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Effects on rainfall runoff and pollutants reduction and design optimization of

riparian buffer of Sanli River in Qian’an
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Abstract: Riparian buffer has a key function on rainfall runoff reduction and water purification. SCS-CN model, artificial
surface runoff modelling, and water sampling were used to reveal the effects on rainfall runoff reduction and water
purification of the riparian buffer of Sanli River. Moreover, influence of the surface characteristics were analyzed. The
results were as follows; (1) Rainfall runoff could be reduced significantly and the reduction ratio could be more than 80%.
Low antecedent soil moisture, long slope length, and low slope gradient could promote the reduction effect. The reduction
effect of bush was larger than that of herb, flower, and pavement. (2) The reduction ratio of vegetation on TP, TN, NH,-
N, COD, and SS could be 85.35%, 13.41%, 68.32%, 87.76%, and 98.5%, respectively. In general, the water
purification effect of 60 min was better than that of 30 min. Herb, flower, high grass and bush had large reduction ratio,
while gravel had small reduction ratio. The reduction ratio could be promoted by over 50% , when the slope gradient was cut

down from 10° to 5°. The addition of slope length showed little influence on water purification effect.
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Table 1 CN value of the watershed

+ H A s W IEIS CN Al
we o omem ML yr S S Moified CN by slope gradien
©° S 9 =} SR =R Y= I
Code number Latl;ilgse Coverage/ % Slope/ (°) Slope/ % Number area/hm? q];jv: i?\]fn/:; Tij {:;ﬂ?
1 FAR >80 5 0.087 9 1.738 41 61 78
2 10 0.176 8 1.662 41 61 78
3 15 0.268 13 1.834 41 62 79
4 20 0.364 6 0.851 42 62 79
5 25 0.466 3 0.188 42 62 79
6 50-80 5 0.087 1 0.182 50 69 84
7 <50 10 0.176 1 0.321 62 79 92
8 TS >80 5 0.087 2 0.48 41 61 78
9 10 0.176 7 1.183 41 61 78
10 20 0.364 3 0.545 42 62 79
11 25 0.466 1 0.106 42 62 79
12 50-80 10 0.176 1 0.061 50 69 84
13 20 0.364 1 0.034 51 70 85
14 30 0.577 1 0.062 51 71 86
15 <50 15 0.268 1 0.084 63 80 92
16 i S ED >80 5 0.087 3 1.054 15 30 50
17 10 0.176 3 0.518 15 30 50
18 15 0.268 2 0.272 15 30 50
19 20 0.364 2 0.759 15 30 51
20 25 0.466 1 0.126 15 31 51
21 e h & 10 0.176 1 0.086 95 99 100
22 30 0.577 1 0.044 96 100 100

CN: 27 £ %L Curve numbers
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Table 2 Characteristics of the experiment sites

o 5 Slope gradient/°© i Slope length/m

Wity res TR i pe e

Site Vegetation type Mean coverage L T L T
Upper part Lower part Upper part Lower part

— First L >90% 5 13 5 5
. Second WA — 13 13 10 10
= Third 1T 70% 10 10 10 10
P Fourth [ >90% 10 10 10 10
H. Fifth A >90% 5 10 5 5

2.3 KRR AR KoK 5 e i

BIFFEIE K 2 s Xof A TRI KA A S8R 7 LU BT TET , 43 36T 1 9K 8 W A2 O o AR N TS 4DL A8 i i
rh ) b R AR I AT R AR I AT K B A I K B A I 2 G [ R B R 2 B e A, A D 4 Bk Ry ELVEL ( Total
nitrogen, TN) &L#% ( Total phosphorus, TP) .24 % ( Ammonia nitrogen, NH,-N)  fb2# 7 % & ( Chemical oxygen
demand, COD) B 779 & & (Suspended Solids, SS)
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FEACREE SN 4 A 0 0B B Bl bl BT A AR R AR 1R, W 2 MK A B LU B
A SRR RR 3 A R ORAE 2 R BRI BB A 1 h, DT 3 1% b 3 e 2 P Oy - R - B B e b R R A
SR 3 A RECRAE 2 W BRI B R 1 h IBTIED 4 9 SR DA R 28 Pl A T S -1 B - 55 T L, A
KA KA 3 A FERREE 2 IR, FEACRAEITAIY 2014 429 H 1 H,

