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Calculation of Land Degradation Index using GIS-MCDM
method for the North Kut Project in Wasit Governorate
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College of Agriculture

ABSTRACT

The North of Kut Project was chosen within the Iraqi sedimentary plain in Wasit prov-
ince to the north of Kut city, along the left side of the Tigris River, with an area of 49904 hec-
tares, due to its geomorphological and physiographical variety as well as significant varia-
tions in soil conditions for occurring multiple geological and pedological processes led to the
lands of this project to be affected by different degradation appearances. The Enhanced
Thematic Mapper Plus sensor data, downloaded from United States Geological Survey
(USGS) of the path 167 and row 37 of LandSat7 images for 2008, were used. The TOPSIS
method, one of the decision-making MCDM methods in integration with Geographic Infor-
mation Systems GIS-MCDM, was tested in the calculation of Land Degradation Index using
six indicators: Soil salinity, Gypsum, Organic carbon, Land suitability index, NDVI and
LU/LC. The results of LDI, according to TOPSIS method, ranged between 0.02— 0.87 in 2008.
The results of the calculations of land degradation, according to the TOPSIS method, indicat-
ed a significant correlation with Salinity, Gypsum, Suitability classes, NDVI, and LU/LC,
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while the correlation was insignificant with Organic Carbon indicator. The GIS-MCDM
method showed the effectiveness, flexibility and efficiency of the land degradation index cal-
culations using the proposed indicators according to the environmental conditions in the

study area.
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QCALMAX

QCALMIN = the minimum quantized calibrat-
ed pixel value (typically = 1)

QCALMAX = the maximum quantized cali-

)
L, is the cell value as radiance
QCAL =digital number
LMIN,= spectral radiance scales to QCALMIN
LMAX; = spectral radiance scales to



2018 (1) 3 —(18) slaal

Al aglad 480l Alaal)

Lo lady) b Jugad b Al dasal) L)
Lalsad) and ) Azl | s—all Radiance
.2 Alaal) alasiuly Reflectance

P, =m* L,d*—ESUN, * cos 0,

GIS-) plhasy daaiaa Ll jLiyg TOPSIS
Ldlpall cilaghal) alii aa Wlalsi xic (MCDM
ooaad Jla il A8kt sda et .GIS
G Eald) (e da e Chdipa aladialy ga)Y)
claglra ) iy Laaaa) cpdlida ¢ )i
Lana (3 2008 ale 338kal 4l cilagna clibug
alibrs e Aaaiial) @lilbully ((2009) dlaes
) NAR) Jala any culiaiy aad o8 e
Glalaiia) il NDVI bl
018 sy 2008 ale ) oLl
A hal) dipal) Cra pisa IS a8 Ak
Call Adtide Alalia cilas cad ilial 320 )
O b ¢ g JoS8 Al gl Angall AN
Baag Js! —ilgdl) (AN jeaa Jmds s
it o 3y ) Ailale b bl 5
Withers Gds Ao cilia) diu ) 458 dagla
(2008) Bennett 5 (1988) Vipond and
G-y Sys 1 Wik (g gl ) g)lsl) Ciivag
il Al ) amnadl Gl cidiiag ((1993)
dapda Jla ciilag (1973) Barzanji - Lag
by Ao dilia) day)) ) Gugaadl ds)y3 oY)
Cpa (—5 ¢(1980) Sys - 33l cilaslal)
= NDVI @lll aglal) GMEAY) S chila
= (2013) Dashtekian g Sahebjalal -3y
elaladi diliaal @ils a8 cdilinal dwad
318 e cilinal (8) Alad ) s laid) /)
iy L&) dial) e JSI Allial) cila
(4) Adateal) ) Jaliinsd jodipa JS Ay olonaial

:(2012) Zucca and Sepehr ¢w dasiically

L(wxn)

-~ .. (4

% =
0 )

Rl g3l Sangl) b ydipall 4y X

195

brated pixel value
(typically = 255)

(2

: )
pA = Unitless plantary reflectance

L= spectral radiance (from earlier step)
d = Earth-Sun distance in astronmoical units

