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Abstract

Introduction: Soil erosion is the most prevailing form of soil degradation, playing an important role in the
mass balance of soil particles in the watersheds. Moreover, due to the on-site and off-site effects of erosion,
it is essential to measure and predict soil loss using different methods. Specifically, gully erosion is a form
of water erosion with the huge amount of soil dislodgement. Due to the complexity and variability of soil
erosion, it is necessary to apply different techniques in order to monitor the soil erosion changes. Remote
sensing (RS) technology and the use of spectrometry and reflectometry basics provide suitable solutions
for monitoring areas affected by erosion and deposition events, offering high-quality temporal and spatial
data. Soil color, a visual property, significantly affects soil reflectance. Generally, soils with a high amount
of organic matter have low reflectance due to their darkness, while the light soils have high reflectance
from surface (high Brightness index, BI), which affects soil temperature. Therefore, the main objective of
this research is to use RS and radio spectrophotometry to find a relation between soil color and its
reflectance.

Materials and Methods: The study area is located at Zahirieh watershed of Khuzestan province, between
Ahvaz and Masjedsoleyman cities, covering an area of approximately 7100 hectares. The average rainfall
is 218.6 mm, with the maximum and minimum temperatures of 54°C and 7°C, respectively. Regarding the
separation of erosional and depositional surfaces in the study area; first, using the visual inspection of
Landsat satellite false color images, 8 regions were divided into several regions, then random sampling
points were created using the random point generator tool in ArcGIS 10.4 software to implement the
random sampling method within the block. Finally, 12 sampling points representing erosion surfaces and
14 sampling points representing depositional surfaces were selected and sampled to determine surface soil
characteristics. Surface soil color was determined using Mansell's color book in natural daylight in two dry
and moist conditions. After collecting the soil samples in air-dry moisture condition and also in wet
condition, their spectroscopic analysis was done by FieldSpec3 device and this moisture condition was
considered for all the soil samples of eroded and depositional surfaces. Statistical analyzes and mean
comparisons were performed using SPSS 26 statistical software. Corrections of satellite images and
transformations were made in ENVI 4.7 software, and visual outputs and maps were created in ArcGIS
10.4 software.

Results and Discussion: Results indicated that among the evaluated soil color indicators, the dry weight
parameter is significant at the 1% level. This level of significance demonstrates that the Value index in dry
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conditions can be used as an effective parameter to identify and separate erosion and deposition levels in
the study area. There is a difference between the values of the statistics for red, green and blue RGB in the
dry state for erosion and depositional surfaces, and these differences are also evident for the moist
condition. In the depositional surfaces, with the drying of the soil, blue, red, and all green reflections
decrease. The reduction of blue reflections in the RGB system leads to an increase in the yellowness of the
color. In the case of the soils of erosion surfaces, we can see the pattern of the photo and the enhancement
of reflections and consequently the lightening of the color of the soil when the soil is dry. According to
what has been seen in the Munsell system, it seems that this issue has a direct relationship with the amount
of organic matter. Moreover, the results of the comparison of the average bands of Landsat 8 show that
bands 2, 3 and 4 are able to separate erosion and sedimentary surfaces at the 1% level, but thermal bands
cannot be used to separate surfaces. Due to the difference in the color characteristics of erosional and
sedimentary surfaces, as a result, it is possible to separate them based on reflectometric characteristics, and
it is possible to separate eroded and sedimentary surfaces by using color indices.

Conclusion: Due to the difference in the color characteristics of erosional and depositional surfaces, it is
possible to separate them based on reflectometric characteristics, and color indices can be used to
distinguish between eroded and depositional surfaces. The results showed that surface soil characteristics
could be modeled using quantified surface soil color data, a hypothesis confirmed by statistical
investigations.

