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Abstract: Urban green space plays an increasingly important role in urban runoff management and ecological restoration.
This paper monitored the multi-pond in the Yichang Canal Park that have been built for many years, and analyzed the
performance of its water quality and water quantity control. It also combined field observation and interview to summarize the
experience of park management operation. The main conclusions are as follows:1) The multi-pond achieved the effect of
reducing and delaying flood peak through storage and release, while the multi-pond formed a multi-level regulating effect.
2) The multi-pond had a good performance on high-concentration pollutants in water bodies. When the concentration of
pollutants was low, the removal effect wasn't obvious. From the removal effect along the path, the removal efficiency of
pollutants in the first half of the pond was high, but the removal efficiency in the second half was low or negative. In the
stopped state, the amount of pollutants will increase after 24 hours of water accumulation in the pond. 3) The landscape had

been enriched by the participation of many people and the continuous operation in many years, even though some design
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goals were simplified, lost, or changed.

Key Words: multi-pond urban green space; water quality, water quantity; landscape performance; Yichang Canal Park

B 0 2R 3T K A AR BRI XU AR AR R, R kT 2 e N TR
b0 A T 207 s T AL R (R R D T, XK G R AN H R
Bz 2 A R BRI A SR IR AR R IR B U H AR S AR B 22 il ) s Bl S
Tt S BT T, 1 HOR BE A W | TR S A AR s M N 2 AR ISR, 0 H )RR 2 1 Ty T AR B B
R B T S R Rt A 25 IR S5 D RE Y & 4 T B L B A ARk 5

FEE S, N FFASE— DR, MRS T 2 SUBHE P A S B R b S s A R 22 1 AR 0
ST VA e <=8 NN 5 S b S e ) B T el O 8 s R B P S VA S S e S 7S E e B u el B 2 e S | S R = v <]
KK AL A R | QAN T DAEA T o5 5 [ A Bl A R0 R v g 5 s B B R ) Sl ) D
MR (U.S. Environmental Protection Agency, EPA) K% A T {20t H FerlEdis 22, FH T/ 552 57 sh fil
R SR BT 2% A A AR A B XU ot 5% ) TR | B IR AR A SRR e A
R PEAR B A2 e RE AR AE 2N IR I JF & (Low Impact Development , LID ) F-AHAil
BT g P 4R B o K MR B 15 e i L BRRCR . SO R I A 1 — IR R AR A UL
1134 25 (Landscape Architecture Foundation , LAF) fYXE S, 5o M58 — I “ i i 55 LA ey 28 78 S HL T i
s 14 [ B 2 T Rt ISR A AR Y L B e 5 MRS A I S UE A A A T R, —
J5 TS, FH T3 AT HESe SR SO, 55— T FIRE S RE B2 T S W St A8 9 5 S B i B ) S0
FHE, IR TR R STRCER RS B2 2 i3 B Ak, R B i S A8CER 5 BT AH G (2 10 s Wt B Hh il
A A% TR RN B ROV A SR HA R T, P R SRR K T AR L (TCWQC ; Thornton Creek
Water Quality Channel) 76301 H 8 55 4% 01 B B AR UE T H AT 7 = AR 00 Mo, 46 o & DR FAs ot 55
DAIE B & RS 7R = BE IR A R R BT 4R Bt 2 R AR 283025 1 L DA R, S5 I UM V) % R 5 S 1 A B 2 T
TR 40 AERYIEITEAL  BRR T ORE RIS , B ERCR A B2 07 RS A8 2 BORT LA ok
PROE TR ST

TEWCTT /K BE I AT RS B 5, T8 it A PR 5 2 T IAS 40 S RO B BN ZE 4, 3R 2
AR TR B E TR IR AR R IR R TS BUCE A TN FR R A AN BT e SR
T H I RCR B AT — B [ A RERIRTE . H AT 25 A% 32 A P e A B O 1 25 A% L Rl o 3 ) B AR
BT 0E A AR ER A B S0 | W | WA S DU B Ak Y i S AT L B T R
TET TP — B I =

ARSI LA A — 22 I 8] SFORRCR R 2 | LoK B B AR M i1, IF s A7 2248 (1) 22 35 A0 4l T 4
Ho——FC BT 22 Bl S %o G2, 78 B 2R R ANRE R A5 4F T X Hos AT AR AR HEAT B W, 20 A 17 %ok
KK EE K BT I LR FISCR IRl & BLZ WSS AT DT R 4 18 LB AT i B9 256, LASHI DR AH DG I T 25 4l
AT A R T e 348 It A BRI R Sl S BT T S RLs A T B S R 2

