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Abstract; Freshwater ecosystem, as sink of the terrestrial and anthropogenic carbon, is the most active bioreactor for global
carbon biogeochemical processes and an important emitter of greenhouse gases (i.e. CO, and CH,) to atmosphere, and then
influences the global climate change and carbon cycling. CO, and CH, emissions from freshwaters have been extensively
attentional in recent years given their importance, particularly that the emissions would be further enhanced by the
increasing human activities. The urban small-scale landscape water bodies (including landscape pond, lake) , featured by
small area and large quantity, are a crucial component of urban ecosystem and strongly influenced by human activities.
However, greenhouse gases emissions from such artificial-dominated waters are rarely studied and have been badly
neglected. In the present study, for exploring the spatiotemporal variations and controls of CO, and CH,emissions from urban
small landscape waters, we selected eight landscape water bodies and two natural water bodies in Chongqing, and carried
out four seasonal investigations of CO, and CH, concentrations and emissions from the surface water in January, April, July
and October in 2019 through the static chamber-gas chromatography technique and headspace method. Meanwhile, the
vegetated and non-vegetated zones in the sampling water were monitored separately to identify the hydrophyte’s disturbance.
The result showed that CO, and CH, concentrations in urban landscape waters in Chongqing were widely supersaturated with
range of 10.75—116.25 pmol/L (averaged (42.5+28.7) pmol/L) and 0.09—3.61 pwmol/L (average of (0.98+0.80)
pmol/L) , respectively; the average CO, and CH, fluxes measured by the floating box method were (72.7+65.9) and
(2.3+3.5) mmol m™ d™' respectively, indicating that the urban landscape waters were the net CO,/CH, emission source.
CO, and CH, emissions from the residential landscape waters were slightly higher than those from the landscape waters in
campuses, but both were significantly higher than the two natural waters which were almost impervious to urban activity,
suggested that the urban landscape waters could play a crucial contribution to the inland water CO, and CH, emissions on
regional scale. In addition, the distribution of aquatic plants had a significant impact on the CO, and CH, emissions of
landscape waters with that the emission flux from non-vegetated water was universally smaller than that from vegetated zone.
CO, and CH, fluxes from urban landscape waters presented obviously seasonal patterns, there into, CO, fluxes were the
highest in summer, followed by autumn, and the lowest in winter and spring, while CH, fluxes in summer were higher than
that in autumn and spring, significantly higher than winter. Temperature was the critical factor determining the seasonal
variation of CH, and CO, emissions, while CO, flux was also affected by water primary production. CO, emissions of
landscape waters were significantly associated with the factors such as pH, nitrogen, carbon concentration and dissolved
oxygen. Meanwhile, CH, emissions were mainly related to the carbon and phosphorus concentrations in surface water. The
CO, and CH, fluxes from urban small landscape water bodies in this study were much higher than most of the previous survey
on natural lakes, reservoirs and ponds, which highlighted the landscape waters may be a strong source of greenhouse gas
emissions to the atmosphere, and plays a vital role in the greenhouse gas emission inventory from global or regional

freshwater system, and thus more attention should be paid in future.
Key Words: urban district; landscape water; CO, and CH, emission; spatiotemporal characteristics; influence factors
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HIRIKZRGE CO, . CHIFHRANAATEB R IARTEE, TR IRER , 3c 3 fe ) 22 DL S W0 7K T B/ 7K Bk i FR
K, /N TR AR BN T FR A2 0 1) i D B 22 TR 2 AR 7™ A 1) Bl SO B 25 5 A% i 22 38 2 /KA TR U HIE T, A1 it
HA TR CO,/ CH HEHOEHA ™ Kankaala 251 %5522 AOITARER 75 00 , 1 AU/, 9137 B9 €O, F CH,
HE G 2B 4 1 2 AN T 0.1 kI YA CO, FI CHL, HlE i 52 i 390 1 1o AR A sl /s 2 48 B 0
Holgerson 4" N /N E /K A CO, AT CH, HE G f 8 8 T HoAt KB Bk KR, Holgerson 251 BF 5T 45
R /INRDK AR (<0.01 km?®) BT R A BRI K B A 8.6% ,MHEI TR T 29 15.1%1% CO, HEHUR
40.6% 19 CH, HERL ™, Raymond 5" #F5E 2 , Hh T X5 /N W90 A /K SRR M HE TG 290 1T fi S B804 Bkl
1A K CO,HE B R ARAY 40%—50% , PRI, T /N K R IR 28 S AR HE I i B0 58 X AS B PRAR IR K R 58
FE A BRI 5 ARHE RO S5 P ) DTk A FE R S, AR, BT/ INRUR PRI A 2 WP PR B AR Ak ) SRR R
DR B HE AT AT P R — 28 A ST Bl 3 5 i/ N K R HE O 98 55/

AT 20 4E0C , AERR T A KA RO T X I 5 A, — ZR A /N R K AR A Sy 3 s SR A&, 5N T8 i
4 SR A [ 20 AR T 3T DX A AR K PR T El T 3al Tl K R LA i R ) i SR B, L2 B 5 B A 2K
GBI (KI5 IKIRAE I S AR PR AR 55 ) T80, ok 006 BF B il & MR HE IR AE 2 A e ok M RS 1
PENY IR SREEDY IR E AR K AT 7 ARSI AR 5T & B, T K AR co, i CH HEE & 5 2—3
A ERAESE TR A R BRIR A A, 5 EOL TP HEGE S TR 280 SRR, Ortega 67! (A5
T /N K AR CH HERGE S RN 4 52, RmiSE > ARFoE tods i, i /MUK AR CH, HECE:
e EARIA R 1—2 DR S, mT UL 38 K AR A A ) T = AR HE IO B R /DR K AR AT g T
RIKFRGE CO, M CH,HERL BT, BRI, B R0 3 6 T /N K A HE O e T 8 9 22 s Lk
A R B A R SR ) PR 2 AT AN T A A G 5 N A 19 8 U0 S 1 3 T S XA 1 W AR Ay 55
J R DX SR K AR S R gt il 2 SUARHE S P e AN o AT

