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Abstract: [ Objective ] Quantitative characterization of the development process of erosion gullies is a key aspect of
soil erosion research. While traditional landform indices can classify the evolutionary stages of gullies, they
struggle to reveal the differences in internal sediment transport processes. To analyze the spatial variation in
sediment connectivity among erosion gullies at the same developmental stage and to investigate their internal

evolutionary mechanisms and spatial patterns. [ Methods] Taking the Yuanmou dry-hot valley as the study area,
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90 erosion gullies were selected and their developmental stages were classified based on the hypsometric integral
(HD. Eighteen typical erosion gullies were further selected. Building upon the HI-based classification of
developmental stages, the sediment connectivity index (IC) was introduced and combined with landscape pattern
indices including Shannon diversity index (SHDI), contagion index (CONTAG), aggregation index (AD), patch
density (PD), and largest patch index (LLPD) to conduct cluster analysis, aiming to identify the spatial patterns of
sediment connectivity for different types of erosion gullies. The influencing mechanisms were explored in
combination with topographic and vegetation factors acquired from field surveys. [ Results] 1) The HI values of
the 90 erosion gullies ranged from 0.35 to 0.68. Specifically, the number of gullies with HI==0.60, 0.35<CHI<C
0.60, and HI<<0.35 was 8 (8.89%), 82 (91.11%) , and 0, respectively. The development stages of erosion
gullies in the study area were primarily in the mature stage. 2) Based on the spatial distribution characteristics of IC
and the clustering results of landscape pattern indices, the 18 typical erosion gullies can be classified into three
categories: Patch-type: IC values exhibit a patch pattern and are concentrated in gully slope areas, closely related
to topographic undulations and variations in vegetation cover. The point-type exhibits IC values distributed in a
scattered, point-like pattern with high spatial fragmentation, primarily influenced by the topography of soil forest;
The decreasing-type shows a trend of IC values decreasing along a longitudinal gradient within the gully, with
high IC values concentrated at the gully mouth and bottom, primarily related to gully morphology and vegetation
cover. 3) Significant differences exist among the three types in landscape pattern indices such as landscape
aggregation (AI) and patch density (PD), reflecting the spatial differentiation of sediment "source-sink" patterns
and transport dynamics within erosion gullies. Furthermore, topographic factors (slope, knickpoint) and
vegetation cover significantly influence the spatial pattern of the IC. [ Conclusion ] Based on the spatial variation
characteristics of the sediment connectivity index, it is possible to identify the spatial patterns of sediment transport
potential within the catchment areas of different erosion gullies, which compensates for the limitations of a single
morphological indicator (HI) in characterizing the dynamic evolution of gullies in the Yuanmou dry-hot valley
region. This study provides a new perspective for research on the spatial differentiation characteristics of erosion
gully development in the dry-hot valley region.
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Fig.1 Overview of study area and distribution of erosion gullies
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Table 3 Sediment connectivity index of typical erosion gullies
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Fig.4 Spatial distribution patterns of sediment connectivity index in three types of erosion gullies
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Fig.6 Morphological characteristics of patch—type erosion gullies

SRR U 1 38 T A T4 JR) 2% B0 R AR AR 1Y) 45 ()
RAE R CAD 5 4% & A A% B2 (PD) |, 1C {8 52 A5CHR 43 1k
Oy AT, A5 A S A . AR R TR B 2
¥ 5 5 Ak SR Y & B B UIAR G R B R A
HEAR b 8 43 A B, 5 T G DA B A T
(8 AR A S U8 VD H AL 04 B B 00 AR U AE B A ) ¢

1, Ve vb i # AR w0 A8 4 B A2 b, T B R DAL
PR R AL o AR A B R R il B AR A, AR AE
oI S e SRy R L et M 22 S AR e AR A S 5 BRIV
b P A 1) (AT LUDR B, DA T 52 0 90 0 i RS B AR
JIr AR (A BT 5k A R T R R AR S By
e vb i 3 1 = 8] AL

http. // stbexb.alljournal.com.cn



5 ]

