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Measurement and characteristic analysis of infiltration performance in Xiamen spongification reconstruction area
//LIU Jiahong', WANG Dong' >, LI Zejin', FU Xiaoran' , ZHANG Kun'?, LUAN Qinghua®, XU Duo’ (1. State Key
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Abstract: In order to explore the infiltration performance of Xiamen sponge city reconstruction completed area, the soil
saturated hydraulic conductivity of two sponge roads and a sponge plot was measured by Guelph infiltrometer. The
differences of soil saturated hydraulic conductivity measured by 5 c¢m single-head, 10 c¢m single head, single-head mean
and double-head method were compared and analyzed. The soil saturated hydraulic conductivity in spongy and non-spongy
areas was also compared. The results show that the infiltration performance of Xinshun Road greenbelt with ecological
porous fibre cotton is the best, followed by Xinjing Road greenbelt with general transfer grass-planting trench, while the
infiltration performance of B13 green space in Yangtang residential area with waterproof roof and underground parking lot is
the worst. The results of different water head measurements show that the standard deviation of soil saturated hydraulic
conductivity calculated by Scm single-head method is the smallest, and that of double-head method is the largest. It is
recommended that Sem single-head method be used to calculate soil saturated hydraulic conductivity in Xiamen for soil
infiltration test.

Key words: soil saturated hydraulic conductivity; sponge city; Guelph infiltrometer; single-head method; double-head

method ; Xiamen City

DR IO R R B 0 R O R H S LR AR IR T B RN & R A R
R AL GE TR K < PHER " BEUARME AR A B3 Wang 555 X 48 T A9 AW L A RIVRR S0 T T
FEYRTT N AL, H 2014 4Fh i NRIERIEE R B4, THe 140 0 i Pk WF 5 5 3R Xk e 7
Ik 2 B (LA R IRIARAE AR AR ) A Glrpdlii i/, JF S 10 T i ki Al i R il ikt =
B AR B — BT KRR RGN (AT) ) Y MIRATK SGE R A A B2, R SER AT 17 38 4 T

HETH . BRK ARBIEH4 (51739011,51879274 ) 5« + = 1" E &K & #F & 181 (2016 YFC0401401 ,2018 YFC1508203 )
TEBRN RNKE, B B E R TR, A, 8T K S XK REAFSE , E-mail : liujh@ iwhr. com



AIMES  JFERIT T IR Y H AR 5 98hR ik
Uifie 5 & Je gy ) i i R HEE R B A
ST A A SRS R T A T S
Tl AR AE B G 2R DA B At Sl il ) B AR i it

B v 403 4 T B P, R R I RCR 2
N S TR ST I BGSOT TA RT R A X
FREE OB A e R R i
WS KRER Z |, B B RO T 4R L sGE X
ANBPERERCR B ST S B =, ARFT SR A, AR
FFKFRERIE A B RS WSS H |
ERSAE SR AB R0 S 78k =& B K &
SEERY Y+ HGRRRE A B2, WA
IKEAHUE E X S5E ABRMEET, Fik+
SRR AN T K SR AT A Ay AT T 2 S T B CR Y
280, HET, ISR E TR %, ffE
FEKSKEE B/ WAL Guelph ABAESE, WhiAE
SRR S AR Sk AR ST T I S s [ X - B4
IKERIGRE I 5 B KIS R 2 9 58 Kk IR TR TS
[] 52 B2 Oy ZCHE 1 35 0k A2 % - AR RN S K 8 1 52
AP ER AT R RUAR A BN E T+ A B L,
RIEIEABSEIRMIEE /340, HHA 25 [ A8 57
P s RN S R o BB i R 2 P AR K Sk 1
E T A S OB RS 3 R IR I T A0 xk
s Far2s 255 g | Guelph A 75 SN 8 AR b A0 3%
HEHb A SR H RN KR FFXE A BT T K Sk B
MUK 3 B A AT A SR i 22 57 7 a5 e
BHIE T Guelph ABAGEH#ATE B R AT 1144, JF
ST T AMEIUKIR X AN ] - oA 2SO -3 A8
PERERYSZI AL, H IRAR RN S K SR I Ty ik ik
R BB Philip-Dunne A B AL 45
TEMRZ JTEH, Guelph ABAE BA 7E I 7 B H0
E ML, BAER BT RN B4R T | SRR (AT H A
J1, FEE AN E] T T R A g i R
Guelph ABACEARTE I 1] i it 43 Ak oo it X 3 A
BEBE, R IR Sk vk AU Sk 25 43 ) 0 e v 4 Ak
BUS R T 11w L0 I B ) s 0 = W TR
e X+ AR R JFRHE Gedk i @ i T iy
- BEAEA T AR, LA Lo o3 AT i 2 Ak B0 AR 52
FRBICHIEAB RN 22 5 B 16 0 PEAG W 45 3%
T AR RCR B MRS S

