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Abstract: One of the remarkable features of urbanization is the dramatic change in the landscape pattern. A large number of
impervious surfaces replaced the natural or semi-natural land cover types, which greatly interfered with the hydrological
cycle in the region. The most direct manifestation is the impact on the surface runoff process. As an important mode of
urbanization in China, urban agglomerations have a spreading mode of expansion, which is more serious to the regional
surface runoff. In this paper, the Long-Term Hydrologic Impact Assessment model ( L-THIA) was used to simulate the

average annual surface runoff under different land use/cover conditions in Beijing-Tianjin-Hebei urban agglomeration, by
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using five periods of land use data in 1980, 1990, 2000, 2010, and 2015, the soil data and daily rainfall data from 1950 to
2015 as input. The results show that (1) by calibration, the L-THIA model can accurately simulate the surface runoff of the
Beijing-Tianjin-Hebei urban agglomeration, and the simulation error is between +10%. (2) From 1980 to 2015, the
impervious surface area of Beijing-Tianjin-Hebei urban agglomeration increased dramatically, with a net growth value of
12690.14 km®. The impervious surface area of megacities such as Beijing and Tianjin increased the most significantly. (3)
From 1980 to 2015, the surface runoff in the Beijing-Tianjin-Hebei urban agglomeration showed an obvious increasing trend.
The surface runoff in the Beijing-Tianjin-Hebei urban agglomeration increased by 1.784 billion m’ and the relative growth
value was 11.83%. The average annual growth rate of surface runoff was larger during 1990—2000 and 2010—2015,
0.36% and 0.46% respectively. The cultivated land and impervious surface contributed more to surface runoff in the study
area. The average runoff contribution rates of these two land use types under five land use scenarios were 35.38% and
22.71% respectively. (4) From the perspective of urban scale, the Normalized average annual runoff depth values of
different cities vary greatly. Tianjin and Shijiazhuang have strong runoff production capacity, Chengde and Hengshui have
weak runoff production capacity, and Beijing’s Normalized average annual runoff depth( NAARD) is at the medium level.
In addition, there are great differences in the growth patterns of NAARD in different cities. From 1980 to 2015, Tianjin had
the largest runoff growth, Chengde had the least growth, and the growth value of NAARD in Beijing was at a moderate level.
This study is of great reference significance for revealing the spatio-temporal evolution of hydrological processe in the

Beijing-Tianjin-Hebei urban agglomeration and guiding the optimization of land space.

Key Words; urban agglomeration; land use change; surface runoff; L-THIA model
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TR N OC R, UL BN RIS T R AT A A 525 5 . ARG AT B T 41l 1 M st FEs ki i sk xf
R TR R

1 HREXER

B IR TT R b A R A O A M B PR L
AP, XA S R T S B M X A b s A
bt KRBT A ELAE T R A A K L %
BRI (B 1), 82 2014 45U 0T
MmN 2.3%, B A0 52 8.1%, 4
7P EMECH 6.65 TTACTT, i A E A R SMERY 10.5% , dLaT
IR 45 o I T ) 0 Ak 3R 43 00l G 3k 86.49% NI
82.3% T4 -2 7K ¥ 54.8%">" . MK ¥ I ok
B, T I T A A TR KO VR i Sk e i ) I T
B,2014 4, HoKGER N 203.69 12 m?* A A7 4 [ (1)
0.75% 3 NYKGEIR R 182 m? , [k 4= [ - #41 7K - (1)
9.14% ", KL, TR BE IR Y 3 BE T %, 5 HE s
HiL DX H BT — ZR 91 A9 A 25 IR ) AL, ] 3 9 A
Z45 HUF KA T R KR TG Y R KU Sk

sits [27-28] YR IE a1 B T sy oh BT R LA LR
o KERIEIRC Y 29 SR A 2 o WIEACCEA o AORSURATRELI
VT B Y (1 R R 2 (0] i A VRIS SE R 0 VRIS

2 MRAFEEHE B1 FiEEmEHELE

Fig.1 Location of Beijing-Tianjin-Hebei urban agglomeration
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K, Q HEFZEM BRI A, mm; P HE HEEKE ,mm; I, HPIHUE, mm; S K KHERKE  mm,
212 FRMEARAFE AR TR

SR T BRI T TR AR Ml 2 A8 I i A R, 42 OO [ T b e A8 0 ) 28 A R, AR ST 5L T Ak
IR ( Normalized Average Annual Runoff depth, NAARD) , I8 A1F .

