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M B KPESCIR R FCR IR SO R A R AL 5 A2, IR UA (GHG) PR SR R X . A7 AR TL /N
TENPESCIR AT AR R, B B PR R FREE, RIS R REWIA T CHew COM N2O I 25 53 AR5 AIE ST L] o
SREY, WRREEZENAIIFFEISR, FARA EREES 1C=3.87) WEFHTFAKM (IC=572). KK} ZELH
i GHG FE[I0AGHE, a0 2 S EBURZ KR CHaREIE 2.085 pmol/L, KT HZWE 0.073 umol/L, FEVITRMIR 4
CHaf# R X4 COAERBRZ BB R (121.37 pmol/L): NoO IR FEEFEVTRRM-/K FLf AL T, K2 EAEIATE KIE . #U
FEE RS A COBE IEAH (RKIA R2=0.46, F/KIM R?=0.15), RUTHHIIBEMZ COF= LM EERIE. =) L, WAHE CO.
LEBMER 641.31 mg COzg/m?/d, FEHE RALSEIREEX, HABCEIZHRD: i BEEZ GHG HEEA R, 3 COM B MEIE 764.79
mg COxeq/m¥d; IAIEL CO Mm@ H/N, LN 434.49 COeq/m¥d. WA |, 447K GHG M HEHUE 808.64 mg COsey/m¥d T F
K 440.64 mg COzey/m*/d, X—ZEFIEWIMAB S EBERIE AT, M7ERARBOIE AR . SAREE, KEERE RIS N PEXL
W BR O T GHG HESH R, IF HAE I B S WA B tH I R = 22 5 . SO GHG IFBUE (624.64 mg COseq/m¥d) K

FPEX (337.06 mg COzeq/m¥d)o Bk, ST /KFE GHG HER I DTk R AN 240 o A TR0 1 B T /K 2SI GHG 4345
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Vertical characterization of greenhouse gases in inlet tributaries of high dams and deep
reservoirs and their formation mechanisms
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Abstract: Reservoir tributaries are critical zones for greenhouse gas (GHG) production and emission due to their unique
hydrological conditions and biogeochemical processes. This study investigated the Yongping River, a primary tributary of the
Lancang River entering the Xiaowan Reservoir. Through high-resolution vertical sampling and the thin boundary layer method,
we analyzed the vertical distribution patterns and underlying mechanisms of dissolved CHa4, CO2, and N-O. Results identified
strong thermal stratification, with significantly greater stability during the dry season (stratification index IC = 3.87) than in the
wet season (IC = 5.72). This physical structure profoundly influenced GHG distributions: CHa concentrations were substantially
higher in bottom waters (2.085 pmol/L) than at the surface (0.073 pmol/L), indicating active sediment methanogenesis; the
maximum CO: concentration (121.37 umol/L) occurred within the thermocline; and elevated N2O levels near the sediment-water
interface suggested intense benthic nitrogen cycling. Apparent oxygen consumption was significantly correlated with ACO: (dry

period: R? = 0.46; wet period: R? = 0.15), implicating organic matter degradation as a key CO: source. Spatially, the mean CO:
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equivalent emission decreased from the riverine section (641.31 mg COeq/m?/d) toward the reservoir, with the transitional section
identified as an emission hotspot (764.79 mg COzeq/m%d), while the lacustrine section had the lowest emissions (434.49 mg
CO2eq/m?d). Temporally, total GHG emissions were higher during the dry period (808.64 mg COzeq/m?/d) than the wet period
(440.64 mg COzeq/m?/d), a difference particularly pronounced in the transitional and lacustrine sections but negligible in the
riverine section. Overall, reservoir impoundment has transformed the tributary’s transitional zone into a GHG emission hotspot
and amplified seasonal variations in the transitional and lacustrine zones. Furthermore, the tributary’s emission rate (624.64 mg
CO2eq/m?d) exceeded that of the main reservoir (337.06 mg CO:eq/m?/d), underscoring the significant role of tributaries in
reservoir GHG budgets. This study elucidates the vertical characteristics and formation mechanisms of GHG distributions in
reservoir tributaries, highlights the transitional section as a key area for monitoring, and provides critical insights for assessing
tributary GHG emissions and formulating mitigation strategies.
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S EE K AE JF AT I ) LN i (A R BB e, 5038 EARKSCoR A, ETTRE M A S R G E i
FE VAR AE PR AR I R, 2B T )2 RN 7224 N AR RITE A N, KK A T2 )R T
AR ERRIR, FUUKIAATE, TKEMIRZESA (GHG) HEBG SR K £ 15 57T RN YRR R 1
R B8 A 5, SRR A K B AR OB I 3 HOS R A IR = U HE R S 0.8 Pg — AL 2 (CO2q),
RS E L TR R RS 2 PR AR FEREOR, K R & A HE B DTk 2 BE R,