1 HREXEFR

JE I T s A A A AR R R, AR K B R
12. 47 42 m* , ABK R 562 m? (U 44 3{E
(4 1/6 , AR T EPR AN A K GER 1700 m® %
LR IR BOKHIX, I HH A2 5 KSR G R

SRYEEIR , Sy 1 UL IR SR AT, 7 2R ST B R
BT X0 JE TR E E A e, A
2015 4R, JE TR AR TRV S 2R R X AN 2 B
SO XM R D HEAT i R I el ik, HATE
BEAR B SE N

AR S JRUASE 7 B 1) T 9 V8 DX R T I % 5 %
VR 2% T 0 A A e 11 T %R 00 22 DX 3R TR XY B3
B CRLUR AR P IE /N ) A Dy 10 3
LA S TR AL 57 A %2 D 1 = B Y
PEAE A 797 m, HH B kA R AR S 2 4L
LTYERR A TR AR A G . TR AR A G T
EPHGH , A A RS A, B R AL E m, KN
650 m , FLIE gty R FH 2l Y Sk AR B, 7
/N XA T2 DA% 0 X S DA 2R /N XY
FRUEFE AL, AL ATAUN 4. 2 hm® o 3560 55 50 51457
RRLE SN D N a9 N R bl 7 o
ot 3 (N 0| NS 7 % s K e G w2 VDG e
G A DY) A S A B PR R I 22 53, AR SR
T [RVREASE T BT T B B D' A 4 1 /N XA T X Fe o3
Mo 33X AR 186 AT A Ge I T R AR R B
LI BN AR DX TR AR A O R i
2 RN RTE
2.1 RGN

B R H Eijkelkamp Agrisearch Equipment 2 7]
PETEI) 2800 B Guelph AN E -+ 240 0 57K
A AL AR B T T L BURE O 8 K = A4 O R
2 PR A B AR AR (B 1) BEKER
AT AR I 3P A B PR RE R 8 N AR HE K B8 PN S ]
Bk, i R T, AB AR AT L B
FHRMNE ABSHL, A RE PR B I 5 13 1
FIFKA By THRis 4E 65 TE ML

B 1 Guelph \iE1L
2.2 TEWMSKRITEAE
T AR AT K B T R A PR e ER K T



ORI IS B FE RO 0 I AR
Guelph AJB 30T 2R FH ALK Sk 1212wk Sk i 2
TR AZOR M LR,

2.2.1 HRKE
FATKSK R B IR A TR R K TR AU
_ co
Koz W
2wH" + ma C + 2'n'<—*)

LA H KK Jemsa AABILER, em; Q AFE
Wit om®/s (AYGRINEL Q = R x35.22em’ R HE
IR KRB E T %, em/s) 5 € FIBARE T, 2
FARHMOWEEH T o HER o T T 4
EN—DMERESE TWARE T C MsRIF T AR
T AR R A SR A (2) ~ (4) 1A

H/ 0. 672
¢ - | zel R
2.081 +0.121(H/a")
H/ 0. 683
¢ - | syl @
1.992 +0.091(H/a")
H/ 0. 754
¢=| a ] (4)

2.074 +0.093(H/a")
K (2)EHF LIRS e i) 26 s it e, " =
0.01 ;20 (3) & T 405 b ( Z5 £ oii D ) Ak 2
AR 13 a "= 0. 045 X (4) 3 T RZE45 +
3 RS D 4 K A R i 4 P ak s PR
B+, o =0.12,

2.2.2 MKkiE
WK SRV ) 3R T AR K T H A
Ky = 6,0, - 6,0, (5)

A, Q,.0, ﬁ%u%ﬁﬁ(lﬁgﬁﬂg$ﬁﬁf0ﬁ%,cmg/s( PN
YARIRHL Q, =R, x35.22 em’®,Q, =R, x35.22 cm®,
R, (R, 535 R P U 5 1) 3 /K A K AL AR E T R R
Foen/s) 36, .6, WABIILR AL TR ALH