B2 4 BRI T LR R WD, 3nk T A 108 I8 X5 S UK AR A A ek 2 i, s K AR ok i 22 | 7 X
BRI S == AARHE O B b A STER R ZR 20 SR BRI T /N R UK AR 5 AR HEURRAE B G S e
Wi R 2R, AR5 0 B DR T R DX I, 8 S LK AR T AN T 149 2 A SR AR A B2 3k 52 3 g V2 4 1k A T
23 BANE K S CO, 5 CH, BYHREIGHE i, 45 G Ik A BT K AR ) o3 A1 LA S OK IR S 800 734, 0T I
/NSO K A T 5 SR HE R s 2 R AE B L G A IR B BRI R | 3 — 25 0P T A R 5 IR A S MK AR C 08 o
W e S R, A IR TTIR K R GE R A 5T R AR S A

1 #MREFE

1.1 AR5 HENL

HF 5 XA T B DR P B 3 %) r s X Ja 0 AGHE 2 XU JR T A ok, Al A DU 20 B R el SR
SIURAE 7.8—28.5 °C,AFFERN K 1082.9 mm, AF5E XK JE A PATIE K 1L FeBe X, M3 52 2%, in =2 = & 1
W T BT B0 e KR/ N K sl . 2008 47 LA, 3% DX 38 ok B DG 3k i bk B e PR Ay IX sk —, Bk
T A T SO /N K AR 2t A ST S K AR, 732 43 A T /N DRI el X PN, 4 T S 1) SRR A
1.2 REESRE

VERERIFGTIX P 5 T oA (B KR PRI R 24 FE RSB R H IRBHE 2= B DU SE R 2B ) F1 3 A4~
J B IX (MRS & 13 INX ZRARER ) PN A S AR S 0 58 % 52 Tl IR B3 3 T [X A1 BBl A 2 A4S /N KA (7 2
WK T 3K ) VRt B, 331 10 ANk, B 2K A 7K sk 1T B 7E 0.003—0.090 km? , - 24 7K R VI 4
1—6 m, J& T ARG/ NSRRI RFEAREAE IR 1 BT, B K IARAR Y AR K RERAE 3 B 3—S5 A4
A RAE ST RAE NI, 3T 30 A SRAE R

(IS, AR AN ] A A N T o s A 420 () 3 AR R AIE , 7 25 DR 2 F PRI R 2 WU 1 SE AR 4B Il KA
& 1IN S AR AR AR S KR X0 TCK ARSI 53 AR PEA T RAE 5 A B, 76 FE A S0 AT I /K 33 152
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3 ANESRAE A T 15 SRR

R1 PHEKGEERHERBERNIESH

Table 1 Habitat characteristics and basic physical parameters of selected water bodies

W5 KR BER DBIORR o s om0
Study area Water - Area/ - Conductivity )y ol Dominant plant ) ovea/%  Overage/% Composite
depth/m km? (ps/cm) community pollution index
[N 1—2.5 0.003 282+70 10.55+0.47 8.28+0.39 PR 30 85 0.77+0.23
FRAFRR 2—5 0.023 41839 7.15+1.94 7.88£0.24 - - - 0.93+0.31
[ZPiL 1-3 0.005 275422 5.47£2.71 7.49+0.49  WEE fifk 40 90 0.590.18
HIRBERR 3—6 0.079 455449 9.02+1.35 7.98:0.28 - - - 0.72+0.21
A 2—5 0.019 282+23 9.21+0.76 8.20.28 ik IR # 40 95 0.610.11
P15 A 2B 1—4 0.009 364+43 11.39+1.75 8.10.11 fife IR 20 60 0.70+0.18
HPRHE A 2—5 0.028 31226 7.9+1.68 8.13£0.39 - - - 0.67+0.11
HRIEI 2—5 0.036 33156 13.07+1.41 8.52+0.13  fifft M 20 70 0.88+0.08
A5 3—6 0.090 218+18 10.22+2.16 7.54+0.25 - - - 0.48+0.05
NI 3—6 0.049 245+46 10.472.91 7.83+0.41 - - 0.54+0.06

L 5 TR A KR Bl P N TR A A 3 A A TR s L K A R 8 AR 1 1 mx 1 m PR PRK A R B 35 5 S5 A s AR B0 B DAt
FORIEE AR IE) UL 289K Ry 2 % 4 if, 15 e S 9 20 AR B 02 0.2—0.5 505, 0.5—0.7 NG Y, 0.7—1.0 Ao 5 Y, > 1.0 A5 ;DO 76 i A

Dissolved oxygen

1.3 HEECREE

AT 2019 4F 1 H (478) 4 H(FZE) 7 H(EZ) M0 H (BKZE) X EURRAE S 7T RAE, A
MLBE B RAKZERAELIZ 0.5 m IRAL A /K FE 500 mL 26 ARSI, A KR RAAE T8 AR A M S0 g =, T 4
CARIRB AT IAE 3 d N SE UK RERAL S e