FEA SISO IR, A IR AR AN A BT Gt B 9B BRI TH BUX = AN BT 1 X451
BKZIG, KA RN TR AR L AR ERIG BN S B 35 KK SCRFAE, X — B HES) T 893 il & -
R LU E TR, RO SE TR A, NiFEl R A KOs A RIS, 78 b [ = ikoK g
(TGR) P 2 SCUUAF BRI AIARACIR At B A A R0 P2 8 2% TR0, i 7K P SRR — 3 e v 43
ERONEER M. —T7H, KPESCR P A A R, SRR TR B AT A A L IR L,
BE AKAEAES R G A AR (CO2). HibE (CHa) FEALTEZR (N20) = A REmal-100, 55 —J51, #
P FUsE B IR A HLS AR S S, DR A P v AN S D SO T OB AT R ALY,
SN CON CHa™ A, 3K — 70 BUELHERE T4 GHG HE A (1) €

BAKJE, HENESRHE MBS RIS, BUERZ KT REREN, AT CHa M N2O 1774
BEAh, ARARIYJZ ARG 7 E TR T JEKAE BRI, B 7O EER, S CO R 2l 528
o ZETHIWEFE RS, K& CHa Al CO2 fE/K IR Z R RIS, (R R IURP B BRI = ik, =ilid
KT LR Z KT, AR AN e A HE R R, EWRERRIRZIER SRR, R AR
BRI ERAL SRR P AE AT FEN S BEONRR RS, KSR OKER<10m) 7 CHaJEE B i HEBU E 1
B, MR SCRUAE RO 4] e B, SRS SRS Ao 5. B, B =k
WRPER T 1 73 AR, X WA KR iR S AR P AR AT FE R SCH X IAR H oG8 . 2R, b T HORE I
e BN KR KA AR AR BE I TR D, JEHRKGSEE 100 SKIRIZKEE, TR P S K P A 2
G E B R 131, S HR AR [ T R R Mk

AR FTAE Bl B R R BERACRFE B, XHHIETL R T IR J2 7K 2R A SUAL TR A T 2 UMV 88 T [ R AL
(R AR Je E B AR R IT R ARG L. AHIEFU I T2 2 H AR R TUIR 3 A A W B RFALE S L 5 7K AR B
WARPRIR R, R s ARIE Y HOR AR 1 HEEOE B 2 RHIE .

1 MIRXEBEFE

1.1 FARXEHER

AW FRHHI L P K BB K P 2 — /N K BE R — S5 SCEEAT T KRG . MIRTLK PR & B
SE, s EEER KB 17 #2022 4, WL R @ MIFIBAT 12 BEESOKEE, 516 2K
JEIEAE S RO R o TEIXSEBA SR FE T, /NSRS i K IR PR K e 2 —U8), A T~ =g Crp [ P R
B D IR, T 2009 S NGBAT, SR ERAUKTHE AL BN 150 327 A 1A 194 P 5 AR, Hhid



WA R, KEF TR . @HEELT, 6 HE 11 3K, HARERDRKH0., K
SR N AR P MR S A R DX BN K o K BRI » 7T E B[RRI, (81K B B R 10 km
55 AN P SCIRARAL, 7K Tt S HE O SR PRI AR B et 3 B A B

92°E 96°E 100°E 99°40'E 99°50’E
1 L A | 1

-25°40'N

31°N
-25°30'N

28°N
-25°20'N

25°N
N F25°10'N

22°N

% (m)
Foy
=

60

80
35 30 25 20 15 10 5 0

22 (km)
O Kt @ BEFH O KikKHIFAES @ FARWIREES
B AR 5 X AR K SR 1540 A1
Fig. 1 Overview of the Yongping River study area and distribution of sampling sites

1.2 KERES S

PR ST T A BE 3 U BRI A B 25 (R AE , WP BB T 5 ASREERD (YP 1-YP 5D, HR4E
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Tab. 1 Nutrient salt concentration range in Yongping River water body