G - H,C,
w[2H,H,(H, - H,) + a*(H,C, - H,C,) ]
(6)
G - H,C,
w[2H,H,(H, - H,) + a*(H,C, - H,C,) ]
(7)

AP Hy FH, 23050 8 UG ER I 7K 3k em; €, L C,
H YIRS AT AR IR 7, AT RUAR 3l - 58 e b e 5 5K
(2) (3) 8i(4) MBS o« " HEATIHE

LRI IR TR] O B 2 SR AR PG, O HL i 25
i 5dARTE, AL T AR AR Bl B A
5| TR ZEH R T a5 A T e A fh — e g
B, DRLIMER 3 7K AL A [ PRk 7K 1) O vk e it A
g, I HEOBE N F o 0. 12, MR (4) 3t

SR T €, R A8 TR R, O As
THE SRR KR ARDFFELE SR SUK K2
A 2RIk T A AR T I , Kb
155 em HK K% 10 em BLUK Sk UK Sk B 2%
(BIPRR HKCREE TR AR EIE BUKREE) o

3 ABRERSHW

3.1 AREFEFBEMSKkENES

T 20 g AR AL B0 1 XBRaEA T T 2 0GR, HE
R E T AR B2 (A PR el FLAE R K R I
TiCa5) Fr S B AR 45 R, L1 3 28 41 JEK
Pir, PO IS 8 ZH B R 10 4 ESE/NX 10 4
MRS R REEE R K 2 PR,

700

6001w EIR
i
—S00F WK
= 400}
E

= 300+
3 300

200

100 |

0

5cm 10 em E{iﬂ(;:
HoKLTE HOkekk HEE

2 AEFENEH K E

L 2 AL TE ek AT A 5 145 21 Y 4 8 it
FT K BN e K B st B 2 TR/ INX SR/,
FEH AR g 2l g R 2z R o g, H
TERUK Sk 325 v, 5 T 3% 6 S K 802 PR 3 /N XY
21.57 5, FEHIRA 3 A0 I 5 A v 4 A eics T
PR TS, B S5 e Ay b N A =B K
HERZALE R, iz BB KPR R, 25 BOR S ik
96. 1% , HE /KA AR, B /KRG 7= SRR i
11 58S 55 P 2R Al R e i B AR BV | I EA T
TR F R O S R K B 55 R K AR
Dl PR VE R B v 268 4l T A 1 /S B 2 P < HE T B ARRCR
TTVEYE/INX PN () g i A 7+ S b, 7 5 s AR 0 9
N LB MRS AZ RS L2 KA LE, -
R A K AR, R A, LEEEAB
PEREARSR T HAh 2 AL ST TR AN BB KR, 3K
R ARER K, B N 5 423 0 IR H 21T,

XoF [F] — T 247 A A3 b, R0, AN (] 5 5
SERMAAER KR E S TR R KB IMEK IR XL
Kk 10 em HLIK Sk FROKSL (B TE 5 em FRK
Sk, Hodr S 1 ROK Sk 5 A 9 - i
FIRAKARIE 5 em BK KB ER 1) 15,25 f5,
XS 1 8 2H 120 B4l 1) i — 2 o i R B, K
BAROIARE T B 3 22 R K, 7E XK KL TR

. 11 .

AR Kk



R, IR AN KR RO i/ ME Y 22015
B o DRSS R AN B E PEROR, R 1 Y =5 (]
SEBEROR . O TR AN BRI A TR TG L
TN R 22 5P, A 106 I A [R] D7 vk T30 4
REPREZS TR 1, 3R 1 AR, /N XAy
DI RS ITS SBEAR R F K AR R hR o 22 de N B
R HM S R, FErb I s ROK Sk vk 5B
Ao L AR T K R bR 22 B RN 0,908 , AT UL
N A B i AR B BERLIEBOR TR RN, 2R
R L SRR 10 % TE) S S R BT B S /)
DAY T SEXEAT 1 B A B LIRS I A 5 2 d
JZ SR AR T A AR K 22 57 5 T Wi b S A
AL AERR (0 IR TN AL 2 | R 1) S5 AL
INZAE /NI T 542, R AR
KK, A JREE R RN fag 0., PRI O - 38 2 1] S5 Jo
VeSO, THESE/ N DRI BN AN B 7 i
JITiS LA K 3,5 em BAOKCSK I THRLAE R
PRUEZE SR/ BUKSK IR SR bR 22 ok, B
TERA I7 i TS em BOKSK TR TS L1
FIF KR B TR JE 5/, R 22 /N FE AR SE IX
3, FUHT S om BRI AR AN 3K R 3 i
VERLGY, HAZAP ik ei G508 T I 8 M E
ARG IR KB B R, 7S DX
A X E T IEABPERER  HEEAT 5 om

