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Abstract: Lakes and reservoirs are recognized to significantly contribute to global emissions of greenhouse gases, but unrepresenta-
tive sampling periods and a lack of consideration of rainfall conditions have limited the accurate estimation of carbon emission. This
study took the Guanzhuang Reservoir in Yichang, Hubei Province, as an example, selecting summertime which has more frequent-
ly intense precipitation. In-situ high-frequency observations of greenhouse gas fluxes at the air-water interface, dissolved gas con-
centrations and environmental variables at the surface and over the vertical profile were implemented for a week, to investigate the
impacts of summer rainfall events on the dynamics of greenhouse gas fluxes. Results showed that CH, flux ranged between 0.007
and 0.077 mg/ ( m? +h), and CO, flux was from 5.48 to 57.57 mg/( m?-h) at the air-water interface of the Guanzhuang Reservoir
during the monitoring period, indicating a net source of carbon to the atmosphere during both day and night. Under light rain, mod-
erate rain, and even storm conditions, daily average fluxes of both CH, and CO, appeared to be relatively low. Daily fluxes tended
to be regulated by wind speed and temperature. CH, and CO, fluxes exhibited similar trends of variation, and daytime flux>night-
time flux was more often detected during the observation period. Difference between daytime and nighttime fluxes was not influenced
by rainy weather conditions, but wind speed was the dominant factor affecting diurnal variations of CH, and CO, fluxes. During the

storm event, CH,-kg, and CO, -k, were significantly positively correlated with the temperature difference between water and air,
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but the convective mixing was in a very short time. At phase [ of the storm with an average rainfall intensity of 3.8 mm/h, CH,-
koo responded to wind speed and rainfall significantly. While during phase II of the storm with a higher rainfall intensity (8.5 mm/
h), CH,-kg was not correlated with wind speed and rainfall. It suggested that there might be a threshold value of rainfall intensity
for the applicability of floating chambers under intense rainfall conditions.

Keywords : Methane; carbon dioxide; emission flux; diel variation; storm; Guanzhuang Reservoir

W A K R AL o5 AR It o T ARG 3.79% 11 3o I 3 A HE R A9 BTk 0 R 2 /N L HR A 2Kk
fA CO, A1 CH, BRI 5 43 ) 5 35 328.8 1 67 TgC/a">) (4 CH HRIE 3K CO, 1 28 4% 4755, 4124 T 682.2
TeC/a BIBRHERC) , ATHRIE T 40% 4 BREG A 25 R SR AE e i 1 . R, Bk g 26 25 R L il &8 Uik
HERO AR R B AN SE 2. UK A 1], Deemer 451 B3 il 9 A BR/K 2 CO, A1 CHLAE HERL 143 31 0
135 F1 18 Tg, 5 St Louis 251 FLATH A 18 ( 1000 Tg/a CO, 1 70 Tg/a CH, ) 225 E K. S FRHH & MR TR
T PR A 75 R G0 22 )R 22 G P9 s e HIE i v B 1 2 () S IO P DA A, g — % D R L A ] (g AR R .
B A WK 25 78 RLIF IR AOIRGL T T, T D9 26 (e HOR BRI TR ) ARG B A0 08 T, g Ak ol IX 3R 8 180
PESRHE B TR R S AR AT GBI HER.
2 BT ST 2 I, T 0T /K I 69 o 5T BE 540 3 22 2 /K 1 o T ke 28 S P i o 5 R T A R 2% 1
T 7K AR 3 £ S (57 WL 9 v A1 A0 e 2 2 1. A DG o T R L 3 04 B Y S e 22 )1 [T R AR B 1 22
S (50 TR PR A 5 , MR s S, FEUK AR CO, Wk B i ', sl R v e W T 11 B 25
AL, SHOK R X PR A W, SRR R T R A T e R A e O D K B T e 4 5
B e R H LA B RE HEA TR, B BT WS E SR 2 5 CO, ML/ CH i 8 3580, A
N B 7 T X A AR A SR AR T Z 00 L At e 2 A X AR R A ) 0 5 L, AT e LA e
SRR A TR R M ELBE RS . BRUK— S IR CO, T CH, 38 #2074 S PRI , 4 %o 7K A4 3 2 B 3 1) | SAR S 17 MR
T IS R T v A0 2 T X R o Uk 2 3 2 A T 28 T S %) i) 8 S R A AT s e T 4 67 75 4
SR E B A8 ST b 4368 L. AT, Aot 25 W) ) il =2 o i 240 T oL 2 S B B TR LA A i
IR A €O 0 S B P R AR R o R AR T A e 4 F T CHL ki Sy A ) R
T OE I B R R E A SOk P A R , F AT DGR R R R B R (R CHY )
HIRIFFEIEAS TR 53, ELATRE R R ARG 5 BN 2
YT, AT R BUR M 2 & 1 B 2t B, LAIALE B 5E NE FEK B ), 3 5 3R = Sl & LK
AR 2 R ) ) T SR A W 3 T B A58 TR 7 0 SRS e A O , 43 T 2 g i = £ ) K 2 T 3 S M i AR 4L
GRZI , LY = B Y I 2 T SRR R A R TR, 7R A BRAE I s AR i B R S R S = R, A
W22 A 28 R G0 T A 9 e HE A TR AR 25