B IR (mg/L
YO rE R mgL)
TN TP NO;-N NHs*-N
. Fili 7K 3 0.11~1.14 0.03~0.06 0.07~0.54 0.00~0.02
K 0.12~0.42 0.02~0.04 0.09~0.35 0.05~0.12
vpa Fili 7K 3 0.35~0.63 0.14~0.44 0.12~0.30 0.05~0.27
K 0.22~0.55 0.02~0.04 0.15~0.44 0.07~0.09
Fibi 7K 3 1.25 1.92 0.61 0.02
YP3
BV & 1] 1.37 0.34 0.86 0.19
Fili 7K 3 0.58 1.72 0.37 0.08
YP4
K 1.91 0.46 1.32 0.20
Fibi 7K 3 0.62 1.78 0.35 0.01
YP5
K 2.42 0.24 1.96 0.27

3.2 GHG 5343 fadHir

AR 2 SR TE ) A AR RE (B 3D WFFEER A A KHAWIAE B 5 i i Bt CHYR B 0.073~2.085 pmol/L

T F 7K 0.042~0.110 pmol/L, HIHFE/KERIGINTI A 5, fRME HIERZKAE; AHE. (YP3-5) XK=
CHa¥K % 0.116~0.186 pmol/L i & T AH B A V8 B - COLKJE 2B ISUAFAE, A7k ] 46.00~121.37 pmol/L
T FEKH 17.13~90.89 umol/L, 4345 L, YPI1 7E 20m AbHELECKME (77.97 umol/L), YP2 fEEZEIA
FIEAE (121.37 pmol/L); JAHIBIR Z COKFE 36.18~61.03 pmol/L [FRE R T AR BIAIT JE B . N.O WKE
AEALAHXT 22, KK 1.50%1072~1.85% 1072 pmol/L B& & T F 7K 1.42x1072~1.78%102 pmol/L, FE[F 73171 &

b EE. REMEZMRAUFE, AMEEPTE 10-20m RE; WHEEE N0 WKE 1.80x102~2.06x102

umol/L VS PRIFEERIACT o BRI S, =FRR s ARIIRIM: (D MKBIRE & TFK8; (2) FEF A
SRR R (3) AR BCGR SRR B M ey T3 AH BT B
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Fig. 3 Vertical distribution of dissolved greenhouse gases in the Yongping River (a) Dry period (b) Wet period

BESRIRE SRR RE TS (R2) 4REH: CHOIREE pH. EC 2EZE IFM%, 5K
BERZEMHI; COKES pH. DO. DO%. /Kit 2 RE MG N2O WKES TN, NOs-N. NH4™-N.
TP R RFIEMX, 5 pH RREFIL. SLAMELT (GR 3) JE#TIZM Z eI MR 4 R BN, K
e CHa W T H/KIE T : CHa=-0.90WT +2.09, R?=0.27, p<0.001; /K& CO» iR E T H/KiE. DO%
I : CO2=-247WT-0.75D0% + 160.55, R?=0.32, p<0.05; 7KEF N20 WJE A i1 NOs-N. TP. DO%
M : N20 =0.002 NO3-N + 0.002TP - 7.56 X 10°D0% + 0.022, R?=0.44, p<0.001. 4+, ACO:5 AOU
EREKE (R2=046, p<0.01) 5FKH (R2=0.15, p<0.05) FAEREIEHIRR, ES NN 047
50.32; MRATEMAKI, AN20 5 AOU FAEELR (R?=0.16, p<0.05), RIFEA-24X10° (4.

3 2 R RS KER B TAR S A

Tab. 2 Correlation analysis between greenhouse gases and water environmental factors

pH EC DO DO% WT TN NOs™-N NH3-N TP
CH4 0.24* 0.51%* 0.22 0.04 -0.52%%* 0.01 -0.12 -0.05 -0.10
CO2 -0.24%* 0.15 -0.25% -0.38** -0.32%%* -0.17 -0.14 0.29 0.19
N20 -0.34%** -0.16 -0.14 -0.19 -0.11 0.42%* 0.45%* 0.34** 0.36%**

VE: *03% 0.01 <p<0.05, **{3kK p<0.01
F 3 BB Z K F

Tab. 3 VIF for stepwise linear regression

pH EC DO DO% WT TN NOs-N NH3-N TP
CHa4 1.02 2.61 1.16 1.00 1.00 1.03 1.00 1.13 1.02
CO2 2.68 4.16 1091.94 1.00 1.00 1.03 1.02 1.40 1.47

N20 2.93 1.36 8.54 1.53 1.02 16.64 1.07 1.79 1.51
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AV R R KR = AR BE I 25 0 A RAE (B 5) R Ak CHa P33 FE 0.385 pumol/L 37K
#0.109 pmol/L, = [F] b F I i B>l AH Be>WIAHBL . CO2 WK FERIRE M /KA 47.15 pmol/L & T+ 7K
1 36.45 pmol/L, JAIAHBORE feimr o NoO WRFEEARELN, K7k 1.77 X102 pmol/L W & 137K 1.74 X107
2 umol/L, VIAHB AR L ARFR I Al o PSS RO AH Be-IAR B A0 AR, ELBTA s LV AR P 35
m T RACPEIRE, AT EEANRE .