KB FR R TR S CO,/ CH HERGE & W5, V78 th PVC BB 0 R S A R V7 25 8 7 3 43
YR RARFE AL 7 30 em x 30 em x 40 em (K xFEx R ) FARINER B 5R 6 6228 LA s/ K PR AR 565 L 4% P I
JE R PG AE AL s RAEEFAC 25, T B A/ VAL, — I B R R IR N AN SRR e, 59 — M BRI
S T ARARCREE RV E R VAR B, T e RAEA . W R 3 AN E B BRI R,
R AKI 9 em Zigy, — ELERASAA % B L), e BDHEA TSR IIEAE R 0 min SAE, B/ T 5.10.,15 .20
min IR SRE | TR ASFESMRAET 10 mL B2 T CO,/CH, MR M E

IF R FH 10025 4R 37 TR A T /K ARV A S A B g a2 ) o S P TR S A BURA 0.5 m IR AR KB, 2218
TEARBUN 54 mL BB EA VLB b, SE T $TIF BB — i i HE/K R, DA 5 — ity FH e 5 4 2818 1
A 24 mL EVHIVER B AR HEZS S, ZARKEE MUK RHERR B T 25 . RIZUPRS S5 min, # B RF 028 5 /K 445 2157
i fe MBI A SR, T €O,/ CH MR ESMHT

IR A% G0 A BR AN 5 T A6 K AR R B, o FH 28 AE 19 2 2 0K I3 43 7 A ( Manta™ 2 Multiparameter
System , Eureka Company , USA ) I 5& JF {37 & )2 /K ARG B pH A f# S (DO) 3L 250, M F AR 44X
(Kestrel 2500, USA) Mz 7K 1 LA I 1 m AR RGE ASORATE . 50 RIE 0 5% 05 8 ISR AR K AR A B AR K
LA,
1.4 FERHT

AWM T RZAKESA IR (TOC) I MEIEA HLER (DOC) | Wi TTHLER (DIC) (EA (TN) (AR
(NH;-N) G (TP) BEIRER (POT ) AR (DTP) BRERAR B (SOT ) AHAS A (NOS-N) LUK T AE 25 4
(NO3-N) S /KRS R (N 2 iR ) . Hirp TOC , DOC , DIC R A TOC-2000 A5 MLk 53 7 AL 3#E 470 7 5 TN |
NH;-N TP PO} .DTP R W s S B (AL 507 K FIA-6000+) #1742 ; SO \NO;-N NO;-N Rk H & F
REY (CIC-D120) T4,
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FIHAH €354 (34 A90, VT8 ) T %E CO, il CH, ¥R EE, CO, Fll CH, A5 5 Sk & KM 28 1 fh A D 2%
(FID) , TAEIRBE K 250°C , # S MR 4l RSN, , VAR (H,) MRS, 28 50N BIR S, s 43991 R 60 Fi1 450
mL/min , % FFRSH E 50 54 €O, 1000 wL/L,CH, 10 nL/L,

R2 ARAKERBKR B HEE
Table 2 C.N.P contents of surface water in different water bodies

WX TC/ TOC/ TIC/ DOC/ TP/ TN/ NO3-N/ NO5-N/ NH;-N/

Study area (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)

YN} 35.74+9.52 8.69+0.7 27.05£9.27  8.58+1.94 0.03£0.02 0.59+0.18 0.120.04 0.03+0.04 0.11£0.13
IR 38.82+7.34  11.00£1.44  27.82+597  10.6+5.32 0.08:0.05 1.47+0.74 131222 0.07+0.07 0.16+0.07
I 4£.97+656  10.65+2.83 32324383  10.24+3.41 0.040.02 0.52+0.1 0.09+0.02 0.003£0.002  0.09+0.06
HIRERK S 56.75+7.3 12.19+1.91 4456634  9.56+1.85 0.030.02 0.56=0.07 0.11:£0.06 0.010.01 0.04:£0.04
R 41.76+5.4 1233£276  29.43+3.08  10.5+2.58 0.020.01 0.76+0.16 0.090.08 0.01£0.01 0.050.06
PH I SEAR B 40.33+4.82 941£1.19  30.92+373  8.09:0.84 0.020.01 0.74£0.18 0.42+0.47 0.010.01 0.05+0.09
IR B 4233692 12.64£3.24  29.68+¢3.92  9.7+2.14 0.020.01 0.86+0.17 0.090.05 0.005£0.004  0.09+0.05
RIS 40.70£6.64 12744215 27.96548  10.06+3.32 0.04=0.01 0.89+0.15 0.1£0.06 0.005£0.003  0.120.09
A 31.34+5.12 8.93+145  22.50+4.64  6.67£1.66 0.01£0.004  0.31x0.05 0.05+0.03 0.003 0.03+0.03
ARG 32.59+5.18 8.08+1.04  22.68+4.68  8.17+1.08 0.02£0.008  0.37+0.07 0.07+0.06 0.004 0.04:£0.04

BAm R A bR #;TC. Bk Total carbon; TOC ; 5.4 HLEK Total organic carbon; TIC BLHLAK Total inorganic carbon; TP, B Total phosphorus ; TN ; MR