1 #RE7EE

1.1 ARXHER

BRI FIACA BB R X A BE P9, A VA B — S S R I T 3 — A TR K R 42
ARG AT SZ 900 B 3T BEED B Tl IR X 25 km. B K 2 — A AR T K Ok 3 TR A RIBR L L
R RKR) AR, F 240 6 25 BB 0 X A0 JE R A TR K AT 55, B KBS 44 T7 t. 320K B s AL T #0282 XS
X, AR R i 1026 mm, [ 28 7E 6—9 H. /KJERFH A 31 km®, BUESA 1560 71 m’ , KB i AR
0.77 km® , Fe RINE 38.8 m, IEF &K AL 198.2 m, AR /K BE I i s Vi B e FE. B FE K R IE 1% 00 F 4 4E4%
KT 194.0 m KAz 36132 A, D RS- oK TR KRR A8 2%, A e R B IR EVE R IR
TR IR X, B AR BT R AT, o UK 4 5 5 SR 1.
1.2 AR

AR WSO H 1 JE (2020 4E 6 H 18— 25 H ), T IUAT /K 38 i St , W I 7K R 24 20 m, B 89 /52 30 32
m, JORBK A AR, B B A 1 fos. WEim B sk —< 5 m CH, i CO, i SARVE A7 I B K
HREEP . CH, A CO, il % AR B B H 3hid 48 ' 742 DLT-100 5 % SRS BT (Los Gatos Research,



% BEF BEERREFMSRERTARETEGY R 83T ERE SRR 1859

=) M E , B IR (8] 2 30 min (4245 25 min (R0 FE I (8] # 5
min [ ST TOURE J5 A8 A5 PR B 25 S S e mf [a]) . 1A
JERREFEE Y, LURIE XU i@ s AR R E . @=L A 6 18
H 20:00—6 H 25 H 20:00(H.A46 A 22 H 20:00—6 A 23 H
2000 BrAk) Heapsk 6 BR. SR B FF A A0H B P K —= - 2
i (FaRAGE) ™ # 4 G2301 Ji % ARSI (Picarro, ) )5 7K
RVEAE CHURT CO M. 22 (29 0.5 m IREE) SMARH IR 6 1
20 H 15:00 #§2:—6 J] 22 H 20:00, 582& 7 55 1 LI HA P 119 B2 R 2oF
. 5T 6 H 18 H21:00.6 7 21 H 21:00 LI BWEHRIGH) 24 h
(6 422 H 21:00—6 H 23 H21:00) i@t /K & LRI ¢
Feile TR 2 BN AR 14 432 B Bl L2 W, A v 2 ) 39 T e
M1 b IS 7K (DO \pH 287K i B4 240k H] HydrolabDSS5 £
ZHOK AL (W Ay, SEE) W , 2 10] 43 J2 0 R I -5 SO A7 ok B2 11
I 2B

