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Abstract; As the vital component of inland water bodies, lakes are hotspots for greenhouse gas ( GHG) , specifically carbon
dioxide and methane (CO, and CH,) emissions, and the carbon cycles, contributing significantly to global carbon budget.
However, lakes are widespread and exhibit complex ecological characteristics. The complex carbon cycling process within
lake systems, coupled with numerous influencing factors under the global changes, demonstrating pronounced spatial and
temporal heterogeneity in CO, and CH, emission fluxes, leading to large uncertainties in estimation of lake CO, and CH,
emission fluxes. The study of lake CO, and CH, emission patterns and the driving mechanisms is crucial for advancing our
understanding of global carbon budget estimation and the role of lake in global carbon cycle. This work synthesized the
emission characteristics of CO, and CH, from 277 lakes across various global regions and provided a comparative analysis of
emission pathways, production and consumption mechanisms, monitoring methods, and the key influencing factors. The
results indicated that CO, emission fluxes ranged from —15.92 mmol m™ d™' to 245.30 mmol m™ d™", while CH, fluxes

ranged from 4.38x 107 mmol m™ d™'to 11.00 mmol m™ d™'. The CO, and CH, fluxes exhibited distinct characteristics
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according to their geographical location and physicochemical properties. Thus, we categorized the lakes included in this
study based on elevation, lake salinity, surface area, water depth, and the trophic statues. The results suggested these
characteristics significantly influenced CO, and CH, emissions, which primarily produced by microbial — driven carbon
transformation processes. Furthermore, these lake factors are closely coupled with other hydrological factors, resulting in
complex synergistic effects. They influenced the processes of gas production, consumption, and emission within lakes,
thereby affecting the CO, and CH, emission fluxes from lakes. The primary pathways of CO, and CH, emission from lakes
include : diffusion, bubbling, and transport by plants. Environmental factors modulated CO, and CH, emission fluxes by
affecting substrate availability, reaction temperature, and the activity of microbial carbon transformation processes, as well
as the chosen monitoring methods. The heterogeneity in monitoring systems and methodologies used in current research led to
challenges in the comparability of emission flux data. Additionally, the complex mechanisms underlying CO, and CH,
production , emission, and transformation in lakes remained inadequately explored. Therefore, future studies should focus on
enhancing methodological frameworks for CO, and CH, flux observation, investigating the mechanisms of microbially driven
carbon transformations, and exploring deeper relationships between GHG fluxes and these carbon transformation processes in
lakes. The results will contributing foundational data for artificial intelligence modeling and providing scientific supports for

accurate estimation of the global lake carbon budgets.

Key Words: greenhouse gas flux; production mechanism; emission pathway; monitoring method ; impact factor
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Fig.1 CO, and CH, emission fluxes from lakes of different elevation
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Fig.2 Comparison of CO, and CH, emission fluxes between saline and freshwater lakes
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Fig.3 CO, and CH, emission fluxes from lakes of different area
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Fig.4 CO, and CH, emission fluxes from lakes of different water depth
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method T B XGERIBK S ( =4 KBk 3h)

A7 2 SR A L e, AR

SR E IR R IF B

A RS
8 O <) 72 R E R R B TORRR WL A0 A RS G CH, ERUALE )
Inverted VI FIAHA MR BRI
funnel method AR AR YA R s IR AR

i
AR A AR SRR AR R SRR GELE BOREORE KT 2m i CH, ERAL )

Ultrasound technology

Y P O A 5t AR L R A
Y22 R HI TR 75 A AT
Z( I R R

BRI

3.1 FHEE

JEI 4% RE S, ik e 6 A e W B0 R K T £ AR P P 8 T AR TR, MRl A e B 1 114 2
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R ARHERGE RO RGeS A 1 B WS AR A TR S 6 2 R A 83505 40 I IR AR S AR ik
B T ASHE AR A3 5 P SRRl b g P A o B R Ok AR HE O iR A 0k
SPF,V
F= R @7315+1)4 (2)
AP, F ORI AR 5 (umol m™ "), S AR AN [R] B o] A0V B2 B0 r A5 i e mb R (s7) |, P o SEFPR IR SR
KAE(Pa) , Fy WA R E0(86400) , V A ARIAFL (m®) , R N MAH %L (8.314472 Pa m® mol ' K™') , T
RFER NI (°C) ;A AFAAREDK BV IR (m?) .