RV,
NAARD, =" x 1000 (4)
i Arh‘

1, NAARD,, RRFEE ST FFRHE AL AR AR TR, mm; RV, R T AR = i, m® 5 A, Ree i
FIAT LRI, m*
2.2 S ERE

2 B RTALLSG S0 A BRI A 1 | A SC LAV AT S A e B IR T A 0 DX O B B AR TR AR
P AL 4G R P2 B 7K SC - e85 AR 8080
221 LR SRR

SRS TR R FH2E BRI 0 6 28 KR B AR R K M M Bk, ASHFSYEE T Landsat
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EPNS

- ) P SRR A SR G RR AR . 1 e, R 1) XS R 40 2807 3k, X 2010 AR 8 BEHE R T 4 2
U, LA 2010 402845 S 2 IRk e | X HABAE A7 (1980 ,1990 ,2000 55 2015 4F ) 3t i) F /78 4 A8 AL 5 iF kA7
3BT R AR A IX., A ) B 0 2830 5 2010 4E 43 2845 B — 3, TRk T 728 Ak b IX 110 -+ b 1) 4/ 78 dk
WA T3 SR, T, R 2 BEHL R 7 VL X 0 25 45 Rk A6 56, BAR e ot K Bl R A K
5G4 6 ANk, B IR ARSE AN [F] 4 R B/ 78 Bl 28 R A R AE 3 B AL B 300 AN FES 5B S
SPOT %5 = 43 AR , 1R T H LRI LA, B 2R AT S A o0 2K B A 87 % 1) - b i) FH 28 U454l 4
2.2.2 KLU

A5 T T IR R B b E R, DL E 1,100 J7 0 3 B o SR, B oY XV,
RGeS AR A 8RB . L-THIA BRI 35 E R ML /K 1R F5 )R (USDA) By + 38732 # B i3
PEEAR, B E IR0 A B.C.D 4 2K(FE 1) ABFFES IR/ bR X 5T HEE X 4 + 38 9174
X, BT RAMFFEET BE (1980—2015 4F) 4338 bib S LI A B AR RS , AN R AEAR AR AL, R I A A58
WK FHAR A 8 £ 38K SCr 4

*1 FEEHEMXTEEKXRR
Table 1 Hydrologic soil types of Beijing-Tianjin-Hebei city agglomeration

R SR A R S BN/ (m/h)
Soil type Characteristic Soil type Minimum infiltration rate
BIERE IS T AARAR Y g W WP+ R+ 7.26—11.43
B BB R T T TR Mt et 3.83—7.26
C BiERe I A AP AR L b g+ 1.27—3.83
D BB IAR A R AR Y MAE L L A 0—1.27

223 KR GHE

BT T T K SO G A B KB B S A i i Hdi ok 1 1 b A B I3 YT I ds K SCAF
Y R A AR A (B 1) o SRR AU AR 35 MRG0 5 1950—2015 4R 1132 H R &, ¢ Xt
Iof R 5 A T TR S e, DA L BRI SR RIS, FE A AR ADL A 2 R e Tk S A S A 3 B
HEATRRY S EIGE | B0 DR A A A FH 0T 9% X3
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2.3 MEERISHKIE

BT SCS-CN J75 1 L-THIA FERUEARYE 36 [El M X 5 | 3 K -+ b A PRI S Sy, BRI 0, 7 o7
BRI TAR U S AL 75 ZE X R SR TA IE . — M0, ZE R R — 8 (0 2581, 77 Ik e 5 K %) 4 b )
RN R mir R AR OV (K, R Z IR

