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The monthly sea surface temperature (SST) data of 27 marine observation stations
have been detected and adjusted by the Penalized Maximal t test (PMT) and the
detailed metadata archive. In this study, the homogenous surface air temperature (SAT)
data from neighboring meteorological observation stations are used to construct the
reference series by correlation coefficient weighted averaged method. Results show
that all of the stations along coast of the China Seas, the inhomogenities or change
points can be detected and are almost consistent with the time records in metadata.
Combined with the detailed metadata of each station, the main reasons causing the
inhomogenization problems are instrument change (including the change from artificial
observation to automations) and relocation, accounting for about 52.4% and 33.3% of
the total change points. It is also found that the annual mean SST trend has changed
obviously and homogeneity is improved well after adjustment. The warming rate of
SST series along the coast of the China Seas after adjustment is much larger than that
before adjustment. This phenomenon links tightly to the SST decreasing after
automation which leads to the large proportion of negative correction values.
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Figure.l1 The observation locations of Shipu marine observation station in different periods.

Meanwhile, the automation also took place in 2003)
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Figure 2. The distribution of the 27 marine stations along coast of the China Seas (red square) and

the reference meteorology stations (black circle)
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Table 1.The name of the marine observational stations, the station index of the reference
meteorological stations and the correlation coefficients between SST series and the SAT
series

No X vh44 RGBSl m AR IR
1 ZE  54436; 54539; 54541 0.81; 0.81; 0.82
2 TS 54454; 54541 0.75; 0.69

3 i PG 54623; 54624; 54429 0.78; 0.74; 0.68

4 NIl 545845 545635 54579 0.77; 0.74; 0.789
5 Y RME 544865 54493; 54497 0.79; 0.74; 0.79
6 I 54753; 54755; 54751 0.68; 0.76; 0.82
7 W& 54751; 54774 0.70; 0.68

8 , A& 54774; 547765 54863 0.62; 0.74; 0.68

T oy

9 THZE  54863; 54842; 54857 0.66; 0.65

10 INFER) 54863 54857; 54945 0.65; 0.68; 0.65
11 HERHE 58040; 54945; 58047 0.83; 0.83; 0.82
12 Al 58569; 58562; 58665 0.79; 0.74; 0.75
13 K 58665; 58666; 58667 0.70; 0.80; 0.76
14 o W1 58666; 58667; 58760 0.86; 0.86; 0.87
15 - PR 58847; 58944; 59133 0.66; 0.66

16 S 58944; 59133; 59134 0.81; 0.85; 0.76
17 JEIT 591335 59134; 59321 0.84; 0.80; 0.84
18 =7b  58754; 58843; 58846 0.74; 0.76; 0.75
19 b 59644; 59647; 59632 0.91; 0.93; 0.86
20 #IO 59758; 59754; 59855 0.77; 0.78; 0.77
21 — P 59658; 59754; 59664 0.84; 0.810; 0.83
22 o T 59855; 59845; 59758 0.86; 0.84; 0.78
23 M 59647; 59644; 59754 0.82; 0.76; 0.77
24 Ik 59324; 59321; 59316 0.77; 0.81; 0.72

25 HEIR  59493; 59317; 59501 0.67; 0.75; 0.76




26 IFH 59663; 59664; 59673 0.88; 0.89; 0.90
27 Rl 59324; 59134; 59321 0.79; 0.75; 0.83
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Table 2 The number of shifts and the different causes leading to inhomogenization
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Figure 2. Percentage distribution of different types of the discontinuities
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Table 3 the characters of warming trend of Raw (dashed line) and adjusted (solid line) mean annual

SST curves for the all SST series along coast of the China Seas
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Figure 5 Trend in annual mean SST series during 1960-2011 of 28 oceanic observational stations

along coast of the China Seas
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Figure 6 annual mean SST curves for the average of the all coastal observation stations along the

China Seas before and after adjustment

o VI S, VT IE AT R AR SST 7R 2002 F ARG &35 &
AR SST BRI A ML; 1T1EJS, 2002 4ELLRTHI SST &3E4 5, RUITIEG



SST FFAMBIE 7 R BN T ULIE i) SST s, H E V-T2 SST AR H X
B &K, MATIERTHY 0.06°C/10a _EF+%) 0.13°C/10a.

