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Soil infiltration characteristics of typical green space in Guangzhou City
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Abstract: Rapid soil water infiltration in green space plays an important role in the alleviation of flood hazard in urban
areas, so its accurate measurement is very critical for the assessment of flood storage capacity in cities. However, the soil
infiltration rate of green space in different functional zones varied greatly due to the high spatial heterogeneity in urban soil.
In this paper, soil infiltration rate was measured using a double ring infiltrometer and its influencing factors were analyzed in
Haizhu National Wetland Park, Guangzhou city. The results indicated that; (1) soil water infiltration capacity in green
space of the Haizhu National Wetland Park could be classified as the middle to relatively high level. However, the soil
physical clay content and bulk density in our study area were relatively higher, while soil non-capillary porosity was
relatively lower in green space soil compared with the natural soil, which could be attributed to its soil source mainly
transported from other places, such as pond sludge. Moreover, heavy soil compactions from both mechanical and human
activities, as well as mixture of anthropogenic intrusions due to the mismanagement of urban solid waste, which all
contributed to the inhibition of soil water infiltration in urban green space. (2) Plantation of shrubs and grasses could
greatly improve the soil water infiltration capacity in surface soil of urban green space compared with the plantation of trees

and grasses, which was due to the relatively shallow root distribution of shrubs in soils. In addition, more difficulty in
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cleaning the leaf and branch litter, and higher decomposition rate with finer roots were more commonly observed in urban
green space with shrubs and grasses, which both contributed to the rapid feedback of litter from leaves, branches and roots,
facilitated the increase of the surface soil organic content, and further enhanced the soil water infiltration capacity in urban
green space. (3) With higher R* and lower RMSE, the variation of cumulative infiltration of soil water into the urban green
space could be better simulated through the Kostiakov model. The establishment and management of urban green space
should focus more on the combined plantation of trees, shrubs and grasses, especially the increase of shrub plantations,
while reduce the use of soil from other places, particularly the soil with high physical clay content, and weaken the soil
compaction by building the specified passage and recreation area, which will balance the functions between leisure and flood

storage in urban green space, and facilitate the development of sponge city in Guangzhou.

Key Words: urban green space; soil infiltration; double ring infiltrometer; Haizhu National Wetland Park; sponge city
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THE LR M, X R 3 BB 1 R REA T B AN LI , X8 FERZ M DA SR AT 20 M, LA A0 7 TR e 1
FRUEJE EE RE T, 1 S F [ A 3 1T B e 8O B AR R

1 #MRERFE

L1 AF5E XA

VIR 1) G300 M 2 Bl 57 7 7 M T oo DR DX e DX ) R P 98 , 48 i SR el R ), ) N T RS B R
PR SERE I, S I AA 1100 hm?, RIS AT B2 ) N T30 B 2Rl M 5 2 AR AZ Y 40 2591, HRTE 58
B bR — I T AR TR G T T P A S ] e B | el 20U B R U A Ry R R Y DX
2 B T St M %) S SR R, DRIk 4 el DRI T A S I A it | SRR — G B e o
JE LA R AR W b b 331 JESE 07 B AR AR LR N L T e 13K 0 A ikl . Wb Y 32 2
PRI - (1) BAeAFRE(23°04'30"N, 113°19'51"E ) , BEEFfON 1 7 ( Bauhinia purpurea) , HEA 23
A IKF (Fagraea ceilanica) , AR F B N EEK L ( Zoysia japonica) Wi AL E- ( Ruellia simplex) ., (2) £ ZFEHD
(23°04'39"N, 113°20" 10"E ) , # 8¢ Fl 4 £ B ' ( Bauhinia purpurea) , HE AR JZ A0 39Ty 32 - 3 3 ( Jatropha
integerrima) , WA FENEGELLEL( Zoysia japonica)
1.2 FEacRESIE