AE I AT 7K — O T I = RO i SR T B A T O AR A, D (5 A A L U R
A W 2 — . SRITTZE )y v FBE AR X R A s B, AN BT R IX IO, X 45 SR, A I
SO I s 160 PR P HE KT, Tk I BAEHEROK - o HLR T AR 2 & DA S 3

FF R S AHE AT LA K Wi R e () ' v HllE G o, 3 AR o5 R 2 I - L RE 4 8 S ek ] Py 119 )
BAAE R R SR 1 e A LUE S A AR I 2 P, R DGR IR R SR A A 2 TR
Rk, TR AN,

F:f( COA—CL-)
X, PN B IPEsER O SRTRE, ¢, R C A3 B T RLA AR A AR MR A /K i3 e i AL

BRI A1, 0 0 3k AR 7 T4 ARt T L SR Wl Y s ) B e (8 T S Tk A
T LT, A AR AR 28 e = T4 A e 53, A0 B SRR B 1Y) B AR E B A 0N

(3)

cv
F=17 (4)
AP F B GE € O A EE | v O 1 T S O B A SRR, T ORI B, A S T S B AR

ju)

P PRI A AR = 300 5 R 5 O AR A e 1 P R B At AR L S AL 498 1) 22 Sk I W 75
SUAFTE . FSIEAFAERT, o1 TR B BT R 28 Ak, B8 75 i 2 4 S i Il 2, i AN 2 B R H S , 3 A% Ja
R REAI LA AETE D o WA DA T 8] R SR AN TE
3.2 hFRRBAE

15 EARTL T (Boundary Layer method ) 3 5 2 38 15 I & A AR I A7 SR M B 5 R AR IR 22, 45 6K
TR H RBO T K — A ARY om0

F=ck(C,_C,)) (5)
Ao F ORI E AARY HGE R (mol m™ d7') e NN R EL b /K AR AR SR HR (/s ), C, 0 3R)Z
IRV R AR BE (mol/m? ) |, €, R JZ KR AR B B A 7K 1A o (9 ARV BE (mol/m’ ) |, AT ARG 75 U <,
AAERA P A 3 AT R B BO TR AT . bk —UA0 U B2 2 2 o T2 P-4 12 MK A 22 P i T3
AT, SRS R B B o KGR 3R A
33 MRk

TG 2Tk ol T LA S S I A R34 Bz i TRl Yt WA S R &Y R Sk
ok MO0 0 T KA A SRR, BRI RE MR KU A5 | DA KA A A B e JBE 8 A A 8 T AR i
i, R E E AR R Y B P75 (Mass-budget techniques, MB) ' FE V- % | i HEAH
F:% (Eddy Covariance technique, EC) "7 Fli £ 4 2 ( Flux-gradient method, FG) '™ 45,

WA SIS BFR IR DIy 22357 s AT o, \H,0 SR B k3l R =Sk ksh) 5 R E
IR 1 ok 3t ( =26 RUBK 30 ) A B 22 R A5 i tad 1 ™ 2 H AT I PR R 2205 L IR R geh =4kl s
RGHASL ZLAM ARG BT ACRVEICHE SR S A 2, AR AR (S B TT o R TR B A s R 8™, TP RS
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W Ub2R 25 S AF PR R R B, ELAG SR T A AW A IE . DA B 2R 0 AR 6 s Dl FE Jok e, AN 32 S 5 30
B ER BT TR RE R SR 5 R , 199 S AR S SR L 12 22 S 7l 1t J= A (T B v B AN A 2R R A
UTHBTRT ) | A AR T S A il SR AR ZS AN AR BRI, 78 FARBRBE | i LA 56 4 il J2 I 2
P52 B IR BER (TR SR TR EXGE D 0 RS PESE ) | DI 0 LI K R 47 o e 42l
REIE IS FAH PRI ] 22 53 S BUW A e 1

