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Figl. Study area location and sampling points in the investigated Catchment

\Y4A olﬁj.@e J)( PIPYY BL) ch:f aalais BL) (J@)Ju&?_- 9 ‘_}ls
ot 3 @3landll 5 (5l i ool S a2 5 )yt

S Gla byl s S 4sas BA (515 5 gas abail W

5 S gl gt s 1 &bl 5 Sl e Slalllas

G50 b IS 08 53 03 Gl +=YY) Ges
CiS Ldas) (5505l 5 (bak 5 SEawS0L5 by

YA



e 3 e b 3l ealital b S T S 5,50 5 s

R S = I & S T P HR v R S Vg
O 0555 53 JoSy bl & 4 57 b &gl anlad s (pens
JoSss Dl W s L0 Sas 0T 335 s 5 035
ki w3 L s ol Klke 5035 ey p |y Ol bl
ol s 5 A syl EXcel laes 53 alaii EA (gl 5 KL e
Cos 23S el b bl ko s s
SPSS 24.1 Lases ;3 ot O S, 5 Opoip Somsad
Jli S iy pale 4 eyl sl ol
MSR JPVI ARVI SAVI RAI MSI DVI NDVI
oS5 s NDBI Bl Lol iy, jexls 55 5 OSAVI
S0 B S Gy el Glll eSS s b asls

O Jsdz) @8 8 515 el

S St 5 (Kb Slosar S as S B s
eSOl S e Gregsda By 4 SRS e
PH (CEC) i palSdslic b &yl 25 sy b Jslas
Colda Clbl Gl OT 5 St 110 O peilis g 5y St
ke 5 SB 10 0 el s ol 3 (BC) (K )
L g Seslul (Y8) Jlep S s
o3l e Olllas S glel sabe p gl Oladlas
A oslimad YV b 4 bgye A Gk pad Sl
Goo 2l ol s B 5 O cds pean VS
S a ek dlee 3lie das o OLES (slojlsale  goas
A5 S sbwl ERDAS imagine 9.1 lows 5 450 ilaks
gl b sk gl s A cedd Gholpale ol
DB s 53 Gl pds a5 woes maw Sy

34°12'00"N

34°10'00"N

34°08'00"N

48°12'00"E  48°14'00"E 48°16'00"E 48°18'00"E  48°20'00"E

48°12'00"E  48°14'00"E  48°16'00"E

34°12'00"N

34°10'00"N

34°08"00"N|

48°18'00"E 48°20'00"E
Sample points
[ Gyan City

Sloolsale gl 555 2 )15 ki g0 B ST, Y S5
Figure 2.The scattering of sample points on a satellite image
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Table 1.Spectral indices properties and their equations

Equation sl s el e - s
(Band5-Band4)/(Band5+Band4) Normalized Difference Vegetation Index NDVI
Band5-Band4 Difference Vegetation Index DVI
Band6/Band5 Moisture Stress Index MSI
Band5/(Band4+Band6) Rainfall Anomlay Index RAI
(Band5- Soil Adjusted Vegation Index SAVI
(Band5-Band2)/(Band5+Band2) Atmospherically Resistant VVegetation AVRI
Band5/(Band4+Band5) Infrared Percentage Vegetation Index IPVI
Band5/Band4 Modified Simple Ratio MSR

1.16 Optimized Soil Adjusted Vegetation Index | OSAVI
(Band10-Band5)/(Band10+Band5) Normalized Difference Brightness Index NDBI

/(Band4? + Band5?) Brightness Index Bl
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Table 2.The selected physicochemical chracterisitics of soils studied
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YV/Y \ TAR \e/0 A Forest |-
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Table 3. The correlation coefficient between different bands of landsat sattelite image

b Vel QL ALl vt L ol gL vl YLl sk el
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Table 4.The correlation between main band combinations
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Table 5. The correlation of vegetation index combinations with soil organic carbon
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Table 6. Correlation of vegetation index combinations with soil organic carbon

s pasls oS 5 R? o ot pasls oS 5 R?
\ DVI+MSI /A Y MSI+RAI v /\NS

Y DVI-MSI Yo v RAI-MSI g
v DVI/MSI VAns i RAI/MSI e
¢ DVI-MSI/DVI+MSI Y g V1 RAI-MSI/RAI+MSI e
g DVI+RAI e W MSI+NDVI v/egns
1 DVI-RAI Yo® YA MSI-NDVI /YT
v DVI/RAI oY \4 MSI/NDVI oA

