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Analysis of the impervious land surface pattern distribution and
its hydrological effects in the main urban area of Jinan
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Abstract; The impervious surface distribution is explored through field investigation, remote sensing interpretation and marking
in the main urban area of Jinan, The study is revealed that the greening rate in the main urban area of Jinan reached 33. 9% ,and
the proportion of the impervious area is 65. 3% , respectively. The HIMS-SWMM model is used to simulate the hourly scale run-
off,and the variation of the runoff coefficient under the impervious surface distribution of each administrative district in the
main urban area of Jinan City. Taking the rainfall from July to August 2016 as input, the whole study area has total precipitation
of 125. 23 mm, the infiltration amount is 36. 33 mm, and the generated runoff is 88.9 mm, respectively. The overall runoff

coefficient of the main urban area of Jinan is 0. 71. The proportion of the impervious surface of each land type has a strong linear
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relationship with the runoff coefficient,and the change is divided into threshold type and gradual type. For the threshold type of

land use, more concentrated greening measures or LID measures can be carried out. For the gradual type of land use, slow gradual

greening or LID measures can be adopted, which can improve the proportion of impervious water surface of the threshold type of

land use in a centralized way,supplemented by a smaller range of improvement measures, aiming to achieve more economical and

effective prevention of city floods.
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Tab. 1 List of average monthly climate characteristics of Jinan from 1986 to 2015

At SRR/ 7 H SR/ SRR/ KR, CFHIBOKHE PRAERREE/  FHATPHAMK
C C C mm (=0.1mm)/d % B4k /h
1H 4.2 —0.2 —3.6 5.8 2.7 53.0 158. 4
2 A 7.9 3.0 —0.8 10. 3 3.3 50.0 157.5
3H 14.0 8.8 4.5 12.7 3.8 45,0 200. 1
4 A 21.8 16. 2 11.4 30. 5 5.1 46.0 231.6
5H 27.4 22.0 17.1 65.5 6.7 52.0 254. 6
6 H 31.7 26.4 21.6 82.7 8.3 55.0 220.7
7H 32.1 27.6 23.6 194.7 12.6 71.0 183.6
8 H 30. 6 26.0 22.3 183.1 11.8 75.0 186. 8
9 A 27.0 22.0 17.8 59.8 6.9 66.0 183.0
10 A 21.4 16. 3 12.1 29.1 4.8 56. 0 194. 1
11 H 12.9 8.3 4.6 21.8 4.2 56. 0 160. 4
12 A 6.1 1.8 1.6 6.5 3.2 55.0 152. 2
LA 19.8 14. 9 10. 8 702.5 73. 4 56. 7 2 283.0
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Fig. 1 Schematic diagram of the study area and basic geographic data set

1:2000.1: 10 000 FEAEMIE ., 1T X il =HAT
B DRI A R e AL Yok B T K R . B
7 2 A b 2 AR R A B8 Ok A U RS T BURF
(http: //www. jinan. gov. cn) 27 IS ET R T 38 17 B
X1 (2011—2020 48) (Rt A i O YEdiE . DEM %k

KX KRR + 89 -



F18% F AW wmACKREGAMBHLFEI) 2020 4 8 A

o PERR 90 my, R IR T rp E B2 B BRI BT B
Fepmdurs Chttp: //www. resde. en) , Ji 46 3 I8 R 55 EH
S R AL B B 22 SRTM shuttle radar
topography mission) {4 . HFRITH 2016 4 SPOTS CGE
RGN 0.5 m) AT .

i EIAR LR TORHI A A BF T BIBA T 2016 4 7
A 19—26 HTEG M T EIRXAEAT T b i A, 2%
il A e I R DRI il 55 DX i) HE /K B8t Cfd 4
HEAE B FHEAK 1) LLAIFFE X B N SR o L 38
HIKARE) 3 A 00 o K 0F I L B2 B L 2 el 3 %
S 4 AR IR S5 DX 8 T BT 2 /N XA 43 S 2 DX R
B PE  E T — 2 h ket HA FCRPEA AL, A
Xt ER g 2R R P 2 AR R SR A B S b R
AREUT 3 SR TCIE R PRI AN 335 7K 53 A SE BRI L
TEARER R T —E 1
2.1.2 HEHEFIRE

AN K THT 3 SR A 1 D e B R B 2 AH X
U ORBFE BEE 2016 4R E SPOTS 0. 5 m 433t
il DEMBAENEEA, I 1 500 #E
LN 3R 37 ] A S IR Rt K5l 1 o0 B R . AR AR
RGHEFE WGS_1984 L2 A bR FIPE 42 _80_117°
L TK i #5500 000-F- [H] A2 B 19 il A b5 2R ¢
PR AL R 22 G0 S OB 7T DL T iR 22 450 e

