Journal of Water and Soil
Vol. 32, No. 6, Jan.-Feb. 2019, p. 1135-1148

it

(632815 goluo g pale) S g O &y it
NYA-NFA .o ITAY ol cpogs F 0)lols XY 0l

S gan o S 5 5l e et 3 eslinl b S T o S sanag
(Ao 2 52 5 4 $hSgS Olinsl)

£, - A Y . AN
b B e - e o e - (3les dhraas Ao = S oY Ly
VYAP/VINY 8l 5 b

VWRV/VIF iy e st

LRVCCS

onien 5 S0 ol 0385 9 e ) (oliee ks b sl SB JT )8 sanalag oheadl 4 ()8 5ol b i e S0 sl
oalisal b S JI 1) 085 5 o 50y peds Ol (Gadod ) ol B sl Canl Bl oy cloj Jgbo )3 o] Sy Gl oS
J Bolai 5 o8 po ygoa SB sladisa o5 danlngr g askSeS Gl 5y g g 55 )3 elone) 5 (sian (ras 4SS by, |l
(2L Sids padld Sl g 45 (,S03lul SB Sluogad (S g I 08 0555 5 )8 o 5 s)slaer st Blo V00 Gas Sl abai V-
as aSumd slagby) jl i (65l aged e y3 bl (30056 jolateds A5 odlitul (SS slaodls plyieds cud 9 ()L dod (£l
ot il oLl sl padli Sl 5 adb ool Alols ugSan (230jg 9 (Jene Stz S « iz SsS (MLP iz (g5 ) (S hae
o3zl (b9 (p s e sy (RMSE) s wlayjo (1:0ke 4 9 (ME) (1:Ske slbas (CCC) o (Ko 35 (R2) (S
P sly S a9 o ot IS ()8 o 9 il )l cglis) (a8l 5 oo Sile (1lS' L S8 N (58 080 5 e
Syt €8> S )8 0085 g e (a3 )3 (slelimej slasbyy 4 Coad MLP gy 9392 (oS Jao JI 0y 083 9 )lie 5l
)13 Jaiaa s (R2=+/5A § CCC=-/A% ME =+/\¥¥ RMSE =+/Ab%) ] YL cobons dgi b MLP g, 5l Jols (stisai .cdld
2,5 (Byme dibain )3 JI )8 (b Cundg oo sl lee 4B S plgieds Bl e oouldl g (S e Jelge 31

SB )8 Lo ddis Sl o 9 Siid 3blio ¢ S0 (653350 ¢y S cam 5 1 5lS (gW1g

S 0y 9 Mo §l yizs 55 (V) o) SRS (clajls L]
ol g e bain 9 STl edlitl (4l o] GlSe g5 5 ST ]
S 03D g e (3.8 (g4 1. (V) Ml 5)908 9 S3e
5 S (S g il olive s 2l (lp SBJ]
sl il gl o o oy Jgb 1o o Sl o)l
9 (oelll Oy any (e i Ll Sl cnlie Sy
425 2)90 yhuesl 4 S S (G5ldlil b oo line Gt
SB I opyS e 1 (edamie dauocans; Jolge sl (6l
LS« 2LS Gidy g9 (ol (B S g Jalge )l ik
Cye Jolge (ol dler I Sluil g pae g S8l ()
(FA 5 1Y) Wgb oo
O Sadd and Caa dijp g By (xiley Sl 4
B 5068 5] 4 39 odlil ol by, 5l Canl p3Y (S
2l Al 55 wlio o8y g wS odlatul SB 4050 5 diges
5 kel oty plgise 1L 5 (g slagbsy e ()

Aoddo
Srbols 5 CabS S0 3 ok Joma (18 SB T )8
2lw g (9580 dnjos Gk jl g )l Suis bl > S
0253 (VW) dgmiine Clpasd (g5t (b d g (b Jolpe
SL 53 3390 0315 e 4 Buas a5 (SOCD) "l i op)8
1ile) 39800 Gl e Boe B (3] 5l paie (o (il 4
Slaogad o Cunl (55 b (b @lio 1 (S (U2 )3 pSolS
Gy Ny 03,8 JpuS ) SB (Sigdom 9 abond (S5
2 oot o (58 S py S 0 S cuaS dgug
ool 5 SB il el (555liS S pas 15 il

el g dbewl Glabiol eyl (owlis I8 Golo gl iy 4 =F o ¥ ¥ O
Sl b @lio 9 (5jyeliS pole olStils (S psle 09,5
(Email: mostafaemadi@gmail.com :Jgtue sk g5 —)

DOI: 10.22067/jsw.v32i6.67983
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1- Artificial Neural Network
2- Inverse Distance Weighing
3- Partial Least Squares Regression
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Figure 1- Sampling sites (A) and spatial distribution map of mean precipitation (B) and temprature
(C) in the study area in Kohgiluyeh and Boyer-Ahmad province
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1- Soil organic carbon contents
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5- Nugget Effect

6- Sill

7- Range

8- Cross-Variogram

9- Mean Error (ME)

10- Root Mean Square Error (RMSE)

11- Correlation Coefficient (R?)