A DVI-RAI/DVI+RAI Ve Y. MSI-NDVI/MSI+NDVI N

q DVI+NDVI io " RAI+NDVI V50"
Ve DVI-NDVI o Yy RAI-NDVI e

W DVI/NDVI ey - RAI/NDVI R
\Y DVI-NDVI/DVI+NDVI /Y YNS Y RAI-NDVI/RAI+NDVI Yo

Mbw )|J;;'¢u ns Mb@ J‘:;;I.M Aoy \ 90 Jl| ch.ﬂ BLIeL Ry R

OC=-102.673+5.759LogBand2-4.507LogBand3+2.104LogBand4+3.491LogBand5-
1.838LogBand6+2.803LogBand7-4.825LogBand8+14.185LogBand9+6.699LogBand10+1.759LogBand11

(V) alail,

PR e e

y =1.0001x + 0.0013
R2=10.36

cooo ki
onvhPoOORND O ®

0.C% achived in laboratory

0 02 04 06 08 1 12 14
0.C% achived from equation

oRiolo3T 55 o (55031l JT oS 5 sl Lo 35 0k dpnwlons JT 0 S Olpe O g S,F IS5
Figure 3.The regression between calculated organic carbon by equation with achived organic carbon in the
laboratory in agricultural landuse
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Figure 4. The mean comparison was conducted between the organic carbone in the laboratory and satellite
images in two land uses
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Figure 5. The origin(a) and derivative(b) reflection spectra from 17 soil samples
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Abstract

In this study, the relationship between soil spectral
reflections using Landsat 8 satellite sensors and near-
infrared spectrum with 48 soil samples was investigated
in agricultural and natural forestry uses in Gyan
Nahavand plain, Hamadan province, Iran. Soil samples
were randomly collected from a depth of 0-30 cm. The
analysis included examining the correlation between
main bands, artificial bands, and soil surface organic
carbon, as well as vegetation indices, composition of
indicators, and soil surface organic carbon. Spectral
analysis of soils was conducted using a field
spectrometer with a wavelength range of 350-2500 nm.
After recording the spectra, a variety of pre-processing
methods were evaluated. The results showed that in the
remote sensing method, only the 11th band shows a
significant correlation at the 5% level with organic
carbon in agriculture. Also, the band composition
(band7/band8) showed a significant correlation at the
1% level with organic carbon content. Three vegetation
indices, NDVI, DVI, and RAI, showed a significant
correlation with organic carbon at a 5% significance
level.

Parinaz Abdoli ', Soheila sadat Hashemi’® (°)

1. MSc. of Soil Science, Faculty of Agriculture, Malayer University,
Malayer, Iran

2. Assistant Professor, Department of Soil Science, Faculty of
Agriculture, Malayer University, Malayer, Iran

DOI: 10.30495/girs.2022.697117

e-mail: s.hashemi@malayeru.ac.ir

/ Available online: 2024-06-26

The correlation between the calculated organic carbon
in the laboratory and the imagery in agricultural land
use yielded an R? = 0.36. While the correlation between
the measured organic carbon in the laboratory and the
image was calculated (R?=0.32) at all points. In the
spectroscopy method, the strongest correlations were
observed at wavelengths of 1404, 1907, and 2216,
respectively. Among the fitted models provided by
multiple  regression, the stepwise model s
recommended for estimating organic carbon as a
suitable model. Consistently, if the number of samples
is very low, the laboratory method may be appropriate.
However, if the number of samples is too high,
spectroscopy is more suitable to save time and costs.
Due to the high cost of spectroscopy in Iran, remote
sensing is proposed as an appropriate method.