2018 4F 11 H 11 H—25 H , 7EPIALIFTH T 2 iy 1o 73 Fd A0 A Y A5 XA AR M, i 3K 3 A
B TT R Z 1, B St T 4% 1200 ] B8 73 =SR] 5 ), 230 BB 1 mx 1 m BUFEDT 25 1A JEXRE DT
WA TRAE  Fit 12 4 ARG TEAS X 42 T30, LA 10 em S [EIFG , HI3R T 1A%
JEFRAE 0—40 em BYJFUR A, IF LA L AR XTI 2R AR RS, 24508 3 A PATESE . FIrA A s ol
SEEEE e, - IERE S FHIOR BE 43 TS ( Mastersize 2000, B /R SO Bl ) M & HoARLAS | IR Dot +
ST BN S b R S S F R S BRCRRAR R4 M k) O I AR | A R K R AR KRR
i PR G A AT B 2t 3R BB | B SLBREAAR B LB SR (3R 1) . s YRR
T TH BRI AR T 0 AR TR A 224, A Z A it SR T /K V0 T Uk T4, ST A AR P AR 70°C T AT 2 e 8
PR B

F1 AEEHEBGME R SR
Table 1 Soil physical properties in different types of green spaces

S s Faay . U?LFJ?JE %%leﬁ%‘le jt%ﬁéﬂflﬁﬁfi %fg‘g‘ﬁ%ﬁ*fj
Green space Soil layer/em Bulk den:lty/ lo‘tal Capl.llary Non—ca}plllary Physical clay
(g/cm”) porosity/ % porosity/ % porosity/ % (<0.01 mm)/%
ERMFTFE(YLQC) 0—10 1.41 46.82 45.65 1.17 49.64
Trees and grasses 10—20 1.45 45.41 45.19 0.23 47.90
20—30 1.44 45.54 45.34 0.20 47.69
30—40 1.44 45.56 45.20 0.35 47.90
FIRAFRERE(YLGC) 0—10 1.36 48.54 48.14 0.40 51.01
Shrubs and grasses 10—20 1.29 51.20 48.34 2.87 50.92
20—30 1.33 49.83 48.52 1.30 49.47
30—40 1.31 50.65 48.06 2.59 48.82
AEFEFFH (HXQC) 0—10 1.30 51.00 44.08 6.92 48.97
Trees and grasses 10—20 1.37 48.46 44.42 4.04 51.01
20—30 1.44 45.76 44.03 1.72 48.68
30—40 1.42 46.44 43.81 2.63 50.59
TEEFE R (HXGC) 0—10 1.19 55.19 46.88 8.31 52.06
Shrubs and grasses 10—20 1.38 47.80 42.28 5.53 52.58
20—30 1.20 54.64 45.70 8.95 53.31
30—40 1.43 46.02 46.00 0.02 52.19
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1.3 gt 3K ABIE
FEPIAb S b 25 BERR T RERITE RERE - 1 3 SR AR A B (QT-IN12-W IR E R A BR A, ) XF
H AR A B EESEATIE o ZALES N IR EAR 30 em SPEREIAR 60 em, A f5g KRR HE /0 I T 4 b, 1 43 2
) S5 Sk AR, SRR 48 h P JERE K BN T HE R B, A B 2 - AT K i A K, 7
SRS T R AR M AR Y Y 2 b 3T 8 SO A 3 10 em, i 10 L 5[
B NI, TR 2SN AR L, DA R U ) 1 48 3R)2 7 A 46 e o iR iR 5 /K Sk Foe M
HI7E 8 em,i0 s B A4 500 mL Z B T REAYEFE], 2 70 min 55 R, ABHEREEA KRR 10 °C R
TIEABHER,
THK G ABSETHE AN
x 10
=5 (3.7 +0.037) (1)
K 1o — IR N A 8K BREAB R (mm) ;Q MBI A5 D A REMUKE (em?) 510 F em 5
mm [A] AL R B S, BRI R AR AR ET AR (em® ) 5 T S B BE A 37K (°C) o
(Q, - Q. x10
" 7S, x A1(0.7 + 0.037) (2)
K Vo —@RE T ¢ B2 3R H A B R (mm/min) 5 Q, 4 ¢ IFZ1 A9 5 A 1 B KE (em?) 0,
M — 125 A 2B (em®) 3 S, WNERTT AR (em®) 510 24 em 5 mm 8] 5L 1L Z 80 Ar A LI 1] F
1] 22 (min ) 3 T A 5B BERSE KR (C) |
1.4 ZHHIEABSRGUE
S RS R IE A AL, 40 0k ) P SCIRA Y Philip #5582 28 55 1) Horton #5081 RN 25 56 PE 1)
Kostiakov BT BT A A S 5 19 S BCHE 647400 & o AR SR 73 B #E SPSS 13.0 #:47, /E B R A Origin 9.0
AT,

