W3t = 3R
MOUNTAIN RESEARCH

XEHS: 1008 -2786 — (2024)2 - 174 - 11
DOI:10. 16089/]. cnki. 1008 —2786. 000814

SI R AR, EEM, PEE A, LA, £5, 58, B8R L0107 608 B I SRR LR R L AT T S 8e R 1], s
i, 2024, 42(2) . 174 - 184.

SHEN Huazhen, WANG Chunmei, PANG Guowei, LONG Yongqing, WANG Lei, WANG Qiang, YANG Qinke. Topographical critical model of loess
gully head and its parameter determination in different land use contexts [ J]. Mountain Research, 2024, 42(2) . 174 - 184.

| YIAASAM EM IR AR B R AN E L
MRATHZHER

R IART REMR AKE E BT B AHH
(R 0. il 5FREE B b. BRI 2 R 5 IR BURAL T 9000  192% 710127
. B AR B M A LR £ 9580 7% 710048)

B E: UNARMUE O X SR M . VIR B R A A7 e — 2 A TR I 5, S8 - K 1T AR ( Slope-Area)
e SASE AR 2 DI V) Sk s AL 15 T 140 6 I 125 , X A PR 20010 24 1) 03 B AR ) 1 b R R ) S 88022 S O L
PR B RBR ] T 32 SR SR B o AT DAL IR B - e B {42 X AL 2 B QA i O BE 581X, R G
BUBLAS 45 A EF AN BFFE T S-A i FRBE ISR 23 (] 7 MOHOR [ L3RI IS 8e 5 o SRR (1) 1)
TR S B N 35 ) T U S i 3 R 4 9 SR M AR B e 3 (2) 7 E A IR S-A i 4SS T U119 A A 1l 5
R a (EANVRIRIAE R b L3 2 R Ui AR A AN, 34 52 A ol e A, Jt S oA 09 98 S A 1 A 2 245 i) S
AR 2 ELIAAE I R AR B UIVATA K S-A i BRI SR o 435 0 1..006 (1. 128 1 1. 157, 250 b 735
9 0.197.,0.203 F10.209., (3) UIAA%K S-A I SRS HCZ LA IR B RE AR . BBk )i S-A I S A
TIZH a M b 5350209 0. 810 F10. 159, SREHTIA I SIS K a F1 b 5351709 2. 007 F10. 341 FRF LA TE KS-A
I AL KL @ R AYIT 2. 5 A5, 4850 b SRR IE 2 f% 0 ASHTSETRAL 1 X 3 o b VA AR X U094 1 Sk A A
B I FASAE AR, ST T S-A i SRR AE B - U194 i B B b i R TR P A A0S B e DR RS v
HERLI

KR TCAML; VI s ORI 5 5 A 5 2 e

HESES: SI157.1 MERARERS: A

TR AR IR ML S R U T R R
EEE T VIR E R IR R R P T E
BEREERAE T ¥ R R I S R R B
AR PR R, S e BRUITE K F il 2L
X —"T R M R HE X9 1 K T A AR
FAY o ST BRI A5S80S B 9 D109 7 s ) B
B EE L TR YA Sk R A

AR S LI/ e7 Al gt VKe I I AN Equibrep 2 b
DA, 2 B e R R SR s R
LR R I AE T R T LRI EE T, &
RN ILGE , AR R 2 1S =k g
Sk b7 R R K TR S K
TR R TR XA P A 18 3L, 3T R T A2 3 O
SRR A Y19 3 Sk - K 1T AR ( Slope-

Y5 B 8 (Received date) ; 2023-10-14 ; 2t [1] H # ( Accepted date) ;2024-04-14
E £ 1B (Foundation item) ; [E% HRFI2FFE 4 (41977062) , [ National Natural Science Foundation of China (41977062) |
YEE B It (Biography) : LR (1999 - ), 53 INZRTY T, WL 90 A , F2E0F58 05 1] - L3R %S (8] 535 . [ SHEN Huazhen (1999 - ), male,

born in Jining, Shandong province, M. Sc. candidate, research on spatial differentiation of soil erosion | E-mail; 202133186 @ stumail. nwu.

edu. cn

* B WAEFE ( Corresponding author) : FFFHF(1983 - ), 2, i, 2%, BT 7 (0] @ /LS GIS N ]\ SR & 544 . [ WANG Chunmei

