hE ISR 2021,41(11): 5054~5059 China Environmental Science

KBRS CHORE T IR ZmE TR

FIR T L 2 E R S VL, B T (L S BB TR R L, 1 SR R I TR A T S
JE5T 1000815 2. FIEFHIREE TR 0o, B 5T 1000815 3. E SR — VWi IR BT Wil Fhoo sl e mg ¥ 570311)

T KGR S o) = Y AT I 0o il i T O T = R BTU(GLA331-GGA) - T — B2 B F) . 1L, mof RIS CH, 1AL
AR G Al S ) SO IR RAAE, 55 B G vk 7RI AT =328), 68 P 7 % By X80 2013 4F 12 J1~2017 4F 11 J3 018 (R0 B 2647 T 2508 o
SRS HT. 45 R B P YD R KR CHy A AR A 5 b P BRI R AR ABL A 2 1 B BRI A P I I KR 2 11.9x107° A5 P I HR I ) 81,1
10730 H AR S AR o 1S 100 TS0 30 T 3228 R 4 X X 0 R S 1 L3 3 28 T 28 A S ) 24 X, CEL 9 38 2 A ¢ e 3 DR 22,
KRR KA CHys XEAJK; &
FESES: X511 XHFRIRES: A XEHS: 1000-6923(2021)11-5054-06

Concentration variation and impact factors of CH, in Yongxing Island. JIANG Yi-fei'?, WANG Xian-giao', WANG Hai-yan®,
XU Yu-shan®, LU Hong-gang'?" (1.Key Laboratory of Marine Hazards Forecasting, National Marine Environmental Forecasting
Center, Ministry of Natural Resources, Beijing 100081, China; 2.National Marine Environmental Forecasting Center, Beijing 100081,
China; 3.Sansha Marine Environmental Monitoring Center, State Oceanic Administration, Haikou 570311, China). China
Environmental Science, 2021,41(11): 5054~5059

Abstract: Based on the laser greenhouse gas analyser (GLA331-GGA), an automatic continuous high-accuracy observation system
was set up for real-time measurement of atmospheric CH, supported by the Sansha Marine Environmental Monitoring Center of
State Oceanic Administration. According to the characteristics revealed by backward trajectory of air masses, combining with
numerical statistical methods (e.g. robust local regression), the real-time observation data of atmospheric methane in Yongxing Island
during the period from December 2013 to October 2017 were screened and analyzed. The results indicate that the concentration of
atmospheric CH, in Yongxing Island presented an apparent seasonal variation: high in winter and low in summer, which is similar to
that of the atmospheric background in the Northern Hemisphere. The annual growth rate of CH, was about 11.9x10” on average, and
the annual average seasonal amplitude was 81.1ppb. The diurnal variation of CH, concentration showed a single-period sinusoidal
variation: low at noon and high in the wee hours. The analysis of wind field data and backward trajectory of air masses demonstrated
that the monsoon is the key factor impacting on the variations of CH, concentration in the area.
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Fig.1 Time series of CH4 concentration at Xisha
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Fig.3 Mean diurnal variations of CH,4 concentration in different seasons and annual average

&l 4 m] DL g0 . Mauna Loa % B HL G
Tiksi %5 7E 2013 4 12 [3~2017 4F 11 A K< CH4 H
Y- S8 o A AR S B I ) 4 R A A, DR 3 48 R T G
fe 0 38 K, B b o BROSE A b X0k B d K ME, 5
WDCGG A i Z#5 A1 Dlugokencky %5 & & I FT 1k
B PO B W K ARMORIE M, AR SR
R TR TSR AR AR #8 LEAROR IX SE # 2 CH, 1)
BRSOl U ), PG v K CHY A
IR R 1797.3%10 °~1943.5x107°, JI IR L AR 1L
AIE 5 At LA 3t — S50, 357 52 0L 1 S8 1 g R e A
OHRFAE, A7 G IR W] W5 T Mauna Loa
VEAN B B euh. FF T Mauna Loa b HAL KV,
T8 B KBt , N oA AE /NG R S AR AT
XA e URE RO R IR AR G 3859 BL L R AT
T R v D, A2 BRI K o R — ) A ot 4 Bk R 7 2
Rk, N T AR BN RGOS 3810m, LR 41 A
A SRAETRFR RS e AR A 3850 i v b sl A 1
(o | o878 = e Y A o o S R e W e S
PG W), 52 1) b0 e R K o e A B A A R ED RSV
PRI B2 S T 1R A8 5 5% e, RO 1 0 sl 4 e A S
T Mauna Loa 341 FCHL G P3RS CH, WA
ZE I RIEZT A 81.1x107° 3 5 T Mauna Loa 3l
FUHL Gk, BT A DS AR IR BRI . A RIS
A3 1) 22 S 2 D D i 2 R A K P 2 S A,

