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Small Watersheds Division in Complex Terrain Region
Based on Human-machine Interaction

—Taking Hubei Province as an Example
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(1. Soil and Water Conservation Department, Changjiang River Scientific Research Institute of
Changjiang Water Resources Commission , Wuhan, Hubei 430010, China; 2. Mountain Flood Geological
Disaster Prevention Engineering Technology Research Center of Ministry of Water Resources, Wuhan . Hubei
430010, China; 3. Soil and Water Conservation Monitoring Center of Hubei Province , Wuhan , Hubei 430071, China)

Abstract: [ Objective | The watershed division in complex topography area was conducted in order to provide
basic data for regional ecological watershed construction and planning. [ Methods ] Hubei Province was
selected as a case study area, where covers mountainous, hill land, plain, many rivers and lakes. Firstly, small
watersheds were extracted automatically by using the ArcGIS base on DEM data. Then, small watersheds in
the mountains were merged and revised manually with the assistance of gullies, remote sensing images and
residential data. For plains, the conventional gullies were replaced by the high-precision river systems. At
last, we analyzed the suitable threshold value, frequency, precision and river network density. [ Results ]
There were 5 806 small watersheds in Hubei Province. The watersheds with areas changed from 30 to 50 km?

account for 60% of the total number. Watersheds with area small than 20 km* had low-precision and dense in
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plain. In general, the classification accuracy of small watershed in mountainous area was higher than that in

plain area, while the average river network density shows the opposite. [ Conclusion| The results show the

human-machine interaction correction could be used for the small watershed’s division in order to get a better
g

result. The accuracy of automatic division of small watersheds in plain area is lower than that in mountainous

area, which needs to be corrected manually with high precision water systems.

Keywords: human-machine interaction; complex terrain region; division of small watersheds; urban water and

soil conservation

ANV DA K BR Vi AR S FL VA L 3 TR B P
BRI BN R — S K R BT,
MR JEARMBO Y 2255 B0 . AR R FE AL E . B
P E K A R AR o sy AR B i 50
km*™, FEFIEHR A EDK LR TAE kAT
BRI EE S L AR S8 7K b Ui 2R 55 1A S 1) 42 TH 4
T T R /N B 5 R AR g K R ER(E B A
B LUK RS B AR AR . /IR 4y
RE Ay DXl 11 2 2850 7 /0 It A AL AR A AR /) ik
BEnl B S £ TR e BRI T K B T R IR B0 4 Ak
EZIPANYTe s R TR i B G o C AR = I LBV NS ) N B
LR L R B AR R R B AR B A
TR, B E R BB (digital elevation model,
DEM) M2/ skl 43 i) 56 il . DEM A0 8 5 6 19 3
T Hu 3R AN K SCAR B BE % 52 e 4% b 43 9 32 1 b OV e
fiE. ik DEM A] DUSE R & 09 3 308 2505 5 Wk
DT T L I =20 =GN 1 2 0 ) D T o
HHEr.#H DEM #frm ki TEGRZ, .
ArcGISIf® | Global Mappert” ., WMS ( Watershed
Modeling System)' Fl MapGIS™! &, 7 3¢ ¥%&
ArcGIS 7K 3C A BB (Hydrology Model™' ") 4E K
sk F 3 &) 4r /9 TR B Hydrology Model J& 36
[ PR 58 28 Go I 52 I 8 ] CESRD &[] X 7K 3¢ #r $2
EB A AT T T b R R R I I £ ) 4 B A A AR b T
BRI TR BRI AEN 3T DEM X #L R g
A A0 26 AL IX 4 v Bk AT N U BRI 5 R 7S
SEUSLAYHT T VR U DX/ B K SCRRAE 5 2R R
SEHU I T AL N SR T IR B MO T R+

B DX S WA Jm 9 52 e R [P A SR A BL A B
7 30 H I 52 2% X/ sk o3 E SR AR D . e R
LR %y o [ R 7 i S A XL M A S R TR i T L
Fr B AP J5. B 22 W00 A e Al . AR SCHE BT
DEM fii Jil ArcGIS F 34 73 i% 48 /N B S8 )5 e 1
DR HIIA I8 28 S AR L IR BRI N T ORI
PEIE s e UK, T A s BRIV 1 R AR R &
K K 2 I FE AT N TAB IE s IF JE 47 38 AR U 1
(B /0N U T AR 3 RS EE LA K] 0 %8 2 43 A 5 LA o
A5 2R B2 AR I DR /N U o S B 2
#ria.