(1983 - ), female, Ph. D. , professor, research on remote sensing and GIS applications, soil erosion investigationand simulation ] E-mail ;

cmwang@ nwu. edu. cn



Vol. 42, No.2

T A U7 98 SR AL B IR I AR S A [ s R R RIS H0E =

175

Area,S-A) I 545 20 % T T 1000 470 3 9 Sk K
X7 R O R R AR LA S
B, BEIT R, S-A s FLBLR (B F7E A [)
[ G A X 0 2 A BT K ) o R 8 g D A
HIBTSE 2 46 T AE /N A 2 20 S-A I SR R AE
Y1362 ()R85 T T A T A AR, 2K T e
TEREE A 1022 S AR i R &2 2k 1)
VAl S-A I AR TR 2 TR AR [ b X BRI A e R 2%
ST RN K A e S B o BUETE M 0. 0527
~8. 622 , A& FIAK [ ARV X T A 45 5 b B
FEI A 0. 104 ~ 1. 611 B RIS M1 25 ] 4 57k
LR PR T £ G, 0 7 o S [ b X 4 1 A
MIBRHAT ARG AE 2R
HL X I S ROGHEAT T R4, (E X S R 3 5
K23 1) 728 S e 2 T AR, XA [R] b ) T 2
T 3k (G HUTE I 2 5008 EUPERIFSE AR A, T
SRR R B L AR X . X7 TBFSE IR R

100E

— AR
© #zH
—— ET

10§°E 110°E 115I°E

(a)

40°N

35°N

0 150 300
mmmw——  km

105°E

109°50'E 109°55'E

37°45'N

= FE/m
e 1283

e 293
[ ] s
[ mistinsn

37°40'N

4
mkm

37°45'N

37°40'N

37°4520"N

M 3 e R SN SR T B DR SR AR YA, AL
S E AR B AR FHETE AL .

ARSCLLHE 4 U2 AR b o R L 9 A
ST/ 345 5 UIA I ETER B, 2T KRR TC
BB E O AL /N S-A i SR,
ST+ Fr e 4 AR DX TT D) 9 3 B8 5 31K AR
(] 56 R RFAE , PR 2 R U0 S-A i SRR T 2 400
23 ) 43 S P B A AN [) 0 R R 9 22 57, DASB
ot YA B IR SR I BIE 5 BOR SR HESh B 4
o i A A

1 MRS Tk
1.1 AREHR

B HIE (109°47'E, 37°31'N) HiALBR P &
AR U (B Ta) A7 T8 4 e R L, I T it
BBt Fr BB AR XA T RIIX, R R B K M — 7

109°54'20"E

37°45'40"N

(©

37°4540"N

o ks
[ wiskia

0 50 100
— M

37°45'20"N

109°50'E 109°55'E 110°0'E

109°5420"E

| HREEER:
(a) & EE TR ; (b) SLBY/ NI 5 (o) BB/ INRSRATI 88 3k 70 Al
Fig. 1 Location map of study area; (a) the Chabagou valley;

(b) typical small watersheds within the Chabagou valley; (c¢) gully heads in a typical small watershed
(5 :GS(2023)2767 )



176 1

S ¢ 42 4 %2 9

JeE 1, PRI TR 2 207 km® 37 38 P H T
R, Y B ik 30. 40 P K Rk,
TS 1 7 o6 P A, TR ) 2SRy B,
YRR, Mo 5 eg >, R A A B sk
SR R e R R R E
THERAHLX 2 A 32 VA H R A, B 2 B IR
B4 b o R 943 3 A BN I 3
(4nfE 1b) /N RN 0.25 ~0.40 km®, = 72 Al
WP I RGeS 1 TR, BEXE 9 AN
BN & AE AR HE RO R M T 1) 345 250038 T JR A
8o B e Ry 9 A/ i — 4~ B A/ N S8k b 7

kAol o
1.2 ERhEE

AR RE Al R DL 3% 2, EE AR B R
WA ST HERIC AP AT GNSS RTK( Global
Navigation Satellite System-Real Time Kinematic ) SZil|
Bl o JC AP B i K 38 I8 AL ((Unmanned
Aerial Vehicle, UAV) F 2020 4£ 10 A{ka5 358, TG
AWLEA%Z POS( Position and Orientation System ) 4% &

AL B R R T A BR S T R G S 22 93 5 R

W, ORGSR B B K G, i 3 Pixddmapper $/4%}
s R A s = AR BRI AN 0. 15 m
53 P BT IE 3T %2 4% (Digital Orthophoto Map,
DOM) K %t o7 % 1 #2 %Y ( Digital Surface Model,
DSM) , 7 DSM %4 iy e Sz s Fi vy, kg i 2 M 5 %of
RS P T B R 25, 1 e TR B R G DSM B iF
AT BB AR A 3L oA My ok o P v ST i R B e o L
K AEBE I AEAEXT DSM S (9 31 38t 2 3 i T4
) Jay M3 B RV K TR R, SR LS . 2 AR B R
M) ) (X e A5 E ) 0 TG AR B X ek 1 s R o) P A AL, F
A5 2 It X 38 1 41 = #2455 AU ( Digital Elevation
Model ,DEM) , AN3Z A8 85 52 10 1) DSM 45040 5 2Bl
B 5 ) DEM K D40 P 15 51) 2; B 940 St ek P9 oA
B2 ) DEM i o K DEM %45 1) 73 PR d1 R A
1 m, FORAER A Bilinear 32 Bt 2 4h,
BATE 2021 4% 4 FxFpledb 2 B s 32 &) it
15 GNSS RTK S, F 56 31E 1 1 fff PG 2 o
1.3 IAmRIESHRERTE

