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Extended abstract

Introduction

The rainfall system of a major part of Iran is mediterranean, where the precipitation amount during the
vegetation period is low. In addition, the occurrence of precipitation in the non-vegetation period or beginning
of the vegetation period, which does not cover the surface of the earth well, is one of the important reasons for
water erosion in Iran. Since vegetation has a special role in soil erosion control and runoff retention, any
change in the vegetation structure and pattern, which expresses the landscape pattern and function, can have a
significant effect on changing hydrological processes. Therefore, the assessment of soil and water loss and the
quantification of its relationship with landscape metrics provide key information for the development of water
and soil quality management strategies.

Materials and methods

The current research was conducted to investigate the hydrological component changes with landscape
metrics on 2 m? plots using simulated rainfall at an intensity of 32 mm.h"! in a part of rangelands of Ardabil
County. At first, considering the type and percentage of vegetation as the main variable, eight groups of
vegetation composition along with one group without vegetation (control) were considered with three
replications. The composition (and percentage) of the vegetation from the first to the eighth groups,
respectively, include low-height graminea predominance (45), the composition of dense bushes with
graminea (43), bushes with low-height and medium-distribution (37), sparse bushes mostly with
low and medium height (31), the composition of sparse bushes with graminea (56), dense bushes in
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upper parts (54), low-height bushes with very low distribution (15), and dense bushes with almost
uniform distribution (56). After measuring the runoff and sediment at the plot outlets, different
hydrological components were calculated. Then, plots with nine different vegetation combinations were
imaged in three replicates before and after rainfall simulation. After transferring the images prepared from the
plots to the Arc/Map10.8 environment, nine important landscape metrics were calculated.

Results and discussion

Changes in the mean patch density (4.43-26.90), largest patch index (54.16-86.75), edge density (17.12-
107.38), landscape shape index (1.50-4.47), mean shape area (4.16-37.46), mean Euclidean nearest neighbor
distance (0.00-1.65), landscape division index (0.19-2.31), mean patch shape index (1.24-22.85), and the
effective mesh size (15.80-43.96) indicate their different influence from different percentage and composition
of vegetation cover. Spearman's correlation matrix analysis showed a nonsignificant relationship between the
mean soil loss, runoff volume, runoff coefficient, and sediment concentration with landscape metrics (r<0.26
and p-value>0.10). The small scale of the studied plots, the lack of diversity in the vegetation composition,
and the uniformity in terms of vegetation height can be cited as the reasons for the lack of correlation. In
general, groups with vegetation values above 50% had a better condition in terms of LPI, AREA MN, and
MESH, which indicates more connectivity and less degradation. The increase in vegetation cover and spatial
heterogeneity above the landscape surface can change the path of sediment transport, reduce sediment
connectivity, and lead to a decrease in sedimentation.

Conclusion

The obtained results are applicable in explaining the appropriate reference to optimize water and soil
protection measures on the watershed scale. However, It is suggested that similar and more comprehensive
research be done in different scales of erosion plots and even in the landscape (slope) scale so that by
considering a wide range of vegetation, topography, climatic conditions, as well as successive rains, it is
possible to compare the results, optimum selection of study scale, and finally planning to manage and protect
vegetation and water and soil resources.
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Fig. 3. Distribution of the average percentage of the total surface coverage of plots in each investigated group
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Table 1. The general characterisitcs of the landscape metrics examined in the current research (McGarigal, 2001)