12- Concordance Correlation Coefficient (CCC)
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1- Multilayer Perceptron
2- Back Propagation

3- Levenberg-Marquardt
4- Sigmoid
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Table 1- Some descriptive statistics of soil organic carbon, texture, pH and EC in the study area
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Table 2- Mean comparison of SOC and SOCD in different land uses, elevations and temperature ranges in study area
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5 oolawl L b yielb plo g S8 JI )8 0,85 5 Jlade (055
il 3 o ol oaid o0y LS Y Jgds p0 0 Jloys (slaedls
2 Gln Jbe e pleiedr Gaslie Jio das ol s Jio ity
o) g sldie (lp L pusl o o (e 8 Ll il
Sl ggome 9 Vb oo b & 2295 b s o | 0
Vgano 45 i dy (gldnlad 5] i i S5l oS (cllas
ol L Abb duo > YOl jiaS ST 00d 0 o Mo pd &jgody
Simly Wil Ao d YO YO (p S g 568 S (Stunly
s (S (Siuly Al 20> VO 5l sl ST g bawgie S
B Bl oo pite S 3 598 Sl B Le (TA) a3 0 LS

S L slaSs > JI S 0,85 5 ()8 e Sl
sl ey g Sl S Lm‘_*j e Jole 5 IS
S L slaSs 5 Il S 0085 5 Jlde ()39 yide
929 cpidw (LS sble (oS alS Lide 4 plge ) S
9 OLaLS yidd (om3ady) (S (1S 9590 pas ((Suegn dlge
(V0) s Cuns g 31> g yudy (Sojud cblas g oLt

Lad i 5aIGT

Ot 2 S0 sl 353 gy Lol isse) (B9, 3 B sl
Ly s (Y0) ol Loy s 30T 51 o0litsl 1y Lol



VIV L cgman omas aSd 9 g5kl ome) slBhg )y 5l ootz b ST (JT 59,8 (aadigy

(¥) 908 e 403l () pmiges alols Jilus b alal, 55  SleMb]
5 oo kS VAF sgas 1> ST 08 e (gl Lo i 5 aield
25U aialy il o 510l VAY 3gus j3 I 50,8 033 gl
Aol g asdllae )90 wliie jl (ML (SB il sl Sy
35S i 38U kel il o )] Slosw Cusbgn g ()1 pdiges
ple ) yid (S0 (Stgy g yodpus Sl jlsbs p Vs

(V) 35l aidyge e

Joi jl odalcawsay gols 3o (1) 28l S S o Jale 1 5]
5 S2g8 slashd 3l b SLs u—ﬂ oS 033 g labe ¥
2 b S (Sialy ol (558 S50 Siusly ) ppimen
Sl 3 s S5 gla Siwly 5 L5 slanT s il
WU ple dlge aiile 1y claa] b 11 345 o Jobs (o)1
DOA) crwl aily adlaie )3 b juste cpl (6o us (g9) (8 b
Sl ad s baise o (5lglo 3 a5 conl (glabols 3T anels

9 039_9.5 L)M ]) )5.33)9_» Ca nya& ; o > d‘é\l«ob
axdlla 390 dllio )3 SB Sluogad glod bl S5 729 -Y Jgo>
Table 2- Semivariogram characteristics of the soil properties in the study area
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Table 3- The cross-validation results of different interpolation techniques for estimating the SOC and SOCD

Statistical indices (,b! gk asls
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Interpolation methods SOCD SOC
(tone ha™) ()
RMSE R ccc ME RMSE R ccc ME