N THEADA R A SRE T 5 A (3 2) , B A AR SR AR 3 1>, TEBKN 5 m, BN
10° 3753, S TAT Hh AR NI A B 1 MR AR R, ) — SR AR AR A 2 U, I TR ) B 24 30 min, TEAE#EZEAY
SRR EA, WK R S m RSB 5° 139 (RN 10°) B3 M, A1 1 RE AL R B A, 45 R SRR 1
W, FERIBEISAIY BRI FEFE HEA SRS HR 5 m 10 m (374, A58 1 AFERCREE A, 45 MR

A 1
3 #R5iTie

3.1 KGR R KA IR I ISR
FIH] SCS-CN AEAIXS 2000—2013 £E[A] e KL H R AR IR IHIMASCR A TR (£ 3) . KB 14 5P H
ORI 225 BOR , SR Z B BE ACCR . 14 4R 9 4RI IUKAR I M R T 80% ,

http ; //www.ecologica.cn



16 1 WE A T = R R Gy () R K AR S5 Qe i s R S B fe il 5

B ISR ARG . FKAR IR H RAR T 70% 19 3 AM4EGy , AT R SR BT EOR . B RISk &
AR, TRT 7 A8 T PO S U5 i, 36 D 37 4 98 T 300~ 98 5% 7K o X R 7 A2 9L 1 TR DR R S ) (e 2 R % iy 1Y
TR DBAACR B A T A AP S Y | LB = sy | AR U T ISR . 2 vy O B8 ROBOKS , TR AR D BRC
KA L A T D03 R 5 o % el (38 8 S PRI S5°—30° =2 [i) , 7 s LD, 33 /N A8 Tt T s B e B

F3 2000—2013 £ AEMBEWMAKERBERE

Table 3 Rainfall runoff reduction ratio of the day with the maximum precipitation from 2000—2013

[ 7K &/ mm
52 JKH Precipitation + BT N - PN . FKE
. xj{ﬁ%.k CE%EJ?} BRI P R R tkT
Ay Day with H &k . MR S Total SR e Runoff HITRIED S
Year the largest Maximum AL H Antecedent L , Total runoff/m? - Reduction
o L The last . . precipitation/m’ coefficient .
precipitation precipitation soil moisture ratio
. 5 days
in one day
2000 8 A 30H 75.2 0.3 T52 10779.17 1617 0.15 0.85
2001 6 A28H 17.8 0 T5 2551.5 285.2 0.11 0.89
2002 7H20H 33.2 38.3 YRR 4758.9 651.1 0.14 0.86
2003 7H271H 111.1 8.5 +5 15925.1 2857.7 0.18 0.82
2004 7H29H 100.8 47.9 AR 14448.7 4200.5 0.29 0.71
2005 5H17H 95.3 44.4 Sk SR 13660.3 3813.5 0.28 0.72
2006 8 A 26 H 104.5 0 5 14979 2588.3 0.17 0.83
2007 8H7H 95.1 0 T52 13631.6 2235 0.16 0.84
2008 77 15H 121.2 0 +5 16919.2 3225.6 0.19 0.81
2009 7H17H 51.6 10 T2 7396.3 1043.9 0.14 0.86
2010 7 20H 57.8 73.5 TR 8285.1 2827.5 0.34 0.66
2011 7H25H 88.3 62.9 FTATE| 12656.9 5659.5 0.45 0.55
2012 8 H4H 188 145.7 BATAE] 26947.9 17139 00.64 0.36
2013 8 H8 H 60 6.2 T52 8600.4 1243.4 0.14 0.86
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T 2 A9 TP TN COD FA)¥ B Je 38 KR 0/, NH,-N FISS (¥ BERF S0/, WD 2 J5 28 BETS Ye Wik B 1) I
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BT LI W BE 25 3 T B TR T 3R 31 98% ., Fe LAY BRI 1, F/K S 1 s Ay, 5 R
TSP A3 T B Ak, TP TN NH,-N  COD | SS A4 314 I 343 51 b 85.35% . 13.41% .68.32% .87.
76% 98.5% ., %45 F-5HI B TE I L% w4 B 3% —50% 14 TN .65%—95% 1) TP AL
3.3 [ i AR X 1 AR K TR R B 5 R AL
331 BEHmEK
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Fig.3 Pollutants concentration change at the interfaces in the runoff
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Fig.5 Pollutants concentration change at the different plant sites
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Fig.6 Pollutants concentration change at different slope sites
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Fig.7 Pollutants concentration change at different slope length sites
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Table 4 Compare of superior and inferior among different plant covers

s R K AR T IR TK A B .
Hin i3] JM' TR ROR kﬁﬁ:«%ﬂ':.)&% i I B g b
. Rainfall-flood Water purification Favor of the .