AEEMEAE I T P AT DR 10 D9 B U8 v 3 i A 2 ) 2% S 43

B7 mREEMBAKRKIHEES

Fig.7 Morphology of residual soil pillars in point—type erosion gullies

36 Y Y8 VD E T A AR R P, A E R R
(CONTAG) 5 fr KEEHFE B (LPD = , 1 & A8 Z
A B (SHDD Sl o RS 43 DX 8 LA 55 3% 38 M A A 55

FEIE A L TC SE X AR T3l 11 3k 1 A bR VA IR X

R HAZU Bk U8 v i A PR I VA T O ) B B 3

IR AR R BT B S I T8 LA T2 25 5% DI AH 2% .
(a) 20l 4

TR O R R Lk . T 1A

H1 P8 TR T2 S AR k9 114 9 T A I T L S U
W V- 22 T R, VA 38 2% S5 R 18] B0, 3 U R R
G T TR IE KL 73 B, B e AL AR DT S B VD % 2k
HRPEAR . P8 rha] LA SR # A S B VD TR R
A UAR, D TTARS BS i  P  a Dok F)  MAR  F4 (AC BRL 3A
TS SARBON PR 0 3% 18 1 25 (8] 73 S RO 52 )

Es BHEEMAEKSRAINEINE

Fig.8 Morphology of decreasing—type erosion gullies and cross—section at gully outlet

AW T AI.CONTAG ., SHDI,LPI #l PD 4
SOULKS JR PR, S (RIS AE M I 34 B R e 5
0 2 FE ¥ SR AR ik 3 114 Ui U 37 3 4 [ 43 A A ) &)
Gy R 3FPREAL Ak T MRS ik g v 3 A TR -
TR A e 7 b ) 3 v L (R RO RRAE

HAARE RS, WA SR R 2L T,
#r ol A B T R S AR S R . (A
BTG, B B A B0 ) B SO ) 0 B e 2
A (COHESTOND A i — 25 J4] 51| 3% 38 14 B Bk 1) 47 F
HEERCT 5 2% B CED) RSB IR 38 B (LSD
A i 220 1 YR 22 B AT 0 A2 ek S T L ik s
AN R A 5 1 48 B8, F — 25 TR AR T X AR ik ) 1 V> 34 3
23 [ Jm TR T AR BF 5% 104 43 2 O 8 R B N
A 2 (] 4 ZURE SO A2 o 7 V0 22 3R 7 X — LA R 2 )
RO R A A RHE SR . PR, ROk T S| A 248 L

Rt — 2L WG AR ik 1 PR S U D i A S 8] 4 S o

ZE LTIk R Vb I G M 23 8] 4 SRR R SR
575 HIH8 BT JC 32 4 B8 19 AS [ 52 fofu 7 42 7K IXC P 3 2
o B AL 2 e VD i B T T 0 A3 8] 43 S, O JR) 4
S WA ok Y 1 PN U VD VR YA Ry AR TR A (1) 1 1 4R
i, JF B AN (6] PR 3R 52 R 4Rl i P T A Y 1R
T Y05 B, S AR i YA ) AR A R A 4 It
eER /U N RS U R T o S R
32 HESHEEIICH RN

H T e v % M R AE R R — R G R e VD
B 1 e Gl R B R v 0 O B DL S R bl b e T
H U8 ok AR A G B HLOE S 0 REL B R S N R LR A
5) 5 YT B O S P R RN A A AR R IE T X
1) Hiu T 1 55 1 00, AN S A X M A e 2 AR B R
AT 5T -

http. // stbexb.alljournal.com.cn



44 KRR

40 %

AR T R ) T 5 3 B B A B B AR
Bk, J2 T A G H T bR R T A BT 9 v B A
TAR VA A I A R AR B O, TC (B 23 A 1A 2 7 3%
P32 BN h S S AR I IR AR A . R T —A
SR o FEARU A AE R, 2 AUAL T R B BE
RE 8 A7 242 R L T ok v 1T i A9 R v o T A
A 5 SR B AR Ak 5 T A g O ek s S 2 9 S v KO

@M 5 TR (b) B
A ) B e

. B w': U
k - ;

AE 8 SR, 2 e s D) o R K A R i
4 U8 v i A% 1K A, 3R B 0 UK gl Y B9 3 5 A i
FRAE o Xl T T - 2 T A e i L (A AR
BB e D B i AR A I 3 Y R AR
U, 78 2 K T X i T I R AR M Vb R U AR
T, B Al AR SE P 2 B DL v w220 i S B 1 8 VD B
e

1024 (c) B e

|||||

/m

9 HRRBERMANICEESH. HIRSSSERIINTE

Fig.9 Spatial distribution of IC, field morphology, and longitudinal elevation profile of knickpoint—developed erosion gullies
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Fig.10 Comparison of erosion gullies under different vegetation cover and channel morphology conditions
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