Kk,
R1 BHEULEXRAEFERE K HREE
B mm/h
IR S5 em BUKSKTE 10 em FK Sk UKL BUK Sk
O % 0.053 0.254 0.144 0.908
BB R 0.022 0.032 0.024 0.073
PN X 0.009 0.029 0.016 0.052

3.2 XtELiRIEER ST
TEAL G 15 DX 38 PH G A 4 i /NX B4 T T
RIS IR 45 T E 3 Fios .

30

251 =LK
EEALINES

Kk
Bl (<N

3 MExXEREHNNXITERS K E
1P 3 Al /N XA AT S KRR T
i, TR R 4 /N XA i RIX /N X A el 4
- 12 -

XK Sk

5em 10 em

oKk BRIk

b S — BOE 2k M ) HIRA BT RELY, ik 2
FIALS em BOKSKIETTE TR A LA K R B
MBI EEREZE RN BRI R I R 25 R
AEE, AT OLAE ST T A S B X AT A A
FIRFALRI |5 em FIK KA [F RS AR

®2 ERHHRERARFERE KM

tREE B . mm/h
RIS S 5 em BLKSLTE 10 em BAKSLEE BOKSLIEE: MUKk
fH ot B 0.021 0.032 0.025 0.075
& /NX 0.015 0.022 0.018 0.056

PL5 em UK SKAHREE RN ARAE B + i
IR R B YERE Y 19. 58 7%, 35 5 5% 42 BH O B8 1)
8. 23 i, VRS /N IXJ& 4 /N X Y 1. 02 4%, AT I 20
V40 A A e 1 T B L — P T IS B ) A B R
TP THEAG A 25 22 FLET SRR 1 B L A 8 e
U K2Rk i 2 Ak e 1 B /N Xk i, G - 4
MR FIK R GE5 4w /DX AHZEA R, R 2R
SN T A5 223 A K TR, L R
K, BEIKBESIA R, ™A T 5 — /N X ) 43
ABPERE 22 HIAN KRR, AT WSS /INIX BI3 M
Yem b AT T iR Ak vl 8 R 2 Ak ks H 0 B4
Jit (R B, e - I BROR — M, DR < B 1Y
EHL,

4 4 it

a. FE/N IR 40 Ak e R i 1) - b R A3
L2 FL LT 2k AT Vi 208 T A 335 A0S T 8¢ - 3 A 9B i T e
R, SR FH— e iy TR 0 9 VA 200 T A 3 5 e 1 55
R AT PRk AR NS4 B 4t
WABRR R,

b. 4R A BT UG BT Kk BRI B R it
UaE T R 2 Vg 4 AL IO 1) T I S A A L —
LEB s LA B RS, A S LA
LT AR A R 0 T At ) TR S KR e — g
T SR AT 15 240 20 4% 3 200t 1 - 49 i B A3 i
AT A 4 398 1 R S K R L — S AL 2 8
AN T G L R T R R A
FERRK AR, HE ABSORAE , E A kRS —
AL /INX A Y

c. T H3EshFas () L S AR uaR
151 SRR KR AR A — R B 8 2H £ 3t
AR T HE AR T KR e KA 22 2215 A5 K[
D5 DA A AR R K R g5 SR 22 AR K, 5 em
FK LTRSS AR 2 /N, BUK SR Bk 783
IR X AT A B IR IR R, B BCR
5 em BRSO R R AT SR E AR E PR



SR

(1]

[2]

[3]

5]

(7]

(9]

At AEALL. TR BN 5 2 AR AT (D] K
TP 2016,32(6) :19-26. (ZHANG Wei, CHE Wu.
Connotation and multi-angle analysis of sponge city
construction [ J |. Water Resources Protection, 2016, 32
(6) :19-26. (in Chinese) )

g R, Z2WIAR, BEHE Q. VL5 A8 1 4 3 T A3 14
SrATAN B AR LA [ 0] K A 225, 2017,35 (6) 1 6-11.
(MA Hailiang, JIANG Mingdong, HOU Yaru. Strategic
analysis and path planning of constructing sponge cities in
Jiangsu Province [ J ]. Journal of Economics of Water
Resources,2017,35(6) :6-11(in Chinese) )

WANG H, MEI C, LIU J H, et al. A new strategy for
integrated urban water management in China: sponge City
[J]. Science China ( Technological Sciences) 2018, 61
(03) :317-329.