Vegetation type Maintenance cost
control effect effect users
il Grass 4y (358 57 i
WLF ST Flower — 2% TREW =
K Bush (32 — AER ik
FHCHA Top grass 4 b NEW {8
A1 Gravel W2 2 — ik
5 #ig

R SCS-CN s FeFR Mo Fei LA TSI KK VCRE i 92 i R 32 507k 393 1 % — ]
S A AT A B K TS ROR: | R4 HT T MU XS SE I, B B F 4596

(1) KGR WA T K A AT AR (A I, 14 AMBEALAR G o, O A 1 MR 7 K Tk B 5 1 45
FCRS IR A I 80% , TTHIHHE Ak B Mo KX 7 T IR 523, A0 00 A K R 3
KRR R WA R B BB MR B K. Se—30° [0S Y, B/ R L
SR,

(2) MBI AR R KK R A B — 2 0 AL AR RORIHE XE TP TN NHL-N . COD Fil S B T3 % 7]
A iE 3] 85.35% (13.41% .68.32% 87.76% #1 98.5%

(3) ARTRIR AL K5 S 0 9 32 MR B TR AR KK 60 min, BRAETFXT COD RIREA
WSS Sh A MR RE B S v B A B A H 30 min, BRI A FIAESFXS TP 25 EEXE TN JES7A
NH,-N 2 B SS 81, 4 b B R A5 vl 450

(4) AR R 5 R (00 A P22 S, B0 BT R0 EE ARG S0 0 0 o, R 44 1)
i

(5) BT HUIN S5 R AR, B AN 10° B 51 50 WM ATHRTF 50% L |- B ik
M PR LA AR PR IS 35

£ 3L HR ( References)

1 . TR TR B TR K B T AT DL B AR RR % 2013,
] EWE, SN, ZER TSR K TS B RS, IR AR, 2016, 41(6) : 86-91.
[ 3] WM, ¥EFe, MOk, BE, W&, MR B WA B DIRE S K30 S4B MolbRE, 2010, 46(2) ¢ 128-133.
1 Lowrance R, Leonard R, Sheridan J. Managing riparian ecosystems to control nonpoint pollution. Journal of Soil and Water Conservation, 1985, 40
(1): 87-91.
] REEH, TE, W, S5, sk, NI, B RA. ORISR n A K BT DETT . HAARLEST, 2018, 31(4) : 13-17.
] IRKRN - F - 3k AT ARG R R —— SR SRS MRk, SROAR, ik, AR, B SOURTEE, 2015, 3(2): 10-21.
[ 7] drfLie. AEBMBE .~k b ETRmsE e m b EAS <S8 7. BRRL - ME AT, diefd, PR SO, 2017, 5(5): 6-9.
]
]

PRM, s, BRI, RURL. R P S Y LB R ACR BT HE . K R ARFREFSY, 2010, 17(6) @ 257-262, 274-274.

Mander U, Kuusemets V, Lohmus K, Mauring T. Efficiency and dimensioning of riparian buffer zones in agricultural catchments. Ecological

Engineering, 1997, 8(4) : 299-324.

[10] B35, x40, WHER, 4R, EarAl, B0 KA ARG oy df 3R SR A R W8/ /. 2015 4R f R BE AL 2 s RAE IR SCOE (58
=) W P EREERAE 4, 2015 6.

[11] Mander U, Hayakawa Y, Kuusemets V. Purification processes, ecological functions, planning and design of riparian buffer zones in agricultural
watersheds. Ecological engineering, 2005, 24(5) ; 421-432.

[12]  ZEfRAS, HEGKSL. WA R vhily 8 BRI MBS ik 5 90UEMSE. dbat. (b Tl st 2013 113-124.

http ; //www.ecologica.cn



16 1 WE A T = R R Gy () R K AR S5 Qe i s R S B fe il 11

[13]

[14]
[15]

[16]

[21]

[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

Lyons J, Thimble S W, Paine L K. Grass versus trees: managing riparian areas to benefit streams of central North America. Journal of the American
Water Resources Association, 2000, 36(4) : 919-930.