2 R B U SN RE 93% 1) DX T T A IR P, ASAF 5T LA 3k 100 B XA T S G AT I O
AR 5T S 7% 5 K L ORFE R H R OV {8 A 5303 DL A 2735 AR DG RIFY AR A0 1A 3t - 498 A R - b i)
FH /78 et 5 S ST A X R I R R A CN (R (% 2) T,

®2 BAREARLMAAE/ BEEE CNE

Table 2 CN values of different land use/cover types in Haihe basin

- Hiu i 7 e 7K 3¢+ 541 Hydrological soil group

Land use type A B C D
IR Water 98 98 98 98
#H Barren land 77 86 91 94
M Forest 48 68 79 85
ANifs K 15 Impervious land 89 92 94 96
il Grassland 52 74 81 86
HiHl Cultivated land 64 75 82 86

2.4 BERVGRLPEIRUE

AR 5 16 HRCIAE A 3 3 PR AR AR Ll | DR B R R K T 3 A /K Sk s, 2001—2014 4736 14 4F By SEi 4%
DA HEA TR A BRI UE o 3 A3k A A9 A A B 430 44100 km® (3770 km® 4420 km? ( EiH o I8 T-1m]
B KB ) o A HILL 2000 4F - #b F1 FHECHE AT 2001—2007 432 H FEFEECHE 2010 4F 30 1) 508 Fn
2008—2014 4F-1143% H FERNEHE M A BT B0 TR Ik 2001—2014 [y 224757 35 428 7 i, AL 45 51 I
23, WPREIILE B S S ECRHET LU, IR 25 £10% 2 18], TEiR 22 R T 2 . B, DL B #fsE D CN
{ELIE FH IR AR AR, i L-THIA ARV AT I 820 5%

£ 3 L-THIA #EEER R IFH

Table 3 Evaluation of simulation results of L-THIA model

i $'e HEH Value of simulation/10% m®* S {E Measured value/10% m? FAXTRZE/ %
Hydrometric station 2001—2014 2001—2014 Relative error
ZREL Luanxian 19.03 19.33 -1.53
FARIKE Wangkuia reservoir 2.86 2.71 5.61
PU KK Xidayang reservoir 1.92 1.95 -1.35

2.5 BIAUBLRL S AR

AHIFGE ) T T 3 S N 35 NS4 5 1950—2015 4F 938 H 6 R A . 80 DL & 19801990
2000,2010,2015 4F 5 1] - b A1) FH AR ST T E S T A 2 A I b R AR i, IR AR AT . B o AR
RIDS Gl S E | s BT o R B AR i A TH R s 0 OV 8, IF S BRZ NI ]
WK, LAz H I IR IR Sl TR | BETRDRE [ T B 4 R 2 AR 2 0 A B B, HF LA AR (1) —(3) i TR i i
TR i WA AR 25 S A T Ge v, A3 RS 6] = R L BB 5 T ) 24 P Y e i