1 HFRXIEHR

BB JE T A # KR 2 XUS, AERE I /K & 992.1—1404.1 mm Z [8] , 28 & 524 1280 mm , P27 &
76% ., WKF, ZHENERZE,6—7 A ML G &ERENE T 48%, B E s & 1958 £ AN T
BT DX PR K B8RS KA B IR T 19 & R, K A, 1R A6 R 28 FHAK IR K bR AT )

1z A8 TR B sl kT K R S R I TR R SRR R S fa W | B R T 5K T AT
YRR R D T el RIS 119 2002 4F 0 2015 AR Ak DRI |, 32707 28 Fel S22 X sl — 4 8 B3 T ok 1

http ; //www.ecologica.cn



16 1 SR AR B 22 BT A (¥ K BOK SR EOR Soas T 2 3

W3, QLR — SNk e, Sl N - 3H DK 28 DK R 22 15 Y, st bR s e Ay —
AN R EIER LA AR %) B RS

iz 28 P AT 2010 4R B 2016 4R E M PUE K RAF G878 . Boib 2 i E A U8 e A
TR B ERZ 8 RS I RIR , AN 51 i A0 RSt P A B SRR ) B AR, Bt — A LUK B4 o H i
O 2t . 2y 11.36 hm® K TETEIFRZY 8 hm? 29 AT L3 AN BoeHE . S IR TR AL i i vl L o3
DOHTEYE LA A DCORIARE PR 1Y X i B R B M o VD RRNE , v P X SRR B I AR 3 T 30 B R
THTIAL , 108 i Y R MR IR T — B0 Yl VR S (VR IE B BT, K AR R R T2 B DLBE K AR ) FOK AT AR
o AL A ERA B TR G il M 1—3 m B9 25 . A SOCHYTEAR JKTR | K A R R
FRORH i T Bt BSOS ) | It BUIR A 7t BUR HEA B IE , AR LR 1,

®1 BESH

Table 1 Parameters of the ponds

4P L 7] V2 WAL 22 pat= SR o
. i T T K A% *Eﬁm)x g oAl
Serial number N . Water Vegetation .
Area/m” Perimeter/m Vegetation type Others
(P:pond) flow/m coverage
WAz JEPRZ-F % Ak B
P1 2899.18 225 57 26.70 0.55 Taxodium ascendens Brongn., Taxodium distichum (L.)

Rich.-Phragmites australis ( Cav.) Trin. ex Steud.,
Typha orientalis, Acorus calamus, Nymphaea tetragon

WAz FEPAC-BETE (M P IAE T A

Taxodium ascendens Brongn., Taxodium distichum (L.)
P2 1487.16 261.73 80.00 0.44 Rich.-Alisma  plantago-aquatica L., Nymphaea

tetragona, Thalia dealbata Fraser, Typha orientalis,

Iris pseudacorus

WA JEPRZ-FAE T
P3 4291.77 319.60 101.12 0.28 Taxodium ascendens Brongn., Taxodium distichum (L.) 1f1/
Rich.-Thalia dealbata Fraser, Lythrum salicaria L.
WAz PRS- B PEE  BEE
P4 118421 249 58 91.75 0.35 T(.zxodlur'n ascendens angni, Taxodium dtstlchufn (L.)
Rich.-Iris  pseudacorus, Alisma plantago-aquatica L.,

Typha orientalis, Nymphaea tetragona

WA P2 OKAZ-T SR 14

Taxodium ascendens Brongn., Taxodium distichum (L.)

P5 2040.83 190.78 67.15 0.47 1/

Rich., Metasequoia glyptostroboides-Lythrum salicaria
L., Thalia dealbata Fraser
KAZ TR WAZ-T 2R

P6 3001.83 246.53 87.18 0.21 Metasequoia glyptostroboides, Taxodium distichum ( L.)

Rich., Taxodium ascendens Brongn.-Lythrum salicaria L.

WAZ-KAEA: BRIG T SR 28 Bl il 22 2RI

Taxodium ascendens Brongn.- Alternanthera philoxeroides

i1/

(Mart.) Griseb., Alisma plantago-aquatica L., Lythrum

P7 1672.14 162.10 52.66 0.60
salicaria L., lIris pseudacorus, Acorus calamus, Trapella
sinensis  Oliv., Sagittaria trifolia L. var. sinensis
(Sims.) Makino
P AL A
P8 835.22 127.43 33.51 0.62 Alisma plantago-aquatica L., Nelumbo nucifera Gaertn.,
Typha orientalis
P9 266.24 132.29 52.92 0.00
WAz MR- TR S BB AL A
P10 2148.66 200.98 73.54 0.26 Taxodium ascendens Brongn., Taxodium distichum (L.)