TRE 2, AR BT, A5, WA T A AT DG ) R
[T, KR 2016,27 (6) :793-799. ( ZHANG
Janyun, WANG Yintang, HU Qingfang, et al. Discussion
and views on some issues of the sponge city construction in
China [ J]. Advances in Water Science, 2016,27 (6):
793-799. (in Chinese) )

BRI SR W TR AR R T R R i R
A RS [T]. KB BROR 7, 2016,32 (2) - 14,
( CUI Guangbo,ZHANG Qicheng, ZHAN Zhongyu, et al.
Research  progress and discussion of sponge city
construction [ J ]. Water Resources Protection, 2016, 32
(2):14. (in Chinese) )

R AT, 5l 55 i s i s oK S0 a)
AR [T]. K BEBAR 4, 2017,33 (1) :1-8. (XIA Jun,
SHI Wei, WANG Qiang, et al. Discussion of several
hydrological issues regarding sponge city construction
[J]. Water Resources Protection,2017,33 (1) :1-8. (in
Chinese) )

SKZEFY BT B A5 Bk R D BE A e A 2 i
HEBLY K SO AT L] b E 457K 4K 2018, 34
(13):135-138. (ZHANG Ailing, GONG Yongwei, YIN
Dingkun, et al. Hydrological effect analysis for sponge city
construction in Liyang River watershed of Jinan, China
[J]. China Water & Wastewater,2018 ,34(13) :135-138.
(in Chinese) )

FIOK, RSS2 B0 B i) = A I 5 T R 57 i
AKRIBIFEL)]. - HE R ,2005,36(3) :321-323. (BAI
Bing, CHEN Xiaomin, QIN Shuping. Saturated hydraulic
honductivity of seashore saline soil in Yellow River Delta
[J]. Chinese Journal of Soil Science,2005,26(3) :321-
323. (in Chinese) )

oAk A2 | Gk B B XA = - S A
AN AR A [ A SRR [ T]. K 0452441, 2004, 18
(3):53-56. (ZHENG Jiyong, SHAO Mingan, ZHANG
Xingchang. Spatial variation of surface soil” s bulk density

and saturated hydraulic conductivity on slope in loess

(11

[

[

[

region[ J]. Journal of Soil and Water Conservation,2004 ,
18(3) :53-56. (in Chinese) )

B, T, oI, S SR O R AR AR
X AR 1] F /KL S KRR ,2010,8(5) - 36-
38. (MIN Leilei, YU Jingjie, ZHANG Guangying, et al.
Preliminary comparison of steady infiltration rate in
woodland by the three methods[ J]. South-to-North Water
Transfers and Water Science & Technology,2010,8(5) :
36-38. (in Chinese) )

WA AR L. DU s Ta) 6] 7 7K Sk ik 3 R oK R
Rosem [ J]. &4 ), 2015, 46 (2) : 327-333. ( YAO
Yufei, SHAO Mingan. Effect of measure time on soil
saturated hydraulic conductivity by constant head method
[J]. Chinese Journal of Soil Science,2015,46(2) :327-
333. (in Chinese) )

YIRS TIDEE=S S R NCIK-A- Y e o s Y Pkl
FI KR MK GE Fy RS [ ], H e, 2017, 54
(6):1414-1426. (WU Gang, WANG Lei, LU Xingping, et
al. The Effect of gravel on saturated hydraulic conductivity
and water storage capacity in reclaimed dump relative to
reclamation mode [ J |. Acta Pedologica Sinica, 2017, 54
(6) :1414-1426. (in Chinese) )

Al AT XTG4 KRN T ABRIES
2 AL S PEF ST [ 0], 15 K HEE, 2015 (9) : 23-26.
(HE Jin, FU Lei, LIU Yuanqing, et al. Study on spatial
variation of soil infiltration characteristic parameters in the
region scale[ J ]. Water Saving Irrigation, 2015 (9) ; 23-
26. (in Chinese) )