ESUNA = mean solar exoatmospheric
irradiances

0s = solar zenith angle

& 4alidl ModelBuilder 313 cuasiiv)
sda jlai¥ MS Excel galing ArcGIS galin
dagal) Ciyivail) Ales 1odi ot Wy L Alanl)
Knowledge  Engineer didis Jlaxiouly
ERDAS Imagine 9.3 galin 2 835-agall
T
L) A dae S A gilillg Aauiyl) Ciliual)
il bl i) Jods Glaay cgilaladialg
Normalized Difference  Vegetation
O9sAl Rouse ¢ gsisall Index (NDVI)
NIR d—ajall fpm ) e (idiallg (1974)
o= p—asa Lasy Lagegana ) Red daially
ss—all A lai) ar B ciardi ) 3 A talaal)
=aill (ETM+) (umsaiially dalil) 4zl
.Landsat 7 s lal

(NIR) — (Red)

NDVI = NIR) T (Red)

. 3)

waN¥) Ll clea
Yoon ¢—s TOPSIS 4k coa j38)
ALA%) (ghk gaa) Jhaig (1980) Hwang and
Multiple Criteria ) Julaal) saaia )l
AL iy 48y 5k a4 «(Decision Making
Technique ) Jaa¥) Jall 3 4lid) b e
of Order Preference by Similarity to
i) iy (1deal Solution,

—1



2018 (1) 3 —(18) slaal

Al aglad 480l Alaal)

cpisal) il A ghena 5Ly

Uaaially Adlidall cfpdsall o) asdiud
Lglhal) ddghaal) oLy B (4) Ualeal Guai (e
LDI Al gad) jead Jula luwal

a1l 12
| 1
A"Lﬁﬁ f{nz

D) diagall Audliall Alal) Gluag waas
(D;7) dsagall 4 Aluag &
H(D]) Al

.. 8)

.. 9)

oA ) i ) A el D
A58 Basg JSt (ay)
SRS ) pedn o Al sy Dy
A2 g3 Sasy U8 G
Ba—agll) dbgiaal) ()9 Aah
(A8 50
Claagll) dgiaall ¢ o) dad
(A8 580
claagll) ddgiaall ¢ JB) Aasd
(A8 580
S paN) s Jaly qilua
Lgmanal) LDI Ga¥) 5380 Juls and )

c(l_O) Ot SJJ"‘M Oﬂ 10 MJM\ déj u.‘&
clajay 3L g e ¥ Load) Al Yty

196

lalial) Ao sw

SOl clily) Alalia day0 <) cligagd) sae :n
ALalie dqp0 S el SasaYl/(SUrvey
(RS «lily)

(4815 5l Bassll) Aaluce/ ciligand) 3 :N

dajial) cpdiall G ad Jlaaic) sy
o ATV clghdll plal o (A8 g5 Basy (U
Aal) dhaia A G2 ) Al Juld claa

fin]
f2n|

... (5)

fmn

o)

Al sas gida :D

Glaagl) axe Jiay N (A g ulll cilaagh A
(claag 8) Ad)e g 50

2 :fm ccpdisa (6) dasiall clpdigal) 23 :fn
(el G oY) GIRT) e JSI CiliaY)
IS e JS dilial s * @fpdisal) aae :fmn
AL g5 Basyg

~a,

(1) dagdall )AY A3 ghuan Clus

fij
[ 2
n
jzlfij
:0) )

J Adlggnh sang 00T dsal of
A8)8 958l clasgl) axe :n

ry = .. (6)

e,

Adsdaa ()9 e
.. (7

Al LAY

Vij = Wil

JU 1 A BUamall dadll) ddall ods W
(Aasiial) cpdiall



2018 (1) 3 —(18) slaal

Al aglad 480l Alaal)

ANl LR Ja il

o LDl G2 jeaai Gla)s divial aly
cald) (e zBal) 2 Jgand) Coma Cilinal Aay))
Non/or slightly degraded —as
Degraded s Moderately degraded s
-0.25 5< 0.25 «baall Highly degraded g
(Al A >0.75 50.75-0.5 50.5

claan 5iladl ¥l gsaal) (e Aaiiia
1igd ) il Atiea i ) ganill (a o)
o Liuh i Ga) jsa8 daga O g) «Jala

el 13 dad

... (10)

