ARG R . 2003, HE AR MMTE M), dE 5T G kR, 123, China
Meteorological Administration. 2003. Specifications for Surface Meteorological
Observation in China[M]. China Meteorological Press, Beijing, China (in Chinese),
123.

HHEA SRR 2020, AR HSDWIEELTEM]. bRt AR HAckE, 101, China
Meteorological Administration. 2020. Specifications for Surface Meteorological
Automatic Observation in China[M]. China Meteorological Press, Beijing, China

(in Chinese), 101.

27