AR IR E SRR HRIRCE 6O, Ml i 4 g 2 HE s R = SR S BN 108.46~1413.40 mg CO2eq/m?/d,
Al K 1P 2548 9 808.64 mg COzeg/m?/d o = 7K 3 1) i 2 A0 4 HEJBOR S AR T A K, A8 4k Y5 il
108.46~761.83 mg CO2eg/m¥/d, “FIJ{H J 440.64 mg COzeq/m?/d. CO2 &I B SMAHBUS B T ERIE, HIF
bl = SR P BN S A AR, FE 7K TR I B I B T e 1 CHa HETBC L
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AW FUIE I 5 A e ) W, FESRIS VLN N SRR L T REE MK B R, o
JE R 2 A2 R AR S 0 BN g 2 A2 R B33 3R R AR A IR AT B e Bt e e B8R B T, T L0 348 ) P
P RGE A & CLBER IR BR JE o KGR ) I 2 B = 2 A5 AOKIREIREGE (0~20 m, TR
18.33~16.12 C). HIKZE (20~40m) FRZEMLIEZE >40m, | 13.76~14.15 C), oy EReiii Ao
9387 FAKMGREREE, RRBEEX 642°C, ICHEE 5.72.

20y R AR B A S5 A RSN, R R I EER B RHE, FERE AL TIRERZE R 7 RIK
W 20~30 m &b pH 7EIRERZE BT ARG HITHRAE 40 m REERAERAE . XL [ T 4 R K A
HAER BVURT ST S BN E N 5 R, EREERX, SSEERARE, HFE COFHRIBE
R, KRN MAEREKE, BYUER S ES, BRCE R E TR B SO ER
FIKZ AR, #E— 2ol TR ) 2 5, ERIAERE T 20 BRI A S TiRe . #0150 BA
PG T AR EGEY, SEEKEAE YR B3, 1 B A F S R 5 R i 8 S B A=)
HERA S RECSY. [IR, 43 E 454 BN B B AN K T S [R], A4S ] R AR AR R B, X ek
RONARE ORI, FERER, A4 AT N SCUR A58 DA 1 R ) 2 ) RFAE
4.2 RESKFREMT HBEMNTTHEEMEER

AR == A R I R AR S AR, OB BLEI R 2 R P EE . A () 4R
=M R SRR BRI BRI SR 5 K R 1K SCERBEANAE MR fh Sl #E
VIR, CHa 12 ) 70 A7 2 UL MR EACR SR e Li 0SIHT 5 R IR Bk vk B T Bl RS
BEmERE, A miathesg, S CH IR G RERIRKT o« IRRZ A E A — 18 4 B e
FHAS T IREF=E MR CHa ] B3 88, SEOLIEGOK X AEIFR R, B AL TR sh 1) 5% 5K



MIEMAE T, K i BRI 1] R BB CRAIE A ML 1 70 70 e, SCIBE G 7 IR B DR 31 v B8 5 BB SR A B i)
B, NI E CHa RRERAE B FARE K OB S sh TR, K L A7 1K) CHa BB EIK f B —
I T HERE T, FEOLRCNESCIR GHG HEBU#  XAR1. CO2 193 A1 DI JE2 B B 9 52 R g A5 X
TR KA B CO2 MR FZIEAE 5 FOUZ IR KRR IS 26 A 06 . OB IR X S I R 2 (R K AR 52 H5e e 7
ARG, ok E I 1 B ORL A A WS LRI AN 1 7 TR 3208039, 5 43 At BRAR VA AR L) [RT IS T 78 COn ik P o
X IR E X I HEOR H R E A HURDTRE, AR A T 7o R R, [RI, JaHE R O % &0 e,
BRI T VR AR, AR RPIRAE AT G, S8 CO A R . N2O FEVTRI IR I 2 I Hh Pk
BRI T PR -7K T X — Rk DX S A P R 2205 1 o 2 2B ) B, R Z RS
BT RAEAAE SRR, REEI N NoO AR AR At 7 IR, JE R S BOZIR I KA. kUK P40
AR 2 WSS R, T S0 N2O 7= 2420,

