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ARTICLE INFO ABSTRACT

Accurate assessment and delineation of soil salinity maps are essential for
effective management and control of salinized lands. This study aimed to
Received: 01 June 2025 evaluate and map soil salinity in the Al-Suweera fields of Iraq using
Revised: 25 October 2025 remote sensing and geostatistical techniques. Soil samples were collected
from the topsoil layer across a 10,000-hectare area using a regular grid
sampling method with 1,000-meter intervals. Electrical conductivity (EC)
of the saturated paste extract was measured. Spectral bands and indices
from ASTER and Landsat satellite imagery were processed in three
spectral formats: digital number (DN), spectral radiance, and reflectance.
Multiple linear regression was employed to establish relationships
Electrical Conductivity between the spectral indices and measured salinity values. Comparative
analysis of the three spectral modes revealed that Landsat reflectance data
provided the highest accuracy for salinity modeling (MBE =-1.24, RMSE
Satellite images = 4.58) among the remote sensing approaches. Furthermore, comparison
Sensors between remote sensing and geostatistical methods showed that the
geostatistical approach yielded superior accuracy (MBE = -0.06, RMSE
= 3.53), attributed to its reliance on direct field measurements.
Nonetheless, the remote sensing-derived salinity maps demonstrated
acceptable accuracy and showed strong spatial agreement with the
geostatistical maps.
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EXTENDED ABSTRACT

Introduction

Soil salinity is a major environmental concern in arid and semi-arid regions, as it can negatively impact
agricultural productivity and cause irreversible damage to soil. Accurate assessment of soil salinity is
crucial for sustainable management and prevention of soil degradation. The Tigris alluvial plain in Iraqg,
an important region for crop productions, is particularly susceptible to soil salinity due to its arid climate
and intensive irrigation for agriculture. Providing soil properties especially soil salinity can be used for
managing the land and crop. Conventional mapping of soil and sampling are time-consuming, costly, and
limited in spatial coverage. In recent years, remote sensing techniques provide an effective alternative for
large-scale soil salinity mapping. The use of various spectral indices derived from satellite imagery allows
for the detection of subtle changes in soil characteristics, such as soil moisture, salinity, organic matter,
and texture. Geostatistics, such as kriging, is another method which offers a powerful tool for interpolating
soil salinity data collected from field measurements. In recent years, numerous studies have evaluated the
use of remote sensing and geostatistical methods for soil salinity mapping in different regions worldwide.
However, each region has its unique characteristics that may affect the accuracy of these methods. The
alluvial plain of the Tigris River in Iraq presents a unique challenge due to its specific soil properties,
vegetation cover, and climate. Therefore, it is essential to evaluate the performance of these techniques
in this region and identify the best approach for accurate assessment of soil salinity is thus imperative for
the management and prevention of soil degradation in this region.

Material and Methods

The study was conducted in the alluvial plain of the Tigris River, in the Al-Suweera region in
Alsouyreh region with a distance of 30 kilometer from Baghdad, Irag.

Soil samples were collected using a grid sampling strategy with 1000 m distance, covering an area of
10000 ha at a depth of 0-20 cm. The collected soil samples were analyzed in the laboratory to determine
the electrical conductivity (EC), pH, and sodium absorption ratio (SAR). Satellite images from the Aster
and Landsat satellites were processed in three spectral modes: digital value (DN), radiance, and
reflectance and then were applied to generated salinity map. The Kriging method as a geostatistics model
was applied for interpolating and mapping of soil salinity, using the measured data. The estimated soil
salinity maps were then compared with the measured values of soil salinity in the study area to assess the
accuracy of the remote sensing and geostatistical methods. The accuracy assessment was performed using
Mean Bias Error (MBE) and Root Mean Square Error (RMSE), which are commonly used metrics to
evaluate the difference between estimated and known values.