WA 2013 4F 12 H~2017 4E 11 A
[f],Mauna Loa. FGH <M Tiksi ¥ K<, CH, M52
T, P BIR B i e R 700000 0.65. 0.67 Al

0.5, T4 T ILAT AL HCR O P 038K CHL I
K T A T U M 2 AR 24
0.99, 5 T Y35 1543 T L i U 03—
IRV,

2050

—= Mauna Loa
2000 &
- FLHR
- Tiksi

Tiksi: y = 0.5527x + 1931.3
R*=10.1866

1950 F
< 1900 }
%
T 1850 |
@}
oo,
1800 FC L 1y=0.6735x+1884
R*=0.5588
1750 Ji9:y=0.9878x+1850  Mauna Loa:y=0.649 1x-+1838.9
R*=0.1157 R*=0.3496
1700 L L
2013-10  2014-10  2015-10  2016-10  2017-10
At

K4 Piybuks Mauna Loa. FLHLIC. Tiksi 3% 4 K< CH,
HPH A2 102013 4 12 H~2017 & 11 H)
Fig.4 Mean monthly variations of CH4 concentration at Xisha,

Mauna Loa, Waliguan and Tiksi

2.3 SEmET AR

SCHRARIE [ 30 4R M A K o g b i X
MEE 9 H 5 R 3 3 AR)2 84T A B R
BRI XGE HELAE 11 AR 12 H,45 6.5m/s.3 H 4
15 9 H 3 15 B AT 4 e UG g IR, e KA 1340 XUy
Sm/s, 1% A% A HE 55 = V0 PRI I e s 1
55 W I B 2 R — S0

W 5 FR,AB V00 3 5 AR 5 NNE-NE-



5058 o

B ¥

41 %%

ENE-E, 1] & 2= (1) 3 F K n 4 S-SSW-SW-
WSW.A AR B2 204 & - 4% CH, /& NE-NE-
ENE-E i X R BEARL A2 255 v T LAt B X, Ty B2 2R
NI S—SSW i X (143 S ALl 25 (1T SL A B XL G A,
K2 CHy IR 23 i K X AL T SW-WSW-W-
WNW-NW J X3 5 HoA 3 AN 2015 5 i 3 (1) 22001,
VLIAZE R 2 EP X 3 CH, 32 1% b6 X 1 SR i< 4152
M) B K.

~ENE26.3 WNWO.IL_/
{1\ [T

L A
\

WSW1.20

5 PHYBAN R I R O
Fig.5 Wind direction—frequency Rose Diagram of different

seasons in Xisha

RGHHE B T AEERER X, T
WA R 2 S SR U o A, AT T
Meteolnfo #fF:, 454 “NCEP/NCAR” A% %kl
FAdAE “TrajStat” U AR 06:00 44 120h
J& VI T BT IS 4 s R W oR (K
6): il 7T DX SRR A & 2% B2 S ) BUIE 43 A A AR, &
T 70% KT TR T 3 AR e v i DX i T
SETE B s AT D TR R CH IR B 57
B R I XS O R A PV KR CHY e
2T E A6 H~8 )20 2= KW, 2 85%IH)
HERIE TR CHy WP BAR I B 7 1), P35
IR AGHEZG H~5 JHMEKE9 H~11 DAL T2
A0 70 R 7 2 AT 225, O IR BRI AS
A, KA CHy IRIEIR T 45, m T EE.

DX 8 K CHL (R 5 32 52 [ AR USRI N R P
JECREM, RS CHY I 28284 3 K, X CH, Y8
DX 23 A7 S AR AR N R AR AN, H 1R 85 Tl 52 565 A
HE T 57 #1536 AN BEAR D b At R 3 ol 189 K fy A 0 )

AR IR LS GoAs B TSGR
i DRI BRI TR A% i b
AT RE CH,y T, 25 5 S A I 8] 471 K
T CHy WL A A A Xof Tl o 3 ] A X 3k
CH, FIFRSCEE, T et 2D AT ST

