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Fig.1 Construction land and water system patterns in the Beijing-Tianjin—Hebei region and boxes for calculation, 2010
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1.699, X EL pii W 45 4 55 19 A5 B2 X3 il 16000~
512000 m, 2 54~ 55 £ FFS AR AR A B DX
J& 8000~512000 m, &6 4~ i o WA 4R A ) B
FEREUR AT 0,996, 3 BH 5T T b X3 R A 47
MF G TR RHIE
2.2 FUEEKRRZREWEHE

X 4 FE 3 B L M IX K R A DA
B Z itk . RS AERO0 T 545 3 L3 2, DU 4
AFRE LI 4, TEE 4 Th AT DL B K R S 4E 2L
(AL T 2R 2 DR B 254 . ph 38 2 T I&L 4 ]
UK R 25 ) 40 A G540 A AN 0 T4

() HHRFUK R ATE LB AR, B4

R2 UREKR N EMHIMBLERITELER

Tab.2 Grid dimension of water system in the
Beijing-Tianjin—Hebei region

S—ARBEDC S AR AR DK A%

SRR

ARy S8 D PR A 244K MRS AER  ARRsA
Doy Do, Doy Do
1990 1.5365 1.7213 1.1969 0.5244
(0.9933) (0.9999) (0.9943)
1995 1.5541 1.7317 1.2304 0.5013
(0.9940) (0.9999) (0.9960)
2000 1.4911 1.7135 1.1300 0.5835
(0.9913) (0.9998) (0.9971)
2005 1.4942 1.7072 1.1424 0.5648
(0.9919) (0.9999) (0.9972)
2010 1.4819 1.7054 1.1323 0.5731
(0.9914) (0.9998) (0.9968)
2015 1.5414 1.7598 1.1350 0.6248
(0.9907) (0.9998) (0.9949)

TE AR5 A YUE RER

Wit 25 8] A4 RS 2 AR A, B ZK R B 2 [R) 25 4 7
iRk, BRI AR D RS RO A E . R
P Benguigui S5 Y AF 5T, WS AE B A 19 R KT
0.996 FI LLAIBHIE A & TE 1 . AR %2, 6 14
13 LA A AR R R BT 0,996, 3 138 I 3yt TR 3L
XK RZEEN LA E BT AR HiKEA
15 S P RO AR . SR K R ) XU B 25 A Bt st
6] A HE RS , BB IH (2. . 1990—20154F, D,y Do, 1Y
ZAH 4914 0.524.0.501.0.584 .0.565 .0.573 .0.625,
BERER, UL, SR X K R E S5 R A
ZHARTE

(2) 1990—2010 4 , 5T T Hb [X 7K 52 1) I 4% 2
D Dy DoY) B AR, 220102015 4, D,
HIKRPES, Do/ ACAS B ., B 1990—2010 4F,
SURSK RAEAS [B]_L AR RRAIR, 2015 4F T
FA KA, 5K R A0 7R RO A el
TEANUE FHUEEAR . 6 M ARILS 1 RS 4
B D4y K 1.537.1.554.1.491 .1.494 .1.482 .1.541,
R EAR I HR SR 2015 4E 58 J5 |, A6 2
R BEPRRARAE . 55 AR X AK 4E 5L Doy
W 1.721.1.732.1.714.,1.707..1.705 . 1.760, [7 Ff ,
SRR 2015 AF-50HE 2Z 05, AR 2 55008 /) 1) e 4 1R BH
o B AR X S 4RI Do, Y AE AL RRAE AT D Dy,
ANELEANT 2015 IR HIEN T , DoAliIR 25
kAR A A ke . AT LA, 1990—2010 4F, 7K
FRAEZS (A ) FO AR T 5 0 3 AR Ak 3 1 2015 48
IKRIERRE IR A Rl o, A — bR
X AR AERGAE] T 1990—2015 4F AR e {8, 76/ MR
B PAREANIA S . SRR, B KR 2k



382 oo R

$39%:

TAEF 2014412 H IEEK , 45 s HEsE i 4 b,
WAKZJE  AERRE Lk T 5 RS /K R s
B ARFE/NRE IR B B3R T
WE—FEIK R 204815 B gD, 3% Flo—fla)
TELRIFER St IR KGR A8, B A% 2015
SERIAAE S BT o R LS g-D, 1, KB
1990—2010 4F , S 7K R i i HLIX, 7K 22 40 A S
FERLPE NIRRT ORI e B 5 A 25 [
()L FE TR B, g B /)N I % R X8 15 B
1990—2010 4F, D, JL P& #a#:, Do A HLE 55
BT BERa S, D, B R B . X R B, 1990—2010
AF L TK ZR A3 A R 14 M, AR A e R I
HR A o TR AE L a—flo) ik , K Z 1025 [R] o3 A HAA A i
FISERAFAE , HAERAFE H 3R H . BEHAE KR
() RARZ/INT 0, U BH 2 0] 4047 22 B B i JE SR AR
REE XGRS B L X, shSHE, 6 MEDKRT