3 ZBREHM

3.1 UASRTE L A B AR A B
1980—2015 4F 5t X+ A/ B AR AE M T R R (8 2 38 4 3 5) - (1) LA IR
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FA G, 1980—2015 4F 3¢ H: 3 1y X 4 b 1) FH 28 780 LU FD AR b Ry 8, 2 AR 2 5 He 4 1o 47.10%
32.84% ; FiHL ANiF K e 5 KA T | B AR SN s R TR RN, 5 AR T 0.4%, (2) MR AEfL S
P, 1980—2015 AFAN B K MR ARl | 50 i K Al %) T AU, /K44 BBk b T RO/ . Herp Bl 5 A3 K
M F AR AL HAy T A 2B R AR IR A /N, 11 1980—2015 4F, #FHB T A 109371.78 km? U /b & 94303.11
km? , ZERENIFFE X B THIRR 7 LEI8ZD 6.99% 5 AN K b 3R THI B 11675.17 k341 %8 24365.31 km?”, IR /5 L
RN 5.89% ., (3) IR AU 7 2UF |, 4 - R R 28 RUEL AV RR FE R TR, b Bk AN 378 7K Hh e Rk
IR R A Ak Fe R J B, 32 2 35 B R Bk b ) PR ML | AS 325 7K b 3 b A 7 AR R KR [] AN 385 K b 3R 1) B AR
1980—2015 4E H4 54 AL 4351 1515.98 km? .10992.45 km? ,1979.83 km? .826.59 km*, (4) MAS[EIIS AT -+ 1 ]
FHFIEE , SR AE 13 N30T 35 DAA b Rl 55 4 N T2 1 Dy 32 28 P M2 Y (B R 3 i A T3 1
(ANBEKHER) AR AR ZES (K 3) o K Jbnt JERY7 ST A 2 7K 12 AR o Le Ak, 2015 4F 41
SR 26.86% 18.72% 5 19.15% , MRS 5K 5K B ARFEK R AL S HE/N, 2015 4E453 5100 1.95% 5 4.11%
AR, AN K 3R (AR AL RFAE R, 1980—2015 AF AN [R) 36 7 AN 325 7K b 3 1) 38 K M B2 AN [R] AN 328 7K 1l 2% 1) 38
FERAIR RE AR AE L HRERAEIR T 35 SEI T S K AAE AT T 1000 km®

19804F l 19904 |
20104 | 20154 |

B2 FERETEMXARENA LR A/ BWS A

Fig.2 Land use/cover distribution of Beijing-Tianjin-Hebei urban agglomeration in different periods
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1980—2015 4F | 5UH B T B 2 AR AR TR 1t 150.75 12 m* 9K & 168.59 12 m® , Kl K 17.84 12 m®,
HANR 11.83% , ASIA]AS B Rt b X R AR T 0 KRR TR, B B 1990—2000 4F K 2010—2015 4F Hi R 4%
IR REG A, X AT B A2 I B AR Y38 KR 5308 0.36% ,0.46%

R4 FERETHUME WA/ BREE %

Table 4 Land use/cover composition of Beijing-Tianjin-Hebei City Group

P R FO Years

Land use/cover type 1980 1990 2000 2010 2015
JKIE Water 2.90 3.40 3.08 2.79 2.74
4t Barren land 0.31 0.22 0.29 0.33 0.32
b Forest 32.42 33.11 32.56 33.16 32.92
ANif K 5% Tmpervious land 5.41 6.00 8.27 10.02 11.30
i Grassland 8.27 7.68 8.72 9.24 9.03
HHHb Cultivated land 50.69 49.58 47.07 44.46 43.70

x5 TURHEBTEE 1980—2015 £ T AT W EBER
Table 5 Land use change transfer matrix of Beijing-Tianjin-Hebei City Group from 1980 to 2015

- M 7 e KM /km? BH/km? bRd/km? F/km? Fifl/km? AR/ km? T t“] /km?
m

Land use/cover type Water Barren land Forest Impervious Grassland ~ Cultivated land ?13980)

land

JKIR Water/ km? 4049.14 78.73 90.28 991.47 152.01 878.23 6239.87

4l Barren land/km? 48.45 308.93 75.40 34.98 102.21 94.34 664.31

Mt Forest/km? 96.71 66.70 64680.41 675.90 2065.76 2362.21 69947.69

RiBKHFE Tmpervious land/km? 164.88 14.72 148.69 9794.87 131.97 1420.04 11675.17

|l Grassland/km? 80.99 85.08 2162.78 455.60 13774.75 1278.61 17837.82

HEHL Cultivated land/km? 1432.75 120.23 3878.19 12412.50 3258.44 88269.68 109371.78

23 Total/km?(2015) 5872.91 674.40 71035.76 24365.31 19485.14 94303.11 215736.63

*6 FEEFTHSEFIHERE
Table 6 Average annual runoff of Beijing-Tianjin-Hebei City Group

AEARY Years 1980 1990 2000 2010 2015

SRR 2 AR AR /108 m?