Rich.-Pontederia cordata L., Lythrum salicaria L., Iris

pseudacorus, Thalia dealbata Fraser, Typha orientalis
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Fig.1 Water sampling points and water flow direction in the multi-pond
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B TR 5 Gy R0 A RE ) B AT BIR s TIE 2016 4F A4 e 25 2R (7 A 7 AT RE 2 DY Ry 7632 ] ] B A R B TR
BTG TS K HEK 1 AR RER K IR 22 R B < IR | R B2 N 22 I A 4 2 Lo il 2 2%, ] BE A9 it D L 4
JECE iR AL )T UL S ) F) AR L R N A Y SR A ) R0 Bl 5 4%

F2 2016 FHIFEMIE AR ERE (%)
Table 2 Removal efficiency of the pollutants by the multi—-pond and canal in 2016

b bt R o Pbat A i i
Situation Place TSS NH,-N o O‘DT‘ ™ TP E'F .
FiH Rainy day 2 -15 -51 10 -37 -54 -60
(i) 51 38 62 10 16 -63
WiJG After rain EZ -13 -26 -9 -39 -53 49
() 60 15 -31 13 24 81
%K Sunny day 2 46 14 -5 -37 13 -36
() -8 -2 0 -14 5 -41

TSS. BEEIFEY) Total Suspended Solids; NH;-N: 24 % Ammonia Nitrogen; BODs ; HH AT A Five—Day Biochemical Oxygen Demand; TN
EA Total Nitrogen; TP : B Total Phosphorus; FC: R IGFREEL Fecal Coliforms

F3 2017 ESEMIEAITTLEINERE( %)
Table 3 Removal efficiency of the pollutants by the multi—-pond and canal in 2017

i [H] Y BETRY) HAA i H AT A T
Time Place TSS NH;-N BOD, TN TP
7.20 LYk 325 12 75 6 326
iz 5 -24 0 17 894
7.21 2k 263 20 44 9 380
iz 16 -26 -11 18 1044
7.23 2k -52 128 56 18 1
iz -30 14 189 14 -41
7.24 g2 167 -17 100 -3 46
iz 73 35 43 -4 17
7.25 £ 190 23 71 4 -21
iz 81 9 -14 -7 -23
7.26 2 Yk -69 110 333 4 154
iz 9 13 450 -2 36
7.27 AR 238 -50 38 -4 -7
iz 86 -42 38 0 2

3.2.2 SEORTRIMRBE (475 G Ay F st S

R SCHRAIF S AT 1, RG0H8 B e J3E 40 Y A b d5 2 A DL A AR R D 8 BORE DA A > Sl T 5 75 e vk
JE X 22 9 1) A AR L, SR 2016 4R 2017 4F3E 5 YRTERRRAE 15 Yo Wi i A8 AR 1 8 25 R B &
IR 442575 ey v AR RCR (B 3) o & BURAE SR KK % sh 28 1k, (B Z2 38 R G809 KK U b Fa e (4
LK) o ZHERT e vl B (o K T Y B AT B S 1) 2 BRACRE 5 % vl e B 14 SR 7K 0 e 0 2 BRSO B ol AN
8 R TR B A R K T e A S A RIS, 24 TSS  NH,-N . BOD, (TN TP I FC #7351 29 64
mg/L.1.081 mg/L.3.5 mg/L.5.52 mg/L.0.194 mg/L #3500 ~/L(V 25F145 V 28) i), 223 30 B 8 A 11
EA. 24 TSS NH;-N BOD; TN TP il FC ¥ F& 43l 29 4 35 mg/L.0.702 mg/L.2.1 mg/L.3.06 mg/L.0.097
mg/L F1 2200 4~/L(IT ZELUF ) B, 238G R0 H B 2 9 08 /E H . 24 TSS  NH,-N ,BOD; TN TP FI FC &
FE SR 329 4 41 mg/L.0.594 mg/L.0.9 mg/L . 1.51 mg/L.0.028 mg/L F1940 4~/L( £ 11 25K ) i}, Z I fE
B B I E R 35 G B e SO A RN AR AR AN B A K B S R XS A SE AR 4 R — 3. COD |
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Fig.3 Pollutants concentration and its fitting line in the multi—-pond with different recharge
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Fig.4 Pollutants removal efficiency and its fitting line in the multi—pond
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Fig.5 Pollutants concentration in the muti—pond after a 24 h water standing