Total nitrogen

1.5 it
1.5.1 R SAR I K-S CO, \CH, A2 8
AR TS (0 A SRR IR 38 e e B I AR TR K-S SR GE = AR
d, MxPxT,
Fo=—x— " x (1)
d, VyXPy,xT
o F, RN BRI E 19 CO, M CH HFHGE  (mmol m™ d7') | d,/d, i RAEI AR B2 Bl N 8] 22 f 1) .
LLRPR M AN SRR, P AR SR (IR | T R R L XREE, V) (P Ty 53 5 R b it
ARAET W RMREE RIRRR 2 SRR XTI H oK LA SRR R (30 em)
1.5.2  JK{K CO, \CH A7 B2 TR S SUAHE 0 2 1A 5
WA Henry 72, FI TS P AR BE 43 I3 HRK IR CO, M CH IR A INF
c, XVy+ce, XV, —¢cy XV,
C, = v (2)
(3)
K, C, 2 CO, Ml CHIAFEMRIE (umol/L) ¢, R T0ZS AR BE (pumol /L) |, ¢, R T0UZS -l 25 40 R 7K AR S AA vk
JE (pmol/L) e AR IR TR IEZS S B SMRUR B | b, 3R ISR T~ SRS i BE R A, v, MLV, 28 B3R Tizs 14
G KARF(L) .
MR PR AR EAG K-S P A A HE G > AR
F,= kx (C,-C,) (4)
F 3R i R EBORE A B B SR HE R B (mmol m™ d71) , €, F €, 535 38R R JZ KR A U (pumol/
L) FK AP 1 R E (wmol/L ) o ko Rs K-S SRS B R AL (em/h) o 5 BEBSF0KAOK
B EER [ K, AT FT PR H R 12 60 B9 IR - KGR R kP

t

C’IU = c(l X k(‘

k,=1.58 x " 'xU ,x(Se/600) > (5)
Sc(CO,)=1911.1-118.11:+3.4527+°-0.04132¢ (6)
Se(CH,)= 1897.8-114.28:+3.2902:>-0.03906 1+’ (7)
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U, Ze R RFEX IR 2% 10 m AbH 4R XE (0.95 m/s) ¢ SZIKIE (°C) ,Se (CO,) MIREFFIETF CO,
) Schmidt ‘& %%,
1.6 it

AHFFEH SPSS #EATGE T4 B, #1583 J7 22 431 ( One-Way ANOVA) £ 50 A [F] K A A [] 2545 22 ]
CO,/CH, HEMUY 22 5 58 30 | ikt ¢ K58 43 M - JC M 7 2 /K S SR HE i 1) 2 5 S 3 e R R AR G o0 i
Ao AR B 5 KRB S B A DG, T 73 AT (PCA) XK BREE S HGH AT TUAR 40, 42 OGS 7
K, R HE A Z2 7 [ E 43 B ke g 48 /s TR -5 A HEAGE & B OC & . A GraphPad 8.0 7EIA] .

2 EREH

2.1 AFEIKIK CO, .CH, HEmE &

BET ¥ S ARSI /K A CO, F CH HERGE B & 1 Frms, 8 s WKAR CO,HE R E & 1078 1k 35 B Ky
-16.3—259.0 mmol m™> d™" , 3FE-H)H(72.7265.9) mmol m™ d™', AN[FEZKAKTE] CO,HEHGE 2% 55 0 B, B4R
SERE R (((152.42113.0) ) mmol m™ d™") , & JI3UAIE BRESFF R 2 R 2 A K AR BEAIG ; BR 3 R B B K 2 3
F BN, A8 Ry Ry IEAE, 3R BA KA CO, H-HERBCIR ; A3 T S8 FBK R By L fne™ T I 43 Co,
HERGE R AUA (11.849.6) F1(17.9+£14.8) mmol m™ ™", T R Tk Sk 4, 8 AUk A& CH, HEjiE
HEALIE B 0.59—20.1 mmol m™ d™', 174 (2.31+3.48) mmol m™2 d™", 5 CH, HEHC IR ; 5 WK 14 2 7]
CH, HERGE 22 S5 R 3, SRSt F1 DRI R 2 K AR i LA K A4 (T 1) 5 S BIG B PSR AR (A
11, (0.49£0.09) mmol m™2d™";#J 4, (0.71+0.16) mmol m™> d™") ¥ i ZAE T i P4 19 5 K 4 (P<0.01)
W SRR CO, RN CH, HERGHE 2T B KR Y 3.5—6.1 F12.0—4.5 %,

W 10 ADARAR G S Ja RIX B e DRI T SRR X 3 2 (181 2) @ IR IXOKAR CO, 5 CH, P-4 HEGE & 43 51 A
(91.10+59.00) mmol m™> d™'F1(2.78+2.55) mmol m™ d™", & T4 el [X /K44 ( CO,(54.60+26.00) mmol m™> d™",
CH,(1.20+0.39) mmol m™> d™") , ¥ 1 3 /&5 F 35 1l & Bl DX () G > X6 HEZK 44 (€O, (14.80+4.30) mmol m™ d™',
CH,(0.60£0.15) mmol m™>d™"),

300 - FEREK 8 RERIX
_ — Rl IX
& =  —
< el IX 56 -
UJM s 200 I ] WTE
B = 5
®E =E ,L
£ SPEIX = § AP X
S E 100 T 2 E g  —
=, B B SF=
5 N i Q B
© O =
0 e B T T =j=} - =
1 1 1 | 1 | 1 | 1 O | 1 1 1 1 1 | | 1 Il
B EE 8 &8 % % 3R B E 8 8 % % 3 K
X &8 R X% # K K F L X &8 R X% # K K F L
BE kK B K ¥ % 82 & 8 & B k@ K X ® 2 & K &
WK & B K w R T B K
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Fig.1 CO, and CH, emission fluxes at different water-air interfaces based on floating box method
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(H{EM 80.9 mmol m™> d™") , kR Z (FFE N 69.3 mmol m > d™") , & HEEHRM(HES 5N 19.0 .23.8 mmol
m>d™"), CHHHGE ER B R4 (P E 58 1.31.1.36 mmol m™>d™") , BKZEMEAK (1.07 mmol m > d™") {0
WEEEHTAZ(0.70 mmol m>d™"),
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Fig.2 Comparison of CO,and CH, emission fluxes in residential quarters, campus areas and urban fringe areas
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Fig.3 Seasonal variation of CO,and CH, emission fluxes at different water-air interfaces based on floating box method