Wk S T AR A R BC TS e ST U B 7. T AR AROL R, 2013, 42(3) : 16-20.

RE, TR, R, RAE, YR K5 R e ) AR A X R A T A RCR 5L R/ /2011 TP E PR R 2 S AR AR S S (5
—3). BEASE: WEHSER SRS, 2011 7

Peterjohn W T, Correll D L. Nutrient dynamics in an agricultural watershed: observations on the role of a riparian forest. Ecology, 1984, 65(5) :
1466- 1475.

. JC T R G el AR VD AN TR BRI S, K LRSI, 2003, (6) : 41-43.

BRI, AT, R LR i 454 5 DI REXT K BTsE R . K L ARG HE AR, 2006, (4): 1-3

T SRR, WK, R ORISR T R RO B . AEAS AR, 2008, 28(10) : 4951-4956.

Dhondt K, Boeckx P, Verhoest N E C, Hofman G, Van Cleemput O. Assessment of temporal and spatial variation of nitrate removal in riparian
zones. Environmental Monitoring and Assessment, 2006, 116(1/3) : 197-215.

Nava-Lopez M Z, Diemont S A W, Hall M, Avila-Akerberg V. Riparian buffer zone and whole watershed influences on river water quality:
implications for ecosystem services near megacities. Environmental Processes, 2016, 3(2) : 277-305.

ZARM, RBHE, XK, BRIG, 2555, XUBE AR[R) SIS bl K Brs L ACRITE. K R OHFR R, 2017, (4):

2% %?{Eﬁ%ﬂﬂﬁﬁﬂ‘]fﬁfﬂ%?*%%%iﬁﬂ‘ﬁﬁﬁ[ ] jl:/,\. bntk b, 2017.

AL, A:75 i, PAERE, 2011, (10): 29-31.

TG, SRiEH t%ﬂﬂﬁ1¢‘a—4ﬁﬂi HRIE, g, b, P SRR, 2012, (6) : 54-57.

EHEA, THEE, SR A - AR SCS-CN B’Jﬁﬁﬁa&!ﬁ hERFTKFIKE, 2015, (11); 43-47, 54-54.

Yao L, Wei W, YuY, Xiao J, Chen L D. Rainfall-runoff risk characteristics of urban function zones in Beijing using the SCS-CN model. Journal of
Geographical Sciences, 2018, 28(5) ;: 656-668.

USDA NRCS. National Engineering Handbook, Title 210-VI. Part 630, Chapter 9, Hydrologic Soil-Cover Complexes. Washington, DC: U.S.

Department of Agriculture, Natural Resources Conservation Service. 2004.
ELF, E£FU, A P SCS-CN Iy A A rT S FK B . Al TRR%4E, 2012, 28(12) : 86-91.
Osborne L L, Kovacic D A. Riparian vegetated buffer strips in water-quality restoration and stream management. Freshwater Biology, 1993, 29(2) .
243-258.
Dabney L D. Depositional patterns of sediment trapped by grass filter strips during simulated. Transactions of the American Society of Agricultural
Engineers, 1995, 38(6): 1719-1729.
Hefting M M, Clement J C, Bienkowski P, Dowrick D, Guenat C, Butturini A, Topa S, Pinay G, Verhoeven J T A. The role of vegetation and
litter in the nitrogen dynamics of riparian buffer zones in Europe. Ecological Engineer‘ing, 2005, 24(5) ; 465-482.
WECR, . ORI R R A YK K T 2R B A L, K BLE RS | 2007, 18(4) : 490-495.

SR AN[RIE BE % M i AR M s e R g i Ak, KR RERE, 2011, 22(1) ¢ 112-117.
Dillaha T A, Sherrard ] H, Lee D, Mostaghimi S, Shanholtz V O. Evaluation of vegetative filter strips as a best management practice for feed lots.
Journal ( Water Pollution Control Federation) , 1988, 60(7) : 1231-1238.
CRIC. Buffer for agriculture. [ 2017-12-14]. http://www.crjc.org/buffers.
Chang C L, Hsu T H, Wang Y J, Lin J Y, Yu S L. Planning for Implementation of Riparian Buffers in the Feitsui Reservoir Watershed. Water
Resources Management, 2010, 24(10) ; 2339-2352.

http ; //www.ecologica.cn



