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Metabolic processes and environmental responses of water bodies outside and

inside the Three Gorges Reservoir Area under water level fluctuations
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Abstract. Anti-seasonal variations in water levels in the Three Gorges (TG) Reservoir have led to significant changes in
the reservoir’s hydrological environment. To explore the response of water metabolic processes in the reservoir under different
water level fluctuation scenarios, their responses to environmental changes, and the carbon sequestration and emission in
the water body, this study selected two transects ( Cuntan transect and Shaiwangba transect) located within the TG
reservoir, which are affected by different impounding degrees, and one transect ( Zhutuo transect) , located outside the TG
reservoir, which is unaffected by impounding processes, along the main stream for comparison research. The Cuntan transect

is located in a fluctuating backwater area and is affected by high water-level scenarios from the TG reservoir. The
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Shaiwangba transect is affected by water storage from the TG reservoir year-round. The Zhutuo transect is a natural river
transect. Based on high-frequency monitoring of hydrological and hydrochemical data collected in 2023, water metabolism
was calculated using the single-station open channel method. A molecular diffusion model was employed to estimate carbon
flux in the water body. Additionally, a random forest model was applied to rank the environmental factors influencing net
ecosystem production (NEP) according to their importance. The results showed; (D Gross primary productivity (GPP) was
the highest at Cuntan, followed by Zhutuo and Shaiwangba, while respiration ( ER) was the highest at Shaiwangba,
followed by Zhutuo and Cuntan. Due to reservoir impoundment, the Shaiwangba transect exhibited the lowest photosynthetic
efficiency and the highest respiratory efficiency among the three transects. 2 The environmental factors driving NEP
changes at each transect were similar, with dissolved oxygen (DO) , water temperature, partial pressure of carbon dioxide
(pCO,) , photosynthetically active radiation (PAR) and pH being the primary contributing factors. (3) There was no clear
correlation between water level and NEP changes at the Shaiwangba transect. The Zhutuo transect showed an opposite trend
between the water level and NEP. The Cuntan transect exhibited an inverse trend between water level and NEP during the
flood season and the initial impoundment phase, while it was no clear pattern during the later stages of impoundment, high
water levels, and drawdown periods. @ The Cuntan transect was autotrophic system in the spring season, exhibiting a
significant carbon sink effect, and was heterotrophic system in other seasons, showing a significant carbon source effect.
Both Zhutuo and Shaiwangba transects were heterotrophic systems throughout all seasons, with a prominent carbon source
effect. These findings contribute to understanding the mechanisms of the water environment and carbon cycle changes driven
by water level fluctuations in large reservoirs and are of significant importance for water environment protection and carbon

cycle process research in reservoirs.

Key Words: aquatic metabolism processes; water body CO,; water level fluctuations; environmental drivers; Three

Gorges Reservoir

A RGO R A AR AR S R G b A Wy AL 7 O Y SR TR K2R 2R R R B8 b BRI Ry Kk A4
TR (DO) L CO, JE P 77 A R AE Y | REAE A i K M h AT DLAR P B 3R 55 I AR | RO 3R G2 1 A A5 )
Wi LK AR ) 490 94 72 )7 ((Gross primary production, GPP ) Fl 4= 25 £ 4t W W AE ] ( Ecosystem
respiration , ER ) S FIR , GPP 5 ER iK B (GPP-ER=NEP) Bl it A= 25 R 542 7 it ( Net ecosystem
production,NEP) , NEP f{3 17K 4 R G0 TCHLBR 5% 1kl A HLBR I RE T, /K A 80 24 2 7 /K V-3¢ 85 ( NEP >
0) B}, KA R G = A 38 2 11) DO FF R ETHAEK Y CO, , ATFE K-S A TE B CO, W B 2% , il R ) CO, kA
K IR BRI TS AR A TR KRR (NEP<O) B, 7K H CO, I THFERFAR , ELP IR A 35 S Gk 7=
A €O, , K CO, AW RAHRRL, B B, 230 11 B RS s RSN A 1 SR R 7K (A PR R o
VP2 BT TR ) 5T o FE URR, A K AR B SRR SE IR KA AR B 450 BRI, 5 408 B P9 An e 4K 8
FFZM 7K A R GEHT RS B XS PEAN KR D BE S AR A8 R GEAERR | 1 it DX 22 4 SRR A 1 B AR B A 0
TR,