1 WREMS ik

1.1 5 REER Ao S 84

018 | R v e el S R 1 1 IS KA M e B2 R A=
4T 29°05'-—33°20'N,108°21'—116°07'E Z b, K
LB B o SR R IXOK Rk GR, R %, &8
TR G Bl & 7~3 083 m, H v 5 iy o5 T 4 A 2R AR
X o MR B A P A =1 B, AR g
] B T O e R . AR B R A,
Mo 5600, BB o240, PR 2000, 1l Hh 3 A
TR A AL CE B T L BH P R A R
1 O 9 o 5 O o R e | o N S ) A
AR B S M X5 S JR 32 R VDR SR AL R R N L v
T ANBE R TT VBT SR DA K 2 J8% R 0 b X 5 HL Ath 1
DX Ay L DX o~ i DXk U Y e B b

TR T Y 32 22 Al A A 2 DEM. Bl B %R
1o 4 1 SEGE AR AT BRI K R SO AR R (R D

F1 MEXEMEBE

532 Bod 4 A G TSN SR xR
1 #4t# DEM bt M KN 20 mX 20 m. £ A& GB/T 17 278,CH/T1015. 2 ifi T3 A AL L
2 LA B AR ik A @ PR 2 m, ZIEREAS A HER 8 m, IR 1 50 000 P N R A Y
3 AL A7 B R e KiE BEAR R B S HRURMRLEALE . IR 15 50 000 LA T 2 Jey 4
4 b2 Ak Z R FN A W KRS L BITR 1 50 000 LA T2 )R B
5 IR X K 2 e K B R KL EEEIR 1 # 10 000 LA D 2 Ry 4
6 HAb K da K O BRI KR TR L R LW R R LR T 5 50 000 AL D 22 Jey 4 1




184

7k - B F e AR

%38 &

1.2 X&aFE

(1) HHIHSE . B THIE EM W FE, 302
RS T AR HIE K I T 1] R B R B HE K T 28O i 2
K, 78 ArcGIS /', i Hydrology—>> Fill X} DEM
AT T .

(2) JKFETTITT3. ArcGIS SR 5 K 3 %
(Deterministic eight-node, D8 i ¥ 4 & /K i J7
m, 3 F JC i DEM, iz | Hydrology—> Flow
DirectionZZ i .

) hwm EREITE, L B2 E & Mg L
Ui 4 i A A B . fBOE R OK XS RO A 1 B
TR i BRI O ) G Bl Ui 2 45 AR T it R AR
#ox ¥ om 1, 78 AcrGIS o, J T K 3 5 1), iz
Hydrology—>Flow Accumulation SZ#{ ,

(D) L EERE. BAT, E A5 e %3
BER b R AR 18 A A Y R R A B 4
iR 2 A RO . 4R A (1 E T )
PEE OCHE , WA /N H SR o RS AR R . A
SCR FHAE 2 58 1 43 A 05 B 0 35 B 0 S U B (B, i R
R 22 A 2 AR 4 I . AR T 50 km® By - i 4
WA NT 10 km® B FREAZ T RZ K, BW
RN EWANTBIE T ERE. BESITRERN.
OLERI LRI 2 BEE — A BB i 19 A 547 7 I 8
Asiig B @ g it /h T 10 km®*, 10 ~50 km®, K F
50 km® i Ui B S L s ORI BN 4R 4R T
B R 1 PR 2R AT A sh 4 S ge it @ A ok B
ZE8 oy I As B B AR i A

(5) i g 4% B 3 4R i B {H )R . Spatial
Analyst —>>Raster Calculator H zfj £ B[ [ ; 45 &
AN B ISR IE B2 8 2R 47 L0 XA B
&I 518 I R R B R .

