38 &4 5 1) 658 ~667 T 1
2020 4 10 A

EUNE
MOUNTAIN RESEARCH

Vol.38, No.5 pp 658 ~667
Oct., 2020

NEHS: 1008 -2786 - (2020)5 -658 - 10
DOI:10. 16089/j. cnki. 1008 —2786. 000543

ETRE—C/KERXAEANELXH
517878 37 B a8 B X AL

A b EAEST EERS EARNE B

z!
(1. BePY 48 #0358 R 405 SR SR EU) B G S0 80 2%, V522 7101275 2. VALK Bkriy 53R KE 2 e , 15 % 710127)

W OE . B JRUR A I B A A e ey S R R v T I ) ) A

AS9F 5 LA T 4% 0 9 P i EE DDA

WFFERT G, T 23 350 A WL £ F0 B S0 1 A B SN0, LA B b 9 22 B2 9 e 3 /N 9 S A F 5 X, 75 209 Sk 0 B —

[ NITRAS

MR T ST R M e B BT SR SR X . SRR (1) B3 YIRS P

JRU I AR A3 5] Ay - S = 0. 60734 " S =1. 20654 7™ (2) L5432 HI VA Sk T LI 53 ASS A0 R 3 39 o — 11K 1T LS
A 22 AT A5 g ol sy TN e 3 U0 0 3 Sk TR SRR X5 AR ORI, R T 3 Sk TR o R 43 5 Sk 91, 43% Al
71.79% , 3R 18 3% DX IR 00 v 4 B2 g 98. 44 % o W 5T 45 T O 3 L AR 1 9 B 0 4R R SO

KB : TAMLRIME 703k s RO R R 3w i

HESES: PIL MEARERD: A

R b R R R R R
i & AT b S 4R b BRI 0 T Pk R =
=P AR EANZ R Z e E Y, W
RUABTEW, W= SR TABIEN 1§ O ML ARG S E BT READ
e B A T TR 2 AT A T 9
Y14 T 3 T B ORR IX X 5 - 7 3 4 ok B 4 4 G A
WAL FEIE S L HE X,

i T 0 {1 A5 260 2 9 3 2 A R R 9T i R )y
B WIE R R — R R AR LS,
39 TRT £ 59 470 3 Ok T G I AR 3% T A T B R
T T 06 T 30 Sk, 36 T 39 38 A0 IE /K i ARG 2R b 4%
T B TS Y A 0 TR A 0 3 T kA
S B 0 K T AR AL L R .S - A
=a sk S=a- A" PRIk E AR I SR

AR SR A 0 T T AR B i, W 9T R
TR MK R SR e S E L
BRBF S8R IX 97 A1) 38 1 Sk 5 th i Ak S =
0.5A %2150 A LA 8 H A5 A I A R S =
0. 0124 1 75 v [ AR G 18 )11 18 5 3 X 75 3
YA B I B A Ay B S = 0. 0631474 (S =
0. 1161 A "7 3 gy Ik 3 | 110 ¥ i JoE—I0 K
T ARG A B B A 0, HL 2 4 P SEAS /N A
WNAE 0 B0 13 T I B 5 24 1 T v A
[ S 3K, B v R S = 0.52274 7% 41y
At S = 1. 9648A™ 11T Sk BLA 52 vy 4§ 7 I K
PR BRI I A AR S =0. 744701 TR I My
DX /NI T Y £ T I 28 3R S = 2. 43344 78
LA VW YTV R s R AR S =

15 %5 B 88 ( Received date) ;2020 —08 - 06; & [1] H 1] ( Accepted date) ;2020 — 10 - 07

E £ T B (Foundation item ) : B 5K H 4k B} 2% 3 4 (41977062 ,41601290 ) ; [# 52 & 5 ©F A& i1 %1 (2017YFD0800502 ) , [ National Natural Science
Foundation of China (41977062, 41601290) ; National Key Research and Development Program of China (2017 YFD0800502 ) ]