DAY i 7K A 3 4 i b R ¥ 1) B BEAHH7 , Cole 5510 R PRAFAR 14 Bk Py ki K R il S HER 9 €O,
2574 750 Tg C/a, H AP IR WIS AE 7= 91 15 B2 BRIG 50% ) FEAE S RGUH MR b A7 B0, KLY
BRI Y 8.149% 00 o O, HERUR R 21 272.7 Tg C/a ™ AR N /K R ) BB 4 R 4y, He & vt By
Ht Wiz ST RERYIB AT Y 2R K AT MR AU RE R 281k . K K AR FREE (K SCRAE4E) 5 A SR AR L
FEER R 2 5 WK PR AR A AR 3 235 W 3 1 1] () I 7%, st /K7 JRL B I TP g of A b 37 00
A HLBRIE R DTS M K A BB BRI F o BRI A0 K R K AR B B ) 4 TR B 2218, )
B IR R R 2 S BOK R P AR IE 5 A SRR AR AR 22 5%, (H 2 2 HT R 2 BUK OB BR A F5T
TS SR A T AT ECE TR XK 2R K AT R A R A D R X K B SR 22 AR vh T/ K
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JE () T ) AR AR AREAE 1 XA K PR R B AR Bl S5 T AR AR R AR R 28 22 S i e b

K 2R Ay SR L A R K R | A A O My AT SR A DX AR KA AR T i A
B RGN K EEVE S R G, BUE T IEA /K SCREE KoK 3 T 56 L BRGEK IR RS Sh I B RERS T fi
IR 7K Bl 3 A K SR AR AR T4 7 128 DX KA A Qi 52 RE A8 S W J2E 7K SR I3 1) Al R A 5
TERAGERS R S | DR AE PR DX A9 P K5 R AR o R A DR | A 6 4 T 1) 43 BT P DX /K B
AR, T AT AR =K R DX N S0 S2 K AN AR Bl 0 e B AN [R] 94 =13 e 00 B T A 9 5%
(ARTE T RERII R0 | RIS K AL AS B 155 T 2R A SR AT R A QI A I 2 2 S5 B AR 552 i 262 J2 7K A
HEX — b2 R, X AT RS AR5, A BT = e 2 DX A K AR 2R 25 PR O 4 B (IRt 58l , S K ek A=
S LA SE A SCHT SR HE S 25 MR AL FFREAS 0 U SRR S SCHE B DA 2 Bt — 28 B A IR

1 HRETE

1.1 WS XA

R XA S = TR SRR A X O KT A R T BEER A, A T T S LA I
Ak DU b ST U R SE S T . R XN S A A MO R AR O, F DALl A B Sl VAT T
AT KR KIE . AR FE X A SRREPEFIK SCIN R AR K o S e PRI B 3 e =3 4y, Herh PR i 4 i) db
CUAR L 2 = RINRT, PEME AG R X B AR I B FE R AR R R 2K AKX, XKL T
WA K2 660km , #2101 7K DX FE X HEA 750143 - 5 B 2 30Uk o] B T8 4F [BIK X (NIRRT, 2 145 m /K2 7K i
A RIKOR I ) , K2 487 km ; VL2 5 B 1] B Ja 148 2l [R1 7K DX (AT 11 7K DX R S 28 7K 28 1 24 s R A2 B[R] 7K
X)), K2 173 km'" |

e PR XS I A T 2 XU, A2 SR ), T KA | T BOK AR i PR SRR AR AR R R R AR
b, EZERPEXMFATII(5—9 A) , M7EH AT (10— 4 H) AR B e R 3R TR i 22
5t BOK BB ATRHE KoK RIS 4T R R0 43 A BB . OHEK (3 A—5 1) (@K Aili(6 H—8 H) @&
K9 H—10 A) @@k i1 A—aE2 A)M 0 @ E RN K A AR I AR 30m, o #E4E #5 K ik
AR MR/