Name Symbol Unit Eq. Range
Patch density pp " piramo PD:% (10000)(100) PD>0
Largest patch index LPI % LPI= %(a"f) (100) 0<LPI<100
. m per 100 E
Edge density ED ha ED= i (10000) TE>0
. . 1 25E"
Landscape shape index LSI Unit less LSI= & LSI>1
VA
X 1
Mean patch area AREA_ MN  ha AREA-MN= 2 a 10000 AREA_MN >0
J=1 ij
Mean Euchde?n nearest neighbor ENN MN m z s hy No limit (ENN MN>0
distance - N =
Landscape divisionindex ~ DIVISION Unit less  DIVISION= /I- E (%)2 0<DIVISION<1
=1
P,
Mean patch shape index SHAPE MN Unit less SHAPE= min} SHAPE > 1
i
; A 11 No. < SPLIT < Total f
Effective mesh size MESH ha MESH:% CellNo.<§ = Total area o
A landscape
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Fig. 5. A view of the extraction style of vegetation types in the study plots
(Three repetitions related to group 7, low-height bushes with very low distribution, have been shown.)
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Table 2. The results of the data normality check using the Shapiro-Wilk test (df = 27)

Component/Metric  Soil loss  Runoff volume Runoff Coefficient Sediment yield PD LPI ED
P-value 0.000 0.003 0.236 0.004 0.152 0512
Component/Metric LSI AREA MN ENN_MN DIVISION SHAPE MN MESH
P-value 0.000 0.000 0.000 0.000 0.161
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Table 3. Characteristics of descriptive statistics of hydrological components in the investigated groups

Group Soil loss (gr) Runoff volume (1) Runoff coefficient (%) Sediment yield (gr 1)

Mean 3.53 3.38 15.97 2.24

1 Standard deviation 0.60 2.76 14.35 0.65
Coefficient of variation 0.17 0.71 0.90 0.29

Mean 4.67 2.04 6.43 3.76

2 Standard deviation 3.32 0.52 2.71 0.64
Coefficient of variation 0.71 0.25 0.42 0.17

Mean 8.20 3.09 12.04 4.03

3 Standard deviation 8.10 2.18 11.66 1.03
Coefficient of variation 0.99 0.71 0.97 0.26

Mean 3.20 2.50 8.81 2.66

4 Standard deviation 1.91 2.05 10.71 2.08
Coefficient of variation 0.60 0.82 1.22 0.78

Mean 3.40 2.49 8.78 3.67

5 Standard deviation 1.31 1.41 7.35 1.99
Coefficient of variation 0.39 0.57 0.84 0.54

Mean 5.37 4.27 18.06 3.05

6 Standard deviation 3.38 2.69 14.02 1.33
Coefficient of variation 0.63 0.63 0.78 0.44

Mean 8.13 3.85 15.84 3.87

7 Standard deviation 5.12 1.58 8.21 1.24
Coefticient of variation 0.63 0.41 0.52 0.32

Mean 437 2.94 11.09 3.42

8 Standard deviation 1.40 1.31 6.79 0.91
Coefficient of variation 0.32 0.44 0.61 0.27

Mean 7.00 2.31 7.84 3.18

9 Standard deviation 4.07 1.18 6.15 0.62
Coefficient of variation 0.58 0.51 0.78 0.20
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Table 4. The values of landscape metrics in the investigated groups

Group Metric PD LPI ED LSI AREA MN ENN MN  DIVISION SHAPE MN MESH
Mean 2994 0.60 0.00 144 10.92 52.13 5458 227 935
Standard 719 0.11 0.00 0.10 1.96 6.32 14.55 0.15 1.62