gi b, KPEGERUS, WIAHBAS B GHG HEBUC 25 4% Srin A 20, N e SCIITAR B -5 U B
SZIKBERALAEAY, I GHG HEBH UL A A1 22 5, Rk GHG HEcl & 22 K F 3K . Kk
SE ST R, RS AR R R RSB S T XA R AR E R R R . RZ R
ARV N E OB R SR, 2RSS RS G R . (EAHT R B Z K R =S
WA R A O S BEREIREE m . T, BURIIK A2 380 CHa #E_ BT R P A4, COn W RERTE
] SRR IR R R e A R PG, AT A L B2 A145), T CHR COTE B A A A 3 ) B AR A A
BRAGZE K SO R IR T B — DR 7L
4.3 NEXREEXREESAHRIBEILE

PKPE S 2 PR XA T 2 SR T IR A Y PR AR AR 22 S, HEISCIRBE R, SRR B S v
BRI 2 S BETBURAAIE o SIS IR B JJ S5 AR BE T /K AR 5 RS2 IR IR SR A 4, 1K D /2 PR A L
SRR N U A A P AR AL T AN o SR R BB K KA TR A 2K R E LR W GHG IR 2,
o s MR, FEXE AR E M5 2G5 HTE — B R L) 7 1P 2 o) %

Shi ZEOH i 542080 5t/ NE 7K BE GHG B0 S B 3, H GHG #7824 337.06 mg CO2eq/m?/d,
B/ GHG HEE 2 KT /NS EEX (1. Huang SEWITERF ST =R SCIR A RN, A A& P 2R A Y
%, 3 GHG HFSUETE 900 mg COneq/m¥/d 2, - KT =k E X HEBCE Y. 5 E AN E X SCmAREL, W5
W Balbina A FESZ i GHG HEE A F] 1300 mg COzeq/m¥/di8], JRAFITE— H F7 1A 1 GHG HEE R
&1k % 887.2 mg COzeq/m?day®), B RKF TN GHG HiE . SiXLZiimHtl, BAK TR HBRIN
GHG HEBOE, AR HEBOE R A BN . Bk, 7K EESCIRAE KRR — 84y, #5006 F /K GHG HE
Pt o AN SR P02 T BB A HEBCRARAY X GHG HERUITE IR STHRAN 2 2

5 £5ip

(1) GHG JERMRaE i ZE M FEURE CHa R, i K TREIRE: COx fEIREKE T 77 Bk fF i
fH: N2O MITEGIR- /K S B 4 o SX 5 2 BUSLAE R /K A T S A AT 4 B A7 AE

(2) Sy ER WM R =R E R AZ O RE . RESE 22 R RN CHa B2 /KIE
F: COz HZKARIPIRAE FT AR S As ek Fl g, 5RMFEA R L EAAI: NoO W EEZ L RIS .

(3) KEEH R T ENE SO GHG ¥ HUE & 2L R 2 2% 5. BN GHG HERUIMFAIX, H CH.
HEsoE & 5 L, IR BUY GHG HESUR = SN s WA B 1 Bt /K3 GHG HETSCR S K T 47K .

(4) STHREAEHIKE GHG HEBUR B E A R 7, ACHA R HEBOE Y 624.64 mg COz2eq/m?/d, 1K
FEJEX I 337.06 mg COzeq/m%/d.



S5 3CHk

[

[

(3]

4]

[5]

(6]

[]

8l

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Lehner B, Liermann C R, Revenga C, et al. High-resolution mapping of the world's reservoirs and dams for sustainable river-flow
management. Frontiers in ecology and the environment, 2011, 9(9): 494-502. DOI: 10.1890/100125.

Barros N, Cole J J, Tranvik L J, ef al. Carbon emission from hydroelectric reservoirs linked to reservoir age and latitude. Nature
Geoscience, 2011, 4: 593-596. DOI:10.1038/ngeo1211.

Deemer B R, Harrison J A, Li S, et al. Greenhouse Gas Emissions from Reservoir Water Surfaces: A New Global Synthesis.
Bioscience, 2016, 66: 949-964. DOI: 10.1093/biosci/biw117.

Van Cappellen P, Maavara T. Rivers in the Anthropocene: Global scale modifications of riverine nutrient fluxes by damming.
Ecohydrology and Hydrobiology, 2016, 16: 106-111. DOI: 10.1016/j.ecohyd.2016.04.001

Maavara T, Chen Q, Zhang J, et al. River dam impacts on biogeochemical cycling. Nature reviews Earth & environment, 2020, 1(2):
14. DOI: 10.1038/s43017-019-0019-0.