Philip B .
1(1) = St7 + At (3)
K, 1) HEFABE (mm) ;S HEIE R (mm/min"?) ;A4 255 E AR R (mm/min) B XRS5 ¢ Jnfa]
(min)
Horton #%4 ,
() =iz + (i, —i,) (1 —e™) /e (4)

i AWIER A B (mm/min) 51, HEE ABF(mm/min) je S E ;0 A (min) .
Kostiakov F 71 .
I(t) = at" (5)
KA, a Fln LR ZE e ] (min)

2 EREHSH

2.1 R[RIRE B 2 RN 3 T S b - K o A B R ) R )

3T g bt - S 11 A5 R B S () 25 P s A AR A ol — 50, M R IR i 0T 2R R I D Bl R R LS
Wz Wik e 3 BB, WARFEIREHIRE AL IR FE LY 38K o0 A8 R T R b, o FR v 4 b s A 15
FH 3.26 mm/min, FUE ABHFN 0.94 mm/min, 1777 LR HL AR 1R AB B K 3.93 mm/min, F i A B
K 1.08 mm/min( Bl 1) ; FIeHRFEHLE 138K 70 A8 R BN 4R 722, H b IR RL Gk i 9 i A8 i 32
A 4.14 mm/min, 2 E ABHHEH 1.37 mm/min, 1777 5 HL AP 1 A B3 ZE R 5.25 mm/min, 28 A B HURE
K 1.80 mm/min( Bl 1), [F—AEGSR A5 BN AL FE 1 £ 3K 01 16 AB HUR (TR 5. P=0.012; R
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P=0.002) FIfaE A B (TR P=0.000; #E5. P=0.000) B E/NT ERFEFEH . MR R EEEE | [F
— IR IA TR R W R A B R (JEE . P=0.239; E M. P=0.311) AIfSE ABHFE (LR P=
0.000; EJEHF: P=0.000) /N T B HoAp 7R s fIE H i 8 A BB R 2 Rk 3] T g ZKF
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Fig.1 Soil water infiltration characteristics in different types of urban green spaces

2.2 AR AT o+ oK 7 BRAB =R

AN RE b - 6K 3 ) BB IS B 1] 114 A5 A e 3 s A — B30, 359 it o I 1] B4 B 9 - 2% , 8 HL By 1sf
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123 mm, 1] F e AT RE - A 75 40 25 1l RN 5 25 b 392 70 min N AY 2B B350 155 mm F1 190 mm (& 2) ,
[Fi] —AFL Y IS A 35 e B Ry AR A b 7 5 ] ) RAA B 1 B /N T B e (P=0.000) . FfiE A B EFRIEY
FEA AN A B S I S b 1) - 458 B AB 1 25 S i K, H RO ¢ RFUA B B B K T gk
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Fig.2 Cumulative infiltration of soil water in different types of green spaces
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AME(SREABRBAH RS ) BRI, 2 B HE R 4 1) 5K 70 AB MR 4E, Horton 55 1
Kostiakov A X MY i, (8L, i (A @ (W IRIG R —FEHT | FE 2 43 1) LK 4 ANBRE I R T 7 Rl
LR, — AR G- b Sz Bl T AN [R) AT gl 2 AR 2 b - 8K 43 A A5 26 5% . HIK, Philip . Horton Fl1 Kostiakov 15
AU R PIE S5 314 0.998,0.998 F10.999 , RMSE ¥J{E 43514 1.682 .1.434 .0.959 mm (£ 2) , & LA, =&
YR A OG 2 B0 4 R AR G s Sz W AN [R] A 4k 28 700 4 b 19 1 8K 20 A8 22 5%, {H 55 Philip . Horton A5 1A L,
Kostiakov # B A 1) R* e , RMSE fefik, FLHAHXT - HoA 455 50 R 6% T 4 b 400 5 0F 5 DX T 2 o ) 4 45
KIF ANBFE