2.3 KAEMYIN SR CO, M CH, HEBGHE 5521k

FA T S TCHI Y X ( No—-P) R 2 56 X (P) /K-S F4H CO, Al CH, HEBGE 7, a0 4 Fios, 258K,
DPUASZ A5 R 20 A5 R ICHE ) 53 A /K B2 1] CO, A CH, HER I o S 777 38 25 5 A A 78 35 i /K el AR
HEE 4 T IR UKL (P<0.05) , #E—24 A Y X CO, HE R = ORI YK AR 1) 0.41—4.24 £, F
Bk 1.97 45, Hoh B 2K ZE 22 R i K (35 2.7 %) s A AEPI X CH, HEBGHE f2 TCH Y X 1 1.67—3.94 % (°F-
Ik 2.94 £%5) o AR A IR SO0 AR B F B K, K AE AR RD T KR CO, A1 CH, HERGHE & HAG BRI
2.4 hGEBORAR RS BRI E N SOWK AR CO, \CH, HERGHE 5 Y L AT

SR PEAS AN ) 0 i e /N S A AR L i S AR HE IO B ) S i, 0E— 25 X)L T ) SR SR AR AR R A
FEWTIN 225, TiEs Bifg 10 N7k CO, IR A7 e A 23.8—142.4 wmol/L, 34 (47.6+29.3) wmol/L
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Fig.4 Variation analysis of CO, and CH, emission fluxes between plant-free water ( No-P) and vegetated water (P) in different seasons

225 PR O RGBT AT, ¢ FORAM R, « FORA N 22 RN L

(TEAE R (264% +162%) ) , CH, IS A7 JE H 0.32—1.93 wmol/L, ¥J{H H (1.13£0.56) pmol/L (2055% +
1011%) , A KR & T RS | 57 A8 W25 2R — 80, BEREAR S SRR CO, HEBGHE =3 1E
}9(69.7+82.0) mmol m™ d™'(=12.7—370.9 mmol m™> d™") ,CH, 4 (3.69+2.92) mmol m™d™'(0.18—11.0 mmol
m™>d7") X REK AR CO, A0 CH HERTE 540 %4 (20.8+16.9) F1(1.11£0.47) mmol m™> d™', E4K b 5K 1A

CO, M CH, HEMCE: A S8 KR 3 152,

WP 5 B, PR 5 A E A5 R 1 — T U 73 Br 45 R R W, 1 502 B ik 5 I AR 15 N4 CO, Al CH, 38
AR R WL (R1>0.3) , W FYZBRIARFRY CO, HRE & 704 28 0 3 I TR AR s, (H 2R g &y
TIRTEARTE s CH ARCE B PTRN I EAR L, B 4P IR D7 FEARER T 1, R AR B RE I B i il 7%

WK AR -SSR CH HERL

CO, CH,4
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Fig.5 Regression analysis of CO, and CH,emission fluxes by floating box method and boundary layer model method

2.5 BEATEMUKAR CO, R CH, HERTE £ 5 /K BREE K 71 6 &

FHE T4 R, CO, HEGHE 7+ 57K 4K TC .\ TIC , TOC .DOC TP TN NO;-N NO;-N K 7K I %5 PR 1~ 15 5 i
FIEARSC, 5 pH EAT DO 2 3% TiAH I (P<0.05) 5 CH, HEH0HE -5 /K A bR [R) B 25 mi ik B8 Bk i 52 1 3%
IEAHDE (2 3) o XA FEE T4 T £ 00T A5 8 4 ATy, BREE R AR B 75.2% (£ 4),
HrrEm5r 1 5325 TC . TOC . DOC | TP %556 R % V), RILKMA LB B L& B, 2 85
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TN \NO;-N \NO;-N FHCHE R , FRAEK AR N KV FE4 3 5 NH,-N DTP AR fe o, RAEKAK AT GESZ AR
SYRTEDL; ERU> 4 FE S pH DO KRB Y), AL KRB EALERIE, HE— R 4 > FE R ES S
CO, .CH, HEBGE 1 738 A Z el H 4381, 43 1 AR 4 5F CO, MK, ERLr 1 %F CH, 52 M fie ok
(F5) , FIREIRIARRR S HEXT CO, A CH,HERGHE B AT 20, CO, HERA 32 BI7K AR pH IR A = 1 4k
[F] 520

#£3 CO,.CH,BE5MNAIE/YETFZ EA Pearson 18X

Table 3 Pearson correlation between CO, ,CH, fluxes and physicochemical factors of monitoring points

TC TIC TOC DIC DoC TP DTP TN NO3-N NO3-N NH;-N  S0%" pH DO WT

COLETE Flux  r  0.456** 0.396** 0.436** 0.166 0.369** 0.286* -0.096 0.385** 0.411** 0.492** -0.044 0.157 -0.293* -0.317* 0.366*
CH 8% Flux  r 0.414** 0.409** 0.282* 0.282* 0.398** 0.522** 0.507** 0253 0.173  0.159 0263* -0.052 0.223 -0.087 0.325"
x4 F/RTE 0.01 /K B FHESE, « TR 0.05 7}(EFJ:E%$E3§,DTP{??@H:E% Dissolved total phosphoms;wﬁfﬂk'ﬁ Water temperature

F4 KRERFERSAHHEFRSREBERE

Table 4 Principal component analysis (PCA) results of water environmental factors

