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TABLE 1 Select morphometric parameters of the studied gully basins

Perimeter Basinrelief  Meanslope  Drainage density Dissection Ruggedness Hypsometric
Gully basin Area (m?) (m) (m) ) (m/10,000 m?) index number integral
001 46,731.669 1,582.354 15.48 8.57 293.655 0.285 0.455 0.422
002 360,981.247 4.066.033 23.39 707 267416 0.374 0.625 0.571
003 97,693.6815 2,566.339 22.87 773 283.007 0.367 0.647 0.556
004 49,330.034 1,231.382 16.80 9.77 264.559 0.313 0.444 0.628
005 20,803.732 961.614 13.72 722 244963 0.268 0.336 0.633
NO1 24.476.632 1,031.081 25.27 12.18 281.415 0.420 0711 0.677
NO2 3,184.300 274161 18.68 16.98 184979 0.320 0.346 0.633

NO3 24,385.686 1,166.690 26.80 11.25 303.785 0.437 0.814 0.645
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Gully channels exhibit a visually close
relation to concave up profiles (or
straight- line plots) for parts of courses.

Marked variations seen in few parts/
entire gully (001, O03, NO1, NO3).

Changes brought about by variations in
the local substrate and the differential
hardness and thereby resistance to
erosion of the ambient rock layers over
which these gullies have incised (i.e.
local differences in the resistance of the
individual laterite, sandstone and
compacted clay layers ).

Fluctuations of the profiles about the
expected straight (graded) path are see
to occur more markedly for the NBT
basins than for the OBT basins.
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TABLE 2 Gully channel-wise channel segment gradient attributes 2 4. || Monoclinic Plane #2 and footslopes

Average rate of change of Average 40

Gully channel Mean SL index SLindex Ideal SL index NSL .
001 5.730 -44.28 1.90 3.016 0
002 10.694 -61.51 712 1.502

003 12.239 -122.32 2.86 4.279

004 7.550 -178.53 1.86 4.059

005 6.605 -103.49 1.44 4.587

NO1 10.755 -64.20 3.10 3.469 c%
NO2 4411 -69.48 1.04 4.241 E'

NO3 12.311 -90.88 3.24 3.800

Alignment of Monoclinic Surface with superimposed
main and tributary long profiles in each gully basm

Hack, J. T. (1973). Stregofile analysis and stream gradient index. Journal of Research of th
US Geological Survey, 1, 4229. :
Li, J.Xiong L., & Tang, G. (2019). Combined gully profiles for expressing surface morphology
and evolution of gully landforms. Frontiers of Earth Science, 13,3821

/ Stream segment gradient indices for gully long prof||e<

Lower Surface

50 100 150 200 250 300 350 400

Distance To Mouth (m)

GPC for Gully Basin 002

0 800 700 800 900 1,000
Distance To Mouth (m)

GPC for Gully Basin 004

Monoclinic Plane ———/
7 Vit

Elevation (m)

GPC for Gully NO2

/ i

Y

20 25 30 35
Distance To Mouth (m)

GPC for Gully Basin 001

J
ff/gfj
o
.v.E‘ 7..' 100 125 150 175 25"1‘ ?2.." 250 275 300 325 _‘-_:w] 3.7:' 400 425 450 475

. | Check Dam Reservoir

0 25

75 300 3
Distance To Mouth (m)

GPC for Gully Basin 003

500 700 800
istance To Mouth (m)

GPCVfor Gully Basin 005

50 75 100 125 150 175 200 225 250 275 300 325 350
Distance To Mouth (m)



TABLE 3 Morphometric attributes of the studied gully channels

Gully channel

001
002
003
004
005
NO1
NO2
NO3

TABLE 4 Curve fitting on normalized gully profiles

Gully channel

001
002
003
004
005
NO1
NO2
NO3

Elevation at gully source

Elevation at gully mouth

(m) (m) Fall (m)
53.21 38.00 15.21
61.43 3911 22.32
61.55 39.48 22.07
5297 37.05 15.92
49,99 3710 12.89
58.90 35.12 23.78
48.40 39.66 8.74
60.20 35.21 2499
R? values for the different curve fits

Linear Exponential Logarithmic Power
879 .898 410 402
970 981 805 782
950 946 329 315
972 981 378 365
959 954 344 331
916 934 358 348
966 969 340 333
908 920 306 299

Gully length  Langbein (1964) concavity

(m) index (@)
744.55 0.460
1,498.12 0.224
1,215.87 0.453
590.37 0.126
37972 0.155
399.83 0.463
58.32 0.023
45972 0.320

Best-fit curve

Exponential
Exponential
Linear

Exponential
Linear

Exponential
Exponential

Exponential

Gully evolution index (Li
etal., 2019)

0.612
0.516
0.444
0.524
0.490
0.546
0.505
0.506

= NO1
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LangbeinW. B. (1964). Profiles of rivers of uniform
discharge (Professional Paper 501B). Washington, D
U.S. Geological Survey.