KT RIK A RO BEORUE T 22 I 2R 52 1 5 S ia A1 RERE K AE 45 i AE — e Y I . AR B i i
B %298 2R GO B AR 1 e 1) bR PR, AT LR A SROIRAS TR RS AT, KR 1A B A R B
Z N 7 I T X e Al A ELME LA 2 B4, AT TIA D AN 2 i g /K o A 4 B2 R i 2 el ) E
FESGE K AR SN 2 0422 4 (BT A F AT A 7 i T 35, et A R AR B K Y
B AR AR B IR B IR AR BEAE SR A A B K B S M DR RE A% IR & A ] REIR] IR
SEEW A el )R S BRI A P I A
4.2 USRS LA AT T AT AR S B A

FETURBT AN G, A B =S BoC/ESRFE 8 W5 3G, TR X — BLG 8 X 22 3 K B v A T i) 40,
EUR 2 A , 7 2 Sa TR DU T SR BRI IR & 2 I8 R G5 e g n . JF HAE g3 . —
7T, 2 bE HLSRGE ANRE | LD KK LR £ R 5t e B o TR LB R R 5 55— D7 T, T AR 2 bl
L R B3R ) R BB PR A BB T e A R SO S ISR A BR T A SRAE S T K
A LB A A2 bl A8 B =07 T HARII MRS —, X BAR RV W B % & B 0, 107 4R B MUK Lg%
JERTRE L BEAF R S — A 50l I H B T A T AR Z R AU B R W BB H s i 74 BLs A7 AT
A TR E R A
4.3 BRI RS EH AR ER

AR I 45 R | e — BT /K B RCRAR, 0 F BT O 58, Bt rh S SR B0t Ay 8, iU mT g
BE FRIEAT WD AIE . 8 FE T FA S0 Z IR T R K BT A AL S T T (BT O 02 el 9 55 USSR
FIFRIEIER AT, — I H WSRO B BLa AT B, BRI AR AR T, AR 2GS, R4
RES AR UE R o BT AXTEE I H s A7 45 R AT W D AP AG DA Il B T F AR b 200 3 i e A
IS A, S BT - - W -G - )R- (R ) B i R AR PR AR, JEB R I 5 R B I R B AT
BT SR AT UG PSSR A A T AN BT LA ST, T e A 2 g e nl DU ISR R I e SRk ek
JEE B TRDES s R LS W B, 2 10 S B3 3 4 P 8 K R

5 #ig

DU SGE AT 2248 0 B Bz I A Bl P i 22 S B T G s A TS 0 4, 0 1 K Bk e s -l , 3 i 1 H
TE F R FIRE R 25 F R X SRAOK K R 4 R R, 45 & R g MRIC % T Ba T i a5,

http ; //www.ecologica.cn



10 JAE = 39 %

PHE T BT RIS FT AT REXT T 2t A 25 55 DI RE I K 4™ A 2 W R IR 3R - 22 918 0 3l 258 AR ) SR KK Bk
gt A R A I L M R < A Y R A VA O R B R W L T Qe vk UK, R BR RO, &
BEEIR

(1) ZHE R G4 WL BT E1E A, S R AR i & i e 25 S e P, PR R L ok | AT 32 1 ) it 0 A1
JER P AR AR ARCR . BSBIE M I T 2 VR A5 D8 2 R T BE Bk A AR i 22 i 22 2 14
B MR-, o T8 38 25 1) 70 12 0 HE B RE A B, A X 5 7 e 3 2 VR B DRI 0t 22 9 ) e e
B VR s ) () ) FIHEZK N8R 12 22 9 T e B R SR T

(2) ZHEXEK R B PR L Tz i, e B (V 26 M195 v 28) B9 T5 Je A IR A L BR 1R, 3 NP T
R LBRBOREGS o XHIRHBE (T 2€) iyi5 5 L BRAE AN W e B2 A (10 2€) i 2 Bl — 5 5 g T
Py AAFEARAUCLEK Y, I FE L BRACRK TR SRR 15 G KRR Rl KB R IR N
i, MFZIRERFE KRB TR 24 h {5595 20,

(3) AN RS T et i R 7 A G BT MATTH SCHE SRR, I B 7R B AT O T ik
W I R (RS AT RIS A4 BRAES , e ) 1 it AR B T fag 4l | 25 0k sl A 0 (E A A 1
THEEZHENSW, @ STl DRt B e 2 m iR B ey nl 158k %

S 2% 30k ( References) ;

[ 1] KRN - F - @t WL ST L AR —IEst 55, Barfik, skEAR], Xk, Bk, 8. solidibee, 2015, 3(2) . 10-21.

[2] frflu, Z=ubde ) ok, @k, o5, EEE. MM M 558k, M Hikl, 2015, 39(6) . 26-36.