[14] W0, BRGESE. t A7 WIPTE i RS 2 2 B LT 4

[16

[

]

[

XPHEIFEE [ )], ANRHRTE,2015,46 (8) :87-91. (JIANG
Shunlong, QIU Xiaoliang. Comparative study on measuring
method of permeability coefficient of impervious core
material in earth-rock dam [ J]. Yangtze River,2015,46
(8) :8791. (in Chinese) )

FLLE R, BRI T 25T Guelph 741 1M A1 5
R TTEXT [T ] Al TR, 2012,28 (24) -

99-104. ( WANG Honglan, SONG Songbai, TANG
Xiangyu. Comparison of determination methods for
saturated soil  hydraulic conductivity with  Guelph

infiltrometer[ J ]. Transactions of the Chinese Society of
Agricultural Engineering, 2012, 28 (24 ). 99-104. ( in
Chinese) )

BT, Twl, i Guelph ABALKERS SR IR X
TIEABERE LRRT]. Pl K4, 2016,
34(2):215-220. (ZHAI Zining, WANG Keqin, SU Bei.
Application of Guelph permeameter in determining the soil
permeability of the Songhuaba water source area in
Kunming City [ ] ].
University,2016,34(2) :215-220. (in Chinese) )
MESSING I, JARVISN J. Temporal variation in the

hydraulic conductivity of a tilled clay soil as measured by

Journal of Sichuan Agricultural

tension infiltrometers [ J ]. Journal of Soil Science, 1993,

44,1124, (T #5% 36 W)

- 13 .



based on grey water footprint in Dongting Lake area[ ] ].
Transactions of the Chinese Society of Agricultural
Engineering,2015,31(10) ;:152-160. (in Chinese) )

[ 8 ] #hA, ARIR, Wi, e T3 e R A h B OK 2 i
DR 25 A S PR e A (0] F AR B AR 41, 2016, 31
(12) :2047-2059. (SUN Caizhi, BAI Tianjiao, HAN Qin.
The regional and structural equilibrium analysis of grey
water footprint in Chinabased on Gini coefficient [ J ].
Journal of Natural Resources,2016,31 (12) :2047-2059.
(in Chinese) )

[ 9] §h3E, FhA R, 4BHH. 1998—2012 4F 7 [H 45 o JK /K 2 76
BRI E 5 WS [1]. BIRAL 22, 2016, 38
(6) :1179-1191. (HAN Qin,SUN Caizhi,ZOU Wei. Grey
water footprint efficiency measure and its driving pattern
analysis on provincial scale in China from 1998 to 2012
[J]. Resources Science,2016,38 (6):1179-1191. (in
Chinese) )

[10] #MA G, IR, w5, B SRS LA T E A
BIHK REIRANBOBTFE[T]. ARG 4] 2018 ,33
(9) :1490-1502. ( SUN Caizhi, BAI Tianjiao, HAN Qin.
Driving effect of per capita grey water footprint in China
from the perspective of factor and efficiency coupling[ J].
Journal of Natural Resources,2018,33 (9) :1490-1502.
(in Chinese) )

(1] PIARE B 3E . ob A PR K e 35 0 32 e HC IR 7K A 328 i
BRI 23 ] G IS R e [ 0] A A5 5441, 2016, 36
(1): 86-97. ( SUN Caizhi, HAN Qin. The spatial
correlation of the provincial grey water footprint and its
loading coefficient in China[ J]. Acta Ecologica Sinica,
2016,36(1) :86-97. (in Chinese) )

[12] AR P EBOKRBATSE[ D], K% AL T IR,
2018.