ARWIFTT BB 1 Hh - A B IR IRFELE 2 70 min JE 25K, 3T Kostiakov FEA TN AT A1, e Hf I B FE 7L
S RELAB B 158 mm AT 191 mm (BFAMWIIAE 5514 155 mm A1 190 mm) , FEIR T HERNHE B4 1
1) BFAB =500 96 mm Al 124 mm (EFAMME S8 97 mm #1123 mm) , 5EFAMUM T 15 1) BRARB
EWERE/N, WAL E , S8 o YIRINHE G R T IR R gk X AR 4r M S e T 0l s A
BB ME RS A B R B K TR R, BES A B ROt T M ek ) BFAB & (1) WAEE—
B} B K T IR B, H 35 025 5 B2 A 1B I ) A SE 4 TSR T 8 K, A, Kostiakov #5780 A 7% bR A0, L
IR 0<n< 1, ZAF R AT AR G- b Fz e+ 39 SRR 35 ko 25 (1) 0B 20 9 6 T 0 A A ot R, DR T 4 1 ) 1
Wik ekt 3K A B TR,

% 2 Philip,Horton Kostiakov #EEI i & S &R

Table 2 Model parameters of Philip, Horton and Kostiakov for simulation of soil water infiltration

S Philip 57! Horton L7 Kostiakov 7
Green Philip model Horton model Kostiakov model
space S/ A/ ) RMSE/ i/ i/ R RMSE/ e RMSE/
c a n

type (mm/min"?)  (mm/min) mm  (mm/min)  (mm/min) mm mm
Ele Mt 9.751 1.126 0.998  2.171 5.264 1.637 0.083 0999 1468 8473  0.689  0.999 1.223
F A 13.069 1.197 0.998  2.642 7.246 1.987 0.100  1.000  1.083 11.436 0.662  0.999 1.365
iAo 8.150 0.409 0.999  0.925 4.642 0.982 0.129 0997 1.510 7.305 0.607  1.000 0.594
it 4 9.473 0.657 0.999  0.988 5.967 1.355 0.147 0998 1.673 8371  0.634  1.000 0.655

S W E Soil sorptivety A5 FEAB BEA LIZEL Parameter related to the stable infiltration rate; RMSE ; ¥ 7 #1222 Root mean square error;i[;%}]ﬁé‘ AB
Initial infiltration rate;,: FarE AB A Stable infiltration rate;c; %X Constant;a Al n ¥ AZK 24U both @ and n are empirical coefficients.

3 itig
3.1 YRR SO Sk K S A B BRI

ASCHFGE I MR IR 0 TR 8 A B 2l 0.94—1.80 mm/min(1.57x107°—3.00x107° m/s) , #& K
FALH (1.76Xx107—3.22x1075 m/s) Fl ¥ (3.0x 10 m/s ) 53 1T 19 4 b 1 8 A8 %517 4% Yang 46127
P 3 T SR A B AR MK A RE A B R E TP A A TRUK T, 3 T2 B 5 96 R I Ml ) A A ) A
AR, WA SCHREERE  FIREHRE 0—10 cm () HIEAFLE 1.19—1.41 g/em’ | AR S LA FH L
BERH/INT 1.35 o/em’ BIFARFE , Fzm /N T AR A28 b R 2 LS | > I et e — e R 1A B
FHERZ LK TFE,

B5 B AR M L, V2R H Y 8K 3 A8 R AT SRR 1K 3 32 88 5 3T B 3 0 AE AR R SR G, TR
B A ORI 2 B AT AR B LR 0 B AL AR HEIE T K 4338 5 R AL B ) TR R I U R
IE , DE TR R B Sk A KA A B T I ERIR A R AR P, KR Al S R AU 2 & AR
M R T E AR SE . LR R AR RS A R TN A AR R AR SR 1 B i 2 — N
RO RN RS S sk F IR AR N, B S T AR B E T gt A
Hf A, HAR B FLBR AL, N B S b 2 22 ' Wang 455" XK A T 1T 4 + 38 19 A B 5T
TESE Ik AN A1 AR 2 b 1) - K 3R A B R 25 AR TR A A a3 AN B R i TR R T
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T AT R 4 DX S A ORI X — 22 57 T B 5 3 T A 1) DXCION R B A, o M AN B £ R 8 T 52
A5, Alizadehtazi 552 3R [ 35 7K 3 19 A5 ORI 5T (3R B, 0] Rl 83 A A it A0 SRR 2 TR 0 22 57
TP A 5 PR PR e U 2 S R 3K — 2 5 T2 5 OR 32 o 8 A b 198 52 204 A el MIL 2l 22 9 1 S R A o iy IR
Ko AWFFERA I, [Fl—AEH R BN T o il - e R G 1 /D T RE R, X n] BB 5 A AR #k
PLR 4t H R R A AT A RO 51 ) 2 S OGP TR R R S AT B T ARBE I A TS 1R 1k R AR
AR PN 7 7 R Y 38 e 52 | THE AT 52 N BRI /D o 300 BRI 5 BT e g Mty 398 75 o i = L T
SFUBREE 5 AR A FLBRBE R 1K, 33t S5 AR SCRY 2 NI GE 45 2R LA — 38, DR, R ) A HE AR BT HEA A
SEHET SR ) 13K 53 B ARATY I IR AN (] F S5 B FURR T, 45 D Al 2k it 1 3 1) 7K o3 A8
WFFE 0 e A AN D TR L, ATy S A R L 0 PR PR D BE 1) [ ek, i eI it 2 R A