(6) Y] I 43 G . TAT 1) 43 2% S R 2 YT 3 FH 8
iR o7 =K 4 2 %%, iz i Hydrology—>> Stream
OrdersZH .

(7) Fsk B sh e, Fisl A s B R .
O Hydrology—>>Stream Link #2 lUH /K &5 @45

A KT, A Hydrology—>> Watershed 12 #i} #%
BIKIIT; Q& KR /NS A sh 043145 281 .

(8) LB IR T & . A HE /N i 84 43 B0 et
BER /N A B ARSI 7E 10~50 km® Z[H] . /N
BB sl g R A e R E I AVN T 10 km® (1§l
il AT N A IR

(O AWLZBEAEIE, XFHEB/NT 0.1 km®* #7#
sk, b b N T A I T.4E &, A Generalization— >
Eliminate [ 8 & 3. X AR T 0. Tkm® 19 07 8. 78
PRAEHEIE b 55 56 e 0 17 2 T, 5l B 38 | B AR R
R 04T N T a8 I CRLEE 6 0F 4 B RS GE
R BIE TAEREE Iy . ORIERR TR
MK RMIAFP R IERE. QB IFE /Nl BUS i
FERITE 50 km® AP . X 48 K Bl 8 B9 9] i 7 LA
KoK PE AERN 3 v, ADR L BROMAES 1 AN . @ 20
B B b EEORE AR T 0 S8 A M T A i
AR E R G HIE & Y N EGh B. O
G =L U o N P S = ) i |

WA B SR M R0 00 ¢ R 5 MO FRAE . #E4T AL
HABIE &, B WA [FE 245 28 B (41 45 52 36 A0 | X [a] A
394 T R e e R AN (R AN 8K
1.3 ZHRWIE

Bk AMLEE B 7 240 4 19 /0 T R R A A
SR . KNG RS MY B ST &N A% A /D B
TR 5 A A /N B A K b i 2 a1l
T8 DA R0 s /N i B 5 oK R AT &, A% A b 3R
KRR LD KR E R IEW . F 0 A0 2 1y Hb X
M7 AT B A A ST

2 R50Pr

EEERBAERNIZR
Fi¢ WECRI T 006 20 G2 140 A 12k Dt BHL K U ) A IR
& E N 3 000,2 000,1 500,1 000,800,500 F1 300, &%
e iz ArcGIS #4350 B 2 88 B i 58, 43 5 Se it
/NTF 10 km? ,10~50 km? , KX F 50 km* B T B % H
), Gt R 2,

2.1

K2 FAAERBAESFGETFRESET
o %/ﬁ BT <10 km? 10~50 km? =50 km® <10 km® 10~50 km® =50 km®
I8 {EL B T R F AR T K L/ % e/ % L/ %
1 3 000 4841 1581 1 800 1 460 32.7 37.1 30. 2
2 2 000 6 907 2323 3454 1130 33.6 50. 0 16. 4
3 1500 9 134 3328 5025 781 36. 4 55.0 8.6
4 1 000 13 294 5615 7 343 336 42.2 55. 2 2.6
5 800 16 107 8 403 7526 178 52.2 46.7 1.1
6 500 25 403 18 706 6 662 35 73.6 26.3 0.1
7 300 40 801 36 660 4138 3 89.9 10. 1 0.01




56 M

B AR T LS EL Y M TE 5 A DX /N I 3k 3 43T 90 185

WE1—2 m . (D) ERBEEBK, A %50
/N SR R B /D FLETRUR F 50 km® (1 F i8R
LR AR, PR 4 9 B 38 R B K5 (2) Bl 4R
L BAE /N s B 3h R 43 10 /0N B SRR A 4 L 2 30 T
FBUNTF 50 km® {4 It 3 55 i AS W 14 o 1 AUOR T 50
km® A9 B0 A WD 5 (3) Bl 25 42 I B9 (E 98 /N = 800
BF L AAE 10~50 km® B F 9038 5 LR 2 T Bl 3,
{EECE AT AE R s (4) 2 8200 B AR T 500 W), B A
A2 BB AU /1N - 10 ~ 50 km® (9 F 35 380 00 B0 3
Wl b BB JESEAE 10~50 km® (1 /NG 300 404k 5 (5)
TR AR F 50 km” (9T A, B A 348
(8 3 B AN KB 1 L 25 5 4 AT O s A T I (E R R
500 AT