Chen Q, Li Q, Lin Y, ef al. River Damming Impacts on Fish Habitat and Associated Conservation Measures. Reviews of Geophysics,
2023, 61: €2023RG000819. DOI: 10.1029/2023RG000819.

Liu L, Liu D, Johnson D M, et al. Effects of vertical mixing on phytoplankton blooms in Xiangxi Bay of Three Gorges Reservoir:
Implications for management. Water Research, 2012, 46: 2121-2130. DOI: 10.1016/J.WATRES.2012.01.029.

Yang Z, Zhang Y, Tang Z, et al.The air-water heat exchange and water vertical stability in the Xiangxi Bay of Three Gorges Reservoir.
Lake Science, 2023, 35(2): 730-742. DOIL: 10.18307/2023.0229 [#£ 55, 7K 0, 1 IEFHAE. =Wk FE A5 o] R v /K —— "5l
AT R FOR R E R, WIFRLE, 2023, 35(2): 730-742.]

Beaulieu J J, DelSontro T, Downing, J A.. Eutrophication will increase methane emissions from lakes and impoundments during the
21st century. Nature Communications, 2019, 10: 1375. DOI: 10.1038/s41467-019-09100-5.

Yan X, Xu X, Wang M, et al. Climate warming and cyanobacteria blooms: Looks at their relationships from a new perspective.
Water Research, 2017, 125: 449-457. DOI: 10.1016/j.watres.2017.09.008

Wang C, Li Y, Li N, ef al. Characteristics and mechanism of water mixing structure during the extinction of thermal stratification in
southern reservoirs. Lake Science, 2023, 35(5): 1613-1622. DOIL: 10.18307/2023.0522. [ T3, Z=—F, Ze5 555w /KAy
2V T K AR S REAE S L IREIHLH. AR, 2023, 35(5): 1613-1622.]

Xu J, Huang T, Li K, et al. Pollution sources and stratification effects on water quality in Lijiahe reservoir. Environmental Science,
2019, 40(7): 3049-3057. DOL: 10.13227/1.hjkx.201811029. [45:33F, 3% $EAR, AP, 55 25 ST K 55 G AR S /K A 43 JE X6 7K R )
S, FAEIRLEE, 2019, 40(7): 3049-3057.]

Chanudet V, Descloux S, Harby A, et al. Gross CO, and CH4 emissions from the Nam Ngum and Nam Leuk subtropical reservoirs
in Lao PDR. Science of The Total Environment, 2011, 409: 5382-5391. DOIL: 10.1016/J.SCITOTENV.2011.09.018.

Encinas F J, Peeters F, Hofmann H. Importance of the autumn overturn and anoxic conditions in the hypolimnion for the annual
methane emissions from a temperate lake. Environmental Science & Technology, 2014, 48: 7297-7304. DOIL: 10.1021/es4056164.
Soued C, Prairie Y T. Patterns and Regulation of Hypolimnetic CO, and CH4 in a Tropical Reservoir Using a Process-Based Modeling
Approach. Journal of Geophysical Research: Biogeosciences, 2022, 127: ¢2022JG006897. DOI: 10.1029/2022JG006897.

Soued C, Prairie Y T. Changing sources and processes sustaining surface CO, and CHj fluxes along a tropical river to reservoir
system. Biogeosciences, 2021 18: 1333-1350. DOI: 10.5194/BG-18-1333-2021.

Zhang Q, Chen Y, Lin Y, et al.Characteristic of phytoplankton community structure and its driving factors along the cascade
reservoirs in the Lancang River. Lake Science, 2023, 35(2): 530-539. DOIL: 10.18307/2023.0211 [3K¥, M5 38 M & 75 4. G TLER
YK PEFE W AR R A MRS ORISR 1. VA AH, 2023, 35(2): 530-540.]

Yuan B, Wu W, Guo M, et al.Spatio-temporal variations of dissolved inorganic carbon and its isotopes in river-reservoir continuum:
A case study on Yunnan Section of the Lancang River. Lake Science, 2020, 32(1): 173-186. DOT: 10.18307/2020.0117. [# 14, 5% 54,
FRAE 5 A I P T A T VA A IO AL B R 3R AN 3% 23 SR —— LAV T 2w B BOMA. AR, 2020, 32(1): 173-
186.]

Zhang B, Ding W, Xu B et al. Spatial charcteristics of total phosphorus loads from different sources in the Lancang River Basin.



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

Science of the Total Environment, 2020, 722: 137863. DOI: 10.1016/i.scitoteny.2020.137863.