Cokriging 3.13 0.51 0.699 0.688 0.249 0.59 0.75 0.039
Kriging 4.86 0.23 0.269 0.759 0.381 0.17 0.197  0.059
IDW with power of 1 4.93 0.21 0.240 0.770 0.387 0.14 0.164  0.060
IDW with power of 2 5.10 0.18 0.210 0.796 0.400 0.11 0.128  0.062
IDW with power of 3 5.27 0.17 0.190 0.823 0.413 0.1 0.109  0.064
IDW with power of 4 5.39 0.16 0.175 0.842 0.422 0.09 0.097  0.065
IDW with power of 5 5.46 0.14 0.165 0.853 0.426 0.07 0.088  0.066
MLP (one hidden layer) 0.856 0.68 0.892 0.133 0.018 0.73 0.886 -0.015
MLP (two hidden layer) 1.185 0.60 0.793 0.185 0.268 0.69 0.617  0.021
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Figure 2- Spatial distribution map of SOC by the Cokriging method (left) and the MLP neural network (right)
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Introduction: Predicting and mapping soil organic carbon (SOC) contents and stocks are important for C
sequestration, greenhouse gas emissions and national carbon balance inventories. The SOC plays a vital role in
sustaining agricultural productions in arid ecosystems. It shows very quick and direct changes with atmosphere through
the photosynthesis and the SOC decomposition. The depletion of C storage not only exacerbates the risk of soil erosion
but also reduces agricultural production. An accurate knowledge of regional SOC contents and stocks and their spatial
distribution are essential to optimize the soil management and land-use policy for SOC sequestration. Today, digital soil
mapping methods such as geostatistics and artificial neural network (ANN) have focused more on SOC contents and
stocks mapping. Geostatistics is a robust tool widely applied to model and quantify soil variation and analyze the spatial
variability of SOC in large scale. The ANN as a nonlinear technique has been received much less attention for modeling
SOC contents and stocks. Therefore, in this study, we aimed to develop and compare the performance of ordinary
Kriging, co-kriging, inverse distance weighting (IDW) and artificial neural network models in predicting and mapping
the SOC contents and stocks in East and Southeast of the Kohgiluyeh and Boyer-Ahmad province, southern Iran.

Materials and Methods: The composite soil samples were collected randomly from the 0-15 cm soil depths at 204
sampling sites at different land uses in east and southeast of the Kohgiluyeh and Boyer-Ahmad province. The collected
soil samples were air-dried, ground, and sieved to pass through a 2 mm mesh. Soil properties such as organic carbon
contents and stocks, pH, electrical conductivity (EC), bulk density (BD) and soil texture were determined according to
the standard analysis protocols. The normality tests were done according to the Kolmogrov—Smirnov method, and the
variability of SOC contents and stocks were analyzed by the classical statistics (mean, maximum, minimum, standard
deviation, skewness, and coefficient of variations). The digital elevation model (DEM), slope gradient, precipitation and
temperature and Normalized Difference Vegetation Index (NDVI) were used as co-variables (auxiliary data). The
NDVI was obtained by the remotely sensed data of LANDSAT 8. The geostatistical parameters were calculated for
each soil property as a result of corresponding semivariogram analysis. The spatial prediction maps of soil properties
were generated by ordinary kriging (OK), cokriging (Co-K) inverse distance weighting (IDW) with powers of 1, 2, 3, 4
and 5 as well as the Artificial Neural Network (Multilayer Perception model, MLP) methods. The mentioned
interpolation methods were used to prepare the SOC spatial distribution maps by using the 80 % of data as the training
datasets. The prediction results were then evaluated by the validation data set (20 % of all data). The differences
between the observation and prediction values were evaluated by Mean Error (ME), Root Mean Square Error (RMSE),
Correlation Coefficient (R?) and Concordance Correlation Coefficient (CCC). The spatial distribution maps of the SOC
contents and stocks in the study area were finally developed by ArcGIS 10 software.

Results and Discussion: The SOC content for all samples largely varied from 0.20 to 3.96 % .The high coefficient
of variation of 53.38 % demonstrates the strong spatial variation of SOC content in the study area. The SOC stocks had
also a relatively high variability compared with other soil properties. Such strong variation could be attributed to the
diverse soil types, land covers and other environmental conditions across the study area. The average SOC content for
forest land use was significantly higher than the other land uses. The intensive tillage in cropland soils appears to have
induced the acceleration of organic carbon oxidations leading to the lowest SOC contents and stocks. By increasing the
mean precipitation within our study area (in eastern and northeastern regions), the SOC contents and stocks increased
significantly. The inverse trend was, however, observed for temperature implying the fact that the higher the
temperature, the lower the SOC. Gaussian model was found to be the best model for parameters such as SOC contents
and stocks due to the lowest RSS and R%.Overall, the results denoted the higher ability of ANN compared to
geostatistical techniques (cokriging, kriging and IDW methods) in estimating both soil organic carbon contents and
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stocks. According to the results, ANN (MLP) method with one hidden layers with 50 neurons performed better in
estimating soil organic carbon contents and stocks atunsampled points, whereas the largest errors were obtained for
IDW method.

Conclusions: The good performance of ANN method can be attributed to the division of the study area and the
capability of ANN to capture the nonlinear relationships between SOC and environmental factors i.e. slope, DEM,
precipitation, temperature and NDVI. The results suggest that the proposed structural method for ANN can play a vital
role in improving the prediction accuracy of SOC spatial variability in large scale.

Keywords: Arid and semi-arid regions, Baseline soil carbon map, Carbon sequestration, Spatial variability