5 -
- - R FREH
41 < R (<10 km’)
> - A& -3 358 $(10~50 km?)
£ —Oo— i HA(>50 k)
S 3
=
B 2t
B
1t
0l—o -
300 500 800 1000 1500 2000 3000
R BME
BE1 FRE#BESHIT
100
_ C I #(<10km®)
[ H #(10~50 km?)
801 B [ %(>50 ki)
601
#
X 40}
201
ol

300 500 800 1000
SR B E

B2 FiREBELH G

1500 2000 3000

2.2 FRER/MNREEIE

e B A A I R (ELS H3EHL A S 4R B /)
T ANE 3 Bz o AP R IX/INR A 3k o s i B
RZ % HLH R A 3 hITHE

2 Fr . O %R HAR R K2 HBE T
DX 2 R R S AL A B Ak 3l 23 (9 /) O SR 2 T AR
AR F) e A 22 DR T 7KL 7 15D S DI 2 X b 42 Al
N KT R ANE E S PG B Sl 4R EE I8 E R AR
AN s @ IR/ R TE B I R R

A B4R B A B AR D 2 R L s 1 TR
JE XK Z AR I Al LR B AR s R B 2
L2 Ik sty N T A B IE s OXt AR ol 5 2 11
S I DR L W IE K P L 22 b AU 0N K 23 n
SRR H A 1 AN

3 HENLA R EE /N R

TEANLAC B A& 1E 58 B R . 4 56 1E 1A 3 3K 15 &
L /IN B R oy A R CR 4D L 16 A8 R 4y TR 3t
5 8064%,

B/iE/m —E R

fi3083 MBI
mi =7

0 45 90km

4 HEEMRENSER

2.3 ERMR BESH

XFAbAE 5 806 /N iat B, 4% B AR <10 km®,
10~20 km?,20~30 km*,30~40 km?,40~50 km?*,
=50 km® PEATSEH (K 3. i 3 AlAL O A/
F 10 km® (A 215 5. 5 BECER 3. 7% T ALE 10
~20 km® WA 761 £, 5 BB ) 13, 1250 ; 7 BUAE
20~30 km® WA 1 313 2%, di BRI 22. 61005 M
FUE 30~40 94T 2 041 4%, i BB Y 35, 15065 THI
BUE 40 ~ 50 km* WA 1 392 2%, A% &E W
23.97% ;ALK F 50 km® (A 84 4%, i B BE Y
1.45% , R R AL WA RK X s @ Bk I,
A4y A6 78 30 ~ 50 km® X [A] (948 £, ¥ I 60% 5
QUM FAE 30 ~50 km® [X [i] Y $1& BOKS B 4 /5 » 3k 5|



186 7K AR 3 4

%38 &

96 %0, EEAAAE X s @1 A/NT 20 km® £ 0K
FERUIR . 29 9306 A P R IX B AR s @ Bk L. 1l

DX /0N VA 35k B ORE BE R TOF R IX B RORG E GA 3
95% .,

®3 W& hiREE RS

A S/km? <10 10~20 20~30 30~40 40~50 =50 i
Bom /% 215 761 1313 2 041 1392 84 5 806
i/ % 3.7 13.12 22.61 35.15 23.97 1.45 100
KR/ % 92 93 94 96 95 93 95

2.4 AREBEESN

e BEC/IN I 3 R0 4 B 4 5% AR (S1L653-2013) ) X
INAL S8 B TR D) B BE AT TR JF 4 << 10 km?*,
10~20 km*,20~30 km*,30~40 km*,40~50 km?,
=50 km® BEAT P X9 ) B BE GE 3 (5R 4) . O/ iRt
TAV/NT 10 km?® (147 Y9907 9 %% B2 02 1. 14 km/km®,
MALFE 10 ~ 20 km® (9 °F ¥ ] W % B 2 0. 44
km/km? , [ FU7E 20~30 km? (13 Y5 0] W) 85 i & 0. 3
km/km?, [ fH 7E 30 ~ 40 km? {9 3y ] W) %8 BF 2