5>

Cumulative score/%

TC TIC TOC DIC DOC TP DIP NHj-NNO3-NNO;-N TN S0 pH DO WT

EH 1

. 0292 0221 0342 0.011 0.240 0.248 0.002 -0.128 -0.061 -0.023 -0.022 -0.152 0.090 0.058 0.168 24.780
Principal component 1
B
L -0.060 -0.033 -0.097 0.027 -0.041 -0.016 -0.048  0.033 0.324 0.319 0.280 0.283-0.051 -0.021 0.016 45.470
Principal component 2
F3
L -0.089 -0.036 -0.172  0.195 -0.022 -0.037 0.291  0.392 -0.050 -0.066 -0.020 0.146-0.027 0.016 -0.476 61.597
Principal component 3
B
-0.018 -0.063 0.091 -0.076 0.066 0.140 0.069 -0.037 -0.052 -0.129 0.035 0.016 0.500 0.476 -0.010 75.239

Principal component 4

F5 ERXFEHSIKME CO, n CH,EEFNEER
Table 5 Prediction model of CO, and CH, fluxes in landscape waters of Chongqing University City

1 H Ttem ] )9 4 750 Regression model R?
- T Yy T "
CO, M & CO, flux Y = 0.546%( F 4 1) -0.387x( EMSr 4) +0.371x( F 43 2) -0.363x ( F A5 0717
3)+ 0.321
CH, HEGE £ CH,, flux Y=0.430x( A5 1) -0.092 0.185
3 itig

3.1 W/ EOKA €O, CH, HER BE

R HLBIHE A TROK R G5 G A PR A i VE L AR G CO, R CHL JTS@ 97, B i Al 0 15 4 i iR 12
HEA RS T4 B N Rk A B A RIBIG £ KR CO, R CH Bl — 358 TR T — RINTRER
PRHEEAIE ) AT, 8 AR IR TSRO K AR 5 2 ANIRAEK A CO, Al CH, AR GE 344 1A,
SERARIEHERIR . 13X 5 VAT AR R KDY S ROK R G 45 R — 3, Wang %7 X
FPRFIRIX 16 A~/ N K FEAIF 7 285 SR b 3 W2 DX /N A K (R EL A 50t iR == SR IG £ 2R, B R
SELLAERE ST T SR VE RS 9 NI 32 BIK R E IR AR R L P e R R COo, 0
AT R 2RI K0 A H PR EE R 2 A K IR i E B 7L 2 CO, Mo , R i R IR R4

ARG W 5K CO, A1 CH, HERE #5351 4 (78.6+66.9) mmol m™ d™' F1(2.31+3.48) mmol m™
d™', 5 Panneer 45 XF E[ B 7K 3 2 48 (Ponds ) B AF 58 45 SR AHALL (CO,: (67.14£64.0) mmol m™ d™', CH,:3.1
mmol m™ d™") , i 3 i T BRI K A HE UK - (1 {8 (24.4—41.4 mmol m™ d™' 1 0.44 mmol m™ d™") ¥,
Li 2 2RI E O W PR IR 4 1 A2 4 W PE CO, Al CH, -3 HE G 129 H7 (37.3+68.5) F1(2.0+£5.8)
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mmol m™> d7", IR TAHFITLE 5 Wang Z515) Yoon 2P Martinez-Cruz 55 #9812 B T NRLK (A
1 32 235 K HERRN = iR i A ILBR ( DOM) i A, S48 5 B CO, A1 CH, HERE IR, 1 6 itz , & PRkl 50
IR CO,HERGE 5 R SO T R A K S AR — 0, (H 0 32 v TR PRI R R i AR
FRA F SRR, H 2 T Lo B X A K AR 0 TR, SEK A CH, HEG Ak T30 1K H E e
o TG Y E AT R AR R R R T X R R CH R 3 45 SR, T
A BAMNETS Y (R 1) ARRFIE SR CHHER A A F I E0 2 3k 7 10 RO T K 3 (& 6) o BbAh, AH
FERTT SR CO, 1 CH HERYS 28 5 F 3R XM A SRR (B 1, B 2) 35 ER A3 T K AR AT 5 45
52 Wang 42 BFFT R, k07 P9 #/NBKZE CO, R CH, HEB0E B2 AR XK PERY 3 £5F0 7 5,
Ortega 5" & BUAFAMRIN T X Tk 3% CH, HEBCE WA TR0 4 £5 2%, S0 CH HEBOR . SR aT I 35
T /INESOU K A HAT #5501 CO, A1 CH, HERCHR B 2 X IR /K R Gl = SR HE R T e AR

— 7T, ST SR A T AR /N OB i , e R SRR R I IR T 3 T Ok 4 3 2 S R AR T A AT
B TURUZ A R TR AR CO, (CH, A, TR, A5 Ak i 3a el XA 1 i 4 ok A3k Tl 7K A i
25 A4 o S R K R BR BR 6 -7 , - BUKIR CO, o0 RSN L 53— i, A Rk 2R A SRSk AR S A7 A
PRI, B A T A A BRI T AN CH, A CO, BB SR B MR HE S . AT 8 A
SRR R B R W R TP RO (3R 2) O IRUAZ A C AR L T AR, MG BT A SR AR B
KA CO, M CH HEC SRk R B & 2 — 2 IS R i — U WK AR IR R R e Rk Ak ¢ R,
PRHER I 3 ) LR