30°N

20°N

10°N
10°N

18.8%
90°E 100°E 110°E 120°E 130°E

° 30°N
30°N

20°N

10°N

90°E 100°E 110°E 120°E 130°E
Bl6 AFZERE 72h 5 BRI T

Fig.6 Air mass arriving at Xisha station by backward

90°E 100°E 110°E 120°E 130°E

trajectories of 72 hours in different seasons

3 4%it

3.1 VUV CHy MR E S0 W] 2 1) SRl 77
TR, & . K52 B A 2
JRVAS Ak 1 DX Sk b FE S5 1) S W, 94 21 AR A s
B 5T Mauna Loa. FLT CAEEBRA R b, 2271
BYRIEZ1 Yy 81.1x10 * ANFI AT CH, ¥k E H AL (/)
ISP 359 RFAE AR — S A I« IR e
(1) PRI TR RS AIE

3.2 VHVPIK G R RRHAE W 2, 4 2% CHy 1F
NE-NE-ENE-E J5 X [} 9 B AR 2 2 i T2t 3 X
MR Z7E N F1 S—SSW s X [ P {8 4 5% 1~ ol
Ji X 42 ok 2R R v I vk P R A R
Sk B T 1) PRI A /0 T 2 1 RO 5% il ik
WSRO, CH MR P 5 - B2 IR 32

3.3 2013 4F 12 H~2017 4 11 H,FHubik 2% Bk
KA CHy WRPEP- 3 I RN iy T AR P3KP,
SEF ST B T AR P K R L 11.9%10 7,



11 ) LR RER . KRR CHy IR B mi R 74T ¢ 5059
’2% Ifﬁk [18] Fang S X, Zhou L X, Masarie K A, et al. Study of atmospheric CHy4

(1

(2]

Bl

[4]

[3]

(6]

(7]

(8]

[91

[10]

(1

[12]

[13]

[14]

[15]

[16]

[17]

Rasmussen R A, Khalil M A K. Atmospheric methane in the recent and
ancient atmospheres: concentrations, trends, and interhemispheric
gradient [J]. Journal of Geophysical Research: Atmospheres, 1984,89
(D7):11599-11605.

Crutzen P J. On the role of CHy in atmospheric chemistry: sources,
sinks and possible reductions in anthropogenic sources [J]. Ambio,
1995,24(1):52-55.

Berman E S F, Fladeland M, Liem J, et al. Greenhouse gas analyzer
for measurements of carbon dioxide, methane, and water vapor aboard
an unmanned aerial vehicle [J]. Sensors and Actuators B: Chemical,
2012,169:128-135.

IPCC. Climate change 2013: the physical science basis. Contribution
of working group I to the fifth assessment report of the
intergovernmental panel on climate change [M]. New York:
Cambridge University Press, 2013:20-309.

Crutzen P J. Methane’s sinks and sources [J]. Nature, 1991,350
(6317):380-381.

WMO/GAW. The state of greenhouse gases in the atmosphere based
on global observations through 2018 [M]. Geneva, Switzerland: World
Meteorological Organization, 2019.

Friedlingstein P, Jones M W, O'Sullivan M, et al. Global carbon budget
2019 [J]. Earth System Science Data, 2019,11(4):1783-1838.

Nisbet E G, Dlugokencky E J, Bousquet P. Methane on the Rise-Again
[J]. Science, 2014,343:493-495.

SUSEFT P iR R AE P 4 ANE KT At R CH,y AR IR
JEASAREFAE [T, R IFSEEER, 2009,5(5):285-290.

Liu L X, Zhou L X, Wen M, et al. Characteristics of atmospheric CH,4
concentration variations at four national baseline observatories in
China [J]. Advances in Climate Change Research. 2009,5(5):285-290.
IPCC. Climate Change 2001: the scientific basis. Contribution of
working group I to the third assessment report of the
intergovernmental panel on climate change [M]. New York:
Cambridge University Press, 2001:1-881.

Bange H W, Bartell U H, Rapsomanikis S, et al. Methane in the Baltic
and North Seas and a reassessment of the marine emissions of methane
[J]. Global Biogeochemical Cycles, 1994,8(4):465-480.

Reeburth W S. Oceanic Methane Biogeochemistry [J]. Chemical
Reviews, 2007,107(2):486-513.

Amuorou X D, Roberts G, Rapsomanikis S, et al. Biogenic gas (CHa+
N>O. DMS) emission to the atmosphere from nearshore and shelf
waters of the north-western Black Sea [J]. Estuarine, Coastal and
Shelf Science, 2002,54(3):575-587.

Holmes M E, Sansone F J, Kang Y B, et al. Methane production,
consumption, and air-sea exchange in the open ocean: an evaluation
based on carbon isotopic ratios [J]. Global Biogeochemical Cycles,
2000,14(1):1-10.

Dlugokencky E J, Nisbet E G, FISHER R, et al. Global atmospheric
methane: budget, changes and dangers [J]. Philosophical Transactions
of the Royal Series A: Mathematical, Physical and Engineering
Sciences, 2011,369(1943):2058-2072.