Annual average runoff of Beijing-Tianjin-Hebei 150.75 155.83 161.37 164.82 168.59

City Group

/é:xa/ ARV 3% /0

RRR T % 0.34 0.36 0.21 0.46

Annual rate of runoff change

ANTR] L R FH S B P AL o3 A 25 SRR WY (3R 7)) « (1) AS[R] e R 2R B 7 3 B8 ) AN [R] , 4 BRIt e
FIRRSHER KA S ANE 7K 3 > 45 > Ak b > 5 i > AR, U 2015 4F R a5 7K i 2 FBE Hi 9 T AR EE 4 R
11.3% 43.70% ,fH7F= N 50.22 42 m® 52.14 42 m® , RNiF K #b22 LIS Bk 1/3 1) 1 FL P2 A 29 A #E b 96%
R, (2) 45 T HUF A= g i 5 L AR AR b S5 AR — B0, 4N 1980 4F 28 2015 4F, ANiF 7K i 2 1
FUH 5.419%3K % 11.3% (R 4) AHN A H 24.27 /0 m™ 81K % 50.22 /2 m*, (3) BTlRE I R/NE, 5
TSI T X M FE AR TR AR A - R T2 AR R R RS B K M e R RIS 35 K 3 3 1 2 AR 44 7R
7 L 53R 35.38% ,22.71% ., [RlA, Bl - R FHAS Jm A8 1k, N385 7K R0 b 2 428 U 1) DT R R 8 4T T,
3.3 OR[RIT L FRAR I A AR AR AE 5 R A

T RUBE I, 1980—2015 4FAS [] - b 1| FH /B A% oy T Mo AR IR ASE PN 245 SRR B (&1 4) | L Bl [X s e
TRPGRZS Bl A AN 5] IR IR 2t BRAE AL R R A R & HEHE 5 R L A5, s, A
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Fig.3 The composition of land use/cover types of Beijing-Tianjin-Hebei City Group in different cities
(7] 308 T P P ) AR U TR AR AR B R 2 5, TR DR IR XA AR I R o IR X

®7 WEEETEHBXARLIMAE/ BHREBSRE

Table 7 Runoff volume of different land use/cover types in Beijing-Tianjin-Hebei City Group

1980 1990 2000 2010 2015

Ay ¥R edih=y ¥R A ¥R

l 1 1
Year Runoft/ ref Runoft/ K Runoff/ K Runoft/ Kefl Runoff/ Kef

8 3 Rate/ % s 3 Rate/ % s 3 Rate/ % s 3 Rate/ % s 3 Rate/ %
10° m 10° m 10° m 10° m 10° m

JKAR Water 22.17 14.71 26.16 16.79 23.94 14.84 22.08 13.40 21.71 12.88
R H Barren land 0.72 0.48 0.48 0.31 0.76 0.47 0.79 0.48 0.79 0.47
B Forest 32.96 21.87 33.82 21.71 32.69 20.26 33.73 20.47 33.22 19.71
Iﬁﬂ(i&i 24.27 16.10 27.00 17.33 37.48 23.23 44.68 27.11 50.22 29.80
Impervious land
HH Grassland 9.26 6.14 8.35 5.36 10.40 6.45 10.74 6.51 10.47 6.21
#F Cultivated land 61.34 40.70 60.00 38.51 56.07 34.75 52.78 32.03 52.14 30.93

WA AREALAE AR TR (NAARD ) 3 B 25 SRR W AN [RIIR T AR AL AR AR IR 25 3 K (3R 8) , R W
AT R RE AN, LR ERF , K RE A FIE 3 DT bR e AR R HOR 7R TE K Y
PRUEACAE R4 T TR AR, b 5 Tl B bR HE AL AR B 42 S TR AL F b 48 KSF . 4 2015 4R REE IR E A K ER
NAARD {40514 142.31 mm 121.75 mm,126.44 mm, 7Kf8 #7K ) NAARD {H{CH 37.14 mm 52.77 mm, JL5T
T NAARD {4 81.24 mm,,