4 HREBEESEEEMEEHEZNEFIHN

WV 2 SUAHEBGR AR W AR 7 A AL 0 52 e P R 7 2 AR G — il s A Bl 1 IR XE . 25
VA R MA R 2 A A HEGE R AL A SRS [ 3E d ORI 5k B s A A 1 T PR I = R R AN
SEVE e A ARG, Ao R IR 2R A ) DR R A 2 R e A I A AR AR ORI
PRI TS I 3R B SRR AL TR ) BRI AL R PRI R TR AU AR R R AR HECR T
BUORAT AR MNP 2 P A PR & R 0™ A AR I BOR AR o i (3% 2)

R2 MIHRBESERE HENEREMNEE

Table 2 Factors affecting CO, and CH, production, emission, and monitoring processes in lake ecosystems

AT A 7285l S 1o PAILBE e
Impact factor Type Impact process Impact pathway
AR PEAT HLEK Dissolved organic carbon e T PR THAE (1).(3)
EIFEE Nutrients fb#EH T FEHE THFE (1).(3)

JK ik Water temperature W HF PR THFE L (1).(2)
4 Dissolved oxygen YIEHE T FEAE THFE PTHE (1).(2)
KGE Wind speed Y FE T TR A THAR TR (2).(5).(7)
W Flow velocity YRR 7EAE THFE YR (2).(5).(7)
HY Aquatic vegetation HEYIHEF FEHE THFE PTHE (1) (2) .(4)
AL Chamber structure LB GiRetail] (6)
SARIAE T Gas sampling method Yy B T iERERenil (7)
KFMUE Air-water interface gas concentration YIHH T SUL Y RN (7)
SRR H R Gas exchange rate YIHHE T SuUb Sy ik (7)

{X#§ 257 Instrument type YRR 10 FEEAH DGk (6)

ML 37 2855 25 Environmental conditions LB S 103 JSEAH G i s ) (7)

FEMAIEAR - (1) BRAEAL B R ANTEE ; (2) BRI IR BEZR 1 5 (3) CO, M CH, ™ AR BRIR; (4) CO, A CH, HEBCRIE ; (5) ¥ HUR1F; (6) X
B 5 (7) P IBREE A 1F

4.1 RESMTE HEBGE R W R 5B

T & AR 7 A HEGS BRA TT 2 — A RUE N R RO, BRI, RE A S R Y R 2R 2
B FR IR B | BN T LA RS i < A AR ™ e I IR R 4

(D) WM, SR AR RS 72 R IR, B8 B VR A HLBR S A AE 06 A 48 FH 1 e LA 2 A= 4
BHUAR A X SRR R o 2 38 1 DORUE AT TR VR , B8 W M T /K IR s it pLe , sl B2 Tk
PIE BUBORL S A HL B TR A R 7 AR R E AR . — M &, IS vk B A 18 A R T L & SR 1 ™
A KA N CO,Fn CH, B~ A: (CH AR AE . 190 v s i AT Bl ( DOC) J2 A W 4 e A < i ] 1
Y, [RB 2 CO, A1 CH, A7 A5 B BLEERRUR . A5, /K& CO, F1 CH, HERGE 5 DOC 7 i &2 1t 35 1EAH
KR MR R & H RS IR E SR HEGE B . A G E A HLY (CDOM) J& DOM ) —3%
gy, FE BRI A, CDOM & it & A RE S HE R 2119 CO,. 4R CDOM 23 5% W i1YA 4 9 A6 7™ 5 42
Z I M TS0 F g AR PR B A 2 ml R R s

(2) WIAIREE . — 5 I, SR W S A Ak S 0, 75 B2 3 A TR DA 78 o s b 2 S N R R AR AR )
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AR A= A A VR T 491 2l 52 v P A P D vl ™ A i T R e 1 0 FR e P TR A T 1t 5 L
FERRIARDG . MK IR AR 22 S0 S0 75 B 7 e o 1A 3 1, BRI CHL ™ 2217 VA KO T s 2 R ke
YA S BT | fE R K (A el 3 R ) AR 5 53— D5 T, A 0 0 A KA T B E A IR
S SR AR ) S A P R R i B3 B AR I, A R S A 3 R AR AR P PR — ST B O T
w7 HUGE TR 10 B R ARG 7 R bR B B