ARSI JE P I T WS DX N A 1 SR A A
A (PRI L 30 m, M3 12 73 Jris . B T A
BKTE AL 82 km?, JFid@ 4 xf SPOTS 0.5 m 43 H¢
HEE DR R R, R 7. 6 5 At ]
BE T Skt SRR 37. 25 k543 T3S 1L Ab A
B 1A LR BB AR 119. 85 km® 5 0. 44 TR
FHHLEBE, T d A I S AR 41,15 km?, JET
SRTM 90 m DEM %tdf . &3 7 BFFE XY 5 m [H]
SRR AT U ST I R s . 2D,
TR AT A AR I3 S AT DX L P 1 4 v i ) T PR
S TR B4 K B 5 T LL AR 840
TS [EPRLEE R 200 m A A DAIE B 3 SR LR (]
K FR LB E) AT X R SR 5 B D BT,
28,492 ke BFSE X AR 53 A2 63115 55 BT, H
1 198 A LA AT CRUITAR 120 k), R BfAcst
FUE B IR B SR (5 2 S S
TAF 2 45— b B oo rp IR A — A BT TR
Xl S Ik T P M S R A T AR i 45 3 B i b
HIC BB K R i 8 X IE v . 455

+ 90 - KX K E R

BH g R A LA S UK R R RRAE 2 A A 2
T T A W KoK o3 A Ol &5 b BFSE 5 F
T FE I AN 375 7K RS Ry B AR SR il s 2 1) A
Mo AR L BB BB e A AR K T R s
B VB MK B S s WA 1,
2.2 HIMS-SWMM 3% 7 & gt AZ A
2.2.1 HIMS-SWMM # Al AE %2

SWMM iR 356 [F H AR R 7E 20 4l 70 424K
St 5 A8 BT R R U T AR R R R AR
REBY Tyl iy 22 K ARS8 R HAb K RS
R B P )z . AR K OB
IKBN IR KK A A 3 B 3 2H 1, AT LA 56 B i
RRADUIAR 113 4 T 428 I AT G s sh 3ok A0, A
o PRI AR AR A LK X TR A3 3 &R 43 ol & 1
AN KT AR b A7 AT AR R 25 2k
I s A & PR AN i K AR B 7= i 5 T By
ok R il 25 5 o 5 B /K TET AR b ) AN (TR
HEE CEMERT BRI, 3 FhERim R
MR T AR U A T 3 R A
TR I TR AR e K R AR
RUIGEST SR ik i 2y FE M & 7 )y #E . 53 4k, SWMM
BEALGEAL 3 Fh Ty ik HT T i 8 18 WA 5 1
Tk Iz sk M8l ik . i ik Al DI A
IR R R 8 25 TR T ) 224 5 2y g 0 3% D)5 ook 3K A
SERE Ay R R AT I IR R A v A
SR B AR T RA S ok nl DI AR R E
A2 KA K F R AR H S

HIMS (hydro-informatic modeling system) &
#2529 B SWMM (storm water management mod-
eD B ARVFE A 11 ) HIMS-SWMM 31§ i [ L A% Al
FLHG B T b 3 77 R CHIMS) 48 ® 30 i 455 7
(SWMMD) | b F I s Y (= 47K ) Iy A ]
TV gt A5 A (b S o AR A AL ) 4, AR S 3 B
SWMM 81 i) S5 2okl & HIMS 7= i 2L k17
FHLBLT
2.2.2 HEARNESHEE

i HIMS-SWMM #5583 55 iy AR 7K 540 Fn
ST R T I R A . A SCR I K EL
Pk B P E SR %145 B o0 (https: //data. cma. en/
data/) iy E B 3l 5 CMORPH 7K 7™ 5t il 1
N K P ERHE 4R (1. 0 jRD 6B 2016 4F 7.8
31328 I e A RS g ARS8 5 B DI IX A



HELE

T W X K R AT A B AR U

2y 8 kg R, HEFE 7.8 AR AJE I o B R
AL 60 Vo fE K T 5 25 X 2 AR 51 i
T AT A SR BRI BE . B A B g T S X Al
Bl SWMM BIRIZ ) INP A%,