AR IR AR AR | 1980—2015 4F 13 NI 17 A FR ME A6 AF 24728 T TR B IR S B e 34 (EA () 4k i
PYHE KR BEAR TR, Hor bt KEE A SE JERY5 SR B3 A 4 5, 1980—2015 4R 43 36 An 1 12.31 mm
25.66 mm13.33 mm12.36 mm ,13.77 mm; &8 5K AR IEACARE A48 I DR IG INALAIG, 43 3 i 1 1.27 mm
2.70 mm,
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Fig.4 Runoff depth distribution of Beijing-Tianjin-Hebei urban agglomeration in different periods

AN, £ 30 TARAE AL AT A8 T R AEAS [ B BT A0 AR AR AR AIE 22 SR, ndb s R A A IR & Sk i 76
1990—2000 4E NAARD 4EKAG 5 A, 4305120 0.52 mm ,1.39 mm 0.70 mm A% 0.48 mm; i JF1l  &E KK
1 A58 ST B9 NAARD AF B {8 5 R ) H 30 7E 2010—2015 4, 73514 0.44 mm .0.13 mm ,0.35 mm ,0.58
mm , Z& 5 [ 7E 2000—2010 4 NAARD 4FE ¥ K&K, HEMKFE, 13 ST 7E 1990—2000 4F | 2010—
2015 AFEPIAN B[] Be AR B RAE R K, #5387 NAARD AR 3G A AU

4 siRSiE

ABIRGE & AL ST B AR5 IR R DU 1) = 3t R B A A O 5 R AR TR R NG R BT AR 3Y
K SCRGIRAE o W st St DX Dy S0 3t R 8 A SR A A X A 2 i 5 AR AR, R A5 nR

(1) ARSI AT L-THIA B8 ST 72 H R Bt | S8, LKA ] b 3 M) 3 w5 die | A il e 3
Mo DX s AR PR YIS 25 A REAE . ZAGH  BITUBIR ZE7E + 10% N, R T M EE 19 L-THIA BERLE T 50
TS DX R MR AR R AL
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(2)1980—2015 4, 5t HERLI T AN 7 /K b 3R T RRURI 2038 I, FEAS AR 12690.14 km?®, THIFH o L3
5.89% ., ZUFBIAMAL R  RE B PR AE A1 500 ST AN 35 K b 3R T B AR, R R A A AR X
B,

* 8 AREHWMIRAELEHERR
Table 8 Normalized average annual runoff depth in different cities

FRUEALAE 42 IR Normalized average annual runoff depth

) A km?
City Area 1980/mm 1990/mm 2000/ mm 2010/mm 2015/mm 19802015
NAARD 75k

dent 16405.80 68.93 72.99 78.14 80.51 81.24 12.31
K 11686.40 116.65 122.68 136.56 141.70 142.31 25.66
JEL 13589.50 77.23 78.17 79.47 81.87 84.05 6.83
ZHEE 7770.78 65.75 66.63 68.83 72.83 74.29 8.54
RIS 39491.50 35.87 36.02 36.40 36.48 37.14 1.27
kRO 36793.90 51.76 52.65 52.57 52.72 54.46 2.70
e 22194.00 111.28 115.07 117.30 118.85 121.75 10.48
AFRE 14070.80 113.11 114.92 121.92 124.57 126.44 13.33
JER 6415.29 50.62 53.46 55.82 59.76 62.98 12.36
B 14071.90 64.24 66.26 68.18 70.31 72.17 7.93
K 8838.63 43.74 47.29 47.42 50.69 52.77 9.03
wa 12438.70 83.63 84.17 88.99 92.04 93.47 9.84
45 12063.90 82.35 83.64 88.39 91.77 96.13 13.77

NAARD, FrifEALAFEE42 R Normalized Average Annual Runoff depth

(3) B R/ BT AS Jm (A8 Ak, Bt T Ml X b 96 A8 U o S S W B 3. 1980—2015 4F H HEZE I
TR T 17.84 42 m® W40 11.83% , X HbF A% I 5T MR A1) 1= Hh A FH 28 R0 0 Bk AN 325 7K
1 HLHEE A K R T AR A i i , H stk R B A1