{E& T 9t ( Biography) Xk (1993 - ) , 55 , MAp YL %3k N, WL WF 58 248, RO 07 18] B 2 20 4 5 GIS )i fll. [ LIU Xin (1993 - ), male,
born in Anda, Heilongjiang province, M. Sc. candidate, research on digital terrain analysis and GIS application ] E-mail: 201831809 @

stumail. nwu. edu. cn

* 38 L4E & ( Corresponding author) : EFHMF (1983 - ), 2, (7RI & A, @42, B0 LA U0, EZOFFE Ty ) (2 i 98 43 7. [ WANG Chunmei

(1983 - ), female, Ph. D.,

nwu. edu. c¢n

associate professor, research on soil erosion assessment based on remote sensing and GIS] E-mail; cmwang@



55

HE T IE — K TR 56 AR Y B R R 1A 5 U0 T4 7 S T A DX R 4 659

0. 18394 = #1346 FH M B 4% 1
B BRI F A S =0.0584 72

H FIE 42 BRAS [7] 1 X 5 T Ry FH 3 B — 0K T FR
Il S AR A7 18 A A B B9 & A O IR
A WIS T AT BB ROCR o SR T e A
HIE S5 A1, 55 15 b H A b XA LU, 42 i i S AR T oy
ZKE TR B R A V) T — N
U ADIRT b T 54 G R SR B Ry o PR H AT X BT
- T VA YD VE R AUL A A G BIF A S AR RN
SRR H T O T A Ml DX T ) B DR L bR
SRR EARE, CA MRS ie WA ROk %=
S, i AR A VS8 AT AT A3 Sk TR BB X
o 0 - B X — 25 B0 58 0 YD
W B — 0K TH ARG PRI S 8, O A Rl AR ER
R YD ST U DX R 43 O k2 B AT R 1
WSS I 1), 70550 5 4R B |, 3 4 o [l B 207 b
T 43 A F1 TG AHLE AR BRI 2 2 R 1Y K& J e AE -
ARl v 8 0 T, 7R 5 RS L P 3R B 3 PR R A
e FE I B R TTRE O B v DDA R A S T LA
BB 5T S 4k 1B I HL 38

AHIF 5T AE B g I 32U X DARR T RN
B (10.87 km®) (B KBEAREZE (173 %) U
(194 %) HIRAEXT G, 585515 I TC AL 25k T
B S AT & 8t (Global Navigation Satellite System,
GNSS) K #k % A 47 22 43 5 K ( Real-time kinematic,
RTK) 47 B S0 o, 44 8 38 ) o 4 & IR 2 Z i OB
ZRATT 3 Sk Bl B 0 K TE R SR A I AE
Al bR O YD K AR O X A O k.
A 5 W E BT A M X — 20 58 5 10 1 A R
{3, JF A] 2 B 9 JE AR o 5 B A 4R A 4
AR,

1 2ds 505k

1.1 MREXSE/MEE

58 DXL T BR 7 4 5 I B 58 9 R IR 38 3t 4, J
T T, B AR M I X R R T R AR
K& —RIX (FE 1), 7B 2 10. 87 km®, Ji i
PR B T IR 11 A L U0 9 A B I AR TR B RE R
BE, X3 2 0 28. 70 s A b A O X
B MBI M, 7 5 BE A S T L AT A A SR L O
SR b R R R Y e A S R

FRAE X35

K R $ERG R ARTK iz I A L 3K BT $5 2040
I A B m R R A DR e B R R, R
Pixddmapper /4 i 17 1 4 5, 75 51 K 15 ¥ i ok
0.09 m )3 R E F IE 532 1% B ( Digital Orthophoto
Map, DOM) J& % 5 % i # % ( Digital Surface
Model, DSM) . Jgisk/Iy DSM A 55 Mg 7 K Ml 55 4l
BB S e, Xof A7 AR AT 0 1 DX AR IBORE ] 30 b
o R 5 YT A B, S T AR (LA 2 DI T me B
RBF B AR (Digital Elevation Model, DEM) ;
RICHE TS W E AL DSM FERAER 1 om, 6
A B Y AT B IXBR S A B X A DEM 3R 4T D42
BEWFFRIX T m 7 P DEM, Jf S AR R 4k, 55
FEO 2 m, 454 B B35 3k GNSS RTK & fi, 2
% DOM \DEM | % i 2 Kbl , 73 1) 36 Bk v U 7 1)
KA 173 A1 194 A (E 1)