3 SRR
AT H P SST 4R — AR IR IS R, R BRI SST Bk 1k
A DR G R PRI ANE SR R, RN
(1) BRI 8] 7 51 e & i #RAETE AR — VeI 8, R — &b
HAETE 1~2 AN AV R Bl s oy, BT o 1 B A oK
(2> NS B30, A AR5, 1L ul A5 AR Ak A 3 i I SST
e — I FFR A . IR AU — T IEAR KRR bk 4 T R I
B AN SR 7 VA B DA R ki A R B AL i 5 i i AR — 1. H
¥4 SST 34 53T IEE 1 E il i T 1EAT IEE 1 e, Horb SST 39—
WAT IR IR KFRRE LA I T B - AN DS S SST it
(3) AT IERTJE BRI s T SST a3 kA T R AL, RILH
BT SAEOT IE AT I SRARRE . AT AR 1Y) SST AR (ki %4 i
ITIERAT 1 0.06°C/10a _EF+5] 0.13°C/10a
ASHF ST S N PMT K36 7776065 H T3 SST %RH3EAT 1 —MERG 36 A 905k
By, BAREUS THBONIH R IR, B B T s A B ke ik v, HodE
Ml ELIE I R 2 A0 AT, A AR BN AT F I I & SR IMES B P41 . X —1h
OANAFAE TR B, 7EH AR E R AR AR G B TERXFPIE I R FRATTR
FI38 — A R TR R BORME N AR B R R E S P8, IX 2 —FhZ Wi 75
B, ENETCEIRG R R G DL R I A L R R R
TRAE, DRSS — A g B IRAFTE — 8 AN T T o AR SR TR BERTZ ARG Ty vk gk
AT 2 A IR IR S0t [ BN AT 35 2 i o B A5 B SR AT S A, DU
B— A 25 R B i 5.
ST R B B BERIBR IR 2 (i G b SST 741 (R B MMTE I
B AR AR AL, R SRR BUE A 28— MG 36 59T 1E 7 iR T AR SR, DAY
152 5 B [y [E V34— 4k SST BEkl. BARASCN i YA SST P AIREAT T
B — AR I8 R8T AT IESE FAIAE Y — VR A, (R PR AT B R — A 1Y



RS AT IE TAEE & — AR AIE (0 AR o FoAT PRECE AR 78 AR Bk IR
T e FLA A K S B D 7K A PEE AR 1 T et JEE X 28— PR 7T

SR

[1] Bao B, and Ren G Y. Climatological characteristics and long-term change of SST
over the marginal seas of China [J]. Continental Shelf Research, 2014, 77: 96-106.

[2] Liu Qinyu and Zhang Qi. 2013. Analysis on long-term change of sea surface
temperature in the China Seas [J]. Periodical of Ocean University of China, 12(2):
295-300.

[3] Yeh S W and Kim C H. Recent warming in the Yellow/East China Sea during winter
and the associated atmospheric circulation [J]. Continental Shelf Research, 2010,30:
1428-1434.

[4] Ribeiro S, Caineta J, Costa A C. Review and discussion of homogenization methods
for climate data [J]. Physics and Chemistry of the Earth, 2015, 1-13.

[5] Peterson T C, Easterling D R, Karl T R, et al. Homogeneity adjustments of in situ
atmospheric climate data: A review[J]. International Journal of Climatology, 1998,
18:1493-1517.

[6] ZEPRAE. AARBRHY — MR AL 1R [M]. dEat, AR HMAE, 2011: 47-57.

Li Qingxiang. Homogenization of climate data [M]. Beijing: China Meteorological
Press, 2011: 47-57.

[7] LinCL, SulJ L, XuBR, et al. Long-term variations of temperature and salinity of
the Bohai sea and influence on its ecosystem[J]. Progress in Oceanography, 2001,
49: 106-113.

[8] 7y, FH, FWFNEFEIM 30 FhiEE KON GART I 1240 2 oA |
KRR \FE5HE, 2002,33 (5): 515-525.

Fang Guohong, Wang Kai, Guo Fengyi, et al. Long-term changes and
interrelations of annual variations of the hydrographical and meteorological
parameters of the Bohai Sea during recent 30 years [J]. Oceanological et

Limnologia Sinica, 2002, 33(5): 515-525.



[9] RIEAE, 255k, M. 1990-1999 g SSTa PR HIRFAL[I]. H EARAE R

AR, 2005, 35 (2): 173-176.

Wu Dexing, Li Qiang, Lin Xiaopei. The characteristics of the Bohai Sea SST

anomaly interannual variability during 1990-1999[J]. Periodical of Ocean

University of China, 2005, 35(2): 173-176.

[10125RAE, 2. aa =t o (5 X3y s =il W s e £ R S [ 0] A3 4l
2007, 65 (2): 293-300.

Li Qingxiang, Li Wei. Construction of the gridded historic temperature dataset
over China during the recent half century[J]. Acta Meteorologica Sinia, 2007,
65(2): 293-300.

[11]Li Q X, Peng J D and Shen Yan. Development of China homogenized monthly
precipitation dataset during 1900-2009[J]. Journal of Geographic Science, 2012,
22(4): 579-593.