Results and Discussion

The results showed that Landsat's radiance spectral mode and Aster's reflectance spectral mode were
the most accurate for producing soil salinity maps. The geostatistical method, using the kriging technique,
outperformed the remote sensing methods for preparing soil  salinity  maps.
The validation results demonstrated a negative Mean Bias Error (MBE) for all remotely sensed and
geostatistics methods, the lowest value (-0.06) obtained when the kriging method were applied.
Additionally, kriging with the value of 3.53 yields the lowest RMSE. The results of Root Mean Square
Error (RMSE) also showed a better performance of Landsat reflectance mode than all modes of Aster
images. Interpolation of soil salinity using Kriging led to the most accurate maps due to the use of
measured data in generating map in small area with enough taken samples. Comparison of maps generated
from remote sensing data and geostatistical methods revealed almost similar salinity distribution patterns
and there was a good agreement among them, demonstrating the effectiveness of remote sensing
techniques which indicate the potential of remote sensing for large-scale soil salinity mapping.

The soil salinity maps generated using remote sensing and geostatistical methods both indicated lower
salinity levels in the southern part of the study area compared to the northern part, which is closer to the
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Tigris River. This finding aligns with the actual conditions in the region, where the southern area has
undergone surface drainage since 2000, effectively reducing soil salinity. In contrast, the northern part of
the study area has been subject to long-term irrigation with saline water from the Tigris River (ECw=4
dS/m) and has no drainage system, resulting in persistently high salinity levels.

Conclusion

This study highlights the potential of remote sensing and geostatistical methods for mapping soil
salinity in arid regions like the Tigris alluvial plain in Irag. The findings suggest that geostatistical
methods provide more accurate soil salinity maps, but remote sensing can provide valuable information
at a larger scale. The produced map by both methods can provide valuable information for the
management and monitoring of soil degradation in the region. The study also highlights the importance
of effective drainage systems in preventing soil salinity buildup, particularly in regions where irrigation
relies on salty river water.
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3- Normalized difference vegetation index
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6- Potential Different
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835482

Wiegand et al.

IPVI _
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B6 - -
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Table 2-Spectral indices acquired from Aster satellite images
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BI VB272 « B3"2
B:1 Red Visible -
B2 Green Visible -
Bs Blue Visible -

Sbol (oo 3l ol (559 (srais

o i 52Ul bagi (g9 Gl Jb Lo (giladae § calid lal Sizm S i) 4 559 Sl 4
Slp bl (i jlitel g 5l 285 Sjpe S Al el Sels 5 (80059 4 ax g b 658 eSS am p 0l

29,5 oolatul Jaw e ,liel
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() = 5 T 2 () = Z(x + W)Y )
Slade Z(Xi +h) cicaadae 1o X yuiie sloosalice Hlade 1 Z(Xi) (bl zg; slaas 1 N () dod yts o lado 510y (h) 101 jo a8
ool a5 il oo 0y Sled pdd 4 (55855 Jde o alie (31 (gaw a8y il o XiIh alols o e slhonalin
Alee Jliml 2She aale 5 Guend Gl o anian 9 SULT mpe ggerme Jlas anulne lawgi Jae ) Sl
ol oolainl 850 SST 1 gy DBl a e geme JBlas 5g dlne
Sipzn )5 D o0 Kz S S eesd bawgl gandiyy lp 1) ool SIS LSl o)L js Sledlbl onds ools i3l Joe
ol Nl 5 S i S el ABlgn s 335 5aSiln Blate 1 85 (55 e
Losls iww yluie! ¢ygo3l

ol ST Colan (sloosls 5 chli (slo g, b (58T Crlan oa 5T, (sloesld o dmlio 5 ool sl &

o 5l 8l alols b b ylre ol a8 ol eolainl Tlas o)l Sl ¢ Towiladl Slas yo 0Kikee j5dme sl )lne 5l 00 (5,5
(Webster & Oliver,2007) aas g0 Las |y Blyzul o9 ol b g <l oS

RMSE = \/%2{;1(2()&) - Z(xi))2 ®)
MBE =231, (2(xi) - Z(xi)) *)

asdllao 5 yg0 adlaio S Sluogas bl aoMs

o sl oal wll Y ooz 5o waalllae 3,50 ailaie S (58 5 aloerd laThs 5l Fn bl sl
5 olly) odls @je 0928 4 bgre sla el (eilie ((250le) aosls (635 10 slajline Jolio (5)lol 4325 s Jgoxr
el 0l Bl ) 12 3550 Sla Sy (DS upd 5 (S9iS (Ns2) @ies S8 slayally 5 Glone Sl
Ol 2 A (V Jguz) 050 V102 5 VIV o o ies) (oo Yo/ Ll o5 5 4 SAR g PHe (ECe . 55kos gl 45 ax g3l
(Hammam & Mohamed, 2020) s .5 o ;1,8 ;58 S oogazs ;o axlllas 5,90 ddlaie S ol