(3) M BAE AT PER AR N 7 L F5OEIR A (DO) VEFRERIRIESE . UL A HI T el e
HINALES RGEREHIHE T1; D0 AL 1 B 5E 7 45 Ft i A ) S SRR SRS | 3 T LAl ied 25
[ 713 AN 32— P R o DX ) PR AR B SRR A s — BT 75, AT SRR S T A L™ A i 3 UM, T AE Bk SO S
N AP EEAE CH, o DU R 7= BV B A2 8 0 CH AR K AT B a8 S I 5 1 ) P e 2
R IHAE , B2 BRI PR CH I8 WH5E R BRI A0 N XT DO BRI AN, 748 U B e e Y
O, 7™ HVe oty B A RO A e, 0™ e RS2 AR 00 T8 R b AR B AN R e J o 114 4
Z 53, [ R B A8 A B 2SO At REE 52 i 201TA K OR B9 By BEAL =R T, DT — A5 5 i il 2 A Y
FEEERIFAL B IRERAMERERS e P R BUR Y, Ho il id fik 2 AE K DO & i, S EUR SR, IR 4R
WA CH, ™ A AN FE AR . AR IRE FRER & B WK A A ) A AR R G 7 I B G BE 1~, B IR R &
N, PE K AR AR TR AR T KR pH S A AR, Al Bk CO, 7R K — S AT 384t

HFEL 3 Bl 38 SO R 32 2090 e i BRI & 3 FhaAs, NI, 53X 3 Mg e UIAE G 9
ey AN T 2RO R AR R, AN R R A I AR KR R R AR S e A K A
B R A MK TR, AT E K TP ROTE R R, B 2 B AR R J38h K IR RE S 52 iR T i AL )
(IR AT A5 PR 28 T S0 A A o s i CO, 8 37 T DX DU T LA 3 o 582 00 91 7K - 57 T ) R AR
DR — AR R AN ] St T A 00 SR S A , 0 T 2 W 09 i 2 A HE G i, R A KUk vl g 2 T BT 8
TF DU R RO BRFREL I ToK b KRR CO, S, WU R, 7K —U 5 (9 3™ IR T 08/ it 3L 52
s K CO BRI ™ KM Sh RS E EDTR h CH, 3E AR RIS Bk h DO 5 &t
fEHE e AR I o g A1, 03 K AL B i 0% 3 5 e 3 2K 2R K B K A Ol M 5 e TR R
T

IR TR E A SURE RS A S BTARY ™ A= 19 CH ik B R R A a1 . ABL ) AN (L RE 8 38 5 D6 45 1 Bk
TR BR B AR D TR 3 AR i 7™ A SRR, JHC 1 B R ™ AR AU CHL, AU J3 A Al id R 3 1o B¢
JE5% SRR AR S0 I8, D AR BRI A R AT SRR . SR BEARI I T KM R AR E I DOC 1 5 i
N SEFR A AR R B R B, R E M DOC B SREF™ A Kt R TR & AU | el nfid 2 S BUK I & E 3R 1L,
IR T IR AR AU T FE , S TR & R eI 5

IR Z AR EAE A AR 2 R B DG IR A S S A W B B S B U VRS
2 AR BLE R A2, DN AR O S0, il s U™ A e A e R R T T e T AR 20 IR HE , i iy I g 2R
4.2 RS SR BB R0 T b

IR 2 MG R S AR R BIR S5 I D5 2 SRR I TR R K T RSRE 1 2 1 S R i e 2
A ISR . HATH AR Z MBI ROTE . B AR sk i BA —E i, sEfg
WAV P 0 7K T A A3 2l 1) B2, TR 2 Yo SO A 0 o g 31 00 o 46 A P S ) S S
AR Sy SEEAER ) 7T ) EE AR [ 52 e A AR ) =028 P AR I O 3, 7 T 5 i A DO AR P, SRASE IR AR i 19 R
SIS E] A SO A ORIl R 2 2 B MA A A PN R TR BEE A A2 A, DTS2 I AR LI 45 2R, K T
SEPERY RN AE B IR TR L X, A PRIz 3l 2x 35 9 MoRAE DX N ) 3R V2 /K0 3, 2 S BCUAROULIN i
B Al 2—10 il 5 78 i 0 DX, A 1432 2l e R AR S M T s e R B