(4) IRTH RUBESR T, 345 IR T AR AL AR Y AR T R (NAARD) AR K 25 5, KT NAARD fH i
K REN e/, AL T T Ko, ANFEIBR TR EAE IR IRIS KRB A ER K E R, (BRZEN
HIFE 1990—2000 4F- ,2010—2015 AR J ARG KA, 33X 5 mU b DX A 3 i AL R A G

WFFE 4 R | Bl - R /g AR Ak , B S0 X b e A28 37 B2 I o AR B4 R 3 X T R 2 S 8O T
VAL 0 AN 0 ) B 9 1) WA Bt 2 8= N1 11787 N DB WS L8y I e w11 R 1 e L b L R0 o T
SE WAL R B K E R TFBL, A, N IKTT NAARD AR (LA o] LA ), - M B I N 2 5
M 358 T MR AR T A fE— R 3R, 38R 2ROk SRR E N R WS RRE A E 2w, WA R E AR
S JBR S5 T BN K MR BRI AT 7 I R 8 R Y AR RS B B (ER R B T A A T AL AR S AR T R )
F A AL R AIGGE 60 mm , IRTTARHECLAE S48 TR R e T ASTRI T 7= i B 0 (R 55, mT LAAE R RdE b
FE 7R TT A R B 78 A X0 DX Sl b R A58 B ) 5

PEAR A SCATAFAE— SN I 2 AL, ANTE A TR A 2 i, AR 98 e B T VRT3 R 3 A F it kb A T S 408
UE, EVRE AT Sy R A, T SR TR AR AR 25 0] A AR I 2 5 A8 3 i B 1 B 30 S (AL ) 25 SR A A —
EWRE, T AN AR SCAUR S i 25 19 -+ ORI FEBCHE R T M R A2 i 0 AR Ak, 7 5 20T 55 b s B R [R] R S0
MR AR T 58 DT AR AR ST S S M X K SCEL R W AR LR

5% 30k ( References) ;

[1] Hao X M, Chen YN, Xu C C, Li W H. Impacts of climate change and human activities on the surface runoff in the Tarim River basin over the last
fifty years. Water Resources Management, 2008, 22(9) . 1159-1171.
[2] skidtx, R, EER, W, £/0%E. B0PRE T WK S0 0 & 58k —T1 3 K SO0, K BF2= 3k, 2014, 25(4)

http ; //www.ecologica.cn



414

BT A aUH ST A b st R AR PO 3 A% AL 1) R ) 1423

[3]
[4]
[5]

[6]
[7]
[8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]

[17
[18
[19
[20
[21

[22]

(23]
[24
[25
[26
[27
[28
[29
[30
[31

[32]

594-605.

B, RFETT, LI, WERE. ST K SCEOM BT LRIR. K3, 2013, 33(5) : 16-22.

P EL. AT K T 4 TR s R AR A A SE IR [ D] . WREE . BRJRIEITE RS, 2016.

Warburton M L, Schulze R E, Jewitt G P. W. Hydrological impacts of land use change in three diverse South African catchments. Journal of
Hydrology, 2012, 414-415. 118-135.

. G R AR A SR SN RTFE[ D). R AT TR, 2007.

FiF, HEN, MO%AR. LA AR AR AR T . NRIRTT, 2017, 48(8) ¢ 32-37.

Dong Y, Liu Y, Chen J N. Will urban expansion lead to an increase in future water pollution loads? -a preliminary investigation of the Haihe River
Basin in northeastern China. Environmental Science and Pollution Research, 2014, 21(11) : 7024-7034.

FURUE, 22K 26T GIS A1 L-THIA AR AN T L08R o U575 e B f AR Ak oA, PRBERS:, 2012, 33(8) + 2667-2673.

SESE, ZE, A, REL W AR B K SO R S N I ST B JR . K L OREFRIFSE, 2013, 20(4) : 301-308.

BRI, AR, USRS S5 MDTT. ZPF MR, 2015, (6): 105-111.