1- Unbias Estimator
2- Root Mean Square Error (RMSE)
3 -Mean Bias Error (MBE)
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Table 3- Descriptive Statistical analysis of soil physical and chemical properties

o S e el o o e o) 4 A w‘»‘-‘% Wl aods
e Mg Ca Na Sand Silt Clay pHe =2 )
ECe
3.4 5.7 7.3 8.3 1 19.3 35.7 7.2 111 Min Jélu>
151 40.7 60 107.9 33 453 69.1 8.2 38.4 Max yis'los>
10.5 21.3 24.9 56.2 141 325 52.2 7.7 20.9 Mean (.Sleo
9.1 23.7 27.1 53.3 14.3 333 534 7.1 18.3 Median aile
-0.3 -0.1 -0.05 0.2 0.7 -0.3 -0.1 -0.001 1 Skewness g
-0.4 -0.01 -0.6 -0.5 0.1 -0.4 -0.03 -0.2 0.2 Kurtosis S uwis
441 59.9 5.9 0.1 56.7 441 59.1 0.05 134 Variance i ,lg
6.6 1.7 24 0.2 7.5 6.6 1.7 0.2 3.7 Std.Dev jlao Bl yxil
20 15 9 39 50 20 15 3 69 CV Ol i g i

S5 aS 20,5 )15 lhe oyar bl jo Ao ailbog, Slbl BT Lol )08 cw,, ,o (Jabbar & Zhou, 2012) gl
—o3ll gl eyl (e 5o DliesS o pd Gliee i el oal S (658 wads cely bl (nl o S ow) 8L
Jlozio] a5 was oo olis |y S5 (5,08 0l Slyais 45 dF Jgaz) Sanl o0 $ oliee 4 S5 ECE 4y bogs po 00 (5 5
&l laile Lylys ol el a5 ail ddlaie mhaw ;0 S5 Sbail § (Siwy 9925 g ddlaie 3,5 gs5 JJo 4 Wl o
lcond pl ;0 Sed oz o dibte (ol ;o 0L s B,b 5l g ol alxs sy, gLl 5l Jol ST L oL Ol
Lol 0l S (5598 Slpasd Gy 09 Vb cge ol (l 5 9550
@l el o S gyeh Ol ey p o (Yahiaoui, Douaoui, Zhang & Ziane, 2015) . )\Ken g gudl
Dyl 0429 adlais phas S 55 sl gails § s 9 S (6550 (goniiew LU, aS wisls 5155 pliadl jeiS
Cawad o ylgalo dhub leMbl 0315y 5l odeo] Cawas (S (5 youb (gLdakinis

g radiance DN) calizxe b cdl> aw )0 cawad o)lgale b Sledbl 5l oolawl b S (6,08 sloasds 4y cqo
9 0 3,91 p EC e codal cws @ (T Jgoz) las lolas a0 4z g5 b .o ool Al @ a8 9w S, b, 5l «(reflectance
28518 eoliiul 3550 (5,58 SoALE e 5T

Cewad 0lgale pglas Sledbl jl oolitul b S5 EC (rposs Sgam S, <¥olo —F Jgam
Table 4- Regression model equations for estimation of soil EC by acquired data of Landsat images

b ol yly b aolro
Spectral mode Parameter Equation
DN EC EC = (0.029xB1) — (11121.87xPD322) — 251.84
Radiance EC EC = (2.6xB1) — (1860xPD322) — 490.80

Reflectance EC EC = (776.5xB1) — (460.14xPD322) — 113.27
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DN siub cdl> 10 Cuwadd o)lgale leMbl 5 odel Cuwsd a3 (S (55 duindts