14, (@ 19904

12|
D=1.5365
2 —
1l R2=0.9933
Doy 1.1969
§ 81 R2=0.9943
6_
Al Dy=1.7213 Mg,
R2=0.9999 ™
2_
0 1 1 1 1 1 1 1 ]
5 6 7 8 9 10 11 12 13

R4 J&-0.771,-0.731,-0.759 . - 0.739 . - 0.829,
-0.828, R s/ ACRERFFET g
2.3 FUEHEWBEKRIKREHHX RS

X — 53 A BE L 224y T 5 S R
TR R FUK RT3 Mo 1 SE MRS TE 1)
£ A v FH b 3RS A AR 55 55 K R A 4
B R, IR N Z 508 f st i L 5K &
) 223 2T | e O A K T K B B
TF7K 2R AR AR AT A s R 2%

TR A R R e TR 6 Al T AT
TR b X I RN 7K 2R A A 5K 4 >S50 ) ]
1k

FRAE L 6, #15 F b AK 2R B AN ] i e Ak
], —J7 T, A FH b 1 A 2 B2 i R, K R 1Y
DA s A K58 B RAI s o5 — D T, e R LY 1 45 5
PERRAC, K R 09 B 5 B 3% . l 6a.6b .6 LT

14 (b)20154F

12}
D=15414
10}  R=09907
. Dy =1.135x
Z 8 R=09%9
6
Al Dgy=1.7598
R*=0.9998
2 -
O 1 1 1 1 1 1 J

ger

K4 ZUAREK 2R 1990 4 1 2015 4R RUME KX R LA
Fig.4 Bi-fractal patterns of water system in the Beijing—Tianjin—Hebei region, 1990 and 2015

25 (a) q_Dq‘F'E!k

—u— 19904F

231 —o— 19954F
""" ——— 20004

2.1 20054F
—a— 20104

—+—20154F

1.5F

1.3

1'1 1 1 1 1 1 1 1 1

20 -15 -10 -5 0 5 10 15 20

1.8 (b) aAfa)it
1.6
14F
S 12r — = 19904F
—%— 19954F
1.0+ +— 20004F
20054F
081} —eo— 20104
—a— 20154F
0.6 ! L L
1.0 15 2.0 25

K5 BUHEIK R 250 EEH1 g-D, 3% Ma—flo) ik

Fig.5 Multifractal dimension spectrums of water system in the Beijing—Tianjin-Hebei region



31

TR A5 ST R 5K REGH R 23 5C R BTTE 383

180r ) s ks 43D

175
1.70 -/./'/'/'/.
7= 0.0027x-3.6276

1.65F R2=0.9474 m ER A
A R
1.60) kE
Q y=-0.0011x + 3.6792
i e
1.50+ N A R
1.45F
140 1 1 1 1 J
1990 1995 2000 2005 2010 2015
G
1.6 B
(© %:1‘/]<J§IZM$%2’&%‘&D0>
1.5F =
1.4}

7 =0.0078x-14.168 ® A

q 13 R2=0.9624
A KFR
A

12—

A EA—a A
L1} 3 =-0.0034x + 7.9285

R = 0.5607
1.0 ! . ! 5 !
1990 1995 2000 2005 2010 2015
AFAy

L85T (b) s —HRBE X M EBLD,

1.80F =
AR M
& »=0.001x-0.2983 aAKZE
- R=0.8458 A
S 175
A
A -
A A
170+ y=0.0006x + 0.4953
R*=0.079
1.65 : : ' : '
1990 1995 2000 2005 2010 2015
Efy
07 .
(d) PREE X RIS AERZ 22D — Do)
A
0.6 N i
A y=0.004x-7.4331 m BB FH
g 95 A R>=0.7238 A KE
$ E
S 04t -
»=-0.0067x + 13.869
03l R=10.9551 =

0.2
1990 1995 2000 2005 2010 2015
0y

16 HUHEBE A DU BT LRI R RS A4

Fig.6 Grid dimension of construction land versus water system in the Beijing—Tianjin-Hebei region

ANF R T IS Ae g AR fb ket 1l 6d et 17 A £
ﬁjﬂlé s %&Fﬁﬂﬁ D(l)_D<2){EIZﬁEj‘I‘ETwﬁ/J\ , 7J(/2{f‘: Dy)—D,
(ELBERT I . RS R BIORT L 0 5 P 10 AR A i 3
VL . — 7T, s A 2 (e R R i, KR
()23 [A)SFL e AR B B AR 5 O — T, i FH b 1 25 i)
SEFRA R OEAk , 7K 2R B2 [ 2R Bt s Rl R 1L
R 3 B R 7K 2R A AR50 He e, BT R BH
AR 19902010 4F 1) & J#a #2015 4F Ui HIK
F U AEECR A T DX B IS A5, IFgE 2RI,
DX EL A A 2RO B T 7K R I A 2, 75 00 2
S BOK BE R A BE A AR LA S — S 308 T 7K 5
B, ARARAHCHESE, H 1997 4ETF IR , o b X (1)
K U5 T AN SR AR L. 1956—2000 4
TR M DX AR R K R IR B Ol 25844 m?, 2000—
2014 4ERE 18442 m 1, R LT A A [X 3 A
KB A i DR B B XK B3 1 ) 2R AR, B AT
R G R AT AR 2 2R B R IX 1 90% LA
FHEATZIE LR . R T TR BRI, 22
ARG R R T FIK R 1Y) X488 g-D, 1
JRP e R o— o) , Wn K 7 B o AR E ] 7a, TEI8 S
T 5 52 M X VR 2 1 1 X, 735 P b 1 2 4 R K
FKF o ARYEE 7o, LAY 43 Otk SR, K &R