Yuan D, Li S, Xu Y J, et al. Response of dissolved carbon dioxide and methane concentration to warming in shallow lakes. Water
Research, 2024, 251: 121116. DOI: 10.1016/j.watres.2024.121116.

Tang W, Xu Y, & Li S. Rapid urbanization effects on partial pressure and emission of CO: in three rivers with different urban
intensities. Ecological Indicators, 2021, 125,107515. DOI: 10.1016/j.ecolind.2021.107515.

Li H, Wang X, Yuan X, et al. Review on monitoring methods for greenhouse gases fluxes in freshwater ecosystems. Lake Science.
2023, 35(4): 1153-1172. DOL: 10.18307/2023.0402. [Z=fil, EWeEe, 5 ik, WoKAS RGUR E A MBE BN 7 ikesd. #in
B, 2023, 35(4): 1153-1172.]

Liss P S, Slater P G. Flux of gases across the Air-Sea interface. Nature, 1974, 247, 181-184. DOI: 10.1038/247181a0.

Wanninkhof R. Relationship between wind speed and gas exchange over the ocean revisited. Limnol Oceanogr Methods, 2014, 12:
351-362. DOI: 10.4319/lom.2014.12.351

Pu J, Li J, Zhang T, et al. Varying thermal structure controls the dynamics of CO, emissions from a subtropical reservoir, south
China. Water Research, 2020, 178: 115831. DOL: 10.1016/J. WATRES.2020.115831.

Shi W, Wang W, Yu S, et al. Influences of hydrodynamics on dissolved inorganic carbon in deep subtropical reservoir: Insights from
hydrodynamic model and carbon isotope analysis. Water Research, 2024, 250: 121058. DOI: 10.1016/J.WATRES.2023.121058
Yang Z, Liu D, Ma J, et al. Effects of special vertical layered water temperatures on algal bloom in Xiangxi Bay of Three Gorges
Reservoir. Engineering journal of Wuhan University, 2012, 45(1): 1-9. [# IE {8, X118 5, IR %, = Ik /K 2 2 3] JAE v Rk /KR
Iy ER KR FEm. ERDUR 22 R (LA RR), 2012, 45(1): 1-9+15]

Yu H, Tsuno H, Hidaka T, et al. Chemical and thermal stratification in lakes. Limnology (Tokyo), 2010, 11: 251-257. D-OI:
10.1007/510201-010-0310-8.

Liang S, Wang Y, Hu M, et al. Distributions of partial pressure of carbon dioxide and its affecting factors in the Zhuyi River in
summer. Journal of China Institute of Water Resources and Hydropower Research, 2017, 15(2): 153-160. DOI:
10.13244/j.cnki jiwhr.2017.02.012. [F2)5 H, 7 w4, 51 B B 55 5 8 AR AT — 8000 73 1 23 A R AE B s M R 28 43 v 1 7KOR
TR ERMEEF T BE 4R, 2017, 15(2): 153-160.]

SRIER, BREUR, XBEASE. W R SR A, dunt: WP AR AL, 1999: 112-116.

Kang J, Bao Y, Wang Y, et al. The seasonal stratification characteristics and influence of temperature change in Nuozhadu Reservoir.
Water Resources and Hydropower Engineering, 2024: 1-18. DOI: 10.1746.TV.20241227.1712.006.html. [FCEH, GF K EWHF
&5 KL K PR MRS 2 RFAE B AR AL RE R . KRR R (T 9E30), 2024: 1-18.]

Thomas J, David M L, Bvhrer H, et al. Consequences of the 2003 European heat wave for lake temperature profiles, thermal stability,
and hypolimnetic oxygen depletion: Implications for a warmer world. Limnology and Oceanography, 2006, 51(2): 815-819. DOI:
10.2307/3841089.

Jin'Y, Chen X, Liao M, et al. Spatial variations of dissolved greenhouse gases and emission fluxes in a large reservoir during the
stratification and mixing periods. Lake Science, 2023, 35(3): 1082-1096. DOI: 10.18307/2023.0326. [k, BRI, BER 146, K
TR 53 J2 SRR A 3 UM R AR S HEGE . 1B A}, 2023, 35(3): 1082-1096.]

Jones J R, Knowlton M F, Obrecht D V, ef al. Temperature and oxygen in Missouri reservoirs. Lake and Reservoir Management,
2011, 27(2):173-182. DOL: 10.1080/07438141.2011.583713.

Zhang Y L, Wu Z X, Liu M L, et al. Dissolved oxygen stratification and response to thermal structure and long-term climate change
in a large and deep subtropical reservoir (Lake Qiandaohu, China). Water Research, 2015, 75:249-258. DOIL
10.1016/j.watres.2015.02.052.