15 el 00 )] Y S 50 DN b s 50 Cewad o,lgmle el SloMbl 5l o0 angs S gy LS|,y i
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Sl dad (091 1,980 0didd Lis aS e oo odnlive ddhis g (>le j0 Sl (65T (55 lyls a5 05 bl g 04
155 ol b als ailhsg, a4y o sblio ;i )bl Yliml ool p5ir dog 4 o (alzs a0y, 4 Si33) ailate
aS wis,S 138 (Moyel & Hussain, 2015) cyws g Jigo ol ool (>lg ol ol 5,98 cely (ECw = 4 dS/M) ails-o,,
ool 00 ail30g, opl 5,lol Cot Lol o jad el 4 Canl jie p aienj od Y51 i Ao iy, ol W EC

A e alaio (nl (o5 ST (555 5 oamsl e o il Yoo VO 5l (5 o gl Gos (3l 3550 50
@ 2] 5o Folie sl s slml el pmi s ol o Gos )0 Sl Ble sz )0 el Sy ierj e VY B
9% 89, a5 o (Al-Jeboory,1987) (s,s.=dl (Qureshi, Ahmad & Ahmad, 2013) cewl ool al>o ailsog, Al bl
S8 s retle Ve Goe )3 (65,9laS o oS 0 S gl olas (S pSUl Colan oS wls (815 Glie S50 (4]
Al 0ols Cos dlaie YU glos Laylyls g 508 guejp loc! Jds a0 S ol 6,08 cpl Clde a5 g 0L Jles S
Wil oo 2alS wlisg, ol 5l alols L2l b ales ailisg, BLLI o)) 6,95 e a5 cuils Gl (Abbas, 2010) e
bl Gl co0ged (3155 ailsog; e Ol 1ol eslial o a1y ailhog, Sho5 Lol o9 Fied cnl o Gize ol
G cpslin (53,55 SV gams 355 (sl 0L (8555 s 4 ales g, o3 3holis
reflectance b cdl> ;0 Cawadd o4lglo SleMbl 5 suel s 43 (S (g youb dlinits

@l oY S o reflectance cll> jo casad ojlgale b Sledbl 5l sais 3,91 EC 5l o] Cowd 4y (5,90 4t
e 0 s 4 canload ooy inles pdg, bl & a0 4 (EC>36.36 AdS/M) EC 15 o e 4l ol jo .ol ons
w5 >l s (EC<13.09 dS/M) (5,55 olsee CayieS 5 o sunlice alzs ailssy, 4y oy wtblhaie 635 0 5 Jlod
o Teflectance el o cawadd o)lgale pglad aliwg a5 oo 3,915 EC atsls i saslive al>s ailsog, 5l 590 ddlais
11.25-) DN cdl> ;0 ous o)ﬂﬁ EC aals 5l iy 5 assls oplas (=Y JS0) Cnl yie 0 (udiag j g ATV/AY L VY/-Q
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4 DN b Los b as cul Cllas pl sbeS «S| cpl wans oo lid 1) 6,55 )5 olael g cwl 00,5 oy o33l
9 s 9 Oy e eyt G sy el gl S S50 sdiamin dy Cand 093 (cwaie CueSg. Teflectance
b S 2 0 1) 655 (098 G Semad olsale B oad Cely CusBge i (nl 45T 03,5 i (adlate mhaw ol
@lsee b sl jo Hlas 0,90 cusiw hawgl (astin oduay SOl edd ol guedblineg iSTI (65 5] e 4z ST 08
b5 Sy ol b sloossay > aS 0gb 0 el adb  Sitewl s Jg il ol ol (DN 4 reflectance aadiance)
aS wis S )38 (Deschamps, Herman & Tanre, 1983) K g plio (Alavipanah, 2006) auil aiils golae ol
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Fig. 2. Salinity map estimated by Landsat satellite data in DN, Reflectance and Radiance spectral mode
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Table 5-Regression model equations for estimation of soil EC by acquired data of Aster images

b A 5 dolea
Spectral .
mode Equation
DN EC = (-0.604 x B2) + 66.63
Radiance EC = (-0.34 x BI) + 68.51
Reflectance EC = (-61.14 x NDVI) + 13.16

DN b cdl> ;o il o)lgalo ileMb] 51 ool cawsd 43 (S (5 ygu diiadi
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Fig. 3. Salinity map estimated by Aster data in DN, radiance and reflectance spectral mode
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Table 6- Validation assessment of different spectral solutions of Landsat and Aster satellites in ECe estimation

Index DN Radiance Reflectance Kriging
Landsat Aster Landsat Aster Landsat Aster
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