MISERME SR, WIRTAITIE , S Y R 2
B K R RZEW/INER UL RS
FH L AME Y 5, A FH 2 4 X ok %, &
A [R] 53 A 4 A S 3 BURRAE , T 7K 28 s 7 11
DX, ek /A5 g S 3O s ) 0 A R R R
FESM TR S5, BF 78 thA5 T 2RI Z5E, IR
B SOOI ST AL AT K R RS, 2 BE 20 42
80 AF AR 2 21 22 10 4FAX, 750 JH T St T I 25 B K
R E VR /D, A 3l T b Ao R e AT S5 8 1 Y 3
VR D 5 5 JE U AP IWEY R O T E 30 a,
GRIN T 77 5 F == 4k, DX/48 8 I B HB B 2 km
T B PR VT I SR 447 1 2R 118 SR X

5, I HZ A T 5L B HE X 1990—
2010 47K R G R AR IR R R 2 o K R0 7R
b2 B H AR AT AR R g, 5 2B PR Rt
BE7K o LK ZR XA 2 50 LA R AT [ K e
HATPREAL, 2 RIFE R 8 v . MR IA 8, 1990—2000
L BRKESKAED Dy \D(z)ﬁm [R] a3, 2000—
2005 4, 7E B K S48 I A5 LT, Do/ 5 2005—
2010 4F  FEREK BRI BN , 4348 D Dy Doy
SR, T DU B4, 1990—2010 4FRE
K EA PR, S EUK R GEFRAR , 3% S H AR



384 oo R

$39%:

300 @) r- sk
2.8

2.6
241
221
Q 20r
1.8+
1.6
1.4}
121

—=— ERHH

1.0 1 1 1 1 1 1 1 J
20 -15 -10 -5 0 5 10 15 20

20 ‘

(b) a-Afla)itk
18
16

1.4

So)

12

1.0

—— ER

0.8 - e KE

0.6 1 1 1 1 1 1 I 1 1 J
10 12 14 1.6 1.8 2.0 22 24 2.6 2.8 3.0
a

K7 2010 4F st R I RIK RZ LA LA o—flo) 1

Fig.7 Multifractal dimension spectrums of construction land versus water system in the Beijing—Tianjin-Hebei region, 2010
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Spatiotemporal relationships between urban system and water system
in the Beijing—Tianjin—Hebei region

ZHANG Feng'?, CHEN Yanguang®”, LIU Peng'
(1. CAUPD Beijing Planning and Design Consultants Co., China Academy of Urban Planning and Design, Beijing 100044, China;
2. Department of Urban and Economic Geography, College of Urban and Environmental Sciences,
Peking University, Beijing 100871, China)

Abstract: With the rapid development of cities in China, urban environmental problems become increasingly
more severe. Clarifying the relationships between urban development and the environment can help solve urban
environmental problems. In this study, we took the Beijing—Tianjin-Hebei region as the research area and used
fractal method to describe urban system and water system in the region, then to explore the interactions between
urban and water systems. The main results and conclusions are: 1) From 1990 to 2010, the fractal dimension of
construction land in the Beijing—Tianjin—Hebei region increased, while the fractal dimension of the water system
decreased; the bi-fractal characteristic of construction land in the Beijing—Tianjin—-Hebei region decreased, while
the bi-fractal characteristic of the water system increased; the spatial structure of construction land changed from
concentration to dispersion from 1990 to 2015 and the water system became more concentrated. These
phenomena illustrate that the spatiotemporal change of construction land and water system had opposite trends in
the Beijing—Tianjin—-Hebei region. 2) The fractal structure of urban centers is more complete than suburbs. 3) In
the second decade of the 21st century, the human—water relationship became tenser. The South-to-North Water
Transfer Project eased the severe stress of water in the Beijing—Tianjin—Hebei region, which mainly improved
the structure of water system at the large scale. 4) The degradation of water system in the Beijing—Tianjin—Hebei
region from 1990 to 2010 was caused by both natural and human factors. In the 21st century, the influence of
human factors is more significant. According to the results and conclusions, some policy recommendations are
proposed: On the one hand, more consideration should be given to the role of water in the process of urban
planning, especially the protection of small-scale water sources and saving water by improving the mechanism
of water resources management. On the other hand, more attention should be paid to the improvement of
suburban spatial structure by avoiding unlimited urban expansion.

Keywords: grid dimension; multifractal; urban system; water system; Beijing—Tianjin-Hebei region