WE— AT 2 B, i R IX KR AT i BT O i A B 1 (1R 2) o %5 R 31 B DXORIVRE el DX 7K A 3 0 o
HEFB/NER2) ,MER R FWKEZE T AT ES, KIEEE (R D), v Re S HE 0 5 m i £ R
Z AR B KRS Y B AR R ERAE Y CO, M CH, HECE X 152.4 5.7 mmol m™ d™', S 1 4h il
KA E I 8.5 F1 11,7 %, AT UL 3R T o /K AR Sl i A= 48 R G Y A LR 43, CO, Fl CHL R TR HE G 72
HA W 2k
3.2 W SUIKAK CO,  CH, HER I ZE T A8k 5 i P R

KBS KA CO, | CH HEBCEAT 25 1 AR 5 ORI i SRk 4 Co, HEU 2 B B3 (R )
HMTAEE(REE) WX, CH HEESR ., B Fg & TR E, X FRAL, X5 K450 #F 58 45 % —
F 20202334 Natchimuthu 255 X5 8 Linkoping 7K AAIIFFTIA N , 3 2 w0 0 5 BOK A GE AR g o, 2
BT KK IE CO,FI CH, HER ZE35 78 5319 B H 25 5 Ortega 252 A5 AR IR 4516 . /NELEE LK A4 v | 44
ZARBIN, SR AR AR R SRR ARG T, SR AR €O, L CH, HERCE 5 /K iR 5 5 3 IE ARG (P<
0.05) ,J& CO, M CH, HEl 18 S B E I ZR , SR, FRERER R TS | H IR EOE R SR K (47
VA A I P R SRR AR A VR, S8 CO,HEE R oAk, HE = B Co, W™ [RIE, 2774
AR A /NG T LR DA S LB T SR AR BE % S URRZ P e T 1 (5 e A LA , Ikl CH 7= A1
SEHEZ NI CH HE . I, HZE CO,HEME (CH AR o ARG 720 S WK A2 Tk 2 S AR HE dfc s 2L
H—EMIREEE .,

3.3 B EMKIR co, .CH, HEC S K REE N T &

CO, \CH, HERAEAR R AR 8] 4 22 5 57Kk 0k 1 B R BE IR T DIAE 2 IRk R Geh, CO, HE 2 5232 K
PRAN G 7= AWK BT 50 it LA B K At BR RSP 5 AR A SR R BE mm 20T  MHOG A R, Kk € it S
CO, HEMGHE 5 B F A IEAE K R, Hodr TC F1 TOC X CO, 78 S ML BEE 35 21% F1 19% , Zhao 25" WF5EIN
Sk R AR P B CRIR Y C AR B COLHEROM SR A AN 2, 8 AR & =R SR AR o, HE
O A R IR RIS KR C AMARHE RO R A 1 it A o AR, R B 5 TN NO; \NOJ TP 45 5
W B B EARDC R . — D7 T, FERR & K A T 8 3R Eh e B B NG 1 A B K AR A 1 S AR 1 35 43 B
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Fig.6 Comparison of CO, and CH, emission fluxes from small urban landscape waters in Chongqing with other studies

i, TR AL IR AR, 2 8 COLHEMC ™ 5 53—y T, UMl vk B 384 n 7 @ KK A o R i i e £ 42
EKAEEVER, S8 CO,THARRML > | A ATIF I K R U0 & A1, (R 18 8 T e A W 2B K 9 33 4y
BRI (N:0.2 mg/L,P:0.02 mg/L) , BRI AAIT 5 v S5 WL 1A 4 R0 v £ 48 Jon T R 2 R TR )
FRAC, R4 S AL CO, B 7™ AR FIHEL

ST LGSR —E 2 SR KA CO,HERCS pH DO & I SR JCOC R 15 TR 5 A
KR, pH FEIE i R K ARBR FRER T E 1M 52 . O, A HE R sl Xtk A co, HERCE A #5R iE R
Mo AN KU A=A DO IMTHFE CO, , PP AR FI =4 CO,THFE 0, | Ik €O, 5 0, & 1y fikl ¢
RARRIIFMAME N BACHZ I CO,MOCHE, HE— LRI TR AR — SR B 5 TR R L

55 CO, M P AT AR AR, K AR & B CH, HECEA W35 10 IR 3K 8 (38 3) o Tranvik 55 #F58IA N, K
K DOC ¥ B8 N RE NS H 32003 A CHzfzéE*ﬂﬁFﬁi ; Martinez-Cruz &3] .Delsontro fff“ﬂ .Gonzalez e L8] i Tt
FEH T T K IEAEKAR OC & REX CH,HRHOE & 978 St B BOm i  REE , S ARRIE TR 4 R A
Martinez %' 5 Ortega %5"*" BJIA A/ INF 4 MLS A RITRIERE S 1) AR ST K AR SR CH 7= A B
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M) o T S5 AR BBtk 25— 0 0 DAL IO T A2 Bt 85 Sl T R T AR B AR A 5 — D TR T KA P AR R A
PR AR ARG PRI N T SR ) () A LA SR AR & 8 SR A A5 3406 I 2R /K AR Y CH HETC LA 7
TERCW [, SRR CH HERL S TP DTP 20 0 38 I IEASE G R JR & B T 27% F1 26% 1) CH, 22 571k,
XTE Wang 557 ST K PEAGIFFE 45 AR, ARXT T N St KR N.P P38 (27+14) P JCRTEW TR
SR rh B R B d 3, AR [RIAESZ P BRI Y R RETT A58 b TP 3 s /K AR A7 CH VR B i B i A
52%"" RSO AR CH HEBOW PRI A Ui . PCA R Z2 o0 A S5 R R W K phe ol & it
S CH AR G 2R (R 3 K 4) o (HART R, CH A S DO & EACHA R X 5 H AT 4%
R0 B R RAE K AR IR KRS x i i SR 45 DA S CHL TR 2 9 82 3R 2 7K i
FA I [R) R, PR32 DO 2 R . B2, 5 M BE e CH, HEHGHE 55555 19 FEBEAF, M0 P Rk BE Y 25 5 2
SECRFKARIE] CH, HEHCE 519 SCHER 2R
3.4 JRAAED AT SRR CO,/ CH, HETBCE B AR 1