Chen K, Wang F, Ruan Q, et al. Stratification of Dissolved Oxygen in Deep Reservoirs: A Case Study of Wan’an Reservoir. Journal
of Hydroecology, 2024, 45(2): 20-30. DOI: 10.15928/j.1674-3075.202308120217. [Ffit, £ & K, BrIpis%. HAKEBMRED 2
AR B FHLHIAR T —— LA TG K P A K AR A 24406, 2024, 45(2): 20-30.]

Guérin F, Abril G. Significance of pelagic aerobic methane oxidation in the methane and carbon budget of a tropical reservoir.

Journal of Geophysical Research: Biogeosciences, 2007, 112: 3006. DOI: 10.1029/2006JG000393.



[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

LiY, He L, Pan Y, ez al. Elevated hydrostatic pressure enhances the potential for microbially mediated carbon sequestration at the
sediment-water interface in a deep-water reservoir by modulating functional genes and metabolic pathways. Carbon Research, 2024,
3, 1-16. DOLI: 10.1007/S44246-024-00104-5.

Jane S F, Mincer J L, Lau M P, et al. Longer duration of seasonal stratification contributes to widespread increases in lake hypoxia
and anoxia. Global Change Biology, 2023, 29(4): 1009-1023. DOI: 10.1111/GCB.16525.

Yang F, Zhong J, Wang S, et al. Patterns and drivers of CH4 concentration and diffusive flux from a temperate river—reservoir system
in North China. Journal of Environmental Sciences, 2022, 116: 184-197. DOI: 10.1016/J.JES.2021.12.004.

Xie'Y, Zhang M, Xiao W, et al. Analysis of nitrous oxide flux from lakes and reservoirs. China Environmental Science, 2018, 38(9):
3481-3493. DOL: 10.19674/j.cnki.issn1000-6923.2018.0377. [Mi#E4r, TKIK, M4k, WIARKE ST RIBE AT, H EFR
BERE, 2018, 38(9): 3481-3493.]

Liu T, Wang X, Yuan Z, et al. Review on N,O emission from lakes and reservoirs. Lake Science, 22019, 31(2): 319-335. DOI:
10.18307/2019.0202. [XIfEtE, FHesE, R aE. M. FEKMAE N.O HESF e b . WhvaRNE, 2019, 31(2): 319-335.]

Zhu L, Chen C, Zhang J. Study on variations of runoff and sediment and effect to the lower Jinsha River. Journal of Sediment
Research, 2016(05): 20-27. DOIL: 10.16239/j.cnki.0468-155x.2016.05.004. [ /RIS F5 BRI AL SRAKNT. S0VT RUFKIDAR S K %%
WA AT, PedDHIE TR, 2016(05): 20-27.]

Harrison J A, Prairie Y T, Mercier-Blais S, ef al. Year-2020 Global Distribution and Pathways of Reservoir Methane and Carbon
Dioxide Emissions According to the Greenhouse Gas From Reservoirs (Gres) Model. Global Biogeochemical Cycles, 2021, 35(6):
€2020GB006888. DOI: 10.1029/2020GB006888.

Vachon D, Sadro S, Bogard M J, et al. Paired O,-CO, measurements provide emergent insights into aquatic ecosystem function.
Limnology and Oceanography Letters, 2020, 5(4): 287-294. DOI: 10.1002/1012.10135.

Shi W, Maavara T, Chen Q, et al. Spatial patterns of diffusive greenhouse gas emissions from cascade hydropower reservoirs. Journal
of Hydrology, 2023, 619: 129343. DOIL: 10.1016/j.jhydrol.2023.129343.

Huang W, Bi'Y, Hu Z, et al. Spatio-temporal variations of GHG emissions from surface water of Xiangxi River in Three Gorges
Reservoir region, China. Ecological Engineering, 2015, 83: 82-32. DOI: 10.1016/j.ecoleng.2015.04.088.

Kemenes A, Forsberg B R, Melack J M. CO: emissions from a tropical hydroelectric reservoir (Balbina, Brazil). Journal of
Geophysical Research: Biogeosciences, 2011, 116: G03004. DOI: 10.1029/2010JG001465.

Maher D T, Eyre B D. Carbon budgets for three autotrophic Australian estuaries: Implications for global estimates of the coastal air-

water CO; flux. Global Biogeochem. Cycles, 2012, 26: sGB1032. DOI: 10.1029/2011GB004075.