Wik T RS SR B 5% 7K R 17 2R 9 7K 28 3l 14938 /NI R
A R AR AR BRI 5 AR ARX R R SR T, 1
SR HI B SCGEE  B B T 2R B X G (38 /N R R, Her P 1B KO R i o
JRUIEE A0, 6 i R Rs AR KRG Fe KRG 248 1 h NEY 10 min 33 Fig.1 Location of the Guanzhuang
JXTHE ) 5 AR, M KRG A T P I I XU f K fi. o Tk & Reservoir and the observation site
I R EE , AW ST M SR T e XU IR AU
1.3 HIED

SRR LI B 27 JE SR, AR PR 19 CH, B CO, ¥ B 23 B s 1] & Az et i A8 . AR YR ot g v, BRLASL
M0 A B P T 2 S A I o ) 4 S R, B TE B W i S HEL. CHL RN COL il =T RARSE LR

. [23
AR

Yo s

C B KA
0 400 m
| S

K-F -F,-V

ST aE (1)

X, F K= JH T CH, 5 CO, 38 i (mg/(m® - h) ) ; K 3l A P CH, 5 CO, e J8 B I i) A5 £ 1 48 56

(107°/min) 5 F, RS ARMRBUM L 107 8] pe/m® BT A HE4 R A (CH, A 655.47,CO,Hy 1798.45) s F, Ry 534 5

NS A A R AR 60) 5 V SRyl A K I I L R A s SRR (m?) s A B R IS T BL(m® ) 5 Fy 2R pg

5 mg (R 2% (1000) .
AU AR 3 P2 A

F=k-(c, —cy) (2)

S,k AR (/) s, CHL K, CO 5 2R AR IE (ol L) s, Jy AU 15 A3

FI VA CH, 8 CO, MR BE , ARAE SCHR [ 18 ] v [R] J ok SR 3 R 4. A B 7 S04 ) A ] 7O 2% 14
ALY LA, X b A TRRIEAL ) 58] CH, kg Il CO, -

R ] Pearson A I3 BRI F SUARIE 78 b 5 PR KT HYAH DG , 2o B8 PR 3R 5 22 20 Ak e 3 i
Kl i RAFTE & 2 5, A &K P<0.05.

A% SR T ARG R A B R R B S G A AR ) AR AT 24 h FRRR & (R) Rl 43 AS [F] S5 G B v 42
B/ (0.1 mm<R<10 mm) . FH ( 10 mm<R<25 mm) . KT (25 mm<R<50 mm) & KX PL FE(R=50
mm) . WPy 3 A 3 R .6 H 19 H 20:00—6 H 20 H 20:00 /Nl (24 h Fi & 2.5 mm) ,6 H 20
H 20:00—6 H 21 H 20:00 i (24 h {16 mm) ,6 A 21 H 20:00—6 H 22 H 20,00 H 5[ (24 h i it
75.5 mm).



1860 J. Lake Sci. (#3a#3) ,2021,33(6)

2HEREH

21 EREGHIERESTESTLIFE

LI 347 1] K — S CHL A CO, 3@ B A8 Ak Al 2 Fr 7. CH, 38 42 28 4k 35 FBl i 0.007 ~0.077 mg/(m*+h)
SERE R 0.024 mg/ (m*+h) , CO, 3@ F ARG E 4 5.48~57.57 mg/ (m’-h) , F-34{H K 17.80 mg/ (m’ -h) , FH
RS RIRIR. BARRE , CH, N CO, 38 fRET [ AR fb i g h— 30, B B &M XM (R D). A EES
B 3) TR R 3 Y CH, A CO, HEIE 34 IR AE RS IR S 46 6 H 23—25 H ,CH, \CO, i & H34{H
Bk 0.031 1 28.21 mg/ (m® +h) . AZHA I EE X A 2R, [7] IS K A9 6 H 18— 19 H CH, Al CO, 3 2 fih
LT 6 H 23—25 H(P<0.001). [ER&METH 6 A 19—22 H,CH, @& H {84 0.021~0.024 mg/ (m*+h) ,
CO, i & H H{H Ky 12.99~14.03 mg/ (m*-h) , W G AL TR 5 0 K A9 S MR H /K . CO, H 3 i il [ 7 a3 25
TR G, T CH, HE & W R T RS, T2 &0 N ik 2R I0E 2K