FET I ASHIFGEAE = W2 22 DX P 9 A B K DCTR] B A8 3 [R1 K IX] B K [ SR TRT B v, 4 il 328 9% G P 00~ ke
FARTE =A™ R SC U D T T R 5 (DL IR 1) LA B L3R 1, = Wil & T [ 57K SO 56 o o4
T, e ATE TR A T 01148 5 8 R T A8 T, 2 VT A X Y B J — > W sl |, RE A% S e b3 1A
FEAAAAG B 5~ TR A T3 BR VL S5 VTS T iE2Y 7.5km Ak, 32 Bt K S IX & /K B9 25 G5 ), ZE A )
IS 30 96 B A A (] g Y e B 5 B9 DX 0L T 7 TN I 3 BRIl T, BB A 72 43 B I IX 38 7K S e | 7K PR AR
e, BAAREENE, AN T WA 0 S8 56 v, e T 2023 AEECEIE T4, 2023 AE R BTN R 2
HHHE RS 2 10 H 20 B, b AEABE ey @y 5—10 H .

®1 BB RERER

Table 1 Basic information on monitoring sites

i RLATR iR R I ERTIN JRIX AL E H/E
Site name Site information River Location in the reservoir Note
1t g 331 HRTTTMIX K JEM WA PRI E K
T HPRAITALX KT R 3 JE DX fR 7K S 5 ]
RIE HPRATANNIX KT R4 AN I EE K S

1.2 Hdiki
TR BEA S ELRENE SR T 0 LA B K A B AL 2R X 3R B0 7K A A 0 8 A 2l S L A ik
BEARERZEEM, AR /KRS EORIE T EIAEE W 25 (https . //www.cneme.cn/ ) |, WE AR R 4 /N
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AR ST (PAR) Hidls

KA 728 A T8 5 AE i DX B K T HEK A B AR HR R AR SR B A KRR 1 A8 Ak, AR IR SR K L
(WL) B4k U8 T2 FE /K WG (E B &5 (hitp . //xxtb.mwr.cn/sq_dtex. html) | WS EF[]h5E H 8 55 % 14 45,
H—IK,
1.3 W55k
1.3.1 KA R

TRACI T A3 Jk BRI K2R AR S R GE P R A P 2R R RE R R AR TE Y AR R — I R i R K
IRAG SR SR AR A ST 3 T 2l R0 DO e AR AR RANTHRT L K PR B A 7= 7, S s F

dc
E=GPP—ER+F+A =NEP+F+A (1)

Kt GPP .ER 5 NEP Hfi2 K (mg L' h™") ;%% DO ¥k FEFERS ] 92 k% (mg L™ h™) , 1 NEP LI & 0,5
KT BB PSR E 1 A Fm L R K AN |8 ZEF 58 P 2 WX 3843 s F o — 2 N 89 0,38
il (mg L7 h7") il E AT DU IEE KR HEA 0,) s (KRIEF B2 0,) , Hat B AR S .

F=K(Cs-C) (2)
X, C MR A SR BE | Cs 4 IR T BOMLRT DO YREE | Cs—C WA TR K NEAERE T 0, 5K
L FRE(em/h) , ISR RE R B (Se) THEAH, Ha A A .
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K=Kgox| 2| (3)
= X| —

600 600
Ky =2.07+(0.215xU% ) (4)

K, Koo MR KR I T A A i B2 U KT E 10m A0 ARG (m/s) , 24U, <3.7 m/s BF,n=2/3,4
U,>3.7 m/s B ,n=1/2,

HoR AT DO MREE (C ) FEARYE Wk a2, Ha A .

In C.=-139 - 34411+ (1.575701x10°/T) - (6.642308x 107 /T*) +( 1.243800x10'°/T°) —( 8.621949x 10" /T*)
(5)

K, T RFF R SCREE (K)

FRFECRRSRAET OB VE T R AR RN R RS AR IS iE AT, B R A VR S 1R R AR T A A
SENEFRARSE A GPP LT 0, PRI ARE (1 KWL (¥ NEP (B B8 Al 11 (81 ) ER, ., fA -

%:K( Cs—C)+ERnight (6)
Hf IR IER, BRI ER, A3 AT
ER,,, =ER, ;X (1.072" ) -
FORT SR | T,,,, o F R SR
5 GPP AN
GPP=NEP+ER,, +ER )