109°57'0" 109°58'30"

Ek/m
1150.5

I 900.7

- DAYk
ATk

37°43'30"

37°420"

Bl #RERFEALGCER

Fig. 1 Study area and the locations of selected gully heads

1.2 HAREZ

AW 5T B F B 0 L JE A B E R AT B
DOM \DEM 5§ i £ B4l , 15 2R3  U)V8 v8 Sk A &,
BiE ML B 80 % K3 i 1) | S V) Sk AR R AT ¥ Kk I E —
LKA (Slope — Area, S - A) KR L il 5t 2% Ay
IR PV IR Sk BUBURR X, B H AR 20%
B35 3k a5 980 Sk T b 5 X B 45 K B 0 o
SRR R B L B 2 R .
1.3 ZRAWMaakBAEriE

BT AEA R, IRERED SN E,
DR I B0 25 IR T P T 42 b ks T A i b 3 O )
(B Re R R Y A A = N G R -2 N R S A



660 TR

1 38 %

KB4

ioteg | [ EANDOM | [FEAMDEM |—f % |

il ki E

N
[wiEms | [k |——{oKmmgE it
[ | | Lk
[WkisAakR] [REs-AXR
WA YV
[ . s Rmx ko]
Sl . s S KR R R |

B2 RARBEE

Fig.2 Technical route diagram

BB RT 0.5 m, Wl HHE TR G
(ORI R i O - NI B L S ) R AR
SPCE 3) . BF AN A G AR, L GNSS RTK
ST R M R 3 Sk 3 B ST e A BLE 1% Sk fir
B P AR AR, LT DOM HE 4T H WM 515 B
IVA A 3k 500 B o P4 0 5, 1 K 30 K T A —
P AE JRy b Y VS SF R Rl K T AR Sk A &L, N
T H WA Sk B TR — B iR, A
5% o 38 Sk 3 5218 4y R 8 0.09 m, A
T H MR IR K 1:200, 7EHAER T, 454100
JK T AR Bt L 2 B Ak A, R BN T H
PR R OB 2 — e 2 m DL R L DL 3
S B Rl BT L M A A 2 m
Bl PR K T R 5 KB M A, I % 0 Sk 7% B %
AR 137

N CICEE

1.4 GESLR R i I AR Y T B BK X T 7 ik

SR FH3BE BE — I K T FROG R it Zopl) 19 S 00 1 i
Hb TR I S ABE R 3 1T AT 9 S T R DX T
141 Pk AU R i 2 AR

PRI K ALSC R Mk (TR FR S — A &
2% ) R T R T B O kP Ry
M B P BT EY V) ) A B U 5 T R Y 5
Y 3 35 el R A K AR R Bl RO, Ok
T U043 R AR VR TE T K AN
ZIRER o R LI K TE RRUCA R A, DU B S 90
FEROEABAR RN R, 05 & H il Sk b7l K
TG 94 3k Joy i3 3 — B M G 6 R
1.4.2 5308 BUIG S50 A

WAV PR A Sk 2 A BE—I K T AR
OB 2R B BR AL T S 22 F J7 19 P A 9 Sk AR
R, X A Sk R E 1 B L AE R Im R
ZR1 TR0 L kA AR G KT T I R R
Z b i A T X N TG A e R AR X, 3%
FEEAE RN B A b & b 3R By 2k, X B
JE—IC 7K TR OG 3R 0 3 bR BOE 3K, i S 55 780 o B 3R
KK