[ 3] frflu. KAV S A, P EKF], 2015, (22): 1-4.

[ 4] 2t 2 PEASEMBEERESEE. T, & 20k, 2016, 4(5) ; 46-53.

[5] =& -4d%, &R, /K - A%, AEK - MHER, TR, 228000 N B 1 M3 E 25 LRI i —— R S A0 307 4 17 X e
HrE. B, 3 BRI, 2016, 4(5) ; 68-83.

[6] @rflig, Tk, MOBA. Wi HE G KM =AY IR RUE " L. 3k £ HEE, 2016, (9) : 56-59.
B, IS TFREE, B, JEHER, T N9, 2585 T 1045 M 87 I R A2 0 A0 1 s BT K RIK B R | 2018, 49(9) .
41-48.

[ 8] Rk, W=k ZIE RGeS0 B I IR Jed= il i . KRR 583t 2016, (3) @ 18-21.

[9] MR ATIRHEOARAEG KA S K B O g i i . sk @O bE, 2018, (10) : 216-216, 218-218.

[10]  XMREL. =FhZER A TR HXH R E FR AR R R ALBCR LA, JETriE 2, 2018, (19) : 116-124.

[11] Wang M, Zhang D Q, Dong J] W, Tan S K. Constructed wetlands for wastewater treatment in cold climate-a review. Journal of Environmental

Sciences, 2017, 57, 293-311.

[12] Ehler C, Douvere F. Marine spatial planning: a step-by-step approach toward ecosystem-based management. UNESCO 10C, 2009, 71-80. https://
tethys. pnnl.gov/ publications/ marine-spatial -planning-step-step-approach-toward-ecosystem-based-management, 2018.12.02.

[13) FIBER, FET, R, Sfid. A TR AR IR B R R . MR, 1999, 32(6) « 88-92.

[14] Z=Wisy, MG - (ERE Y, P%, DFF - ImE. oS0 BHua RS A ARMCRIR i A8aE 520 845 i, B R
it2f, 2013, 1(4) ; 56-68.

[15] BEON/R - BREEMUR GHAE - S IRTRUHE 1 AR A4 XU AR B 000 B 0 22 BE S0l 8 5 B2 30T N R BT 5 i 22 8 5 001 24 A
4k, 7%, MEEFE MR, 2015(01) :70-86.

[16] Seattle Public Utilities, Restore Our Waters. Thornton creek water quality channel final report. 2009.10.28. http://59.80.44.48/www.seattle.gov/
util/cs/ groups/ public/ documents/ webcontent/spu01_006146.pdf, 2018.12.02.

[17] Chesapeake Bay Program. 2019. www.chesapeakebay.net, 2018.12.02.

[18] Sheppard C. World Seas: An Environmental Evaluation. Volume I Europe, the Americas and West Africa. 2nd ed. Amsterdam: Academic Press,

2019 379-404.

[19] Effd, R, 2wl b EIGSEITHR RS RS, ERNEEFM, 2017, 26(5) : 896-901.
[20] Ak, P E VLRI T B S SR, 4K HEK, 2018, 44(11) : 1-5.

TEAERE, RO, R5, Tk, AREE. “HDUE” FIE I R S S ERER . Wil &2 RIS, 2018, 25(11) ; €32-C36.
BRI, dkas, 220, IGAk T BUSE ATAN TR R —— LA BRI T il /e 52 5 5
AR . BU . E TR 2R 2y BN TR BURE, 2018 8.

[24] ‘BUkfl, XU, ZRAF, S0, O, B0, BRIEA, TR Al i 28 A R es B 3wt hE A K HEK, 2015, 31

(21): 114-117.

[25] TR, #hdam, sify, 20, Ak, BRCE. 29 R m i A TR b4 W0 15 KO-, 4ol TR2E4), 2016, 32(3) . 220-227.
[26] JHUE, skag, ¥ EW. BHRA TR P AP B, PIRITE R4 . ARBHERT, 2009, 34(3) . 71-74.

[27] BREFZE, skwwk, mAZERL, 8 R 0. dEK 75 9 6 g X R A N TR B 7 RUR B BT 52, PR K@ 22 . AR BMEAR, 2012, 34(9):

]
]
[21] WURiE, TAA, 20, REW, T8, Ml ASEE 0 TEE. 32 Hl, 2017, (3) . 46-52.
]
]

2018 I8 T AR A1 25 18 SC4E (08 3 A

102-106.
[28] ZBZF, mEHn, EES, B, Yok, ARUKET 29 435N T8 0 S0 042 U0 e A IOCR. K LR B4, 2014, 28(3)
125-133.

http ; //www.ecologica.cn