H BRI 1 0 A8 MR AR 5 R L sk A 5 TS 2 & LR ], 3 T A e
250 P R0 S SR Y 30K 53 TR MRk 0 G B R R SRR TSR EERR AR SR
VARG L AT LT ) e R LA PR ) L S B RO e s Y L N
PR g BRI+ S ) PR BRI T 48.28%0—52.53% 2 1], 5 AR HIEA L, Ak R AT K
LB AR DRITRIX 87K 43 W RFRE ) S S8R , B 7K 3B R (7K A3 A% S R /N T B R A% U
%, 1E FBRE R, SR AR AT HUE MIZ KR S et 3R H 45 B A T AR R OR R s X
Wt I HK RS B AN, IR AR S R K 4y R B I SETE AL PR 15 B A S B
Z IR ALBRIE— 2B 1 T R ALBRAE LS AL R b A o L BN ELHCX 00 S T T8 1R E 34 0 57k 36
AR AR DR, RS B R (i 25 23 U 2% /K 43 L3RG TE rh 32 8%, T R AR 2t 1=
HERY K NS HORN | 22 gL i AR A Bt R I, H IR AR, L 90 min BFAB & AR
TE A RS YRR 0 S R AR AR G R R B SC R . X SRS AE R U — 2, e
Zx it ) L SR BRPE RS BN T AE RS R R — AR BT 70 min B9 LI RIS B IR E A B R
PRI R B e st K TARR b, 8 3okt K, b ity K GRS RE 77 S 2308, [ Bsf o 23 52 0 X 45
QYL IIRE . AT EARIE AR D RESR M 0 i LR 5K, 1B P 1 Y - S e R A ), AR 3ok Tl 4 e 4 EL
ATRRELIY A B TERE Y

e, J7 BRGNS ST, SR ) M T SR (8 dnl P s, HESR T S P R 35 A S el
PR TR A 4 (AL i - £ n 0 1 A 0 b - 39 45 4 2 A 2 T S e 3810 L 3 Kk 3 R Bt
AHITFERF AP R i R A R P A B MR BRI TP IR A TR BE L iRk BRI A SE N IR AR T5
B TR, AR AR 11 B2 R A1 2 R FLBSURE , 7K 43 R 98 1 ol K T T AR, 4 ik 43 A8 i 3
A IR, T ax ) £ 0K T8 DUREE LB A i a oW e . AR AMRRYZEIY 5 Ky
A B4 3 ZA AN TR]  HORTIf T dth  SB K o3 ARSI R B S M A I 28 S, AR ORATY R I A [a) A = AR5 i)
NLINESS: U 1 & AN S U 2
32 HERCREIN St LK I A B RIS