WA B ZE LR O, 6:00—20:00 4434 F1K,20:00—¥k H 6:00 X435 8. MK 2 AT LLE H,6 d
WA N CH, 1 CO, il # YR 2 — B B RCELRHE. TEIIR AT 6 H 18— 19 H .23—24 H /)
MIRAM 6 H 19—20 H ARSI 20— 21 H, F1K CH,H CO, BEHE 355 F R0 , (HHEA R 0
PRI FE 22 5, 705 14:00.8:00,12:00 F1 16:00 £ 45. WilE IE R RS LM 6 H 24—25 H, %M
) CH, F1 CO, 3@ £ 1 3 & T 1R (P<0.001) . IvAh, 2 RAH 6 H 21—22 H CH, 3 BIHEBUK PR A R
15 (P<0.0001 ) , CO, 2 M HEIC i BB 2 T 1K, (A B 3 25 5 (P>0.05) .

- CHjlitE < COlitE = FEMiE ——- COfft HI(E ---- CH ik HIE
(a) 6/118-19H o 005 6/119-20H s .
= 5 - . S — Q45
= ] ] PN 15,8
g 0041 0.06 - AR B0 5
= ) & 120 & -
2O0L 0.04 / s  An J163 ] 03
E " he [ae 041 o d o 11673
= 0.02 2003 ua® 850 08, Q o_p_ 9 °9/h @ 420
= ;g Sromtenl s (oM. W SOy Y NP QUL o) W N D P El
S el S 1 R
5 () 1 1 1 1 1 0 1 | IR NI I I B | | 7l | 4 g J 0
(¢) 612021 H (@ 6J121-22H
=005 g o 50 0.5 pre
. ] HK o |H
5 0.04f oo o\"\/%> 140 004F i
= ) 430 0.03F & / *
I | e, s i gt
= . /g\p,\ .b\doob’,o })o¥. ”l ‘g.‘ 20 0.02 3_6‘ QLY \/ r
AT A AT =10 001f) §
(o]
5 001 | e w4 v B | 1 1 -—»ﬂ—nl 1 1 1 0 0 1 1 1 |Malmn\|
_ () 6J123-2411 (H) 6/124-25H
T008E . AX 160 o06ff B
g =450 o H
Eﬂ o.%-ﬂ / x 1a0 0.044 %‘;\lf’ o
= /'\ oy —.— 4 _Bf0_. Bee
= 004HBe o __o_/gbpf_\ﬁ,ﬁp il fziﬂ 30 i ____:&f;_v :
L Gn\gﬁ%gq{&— . V- 0.02 TVL
EE{ 0.02F -‘%’ \P"-’f— '\:-:0/ ./.’..\./ ’E _E/ 120 ¥
U 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0
T e T mrrrrm
MR R R R R R NN o MR W e R R NN o
i) I ]
P2 e CH, I CO, 38 H B 84k

Fig.2 Diel variations of CH, and CO, fluxes during the observation period

AR RR ORI T AR AT A R R W] (32 1), CHL AN CO, i 45t 2 5 I XU A7 75 12 3 1E
AR, SGARRREE KA S 3 A 10 3 R DG, Ik, COL 38 B30 5 T KA pH e DO SR H L i AR



% BEF BEERREFMSRERTARETEGY R 83T ERE SRR 1861

1 REA MG B 5 AR T 0 R R E A R
Tab.1 Pearson correlation coefficients of greenhouse gas fluxes and environmental variables
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Fig.3 Daily variations of CH, and CO, fluxes and meteorological variables during the observation period
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variables from before to after the moderate rainfall event
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environmental variables from before to after the storm event
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