S=axA® (1)

X, S HWE (m - m ™) ;A RILKIEA (m?) ;a
(B A &R B R, B B S x A" = a B GE
FRA L EE R AR YR T AR B BT 0 ) R R Tk
W, R U1E 1 e fH— R T30 5 0 18 LK I
e, e B AR K B A X E M, 2

y
h
7 P
¢ L W {
AT '
j .
. . "
N
; 0%
: §
. % )

°  Unavask

3 KA EREE: (a) ORI (b) S AL R
Fig.3 lustration of gully head locations: (a) photograph of typical slope; (b) UAV (unmanned aerial vehicle) image of typical slope



55

FE T K I B O R 4 B e Tk T 5 U0 9 Sk T SRR DX R A 661

)% AR R R L R AR
£ -2 7 N i S O 1= 7 N 5 o [ B < A A R
3k V1A VA 3R B A 3 IC K T B AR AL
(1) R o b fE, TS B3 R I R
A H ARG B 5 o A A U T Sk B K
B X L
1.4.3 s 3 B2 — 0 7K T AR
i AR A

T I K B Rl 2 (I S - A X
MR ) S48 X U A AR (I AR 0 Sk s )
SR 3 NI K T AR, $ K RS G B X R
S35 B T K TR 35 (5 28 A RO B4k A 22 75 31 Y
PrekBElo 1.4 1 WHHRIE Sk A S - A LR ML L
Z0) ) 3 S TR 13 b AR I S AR, TR S - A G R
iy 28 Bl P T 220 i 9 3R e 39 T 4R ok B AN [ £ 031
VB R S Rk A e e A
AR A B R TE | DL T (R ok Ry T A AR v BT
49 B 3 7K U A TG, JHC B AR K T AR A AR
R 33 ALK T AR Sy T A5G 56 2R 5 Y0 K T R 3
—E BE R, VR A TR — R B O 2%,
I BE T U B W 9 /0N | I B 3 R RN K TE AR 2 B Dk 1R
M (K 4) ™ ABFFlad fk S - A <k i ik
R AR o R RO Ak T Sk b AR I A AR
2 1978 3 T8 BRI

THREE S — A RRMEM AT R (1) X
AT TE B AN AR B (A% RS 1 m) 328 Al A% B
log,, , 5% LIAEWF 78 438 19 4> Gl b > B 0. 25
R BE AT 43 G (2) TH5E A — 20 L K T AR 8
B (A) FI3E BEBIE (S) 4535 n 2 A S $dE , 25 A XL
PR bR F R (L 4) o X R Es 2 A K IX
HEATER G ORI B T AR AE K IX ] S - A SC R
225 AEE Ak o T ) T B3 S B0 AN i
PEIE A RIBTBN I B E AR S -A X R,
(3) KA it Sl RUBE S — A SC & il e, i ok ] Wi th 2k 453
SRR S TE A bR 2R PN I 43 A1 R L, A5 30 3 1w ALAS [6)
GO 1A AR 1k TG R R A R B A 5 i sk
JE J I SRS R e A, 2 1 016 Ak 1) Sk T B g% X il
g5
1.4.4 %8 Y1 E T8 B0 X R )

TRVA VIIE I8 3K T R R X B 4 B AT
(1) B30 3k T BN S A55 78 1 123 L 9038 3 3K 0% i
BUR X WAL PP o ARSI 2K 1 BTk i 3k

5 2 B R 4R

log, % /(m-m™)

log, (/7K A /m?