HIMS-SWMM #5841 £ 37 5 15 7R ol
KBS T CRLAE HE K ) FAE T8 45 4 A [A)
R R 68 S8 AKX 3 2 7 3t 2 5 i
s 2 B N S50 3 A R - A R B S s
R SWMM 5 # F P F M Chttps: //www. epa.
gov/ Water—research/ storm - water - management -
model-swmm) e i A 1E I HUE .
2.2.3 BAEYLERRIE

Fi WAL B8 K SO Y 1) 23 5 15 36 1E S8 i 1o 42 R
HEIE B Rl 2R 2 15 Bk ) L A R TN B L
L S0, 78 500 0 A X HE K I G AR 2 E AT A4
VAL o H R TASE ST XY de 2 H K TR I A A
BOK SO 3 o PRI AS SCRL 2 A B9 7K 8 s
Fig BT LG 491197 53 DA AR DXk 9 50 J o) A
PATRAE S A A —ERE FRIE T SWMM it
R (G BE . R 1 o el 7.8 H i &
AEREK I 43 LRy 53. 7800, BN 7.8 H K B
SRR [FTRE 20 G AR 2016 4R R TR BT A
H D TR B IS i 167 458. 75707 m®, BRI
7988, 41 km’® RE/K BT 5L i 4 BRI T AR o 4
WE TR B mm J5.7.8 HKEHEE N
113 mm; 4 SWMM KRI85 R 5 )5 7.8
JKGEUER R 112 mm . 925 BEA W) 5 SO R AY
FA T T BIE

3 HRE5HM

3.1 FéEMEAREAA ARG R

AR S A T T R R A T TR T
T 6 AR B rh A 32 T 288 R XA 3
R 55 DX HE K 35 it BRI rf B 4 HE K BB LK T
SRR T KA . K2R P L R B 2 el A GE 55
A AR AR 55 X B T B /N R 4k 2 KR
XS 7R — 2 b pde th AT AR PE I b S, LR
R B P BRI IR . Rk SE M
AR I SR AHEK T2 B 5E T A5 ) TR A
AT AR KU M T YA VA 5 17 7 A /N T O
A EAL B 2R 2 O FEE CNE W HLTED

Pl X AR R DX N 4 T 4, AR 335 /K TR 4
I 100 %6 . BE R, R 7K DA T30 A SR 7K 8738, 2 T
L E b T P AL VA AR HEK A ), FE K
AP DX 38001 5 30T /)N 3 YT X3 e R BH ) A A K 4

A HEK R B KR AR 5
Zyk B X HEK R MRS TI A - A SEHE KA
TE AN N VA SE R A /N XM B 1 2R HE K A
i FEIH, AR C 4K K .

S AL TR 0 BB A SO R R T PN B L Xt
ARG —FhE TR, WA, KER
ANFEERK I ERN S, 55 5h, % 5] i
YR ITITELR BT R /N X — I AR B A A B
(AL TR SR K A, (HUR RS ks, gt fb X
B MR RE ST EIA S A B . 3 ROk SR AE X
BN AR M AR R B R 20~
30 cm J5, 8 A KA I ET, 6082 IR A 5 10
L SER 7. A BB —E A R K O Tt AR X
EE] WK EH .

25 b B T HE K LR R S AR LA SR A 4
)12 AR B Al [ R L 75 B — 2B B
BRI, — S E R IR A B R s
L AH TR R RBOAR S 2 TR DR G A G
BER IR A 5
3.2 Fd i ERRE RERME ST AT

W7 DX AR B B Tl B0 A 7B X K B s Rl 4y
SRR IX R KR IX R X AT A X 4 5 A
DX, AR A A 1 B B T 3T B AR R (2011—
2020) VR R T T A BROCARIC O A R AT B
O PR H LR 4 il b SR 5 T M AT L L 220
BEMIFBETT L Dl A M SR A K Ik & L 9 A~
ST A L 4% I0 K X I8 47 UK W i )& T
WAL 2. XF A FIL K BRoe s 1714y X 48
TR 2, @GR B X gk
RikH) 33. 9%, ABKEFG ol 65.3%, BrE
198 M FRIT S  WF5E X PR AL R RRAIRE] 29. 3%,
AR KR T 70. 7%,

B2 FamIHX&FLKETHERMERSX

Fig. 2 Schematic diagram of land use type of each

sub-catchment in the main urban area of Jinan City
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Tab. 2 Statistical information table of impermeable rate in the main urban area of Jinan City
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Fig. 3 Distribution of the proportion of impervious areas of different land types in the administrative districts of the main urban area of Jinan City
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Fig. 4 Distribution of simulated runoff coefficient using

HIMS-SWMM in the main urban area of Jinan City
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