1.3.2 BB 8 EH bR

ST R R SR A TR AT R 2 3 AR R O— 2 AE M T T K AR B AT, W 2R R g
R E He AN KA R G DO 284k, @ JERAEFF UK Y DO AR 4k %2 32 A Yy ARt i s m , Horb g B A
et BT AN AR A P B AL 2 FE X DO S K TR M B IR A % et & &
FGPP 5 ER MELGUE, fE /AT s A AU . O =2 AR 248k (K T2 S i . R AE
R=FEOLT A HERR T S AT
1.3.3 KA CO, M AGm BT

il P20 F4 BB R K SR CO, A8 il i (1E B i) , A =0,

Flux=kx(C,, . —C. ) (9)

K, Flux FIEESME CO, P HEE 2 (mmol m™ h™")) & R CO, AR I (em/h) |, C,,,. HEIRTE KRR
JE (mmol/L) ;€. NTELA EIRE AT COLMAIMEE (mmol/L) , &% KITH B AIAH B 5T, ABF5TBURS CO,

e 390.5mg/ L.,
7 PR K TR 2 1 AR DG B R8O 58 48 R A e IEA AR B, LA
k =k oy X ( Se,/600) ™ (10)
Sc,=19.11.1-118.117+3.4527 T°-0.04132 T* (11)
L, Se, WA EMREE T(C) T CO, MR FEH B, koo 7 20°CIRIKH CO,MBEH REL k(em/h) , AN
ke =4.46+7.11xU (12)
2 BRE5HH

2.1 A Wnm KA AL R

2R IX K MR FEAN ] W DX 300~ R0 A Y 7 1 ) 7K S AR A A A e R 22 5, HL r G Do 4005 2R 3 g 7K Ao
A AR S (E 2) , BRI A A A7 R IX B K E IR, KA AE 150—175.5m Z [R]85, 3R B AL A& 2
R RRAE , B KO AS IR, RIBOL T RSN , AN 32 I3 X B K, KL AE 196.73—204.38m Z [ 45 {k, F B
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Fig.2 Water level changes
TR 5

2.2 AWK AH R AR AR

FEF B W IR B 1) = AR IR I ZERF IS 5B T GPP<0 LU ER>0 f)5 4 {8, Bl GPP A IE(H, (A #K
WIAE 77 1058 ER R S, (B 8/ NP AR P i, =AW T %) 49 A8 Ak 7 [ B AR (B DL 3R 2, A8 Ak a4 0l &
3, XF H R A W AR AR A AR B R 22 5, L I X 3L T GPP A — 48 vt B — A, B 3 A 2 S5+
g bFt, 215 2 7.8 AR ElA—AFE P i (l, HUOEE RS ESK e, 13X 5 AR A B T 5t g X A 3] 1)
FEEER— G MARTEWT I GPP 1B 4 DM IEAE , F B MERT 3 £ 4 A HZ 6 J (k8 A5 Bk 11
HE54% 1 A BRANEFESHEES>L TS, HREME X =W i X T R A= 1 1 28715 AU BI 5% 45 31
— S0 ST MW TR DU R 2 R R RS E4 ] BHES B e A K ERINETSHESLTSHE,
ER T 17 ] 3915 1T 7 1 225 AR AL #A A GPP —Z, 7 i X 300 1 B8R — 2 (8, 7 T B N A, i
AVCIIAT, ER 768 5 2553 ) B U AL T I A6 44 28 Hh B R S AR IR AR

%2 &WIHE GPP.ER NEP &%V EERENE

Table 2 Annual variation range and mean values of GPP, ER, and NEP at each transect

WG 3 391 i Kie
MIGATT) GPP 0.00—0.88* 0.00—5.95 0.00—1.62
Gross primary production/ (mg L™ h™") (0.06)"[0.127° (0.23) [0.60] (0.11) [0.20]
W AEH] ER -2.35—0.00 -1.60—0.00 -1.24—0.00
Ecosystem respiration/ (mg L™ h™") (-0.67) [0.39] (-0.31) [0.18] (-0.40) [0.23]
HAEBRGHE” ) NEP -2.23—0.67 -1.60—5.49 -1.18—2.16
Net ecosystem production/ (mg L™' h™") (-0.62) [0.39] (-0.05) [0.63] (-0.25) [0.33]

a BAME—ARIAE, b P, ¢ FrifEd 22

2.3 KW EE S BRI
AW BE S BN A BT S AR LR 3, Z AR KR AR H], W . RH P .PAR \PRCP 5
Wind F8HR7ER W 2 6] 2 57 4/08 1t DO (EC [ Tb ,COD,,, TP TN (HCO; \pCO, \Flux 5 pH F8RAZ AL F 22 5+
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BERRGFESRE AT W EE
*3 EXRESH
Table 3 Basic environment parameters
) 300 e KK
K wr 12.81—29.5* 12.82—29.01 12.16—29.1
Water temperature/C (20.78)"[4.52]° (20.52) [4.00] (19.69) [3.95]
HH4 DO 4.95—10.68 6.34—17.36 6.83—11.74