B4 HE—LCAKEARXRF=E "

Fig. 4 Illustration of slope — area relationship

TE i P AT R L FEAE R (ArcGIS) B 3
X LI R R Y BBV NTRAY R A € TR AWAN R
B, AR B B B U1 Sk TR U X ) P
SEIR o LA R K T BUAY B AR AT R E T 2R
ARG R G R T3 Sk S B R A 3 FBL 5 [ B H0 9 #9 I
FUE o 8% R T H B G A o, L0 45 R
T8 UIE 18 Sk T8 R X A7 A 8 DX, R BB AT 2K
X738 VYA 5 (2) ARGE I S — A O Z il 4 f o
AT AR (L, A 338 U198 ) Kk T8 AR X 3k — 4
DX o3 FERE , 75 B AR G 9338 U078 18 Sk T8 B U
X o FACOR I 1 5, 78 O B bR & 8 T ek
S — A 5K % b AR AR A A 53 00T I AR F K T R
3 DX IR {EL, 38 Ao 3K 248 (D RE 1Y 2 00y 2 00, S B
WIS - A I X AR IR 18 Sk 2 AT S - A
KA LRI A AL bR AR 15 B R R S YA AL
B UIVATE AR AR N X O, 7 B A DDA
JIr A 3 DX A K TR AR B L LA R v — YA S8 4 o IX
AR B 5 5 i, 2390 3 53 T3 L D038 ¥ Sk 2
BRI DX A A 45 2R v o o JH 9 £ 73 DX T AR 1Y
25 (IS [, 7% 2000 A0 5 19338 D038 18 3k ] B U
DX s SRIBGHE I8 UIA 1 Sk 0 IR X ) 28 495 2R 23 1]
Bl A 52 4, TR0 1 5 B il A T3 5 DA S 03 XD
JK TG B (LA 2 ) 9 R 45 B A A e i — Y0
T8 3k S A IXC 5 L 3 P R A DX A O AR v — 03 1
L.4.5 33 UIE I8 S T8 BUBURR X 38 7 i

B AL 126 L 20 % 11994 3k s FF 0 B ik 18 Sk a5 (A
35 4, U198 39 4>) A Sk s BEAUL RO A AR ¥ 3k X
SERASE DL R P A 5 T 36 UE ¥ 3 L DD YA 1A Sk TR il A%
XA .

A 2 T A Sk T A L DO I U 9 Sk S
RO



662 TR

D = N,/N, (2)
KN, P AR N R AR TN X 3 Sk BRI B
ERR TN AR SR ECH s N, MR Sk BEH D R
15 Sk T e 6 RE (% ) o BTN T B A I A BT A
2 V8 3K A0 B 2 AT RE AR AE — T R 2% A E R IR
E B0 IE VA Sk i AR 3k TR BBURR X B S TR 3 A A A e
(3 m) ¥4 3% 0 IE A .

AT TR VA Sk DX T o A R POk 5 E R
3k X IRE LR o SRAE R G0 B B el A T 3% il B
32 ARV SR IR IE S IC . BARHIARE 7 0, B T Y
IR0 53 Ry 32 ASAK I E S I B AL R — 4> 52
b TGI8 Sk BT 38 R A R AR VA Sk B E T . B E
BATTIY R/ IR 52 5 B 2, — i 2 DL B AR A
) b B 2 B 43 AT A G B T T Y/ Y VA RS A T AE
XM E A7, 10 m x 10 m J2& BB 3BE K 4 v 04
VI8 V8 3k 43 A3 R 388 R B o0 ROSE, TR b 1 2 B 58 K/
K10 m x 10 m, it T A 50 Uk -5 70 P 45 E i 3
W Sy A VA — Y038 T i DX 1) T AR LG 461 SF- 44, B AE
T4 Sk T AERR BE P AE N

P =A/A, (3)
Ao, AL AL G300 R A R S B TE SR T I, BT
5 A ARV 78 Y178 18 3k TV 1 B0R% DX 1 T FEURT 36 TIE PR
JCATH AR i =10000032
1.5 WmEihEERTES AL SEE GCKERRE
A&