R, BESE, s, Wi, sHESURTTRE R TT B RRIE TS, LI I, 2015, (7). 79-88.

EUREE, GRS, TR, REERG, FReE. AT AR TR i A R e 4 T AL K BEELR Y, 2018, 34(3) ; 45-51.
SRR, R, B BRI LA A RERAR AR A2 3SR, 2001, 21(7) @ 1041-1049.

Yin J, He F, Xiong Y J, Qiu G Y. Effects of land use/land cover and climate changes on surface runoff in a semi-humid and semi-arid transition
zone in Northwest China. Hydrology and Earth System Sciences, 2017, 21(1): 183-196.

Yang W T, Long D, Bai P. Impacts of future land cover and climate changes on runoff in the mostly afforested river basin in North China. Journal of
hydrology, 2019, 570 201-219.

BRI, BRI, B, Jkiett. AKSORRIBE e 4ak. hIEPEE, 2003, 23(3) : 221-229.

WEIF. UK SRR i T IR KB E g, 1997, 8(1) : 94-98.

ZHIM, KB, AN SRR B I IR I 5. Itz A4i: FRBLSE, 2005, 41(3) @ 279-285.

UL, BILE, BRI, BRI BT L-THIA ORI i B isE S IR AR A 04T FREERE:, 2013, 34(11) ; 4218-4225.

Tang Z, Engel B A, Pijanowski B C, Lim K J. Forecasting land use change and its environmental impact at a watershed scale. Journal of
Environmental Management, 2005, 76(1) : 35-45.

Chen J Q, Theller L, Gitau M W, Engel B A, Harbor J] M. Harbor. Urbanization impacts on surface runoff of the contiguous United States. Journal
of Environmental Management, 2017, 187, 470-481.

KA, s, MRATEE, BRERAE. AR A s R R A X AR TR A SE B 5T A SIS R A2 4. HARFIAERR, 2014, 50(5) : 467-471.
XIER, SR, BT E R R xR RS, KRR, 2013, 29(3) : 44-50.

Xte ZEfhid, AEE, Sharat, R, MWEK. sUEESERT R AR R AR AL S T, A2, 2017, 37(16) ; 5324-5333.
SR, BURME. SRR TR SR R R A 23 R AR S BOR A /R . R0, 2017, 36(1) ; 58-67.

R, MR L0, mUERS DX ) AR IR Z KM RER. e SRR, 2015, 15(3) « 347-355.

JBEAAR, SRV E MR SR AR ST R E MR R TR, 2014, (10) ¢ 36-42.

M. BOEESER TR L A BN 248 SR AR 1. TRk, 2018, 46(10) : 276-280.

HAEW, XUR . S HE OK BRIk P KCHOK BEHRURER T, AR BERAAR, 2006, 21(5) : 689-699.

T, RO, whE, REKGHE, VEALR, B EMS. BT L-THIA SR IR TR Rk s U5 TS Y Sr A2 AR A 7. 2 2 S IRIR#3R, 2015, 15
(1):208-213.

Shadeed S, Almasri M. Application of GIS-based SCS-CN method in West Bank catchments, Palestine. Water Science and Engineering, 2010, 3
(1):1-13.

LiCL, LiuM, Hu Y M, Shi T, Qu X Q, Walter M T. Effects of urbanization on direct runoff characteristics in urban functional zones. Science of
the Total Environment, 2018, 643: 301-311.

KRFHAGEZ, THF, Mde, skig, Mg, ARSI 4250 (2000—2010 4F) SRR A PG, T ERMEBEBE T, 2014, 29(4) ; 462-466.
WE, SERA, EA, R, BWITT X 4 R AR A R AR R AR . K L RETRRL 2, 2018, 36(8) : 22-25, 38.

HOCH, BedeE, TREE, B, BT SCS-CN BIRILE LIV M 27 WA S TP UM, K AR FridE A, 2012, 32(3) : 174-177, 187.
FEEZH, SR, SRBTALXT R AR OGRS, BRI, 2015, 38(5) : 35-37.

http ; //www.ecologica.cn