Key words: Reflectometry, radio spectrophotometry, quantified soil color indices (RGB), gully erosion
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Figure (1) The geographical location of erosional (E) and depositional (D) surfaces in the study area
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Table (1) Statistical comparisons of Value and Chroma indices (0-20 cm) at dry and moist conditions
for separation of erosional and depositional surfaces
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' ' ' Erosion
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Table (2) Results of Mean Comparison Test for soil color indices (0-20 cm)
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ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively



At
&)}Wub‘)b Dﬁ)[{ s*or :Qb&sﬁﬁdw‘)h

‘535..»)5‘5&3‘[.»)5 C}hﬁ’m&‘ﬁ (ML» oY) ‘s‘xfa..uerb <Ky eMG&f‘SKPLﬁ g§)LOTMlﬁ.0 ") Jou=>
Table (3) Statistical comparisons of quantified soil color indices (0-20 cm) for separation of erosional
and depositional surfaces
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error
e
10.3 35.8 146.2 12 Deposition (i) 05
3.6 13.6 1745 14 b Red (Dry)
Erosion
e
10.5 36.4 108.4 12 Deposition (K2 o
3.8 14.2 136.8 14 ol Green (Dry)
Erosion
)
10.5 36.3 64.8 12 Deposition (oK) T
4.6 17.4 91.7 14 il ? Blue (Dry)
Erosion
e
10.0 34.8 151.1 12 Deposition (osb ) }_‘45
6.6 24.9 156.8 14 ol Red (Moist)
Erosion
S agb)
9.7 33.7 121.0 12 Deposition (e}bﬂ;—r_»
6.5 24.4 128.1 14 ol Green (Moist)
Erosion
)
8.9 30.7 90.3 12 Deposition (b0 @T
5.3 19.7 91.0 14 ol Blue (Moist)
Erosion

(ol +=¥+) (b S 55 (RGB) okl (05" S o Lh Sy (uSlo dulio 03031 i (£) Jouzr
Table (4) Results of Mean Comparison Test for guantified soil color (RGB) indices (0-20 cm)

(Cosb0) T (osb a) jow (Csbye) o5 (Kes) T (6Sast) o (eas) 503 ek
Blue (Moist)  Green (Moist)  Red (Moist)  Blue (Dry) Green (Dry)  Red (Dry) Parameter
0.947™ 0.538™ 0.628" 0.021" 0.012" 0.011" Sig./ s 15 gne

Aoy ) cla..: Gl sme *E (s )5 0 cla..: Gl sme (g ld oxa pe ns
ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Figure (3) The diagram of the average subatmospheric reflections of the erosional and depositional
surfaces of the study area
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Table (5) The statistics of indices originate from radio spectrophotometer bands for erosional and
depositional surfaces

b (Sl e Ol oSk sl Ll b e
Mean Error  Standard Dev. Mean  Number Process Index
0.06 0.15 1.31 7 T
Deposition
EDI,= NIR/R
0.01 0.04 1.45 7 ol
Erosion
0.02 0.06 0.13 7 N
Deposition
EDI,=(wb4-wb3)/(wh4+wh3)
0.00 0.01 0.18 7 ol
Erosion
0.02 0.06 0.11 7 De*;’;t)ion
P EDla=(b4-b3)/(b4+h3)
0.00 0.01 0.16 7 S
Erosion
0.02 0.07 0.13 7 T
Deposition
EDI=NIR *R
0.00 0.02 0.14 7 il
Erosion
0.06 0.18 1.30 7 De?;iﬂt)ion
P EDI; =Red/Green
0.00 0.02 1.45 7 il p
Erosion

S 09389 59331 SN 3 Z P S ASLS (1Tlo Sdwlio 03T W (1) Jaur
Table (6) Results of Mean Comparison Test of originate from radio spectrophotometer bands
EDlIs EDI, EDI; EDI, EDI, (Index) s

0.04” 0.84™ 0.05 0.05~ 0.047

‘_g)ladbu

Aoy ) C}a..a Gold gme ¥ (Up )5 0 C}a..a Sl F (5 )ls gme pde NS
ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Table (7) The statistical parameters of Landsat 8 bands (Bands 2, 3, 4, 5, 10 and 11)