[13] #hA 5, B 8 KA. 56T ESDA 19 b [ 45 BroK 2 75
588 B8 ) 2 (R SIS Jmi 7 A [ 0] A AR BRI, 2013,28
(4 ). 571-582. ( SUN Caizhi, CHEN Shuan, ZHAO
Lianshi. Spatial correlation pattern analysis of water
footprint intensity based on ESDA model at provincial
scale in China[ J]. Journal of Natural Resources,2013,28
(4) :571-582. (in Chinese) )

[ 147 ZRH0 BRiE, T3 )48 A rh i X B 1 K 1 s T DGR

S SLfRe ST WA A ik [T]. 25F 05,2014 ,49
(11):4-16. (LI Jin, CHEN Shu, WAN Guanghua, et al.
Study on the spatial correlation and explanation of regional
economic growth in China: based on analytic network
process [ J]. Economic Research Journal ,2014,49 (11) .
4-16. (in Chinese) )
[15] TRIRTE. Fhoe WL ST 7E 22 05 2 U B R e [T ].
ZP52F )75 ,2013(10) :61-72. (XU Zhenyu. Progress in
the application of social network analysis in economics
[ J]. Economics Information, 2013 (10): 61-72. (in
Chinese) )
XNAEZE A pL AT, v 48 PR 2 B 1S 1 ) 2 () G IR X 45 25
My FE TRt Granger R RAG 36 5T ).
W4 BF 5%, 2016, 42 (2);: 97-107. ( LIU Huajun, HE

Liwei. The spatial network structure of China’ s provincial

—
—_
@)}

[

economic growth: re-examination based on nonlinear
granger causality test [ J ]. Journal of Finance and
Economics,2016,42 (2) :97-107. (in Chinese) )

PNFE, R WA, 4. VLA R T A AR M IR 55l
B3 AR AR R 23 (6 R o [ 0] 2857 M ER 2018 , 38
(2):123-132. (SUN Ke, NIE Jian, YOU Xibin, et al.

Spatial division and spatial effect of producer service in

(17

—

the urban agglomeration in the middle reaches of Yangtze
River[ J] . Economic Geography,2018,38 (2) :123-132.

(in Chinese) )

VA R IV A VL R T A R 0 I 245 25
F5r BT[], B2 % 4R, 2013, 68 (10) : 1357-1366.

(TANG Fanghua, TANG Hui,SUN Qian, et al. Analysis of

the economic network structure of urban agglomerations in

—
—
o]

[

the middle Yangtze River[J]. Acta Geographica Sinica,
2013,68(10) :1357-1366. (in Chinese) )

XA XNAE WY, P55 v [ RE I 2% Y 23 [R] DCHK Y
ZREER R AR B FOROWF T [ 1] v B Tl 4895, 2015
(5) :83-95. (LIU Huajun,LIU Chuangming,SUN Yanan.

Spatial correlation network structure of energy consumption

—
Ju—
e

[

and its effects in China[ J]. China Industrial Economics,
2015(5) :83-95. (in Chinese) )
[20] XNZE. EARM T M]. B, i AR, 2014.
O H 1 :2018-12-17 St . AEAGR)

(L#&% 13 W)

(18] HEw . 43Kk 3h 1 S 40 53 Ty ik B L 25 ) 28 S5 M F
F[D]. ME EHRKY,2011.

(197 FHTF, B221E. FH Guelph ¥EHFFT A £ #1 ] 7 3X
TEBRENTEBEELT]. BRSO R
#2,1998 (4):14-19. ( YU Dongshen, SHI Xuezheng.
Study on Ferri-soils infiltration under different land-use by
using Guelph permeameter in South China[ J]. Journal of
Soil Erosion and Soil and Water Conservation, 1998 (4) .
14-19. (in Chinese) )

[20] MRARZ. I T KGR AT RR S M FITAN [ ) ]. K BE iR R
$1,2010,26 (6) :51-56. (LIN Junhong. Assessment of
sustainable utilization of urban water resources in Xiamen
City[ J]. Water Resources Protection,2010,26 (6) :51-
56. (in Chinese) )

[21] ZANGAR C N. Theory and problems of water percolation

- 36 -

[ M ]. Denver: Technical Information Office Denver
Federal Center,1956.

[22] REYNOLDS W,ELRICK D. In situ measurement of field-
saturated hydraulic conductivity, sorptivity, and the alpha-
parameter using the Guelph Permeameter [ J ]. Soil
Science, 1985 ,140:292-302.

[23] ZHANG Z F, GROENEVELT P H, PARKIN G W. The
well-shape factor for the measurement of soil hydraulic
properties using the Guelph Permeameter [ J]. Soil and
Tillage Research,1998,49(3) :219-221.

[24] YANG J L,ZHANG G L. Water infiltration in urban soils
and its effects on the quantity and quality of runoff [ J].
Journal of Soils and Sediments,2011,11(5) ;751-761.

(IR A 9 :2019-03-17 Sl bk