YA 2 Bl BRI AR il i 2 B 27— H R IE
RANRER B T B , — DI AL 2 YL

® 1 #EUNREMEHFERITR

Tab. 1 Statistical overview of topographic characteristics for the selected small watersheds

piRE - FE/m BeRE/ ()
(A FEE FoRME R/ME FHE RKRME HFME
1 1144.92 1208. 89 1072. 49 29.58 79.44 0.06
i 2 1107.76 1179.07 1029.78 30.78 79.26 0.02
3 1186.59 1261.73 1109. 46 30.78 81.79 0.06
4 1042.65 1121.47 976.94 28.87 79.57 0.06
iz 5 1106. 02 1138.00 985.63 30. 65 79.23 0.04
6 1007.48 1073. 67 914.79 30.79 78.59 0.06
7 1044. 62 1094. 24 959.41 27.47 77.52 0.01
Tt 8 1038.19 1117.85 960. 56 31.65 79.49 0.06
9 1069. 93 1150.76 965.96 35.08 79.15 0.14
F2 EHE
Tab.2 Base data
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Fig.2 Illustration of typical gully heads: (a) UAV image of typical gullies; (b) field photos of typical gullies
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Tab.3 Slope gradient and drainage area of gully heads in typical watersheds at upstream, midstream, and downstream
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Fig.3  Boxplots of drainage area and slope gradient of gully heads in typical watersheds at upstream, midstream,

and downstream: (a) drainage area; (b) slope gradient
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Topographical Critical Model of Loess Gully Head and
Its Parameter Determination in Different Land Use Contexts

SHEN Huazhen, WANG Chunmei” ,PANG Guowei,
LONG Yongqing, WANG Lei, WANG Qiang, YANG Qinke

(a. College of Urban and Environmental Sciences; b. Shaanxi Key Laboratory Earth Surface System and Environmental
Carrying Capacity, Northwest University, Xi’an 710127, China; c. Key Laboratory of National Forestry and
Grassland Administration on Ecological Hydrology and Disaster Prevention in Arid Regions, Xi’an 710048, China)

Abstract; Gully erosion is a primary form of land degradation in the Loess Plateau region. There is a certain
topographic criticality to the occurrence of loess gully erosion at gully head. S-A (Slope-Area) critical model is a
common method for simulating and predicting gully head development; however, the insufficient understanding in
the spatial differentiation of the model parameters and improper parameter determining in different land use contexts
inhibited the model from extensive application.

In this study, Unmanned Aerial Vehicle ( UAV ) photography combined with field survey was used to
investigate the Chabagou valley, a typical loess hilly area in northern Shaanxi, China for examination of S-A critical
model regarding the spatial differentiation of the model parameters and parameter determination in different land use
contexts.

(1) The slope gradients at gully heads increased from upstream to downstream, while the drainage area of
gully heads showed a decreasing trend.

(2) As the S-A critical model for the Chabagou valley, critical constant a were 1.006, 1.128, and 1. 157 at
gully heads in the upstream, midstream, and downstream of the valley, respectively, and correspondingly model
exponent b were 0. 197, 0.203, and 0.209, respectively. It was noticeable that both critical constant ¢ and model
exponent b values did not vary to a great extent, exhibiting a slight increasing trend from upstream to downstream,
without significant spatial differentiation in model parameters at gully heads.

(3) S-A critical model parameters for gully heads was subject to land use types. It had 0. 810, 2. 007 for a
and b in sloping farmland, respectively, and 0. 159 and 0.341 for a and b in forest-grass land, respectively. The
critical constant a for forest-grass land was nearly 2.5 times higher than that of sloping farmland, while the
exponent b was nearly 2 times higher that of sloping cropland.

This study deepens the understanding of the topographic critical conditions for the occurrence of gully erosion
in loess hilly gullies, and enhances the availability of S-A critical model in loess erosion management practice, and

would effectively support the precise management of erosion on the Loess Plateau.

Key words: Unmanned Aerial Vehicle (UAV) ; gully; topographical criticality; land use; the Loess Plateau
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