Statement of the Problem: Soil organic carbon,
especially in semi-arid areas, is a key factor affecting
productivity and environmental protection strategies. It
also serves as a tool in climate change mitigation and
the reduction of greenhouse gases. Organic carbon
distribution is influenced by various factors such as soil
type, weather, hydrology, land use, geology, and others.
Different procedures, such as network and local
sampling, have been used to determine the distribution
of soil organic matter. The high cost of sampling and
sample analysis are some of the problems
accompanying these methods, and these are determining
factors in mapping. Consequently, a large number of
areas with high or low organic matter contents may be
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ignored. As a result, there is a need for fast and low-cost
soil analysis methods. Investigating the capability of
satellite spectral data is the initial step in this data could
help solve the aforementioned problems to some extent.
Purpose: Given that Iran is located in an arid and semi-
arid region where organic matter content is crucial for
many areas, the aim of this study was to investigate soil
organic carbon content using quick spectroscopy and
remote sensing, and to compare these methods with
each other and with laboratory techniques.

Methodology: 48 soil samples were taken from the soil
surface (0-30 cm), air-dried, and sieved to a 2 mm size.
The Landsat 8 image for September 2019 was utilized
in remote sensing studies. The calculated values of each
sample unit were generated in the ERDAS imagine 9.1
environment. The values of each band for 48 points
were entered into Excel, and the variables were
statistically described. In this study, nine vegetation
indices including NDVI, DVI, MSI, RAI, SAVI, ARVI,
IPVI, MSR and OSAVI and two lighting indices
including BI and NDBI, along with the combination of
indices and main bands, were used to predict organic
carbon content. Pearson correlation test and linear
regression were performed in the SPSS 24.1
environment. In order to estimate organic carbon
content using spectroscopy, soil samples were scanned
using an ASD FieldSpec. Absolute reflection of samples
was recorded in the range of 350 to 2500 nm at a
resolution of 1 nm, resulting in a total of 2150 data
points per spectrum. Four successive reflection readings
were taken from each sample. For each soil sample, a
spectrum representing its reflection spectrum was
recorded in the main data file.

Results and discussion: Among the main bands, only
band 11 of Landsat 8 showed a significant correlation
with soil organic carbon at the 0.05 level in agricultural

land use. The band combination (Band 7 / Band 8)
shows a significant correlation with soil organic carbon
content at the 0.01 level. This band combination can be
defined as an indicator for determining the amount of
organic carbon in the soil. Among the vegetation and
lighting indices used, three vegetation indices, namely
NDVI, DVI and RAIL yielded positive results in
determining the organic carbon content of the soil. The
combination of these indices, as well as their
combination with the MSI vegetation index, shows a
positive correlation with soil organic carbon. Among the
fitted models provided by multivariate regression, the
stepwise model was deemed appropriate for estimating
organic carbon using vegetation indices, a combination
of vegetation indices, and bands. The results of the
spectroscopy research showed that the highest
correlation with wavelengths of 1404, 1907 and 2216
nm were associated with correlation coefficient (R? =
0.16), (R? = 0.23) and (R* = 0.17) respectively. The
values of R? and RSME derived from the PLSR
regression modeling for organic carbon indicated that
the R? values of R? in the validation series were lower
than those in the calibration series, while the RSME
values in the validation series were greater than those in
the calibration series.

Conclusion: According to various conditions, each of
the methods employed in this research may be a suitable
approach for measuring organic carbon. If the number
of samples is very low, the laboratory method may be
appropriate. However, if the number of samples is too
high, spectroscopy is more suitable to save time and
costs. Due to the high cost of spectroscopy in Iran,
remote sensing is a more suitable method.

Keywords: Landuse change, Band7, Remote sensing,
Near-Infrared

Please cite this article as: Abdoli P, Hashemi S., S. Comparison of soil organic carbon estimation using remote sensing and Near Infrared
spectrum in forest and agricultural land uses in Gyan area, Hamadan province. Journal of RS and GIS for Natural Resources, 15(1): 74-93.

93




	4-f_Extend
	4-GIRS
	4-e_Extend