3 bl (sl o Sile Dlre ol il ok sl NEAJE A ol slail
Mean of standard error SD Mean Number Process Bands of Landsat8
218.7 757.7 13794.6 12 i
Deposition Y L
solw 1
58.6 219.3 14709.1 14 o Band 2
Erosion
3718 1288.2 15132.2 12 =
Deposition ¥l
sl 5
100.6 3766 166218 14 i Band 3
Erosion
637.2 2207.5 17900.5 12 i
Deposition f L
. LN s
157.1 587.7 203175 14 o Band 4
Erosion
754.9 2615.3 21993.1 12 i
Deposition o Ll
. LN s
217.9 815.5 24009.3 14 ot Band 5
Erosion
279.6 968.6  39046.5 12 e
Deposition Vool
sl 1
64.6 2418  39327.1 14 s Band 10
Erosion
199.3 690.5 34373.7 12 =
Deposition ARIRHY
. Lw :
53.7 2011  34562.8 14 s Band 11
Erosion

29 9 ol P glaw K 10 A Cawckid 0198k GBI pSlo duslie 39037 WS (A) Jgve
Table (8) Results of Mean Comparison Test of Landsat 8 for separation of erosional and depositional
surfaces

Band 11 Band10 Band5 Band 4 Band 3 Band 2 Bands
1 L Ve L o Ll F Ll ¥ Ll Y Wl o5l 5ale Ll

0.337™ 0.304™ 0.0117 0.001” 0.000" 0.0007  Sig/ls e

KWRT C]a,» Gold gre ¥ (Up )5 0 C]a,» Sl sre ¥ 5yl san p e NS
ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively
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Table (9) Pearson s correlation of Landsat 8 bands with quantified soil surface color indices

AA

Bwt20 Gwt20 Rwt20 Bdr20 Gdr20 Rdr20 Bﬂ\d Bfgd Band5 Band4 Band3 Band2
1 Y il
1 0.995" v .l
1 0.994” 0.986™ £ Wil
1 0.795" 0.801" 0.7457 o Wb
1 0.399° 0.689” 0.660" 0.664" Ve aib
1 0.994™ 0.322 0.642" 0.612" 0.622" 11 ol
1 0.251 0.257 0.529™ 0.376 0.401"" 0.376 Rdr20
1 0.985™ 0.228 0.234 0.526™ 0.370 0.392" 0.367 Gdr20
1 0.957" 0952 0242 0233 0435 0231 0359 0341 Bdr20
1 0.275 0.387 0.415 0.123 0.157 0.366 0.205 0.243 0.230 Rwt20
1 0.986"  0.297 0.423" 0.4517 0.129 0.160 0.351 0.191 0.224 0.209 Gwt20
1 09757 09767 0306 0.397 0.426" 0.154 0.174 0.286 0.156 0.192 0.179 Bwt20

Rdr: Red dry, Gdr: Green dry, Bdr: Blue dry, Rwt: Red wet, Gwt: Green wet, Bwt: Blue wet
EWSTR! CL—‘LG)"J'N** L.—Lajéacb.dd)b@u:*
* and ** are significant P<0.05 and P<0.01, respectively

Cluster Qulaity

1 U U
10 05 00 0s 10

silhouette measure of cohesion and separation

Lo g plomudl £ pors (5 15 o550

Ogw) 9 il - glaw SO (Sl y (b B Ky o (05 SBodIS (S dligs) lod 4l o slaiel (£) Ko
Figure (4) Shadow validation (clustering) of quantified soil color (RGB) indices (0-20 cm) for

separation of erosional and depositional surfaces
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Clay (%) = 0.487 Rdr20 — 0.563 Gdr20 + 0.034 Bdr20 (Rs,: 0.822, Sig: 0.000)
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