Lee, GS., & Tsai, L. (2010). Quantitative analysis for
geomorphic indices of longitudinal river profile: A cas
study of theChoushuRiver, central Taiwan.
Environmental Earth Sciences, 59, 1&64568.



TABLE 5 Derived correlation coefficients between the various derived gully basin and channel morphometric parameters

Xy X5

x, 100

x, 94 100
x, 35 .28

x, 34 3

x, 27 .30

x, -50 -.67
x, 76 84

X, 97 89

x, 14 37

X, 17 2

X, 23 36

X, -23 -37
X;; 54 69

X, 41 .39

Xs 36 51

x, 85 .98

X, 01 27

X, 35 51

X 18 11

X, 92 .88

X, 82 96

X -09 -14

1.00
-.02
.50

21

A6

A7

.28

48

A7
-.30
.38
-10
.38

19

39

16

J7

51

07

.61

1.00
=50
=11
38
36
-45
-.62
-.59
-.65
-3l
94
-57
34
-.25
-.50
.20
00
35
-.003

X5 e
1.00

16 1.00
.02 -70
18 -.49
40 -.58
99 19
93 -10
.35 42
.B3 -39
-30 -.04
.84 -.34
.25 -73
40 -.36
.84 -.34
19 18
.57 -42
.25 -72
-25 06

1.00
.84
.51
-.05
18
-72
A6
.27
34
.84
A3
.21
31
.68
g5
.38

1.00
17
10
18
=35
45
36
30
80
03
.23
30
89
J4
14

1.00
44
g1
-.30
70
=51
72
45
.80
67
-01
35
39
23

X10

1.00
24
42
79
-44
.85
16
40
.83
14
.51
15
-19

Xe Xz
1.00

18 1.00
91 -01
-46 -46
96 A3
.35 -46
.62 -41
92 .23
12 -.33
.56 -05
.32 -39
-12 -48

1.00
=16
25
70
63
95
07
75
69
=23

1.00
-45
40
-29
-32
.07
.09
45
-.27

1.00
.51
66
96
04
.65
48
=12

1.00
37
.52
.01
78
29
=15

1.00

.55 1.00
.30 -11
19 .61
32 .54
.26 -41

1.00

27 1.00

-08 -.69 100

48 -06 -30 1.00

Note: Xy gully basin area; Xy gully basin perimeter; Xg maximum basin elevation; Xy minimum basin elevation; Xss basin relief; Xz Mean basin slope; - basin longest dimension;
Xg, total stream length; x., drainage density; x_,, dissection index; x_,, ruggedness index; x,,, hypsometric integral; x,,, gully source elevation; x,,, gully mouth elevation; x, ., gully
channel fall; x, ., gully channel length; x ., Langbein's profile concavity index for the gully channel; x,,, mean SL index; x,,, average SL index change rate; x,,, ideal SLindex; x,,,

mean N5L; and x,,, gully evolution index.
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The HI and GEI parameters are negatively correlated and this

IS quite obvious.

A more denuded basin (i.e., having lower HI) will have gullies
incising down relatively quicker along their course from the
upper reaches towards the larger spatial coverage/ extents of
the basin floor, and this greater profile concavity shall elicit a
higher GEI value.

Aall gully basin and channel parameters were extracted
and used them in a hierarchical cluster analysis.

ADendrogramshows grouping of likely similar basins
among those examined.

A\pparent that the Basin 002 is an anomaly and stands
out from the rest.

AThis occurs not only due to its excessively large size ar
much greater gully channel length, but also possibly
because of its much older age and relatively more
advanced geomorphic stage (evidenced by the profile
concavities and basin hypsometry values).

Dendrogram using Average Linkage (Between Groups)
Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label

NO1
NO3
005
NO2Z
001
004
003
002

[ PT R S ILL J-.

Dendrogram-based clustering of studied gully basins and channels



Sections normalised from
0-100 % length for comparis
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A Rill head on the upper surface

The "Q=value [=rebound V divided
by inbound V] represents the
physical rebound coefficient.

Comparable Q values for other
materials obtained during
calibration are as follows:
Sandstone block ¢ 32.00
Haematite block ¢58.57

Marble block CM282

Acrease downstream
along the rill from the
friable upper surface
towards the hardpan
caprockover which the
rill then plunges
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Normalised Long Profile Of Gully-11
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Sfmbased models of gully features

Piping along gully wall Earth pillars and caving on gully headwall

/

Rill in 2016 Rill in 2017 Change

Rill cut intoduricrust¢ changes inongittudinal profile before and after eartffilling Toeslope erosion along gully channel