0. 24 km/km?* , T FAAE 40 ~50 km? K 35 70 j9 2% &
2 0.19 km/km® , [iARTE 50 km® {1~ 4 a7 (6 25 FF &
0. 16 km/km?; @ S4& I, B /N i B AL A 35 K 7
W B R (R O O mB/NT 20 km?
B4 /0N AL 3581 X Y ) 2 R A K PR 2 AR v A P
XK AZB Kk ; @FE 30~50 km® /N7 38 F
823 B N T 3 a5/ N o 3 o ¢ o L P 1 PR I I
B @R BT RN S8R S 3T R T
WX,

x4 MNRETFHAMEELIT

W S/km® <10 10~20 20~30 30~40 40~50 >50
P-4 9] ) 2% B/ (km « km ™) 1.14 0. 44 0.3 0.24 0.19 0.16
= A (6] wEZ. . ArcGIS B {5 B R 5525 0] 4 M7 52 16 0 %
3 én e

(1) 38 Y 4R 97T L ) 32 BB A S 52 3 9 ied
. i geit LG Aok i E .

(2) AL A B3 73 8 I DX/ I OGS AR
LA BOA) 180 308 8 B 7 v R R /K 3 3 AU L 7 T Al
Bl EAT ANALAS HAE TE R AR RS JEE .

(3) SR IX /N it 330 73 0 Je 3 FAT ] o it — 28
WFFE R ]8T J5 W6 25 % N TR IR (3F A 4R
B0 VIR MR A R AR DR R AR - S DX/ U e )
OPREIE . ARSCH RSB T Z A HIE X/ R 23 A
R S )0 A8 A 20 T /0 U e R R ) R T R
Bt .

L 2 £ X # ]

(1] A AR A KRR, SL653— 2013 /N 8% 43 & %
RLELS]. b« i EK R K Lt AR AL, 2014,

(2] 224830, BEHI A JURORSE i i AROK B O e ke L) .
o E K £ R, 2018(1) £ 1-5.

(3] 4. A=A~ J7 T 58 4ok 77 7K OR e A 25 SO ik
[, sFEAKH .2017(21) . 29-29.

(4] W2, X022, 8 [H 48, 55 B0y m R B0 K ath =4 43 A
SR 5 O v LML db T Rk s AL L 2005.

[5] ZEgfs. shBi{E B RS FEI M. Wt sD. R K2 H
Ji 4t . 2006.

[J7. 2 R bt B2 A, 2012.

[7] #14. Global Mapper 4 75 i 3 52 2% b [X 9 8 A= 7= o
f LT . #F 7). 2011,10(9) - 106-108.

[8] Erturk A L I, Gurel M, Baloch M A, et al. Application of
watershed modeling system (WMS) for integrated manage-
ment of a watershed in Turkey[J]. Journal of Environ-
mental Science and Health Part A, 2006,41(9).2045-
2056.

(9] REA. MAPGIS i 85 8 RLELMI. b st i1 Tl
J& 4t . 2005.

[10] Christensen N S, Wood A W, Voisin N, et al. The
effects of climate change on the hydrology and water
resources of the Colorado River basin[ ] ]. Climatic
Change, 2004,62(1/3):337-363.

C11] X f, B9 04, % 2. ARCGIS 33 F 3£ T DEM [f) i
FEAE 3R], K W 5 K TR A4, 2006, 17(1)  74-76.

[12] BRI w6, 55, S A0 s 307 45 b 3 26 Rl DX/
TR gy VLS N AR e vb B O LT A 2016,
35(3):262-268.

(18] RFFH, EENALEMN 5. W6 A W X/ 5
IKSCRAE 43 L) 1. A K 4 £ 47, 2017(2) 1 25-27.

(147 SRR, N 2B, ok 2% . IR Bl Mo 7 2 4 e pe X
SO SR B R (). A2 A5 2 4. 2010, 30(1) - 146-154.

[15] ZE{7R, B2 BE BE . YLI0F R 4 H F) 6 i 25 A8
P B IR Bl P 2R 4L ). J B 5T, 2003,22(4) 423~
431.