TP X St K 7 AB IO, R Bl S AR AR 24 2 RN 5K A LA A (8 75 3™ A L B A 2
B, 38 o 3L A 5 R S R 0 T 5 b A K ) A B HEREN L AR R AE P I S A RRAE
AN X g+ K o AB AT 2253, ARSCOFTE B, ) —FE i S 2 o i) RAA B I 5 KT
Trri ol 3 S 5 B FE 45 R — 30, B2 BERY 0.5—2 mm AR R HGE HIEA B
REAYOCHE , Fam ot B ot S it i A2 1K B, o T 412 ik S -3 7K 43 AT SRS X S b A ) 11 A 2R 0
ORI HE ARG Y AR R R BT T 0—20 em +)2 X Z T IREE N 2.19 mg/em’, ALK
AN VERER BN T AR A B A WS T B K TR LT A AR K SR BE TR Y SOk g A% S Y
KPR T2 HIOK TE, ARG Y AR R FEZ 504 F 20 em LUTF,0—20 em +J2A94R
WA 0.62 mg/em’ , HIARZMIR 5B/ BRI T IRAMRR S LR R AR, A 2k %)=
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F K ABYERERIBCEABR . Rahman 25 XFHIIME ( Robinia pseudoacacia) FIRKINE ( Tilia cordata) T2 T HY
TIEABBROFTURY], B LIEABRR R ZERT RS, R THTH iR A Y 3 04 T 1 4
RIZ N IE AR 2 09/ ML, A B T R HK 0 T8 5 & R 20 A AR X B AT ROE T 445
RKIZKIT T, (HBEE TR DYIGIN, HEAM 2T 7K 53 A8 (0452 M I - G ek 557 , 10 7 AR TR (R AR 3 )
AT R HE— 25N DRI, AR ZEX AN 6] 26 2 1 el MoAE ) A7 DL AR IC B, i P st -3 AN [ |2
WIH IR ZR AR, NI KA T G i K o A B kgt ),

S iR )t 23 SRR T I RIAR FR A T 1) A A LT, B e K o A B ERET O ST
DCHE R i 1) 13 B /N TR Bt ik T AR5 AN (W) 2R BU S s O A DL IR BE AP TE 25 57 G . M AR 2
P RY 22 S (R R0 | T e 2 b O U8 P 00 B 5 10 4 T RE e e M 2 TR R AR AR A R 52 i), R 9 4y i i LAY 1 g
FHUAMRAE o 35 R 4 A 45 SR A — B, DAL st 88 e S b A Y ) T AR 92.38—95.34 g¢/m” Z ]
RTFREGH A7) T (22.33—64.73 g/m*) . A7 B T4 m Rt i)+ 3 HLBT & &, fE ik ek
RAKMIE N, et H A sgeasitly . HABLBT YR58 B3R AR LK, & A /K B AT, ARSI 9i 2k 398X 7K 4
AW ARE T 2 T B B A 3B A R Sl i Sh BRI A BRI T B I B A LB Y L]
LUK, P95 D O A7t 2548 ) - SR A A REDRE 5, V0 WL (Y ST 1], 38 I it + 396K 40 1) R B )
RJa MRRTEPAT G A8 8 A HUT & i, 38 S 3 — 2B B+ SR AL B H i) H v AR (4 43 it
HERAX P HUAR P> AR R 5 AR Z Y B KA O e i T, i — AR T i+ B K A R
B, ARSCHTESE & B, [ —AF bV B b g A B A LB RS AR K T s g b, Pl g SV A AR R R AR
HAE RHEREAT G, AFIZRBISRH YA DR B8 ) -5 HAR 0B K N TR BEAT ¢, ARG ZAMT 5T [F]
APUBHIRRE ST, iy b 33K 53 A8 B 1 AR AT .

4 #Hig

(1) MK 1M A TR K A AT P B T 55 5 e K P 002 BB o TR S B, L
PR, EALBR R, I AR TINS5 A S Y BV R o B m , B TR N IR AR A,
HE—2B AN T K AB

(2) A AR n] (e kg il R 3EK 93 A, DAHE FEXT 1 K /- ABTEREMBGE I v B X F 25 H
MRARM AR ZAC, AL, YR REFLLHIE 3 WA — e B Rk 1 gkl R K A%

(3) Philip ,Horton 1 Kostiakov 15 % 34 6 fif 4015 A [ 4 4 248 AL 10 30 T gt b, - 97K 3 BRARAS: & B P ] 179
AR {H DL Kostiakov R8I (40L& 30 e fe A

Je St B A b N TR RO ZE B T B N R A i A AR AR R B R
BRI E L ARV AETR A o X CA S, W I AR A T R AR v/ S b - 398 1) e SIEAE P, 00 e 0
TR R AR BRI | 18 2t 1 38 35 2 (9 A SRR 5 8 | SHEIBSUIAR T 40 b ) i i O PR RIS 1k 25 R R 2 0
AT Y U I
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