1 Deviation
Coefficientof 4 018 0.00 0.07 0.18 0.12 0.27 0.07 0.17
variation
Mean 2844 032 000 132 17.40 40.14 78.99 1.76 10.50
Standard 1722 032 000 0.19 13.52 47.19 22.26 0.63 10.21
2 Deviation
Coefficientof ) ¢, 699 0.00 0.14 0.78 1.18 0.28 0.36 0.97
variation
Mean 18.75 0.53 000 1.37 6.18 72.53 60.66 238 27.10
Standard 1225 025 0.00 0.08 524 21.01 23.87 0.71 21.74
3 Deviation
Coefficientof ) ¢ 46 0.00 0.06 0.85 0.29 0.39 0.30 0.80
variation
Mean 4273 0.14 000 126 29.67 31.67 92.73 1.70 12.13
Standard ) o) 014 000 009 34.56 38.72 7.26 0.70 14.74
4 Deviation
Coefficientof ) 53 99 0.00 0.07 1.16 1.22 0.08 0.41 122
variation
Mean 4536 033 0.00 143 17.08 53.85 80.90 225 9.75
Standard 1628 020 0.00 0.16 16.15 43.50 12.10 0.89 6.44
5 Deviation
Coefficientof 3 61 0.00 0.1 0.95 0.81 0.15 0.40 0.66
variation
Mean 4233 2.17 000 22.73 14.76 36.47 85.07 433 13.44
Standard 51 357 000 36.70 8.84 11.31 2.56 423 11.05
6 Deviation
Coefficientof 4o 151 0.00 1.61 0.60 031 0.03 0.98 0.82
variation
Mean 1951 0.50 0.64 1.41 4.00 95.27 67.79 2.66 25.97
Standard 11.82 015 1.11 0.03 0.90 40.60 11.41 0.74 6.62
7 Deviation
Coefficient of o ¢} 559 0.00 0.02 0.22 0.43 0.17 0.28 0.25
variation
Mean 2221 047 000 149 6.51 70.88 62.96 2.57 15.94
Standard 11.08 038 0.00 0.29 1.57 3721 37.70 0.93 3.66
8 Deviation
Coefficientof ) 55 80 0.00 0.19 0.24 0.53 0.60 0.36 0.23
variation
Mean 3625 043 1.65 1.62 15.37 41.60 65.14 2.03 631
Standard 18.52 034 286 0.39 13.63 30.31 28.37 0.64 3.8
9 Deviation
Coefficientof ) 51 ¢5 000 024 0.89 0.73 0.44 0.32 0.52
variation

* The full name of the metrics has been given in Table 1.
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Table 5. Correlation coefficient of landscape metrics and runoff and sediment components
T Z
7 =g gf §o _ ¢ 5 z &2 -
= g5 2£ Es a & ] @ < B ! a &4
5 &% 23 3™ - — 4 2 Z z =
192} > S A ~ = 4 8
o < 7
PD -0.08 -0.15 -0.16 0.02 1.00
P-value 035 023 022 047 0.00
LPI 0.07 0.15 0.16 0.01 -0.29 1.00
P-value 037 022 022 047 0.07 0.00
ED -0.04 -020 -021 0.8 073" -0.73" 1.00
P-value 042 016 0.15 035 0.00 0.00 0.00
LSI -0.17 -030 -032 0.09 0.64” -0.68" 0.83™ 1.00
P-value 020 0.06 0.06 0.33 0.00 0.00 0.00 0.00
AREA_MN  -0.11 0.06 0.06 0.11 -0.80" 042" -0.77" -047" 1.00
P-value 030 038 038 030 0.00 0.01 0.00 0.01 0.00
Shape_ MN 0.02 -0.11 -0.12 0.09 0.14  -0.57" 034" 056" -0.12 100
P-value 045 029 028 032 0.25 0.00 0.04 0.00 0.27  0.00
ENN_MN 026 -0.12 -0.11 0.07 0.07 -0.21 0.06 -0.04  -0.35" 020 1.00
P-value 0.10 028 029 036 0.37 0.15 0.39 0.42 0.04  0.15 0.00
DIVISION -0.14 -0.18 -0.19 -0.01 043" -087" 0.66” 0.82" -0.34" 0.68" 0.15 1.00
P-value 025 0.18 0.17 049 0.01 0.00 0.00 0.00 0.04 0.00 023 0.00
MESH -0.02 0.10 0.10 0.09 -0.67" 047" 0.53 -0.40"  0.60” -0.19 -029 -0.54" 1.00
P-value 045 032 031 033 0.00 0.01 0.00 0.02 0.00 0.18 0.07 0.00  0.00
* The full name of the metrics has been given in Table 1. * and ** represent correlation at the 0.01 and 0.05 levels, respectively.
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