AR EEPER R E K A 55 X CO, 5 CH, HRGH £ 4 3 5 T Jom ) 3 5 i TR UK B (P <
0.05) , /K A Al ) %ot 5L WL K M TR = AR HE L A B B R R, Strom A5 19 F 58 R AT O BE (Juncus
effusus) 55 M ( Typha latifolia) 7 25 ( Phragmites australis) 5578 55 1 /K 388 CO, HEBCHE 2 /& ToAE ) 78 15 /K 3,
15 f5 2, CH,HFHGA S 14—30 A%, Hak Rk A= A8 4 U8 7 05 R i SR8 1 D 7 G A= 40 108 W R ARG 0 7 FY g
Tk, Bartlett %" Bastviken 45" LK Devol 451 fBF5E R A, Joit A= 16 AR M) Fh 2%, K B A ) 7 26 X
CH, HEHGHE S8 T 5 X 5 1.6—2.8 %, — A Ay , 7K AR AE W %o 7K A iR 28 SR HE T 52 el 7 7E Z2 F bl
5 (1) AR AR (CRe 2 KR ) (3 S U R T SR HE RO R A% 5 (2) R T W 9 7
Yy oy A i I LB AR 5 (3) AEL ) A A i AR 2R 0 0 ) R 0% R VSRR 8 0 e 5 (4) JK AR R (DK A
W) SCEAETFIRER AR ] E 42 5oKARRRARR . HAh AP B o el /K A IR RBEAS Jmy | 25 1552 i 7K A €O,
N CH, =4 THFE SRl B2 ARBFSKAE R LU 3 fr 6 A5 Ry 32, & RS0 T )5 SR A0 A 1
AT RE S FEUL R CO, I CH, HFAl 2 1 s ) 2 2R, [RI A, B 1 4 I 3 A 1 7K Sl 22 ) Wl 1)
CO, Ml CH, HEBHS . ABFFREE R W] K AERE ) 23 A R K AR CO, A CH, HERCR B BA F 2 Rk
BSOS TG A Y I DL SRR % B A T, E R T S A R A
3.5 OR[EMEIN T ARSI T /N SOUK AR CO, \CH, AR f I o 1 23 B

R, XoF 7K A T 3 AT 14 W 00253 SR FH ) 7 VA VBT A D SR 2 AR 3 | W 3 DN 485 SR 1y ]
FEME— RS — AR VR AE TR A W I 45 R T e ST PR HE R B L AR ST R AR L
PEEIERE I E W45 R B RPN 56 R (LR TERR KA AR 2R | RITIA 5 78 SO KRS
PHERC D BA B A B0 v . SR AR I E /Y CO, HEACH B 7E 4 2% (3914 30.2 mmol m™ d™') L& T2
BN (F4(H 6.7 mmol m™ d™") 1 B ZRNIBEAIR Tl FHZ A . B NS X 2 KGRI, 2 PRI AE )
DR BT 5 UK AR T B A 25 1) 5 B Jy [ i 727 R b 6 e 5 - 4 2 R XU ASE AR 1 30 L S A5
RUE RS WAL, CH,ARBOE S 7E 4 A SRAFIN ], 20 AR ARk 34 w8 T B PR AR v D Al 22404 (2.0+0.8)
X R SO K AR IKAAR TR /N (<0.1 km®) |, 32 U3 A BR, FE T DX 359 XU ) Al 58 2 S 380 ke 1) 385
Bl BRI TR AR I T NRUK AR IR I R LA SRR DT R R A BT A H A R T
SEOMLARAAR 18 s D v BA S5 AR R 7 (BTG B — 2Dk e AR B X6 AN [) 2755 1A [+ T AR /R AR A S o
BRY DIR BRS B AL S H

4 i

(1) /NSRS CO, 5 CH HER B IR, 2R U i HE IR 5 55 AT AR LE, 3kt /0 R S50k
PREA B R CO,HRRURI =5 ) CH, HERCE 5 5 k7 500K 7R 15 1] Xk i AR AR AR 1L, €O, 5 CH A GH
TR 3.5—6.1.2—4.5 477 J2 DXk K R GEHRR YRR FEAR IR AK RGEHERCH 3 b T A
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(2) W /NSO COHE I B KT o T4 AR IOBEN, CH I R BRI 2, & T ik
AL il B AR A DL S R K AR LR 7 0 B4 B g T B i X b 2 1 ) R A

(3) MUK ARES 5 W Bk 75 2 CO, CH, HRCHE 155 19 2 R R N &85 CO, HRiom & & .35 1E
FAS, T P A ik CH, R R IE A5G, B 3 3 A+ S8 1] BB S A [RIK AR 8] CO,  CH, HE i 22 53 ) H 5252 1) A
o FMUKIEA pH DO X CO,HEBURAT B BIHE /- . 7K A AE ) 30 A S BUN LR KR CO, R CH, HF
5, SRR T S AR AR AR HE RO ) T B3R T

(4) T2 R AR T S5 WL/ PR 5 T 3 ) M 00 v LA A R s e, (HL 2 R 3R CO, 73R IRl
CH, U = i, 7 B — 2 A S Al R L
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