1 55 S5 W 7 1 9 B 9% 07, 8 35 R A 4l 5 0 TR K
A% 5 DEM F 456 19 07 A B T Do o i b i35
s SR UK AR P e, O B A Ok
7 A3 5 SR AreGIS 7K ST 43 A B B 0 33k JBE o #i 3t
BB RAL Y m o m T JE K AL mT,
W ASBIE5E X 18 Sk 1) 38 BE FE K T FRORG BE 220K T
o, T TR S A5 B R RV K T FR 4 R % SR b T
S, DT 52 M A5 400 R0 S R I AR BF 5 o ) ) Sk A
W B RO K m AR AT LR A (1) 6 JE K S04y
Br 8938 Sk b 750K T 4R 2 SR AT 8 Sk N L
HAR A, DK XA EH S m & o mN, &%
DOM XV 7K 3 Bl #4718 1E , & 1 J5 1 FR 2 38 3k 0
KRR CELS) 5 (2) %38 Sk 50 07 76 35 160 3% 3 00 47 25
BT E N AR, DWWk RS, EHE S
2R 5 1) 2 i B T 4, VI IR I B T kKR B ok
15 m 10 m, 2 Y EZE N7 & - DEM @& B, DAL
FRAE A R A5 ik, I i 4R R A PR B AR O B AR L TE

g

PR —

BIEJGE ® 3k

5 CAERRAETEE

Fig.5 [Illustration of drainage area adjustment

THYEAR bR RN LA A, R R AR i Sk K

(m-m™"),

2 ARG

2.1 XA WAk E—CkERIlEREE
DK VAV T8 )T e Sk Bk E S 1R 43591 R 0. 30 ~
0.73m-m "Ff10.22 ~1.07 m - m ", 7K 1 FL 7l
Fil 43 1 46 ~3924 m” 189 ~7237 m’ (# 1) , M fi
MERR,EFRE (CV)HKRTF 15% . Y1k
e BE fe/IME/N TRV Sk CBRORAE K Tk e 3k i
e W 7= AR D) I8 3 S 38R A S TR B T 9 9 Sk Bk
AN K RSB FRifE2E AR S R B KT, =
F 1 OKEEAERE LTS E

Tab.1 Topography characteristics of ephemeral gullies (EGs)

and permanent gullies (PGs) in Mizhi watershed

GiitA BeBE/(m - m™h) LK T/ m?

i (e 0] I (e RG]
R/ME 0.30 0.22 46.06 89.05
e KA 0.73 1.07 3924.15 7237.14
R=alic] 0.49 0.51 289.57 726.01
s ot 22 0.09 0.14 395.46 1021.32
CV/% 18.37 27.45 136.57 140. 68
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Sensitive Area Simulation of Ephemeral and Permanent Gullies
Based on Slope-Area Relationship in the Loess Region

LIU Xin"?, WANG Chunmei'? , PANG Guowei""*, LONG Yongqging' >, WANG Lei'’

(1. Key Laboratory of Earth Surface System and Environmental Carrying Capacity of Shaanxi Province, Northwest University, Xi’an 710127, China;
Y ) ; Y ying Lapacuy o, Y

2. College of Urban and Environmental Science, Northwest University, Xi’an 710127, China)

Abstract: Gully erosion is severe in the Loess Plateau of North China, where gully location modeling remains a
challenge. The objective of this study was to explore the methodology for modeling ephemeral gullies ( EGs) and
permanent gullies (PGs) in gully-sensitive areas in a watershed located in Zizhou, Shaanxi Province. The critical
topographic threshold model based on the slope-area relationship was employed as the primary method. High-
resolution unmanned aerial vehicle ( UAV) photography and high-precision field measures were utilized as data
sources. The critical topographic models were S=0. 60734 *'** for EGs, and S=1. 20654 ~*** for PGs. The gully
head prediction accuracies for EGs and PGs were 91.43% and 71.79% , respectively, and the prediction accuracy
for the non-gully head area was 98.44% . The results improve our understanding of the gully formation and may

support gully erosion conservation in the loess region.

Key words: UAV; erosional gully; gully head; Digital Elevation Model (DEM) ; the Loess Plateau