Dissolved oxygen/ ( mg/L)
HSREC

Electrical conductivity/ ( uS/cm)
HEE Th

Turbidity/ (NTU)
R AR H CODy,,
Permanganate index/ ( mg/L)
BB TP

Total phosphorus/ ( mg/L)
HA TN

Total nitrogen/ ( mg/L)
HCO3/ (umol/L)

ML RH
Relative humidity/ %

(8.08) [1.17]
297.67—499.06
(416.48) [43.14]
2.75—108.35
(14.07) [14.96]
0.59—2.67
(1.27) [0.37]
0.02—0.09
(0.05) [0.01]
1.02—3.10
(1.64) [0.32]
124.16—187.56
(161.56) [13.58]
22.81—100
(77.14) [16.14]

(8.94) [1.10]
284.27—513.92
(426.94) [30.76]
6.46—736.48
(43.25) [64.08]
0.25—4.48
(1.36) [0.58]
0.02—0.18
(0.06) [0.02]
0.16—3.4
(1.29) [0.35]
119.95—192.23
(164.85) [9.68]
28.74—100
(77.36) [16.12]

(8.81) [0.86]
374.32—533.96
(463.65) [32.92]
0.46—168.93
(20.99) [23.57]
0.37—8.15
(1.19) [0.58]
0.02—0.48
(0.05) [0.03]
0.42—3.29
(1.23) [0.35]
148.29—198.54
(176.41) [10.37]
30.92—100
(76.43) [15.93]
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L <t K
KAESR P 933.43—970.91 955.21—998.29 957.69—1001.71
Atmospheric pressure/ ( hPa) (949.40) [7.94] (973.66) [8.81] (976.41) [8.94]
[ & PRCP 0—7.91 0—9.81 0—6.55
Precipitation/ ( mm/h) (0.20) [0.61] (0.18) [0.62] (0.15) [0.50]
A 0.1—4.38 0.04—6.02 0.02—5.9
Wind/ (m/s) (1.29) [0.64] (1.59) [0.79] (1.52) [0.79]
JGE A RS PAR 0—446.98 0—438.89 0—433.43
Photosynthetically active radiation/ ( W/m?) (78.40) [115.83] (70.67) [107.91] (71.78) [109.93]
ZEALBR ST pCO, 1073.51—5575.67 91.01—6636.37 771.74—7546.82
CO, partial pressure/( patm) (2194.07) [709.92] (2038.25) [735.67] (2900.46) [1060.28]
ZAERRE  Flux 1.53—34.07 -5.4—54.33 1.47—75.62
Carbon flux/ (mmol m™2 h™") (10.14) [5.13] (10.48) [6.12] (16.31) [9.82]
pH 7.45—8.17 7.37—9.2 7.38—8.31

(7.89) [0.14] (7.94) [0.19] (7.81) [0.16]

a W/ ME—KRAA, b I, ¢ bRt 2
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Fig.5 Feature importance ranking of environmental parameters on water NEP changes at each transect based on random forest
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Fig.6 Seasonal trends of water environment parameters at transect
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Table 5 Comparisons of mean value of GPP and ER in different seasons for each transect

16 g 21 <+ KK
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Gross primary production/(mg 17" d™") CES 2.42 6.11 3.39
[Es 1.65 1.95 2
%2 0.68 3.24 2.68
VAR H ER B -10.38 -5.22 -6.7
Ecosystem respiration/(mg L™ d™") CES -24.88 -6.98 -5.17
T -18.18 -5.12 -12.02
s -10.84 -7.39 -5.97
HAEBRGHE ) NEP B -8.4 6.96 -3.66
Net ecosystem production/(mg 17" d™1) CES -22.46 -0.87 -1.78
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s -10.16 -4.15 -3.29
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