[12]Cao L J, Zhao P, Yan Z W, et al. Instrumental temperature series in eastern and
central China back to the nineteenth century [J]. Journal of Geophysical Research:
Atmospheres, 2013, 118 (15): 8197-8207.

[13]Xu W H, Li Q X, Wang X L., et al. Homogenization of Chinese daily surface air
temperature and analysis of trends in the extreme temperature indices[J]. J.
Geophysical Research: Atmospheres, 2013, 118(17): 9708-9720.

(141 Ge, BREAE, EEFR], . o E AR R RS — A I8 ST R[], <
ARG STk, 2015, 11 (6): 379-386.

Zhu Yani, Cao Lijuan, Tang Guoli, et al. Homogenization of surface relative
humidity over China [J]. Advances in Climate Change, 2015, 11(6): 379-386.

[15]Wang X L. Penalized maximal F-test for detecting undocumented mean-shifts
without trend-change [J]. Journal of Atmospheric Oceanic Technology, 2008, 25(3):
368-384.

[16]Wang X L, Wen Q H, Wu Y. Penalized maximal t test for detecting undocumented
mean change in climate data series[J]. Journal of Apple Meteorological Climatology,

2007, 46(6): 916-931.



(17128, AR, EEF, S5 MR AR BRI ) — R 3e 5T 1E. i
FEAEAR, 2016, 38 (3): 27-39.

Li Yan, Mu Lin, Wang Guosong, et al. The detecting and adjusting of the sea
surface temperature data homogeneity over coastal zone of circum Bohai SealJ].
Haiyang Xuebao, 2016, 38(3): 27-39.

[18] Alexandersson H. A homogeneity test applied to precipitation data. J. Climatology,
1986, 6, 661-675.

[19]Reeves J, Chen J, Wang X L, et al. A review and comparison of change point
detection techniques for climate data [J]. Journal of Applied Meteorology and
Climatology, 2007, 46: 900-915.

[20]Wang X L, Feng Y. RHtest V4 wuser manual [EB/OL]. 2013.
http://cccma.seos.uvic.ca/ ETCCDMI/software.shtml.

215k mA, 44, BB, %5 RHtest /7% 3 E B /K BRI — PS50 050
[J]. KSEHE, 2012, 40 (6): 915-921.

Zhang Gaojie, He Jinhai, Zhou Zijiang, et al. Homogeneity study of precipitation
data over China using RHtest method [J]. Meteorological Science and Technology,
2012, 40(6): 915-921.

[22] NHET. F i X S (M. B 5T, WP RS, 20060 201-228.

Sun Xiangping. China Offshore Area[M]. Beijing: China Ocean Press, 2006:
201-228.

[23]Stephenson T S, Goodess C M, Haylock M R, et al. Detecting inhomogeneities in
Caribbean and adjacent Caribbean temperature data using sea-surface
temperatures[J]. Journal of Geophysical Research, 2008, 113, D21116,1-17.

RAMEE L, KEIE, ¥]75 55 R E MRS 2wl m i e AR« T2

[1]. %8, 2010,38 (1): 78-85.
Ren Guoyu, Zhang Aiying, Chu Ziying, et al. Principles and procedures for
selecting reference surface air temperature stations in China[J]. Meteorological
Science and Technology, 2010, 38(1): 78-85.

2514 E /D, 2, MSEH, S5l IR F- TR S R E R TR AR



BRI [T]. SRR, 2006, 17 (4): 511-512.

[26] L0, SEMEAI, SORME. o [ A 0 T P X UM AR W B 7 % ) S 35 Wi .
[7]. S HERE, 2016, 12(6): 500-507.

Tan Hongjian, Cai Rongshuo, Huang Ronghui. Enhanced responses of sea surface
temperature over offshore China to global warming and hiatus[J]. Climate Change
Research, 2016, 12(6): 500-507.

271708, HArA, PHEZE, SFIAbORE TR 5 R SRR I C SRAf A A
AR —VEITIE[D]. RRAALHT FURERE, 2017, 13 (1): 41-51.

Si Peng, Hao Lisheng, Luo Chuanjun, et al. The Interpolation and homogenization
of long-term temperature time series at Baoding observation station in Hebei
Province [J].Climate Change Research,2016, 13(1): 41-51.

[28]Baoleerqimuge Bao and Guoyu Ren. Climatological characteristics and long-term
change of SST over the marginal seas of China [J]. Continental Shelf Research,
2014, 77: 96-106.

[29]Guoyu Ren, Yihui Ding, and Guoli Tang. An overview of Mainland China
temperature change research[J]. Journal of Meteorological Research, 2017, 31:

1-16.



	yan.pdf
	Yan~6037448