IR T JBE RS g A T B Z R N A Oh PO S B, o R v B >R
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TS S AT, TS SRR e K VRRRH L (23 5 JBE | 75235 I e P A 1] 45 4% 2 5 B0 M D0 45 2R 1)
D2 . AKALSA P ERE A RT UADRITE CO, BRI (EURAZ 5 LA HI T /KA pH KT 6 BYZKIAR, IffBeisok e
99% WIS F T RRARER B o DRI, /K A4 pH B B AR Bk PR 6 Al 5 22 B2 Wi /K Ak =P 195 3155 pCO, 1 T2 22 A
RO K — A i AR AR o KRR B A2 TR i T 4 DXL A e XL
PR HEA T A S e S A A ) T R AU, SR 1 XU 3 1 P 1R 22 /N TR I N AT g i 5 EL K
BORITEMRXHE (< 3 m/s) A KU (> 10 m/s) BFE 2= AR R 221 IeAh, W7 R Y  GE RS d
B SR — A I AR A RO AR

SO T 2R SQ I Tk 2 H e 1) 2 2D R R AR R G AR AN R SR 2, T %A
SRR B o TSR B 142 e 22 S BOWI 4 SR 1) 22 5 11%7 B A, A0 4% B 7 BB 0 4 45 2 5 W
JEE AR 2R G0 W 388 F ) VR P RS BE RS AR I G AR A A 2 ELHEE WA BE A DG R ST i B, 31
S OURY T TR ME S BI85 I 1 BOK |, 5 200 5 A S 96 T Bt — DA FA ) R S i B A 5K

5 Zit5RE

BNATEARER) 2 oA, e B 25 1) 5 e e T AN A1 2R 0T At 2 UM HR R A D 25 57 M
TRk L DX CO, AR B {25 e T P ik X, IRV B IX. CHL HE I 2 25 1 1 o e T A0 X5 JalK 18 4
CO, HFTCIHE 1 .25 5 TIRK M, /N (T AR < 1 km?) 1IA X CH, AR 1 DTk K, 3 i TN 1—
100 km® VAT s AK BRI, W1 CO, R R AR | CH, HEBOE 5 IR D 5 5 78 7R A0 W0 1 = U HE s
WS T ESRAMTUESRWNA . WAL A AT 2 h R YIRS R A AR AR Y, DR L E
ALY = 2 B AR R o T DT i 2 AR e A4 D7 12 R B R T SRR AN
AR RN E A=A AL S A 0 4 R 534 2 2 MR T 3l 8 A O 2k 5 i v

WA A S R GEHR 2 B S AL AT T — ARG TAE . WATAng , ¥ LB MmN K52, H
R Z A 2 A EAE ] EA BTSRRI . — 7, i T AR R A7 I A — 2, OF 54
R Z G ] PR AR B 22 5 55— T 1, ol 2 A A ORI AR ) BOUUAIL -t A 1 22 AN T 9 BT,
SR X B T R B e A ) B A D RSB AR  BR ATRA 0 A, X AT 3l 2 ORI 5 PP A7 A 350 22 A E 1
AT S D i O

(1) Jnsi il 2 A HE ROE i 2 PR 2R b HAE LRI SE , S8 3 W D7 ke i 28 . — 0 T W Al A ) dh
N7 1% Z AN R ZE AR, WG SR WFFE 485 R Z (8] Bl Fe v, o5 — 7 Tl TP 2 9 A AR5, S B2 T Bk &
LRl

(2) s isin A= 25 RGeS i R AR AT, R 2 Gl A D RS i e A i RE IR 5, A A HoR ARz
SE R R Tk 8 SRR WINAK—"UA A — IR EUKAE S K AR — TR 5L K i 22 5L 54T A W sk
W fige I E 7 e B SR e, T HOR A 480™ T B AR AR R Joe 8 AL RE AL R

(3) I 2 SAHEGHE & OGS W Ha bR LA SR IR Z [ A Bs e iR R R B AE oY . H R
W3 2 e 0 5 GOWA LT F ARG 5, FEOM 12 0 C A B T BB R B R P g2 ) 50k i T N TR g
A3 BT R, 4545 R 18 SR MR I AR | 8840 A 57 BT E B AN A 2o o ) Tk Mo o T 2 Ak
YIE
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