Mahesh P, Sreenivas G, Rao P V N, et al. High—precision surface-level
CO, and CHjusing off-axis integrated cavity output spectroscopy
(OA-ICOS) over Shadnagar, India [J]. International Journal of Remote
Sensing, 2015,36(22):5754-5765.

O’Shea S J, Allen G, Gallagher M W, et al. Airborne observations of
trace gases over boreal Canada during BORTAS: campaign
climatology, air mass analysis and enhancement ratios [J].
Atmospheric Chemistry and Physics, 2013,13(24):12451-12467.

mole fractions at three WMO/GAW stations in China [J]. Journal of
Geophysical Research: Atmospheres, 2013,118(10):4874-4886.
[19] J5 R8s, i, v R RIE 4 A WMO/GAW AR K< CHy
WS JBARFE [J]. BREER}F, 2012,33(9):2917-2923.
Fang S X, Zhou L X, Xu L, et al. CH4 concentrations and the variation
characteristics at the four WMO/GAW background stations in China
[J]. Environmental Science, 2012,33(9):2917-2923.
BB SEHT . AL A T o RS CHa B 07 70 A ASHEAE (D).
i E SR, 2017,37(11):4044-4051.
Xia L J, Liu L X. Data selection and variation characteristics of

[20

atmospheric CH, observed at Shangdianzi station in Beijing [J]. China
Environmental Science, 2017,37(11):4044-4051.

[21] Fang S X, Tans P P, Steinbacher M, et al. Comparison of the regional
CO; mole fraction filtering approaches at a WMO/GAW regional
station in China [J]. Atmospheric Measurement Techniques, 2015,
8(12):5301-5313.

[22] Ruckstuhl A F, Henne S, Reimann S, et al. Robust extraction of
baseline signal of atmospheric trace species using local regression [J].
Atmospheric Measurement Techniques, 2012,5(11):2613-2624.

[23] Rabouille C, Mackenzie F T, Ver L M. Influence of the human
perturbation on carbon, nitrogen, and oxygen biogeochemical cycles in
the global coastal ocean [J]. Geochimica et Cosmochimica Acta, 2001,
65(21):3615-3641.

[24] VBT, A 2 W JOSHR 5, A8 /R R B K = A0 8 S X R ek 2 £
ST [J]. FREERI, 2013,34(3):835-841.

PulJ, Xu HH, GulJ Q, et al. Impacts of meteorological factors on
atmospheric methane mole fractions in the background area of Yangtze
River Delta [J]. Environmental Science, 2013,34(3):835-841.

[25] Flwim, 2 A FUE K IR CHy ATRAZ L [1]. B8R}
2£24], 2004,24(1):91-95.

Zhou L X, Li J L, Tang J, et al. Variations of background atmospheric
methane at Mt. Waliguan, China [J]. Acta Scientiae Circumstantiae,
2004,24(1):91-95.

[26] Dlugokencky E J, Steele L P, Lang P M, et al. The growth rate and
distribution of atmospheric methane [J]. Journal of Geophysical
Research: Atmospheres, 1994,99(D8):17021-17043.

[27] % WA, B A 04 B VG V0 M X KT AR AR AE [J]. KRS
RE2¥, 1998,22(5):771-778.

Wu S S, Liang J Y. Seasonal evolution of climate characteristics of
summer monsoon over Xisha Area [J]. Scientia Atmospherica Sinica,
1998,22(5):771-778.

[28] k2222 3k 4l HE T GOSAT A Hdi i) b [ CH e BE IR 23 20 A1 [J].
WAL T K243, 2018,33(4):37-39.

Zhang L L, Zhang J Y. Spatial and temporal distribution of CHy
concentration based on GOSAT satellite [J]. Journal of Hubei
University of Technology, 2018,33(4):37-39.

[29] Zhang Y Z, Jacob D J, Lu X, et al. Attribution of the accelerating

increase in atmospheric methane during 2010~2018 by inverse

analysis of GOSAT observations [J]. Atmospheric Chemistry and

Physics, 2021,21(5):3643-3666.

TR, 30,5k A TR I R e RO T B R

TOATRFAE [7]. BREHEIR, 2011,56(33):2804-2811.

Zhang X 'Y, Bai W G, Zhang P, et al. Spatial and temporal variations in

[30

mid-upper tropospheric methane over China from satellite observation
[J]. Chinese Sci Bull, 2011,56:3321-3327.

TEZ BN 25 €1986-), 5,1 25 B By BS54, 104, 2 A e
AERTPAEER KGO LA IS R e 30 5 7.