LDl = ——
Df +D;

(Cald) e zsi8e) TOPSIS Ak uua () a8 cilidey Ciuagg cilial Jgaa .2 Joaa

) Ciua gl) Cilal)
<0.25 Non or slightly degraded 1

0.25-0.5 Moderately degraded 2

0.5-0.75 Degraded 3
>0.75 Highly degraded 4

Alially gl

Non or diiall clidy (%0.025 Degraded
aiall cladiy %0.68 ¢ slightly degraded
Lall culs sy %0.62 5 Degraded
Degraded «iiall culiiiy %0.7 s Degraded
Highly degraded diiall claiy %0.87
e il O A il cadagly L el o
2sAAl e e lal Cudapad 18 A8)8 ¢ 5l claagl)
ol il Point bar 48)&g5dl saagl ¢ Liiul
Qb gimys o) shai cililes BLily S S
S5 Jalis e caslas A A8)2 5 380 dagdal) )

LAY Glaagll ddjlEa lgad il cilles

I
[

e
[ - X

Jeally 3 Jgaal) & dadgal) @iliil judd

=al¥) Rt Juls and b Gl agag ) 2
0.02 o Al ciagly I (TOPSIS 4k conay
=0 Bailad) Ad)e g5l claagl e 0.87 5
Claagl 8 Judad) i and ol cdou)al) Adhia
Depression s Basin depression 4| il
Oxbow s Point bar s OIld river bed 3
s Out wash plain 4 Silted basin g lake
ivall alediy %0.72 << Silted hour

‘A“ o

.o
[ AA“ [l

iy %0.75 9 Degraded
ladiy %0.71 5 Degraded

(TOPS'S) A8 gy (aY) Ha Jula dilialg Hé 3 Jssa

LDI class (2008) LDI '?(;‘j;‘ 'E‘rfgf‘ Physio. Unit
Degraded 0.72 27.65 13799 Basin depression
Degraded 0.75 2.38 1185 Depression
Degraded 0.71 3.80 1895 Old river bed

Non/ slightly degraded 0.02 0.46 229 Point bar
Degraded 0.68 0.83 417 Oxbow Lake
Degraded 0.62 10.64 5310 Silted basin
Degraded 0.70 20.06 10012 Out wash plain

Highly degraded 0.87 34.18 17057 Silted hour

197



2018 (1) a:l) ~(18) aaal

Al aglad 480l Alaal)

577000 588000
N N

599000
N

610000
N

3621000
"

3612000
L

BD0.72

OL0.68

3603000
I

SB 0.62

AN

N

PB0.02

ML LI Kilometers
0 15 3 6 9 12

3594000
L

T
3621000

owPro0.7

SB 0.62

T
3612000

LDI TOPSIS

! Non or slightly degraded (< 0.25)
Degraded(0.5-0.75)
Highly degraded(> 0.75)

sl

PB: Point bar (&l Sie! Y1)

T
3603000

OL: Oxbow lack (34 = sadll)
ORB: Old river bed (el 2 yidll)
SB: Silted basin (A 1 sl sa¥1)

BD: Basin depression (A-aisidl ! ;Y1)

D: Depre Laaididl)
SH: Silted e A aYY) =3
OWP: Out wash plain (il Aba Jeu) g

T T
577000 588000

T
599000

T
610000

TOPSIS &y cauny af) Jsasi Jals ciliaay (SISl asil .2 J2a

ddhia JS duagady dpinll cigill 38y o
Gua e @Y Qg sUee) Adlal aa A
48 . oa) s cllee B oygs o) Abrably ol
aladind) IS 3 a8 chdled) pany (S
Hsa e dea (0 @AL o) s

.Suitability Index

izl ge G glad Ay

Gy ANl Al Jula ad aaat b dasiiual)
reas i 4 Jeaadl dae) a3 (TOPSIS 4ay)h
@ AN sadi Jilay cldiall ) ddgiaas
Aladind o) LAufal) dllaia A 4318 g 58l cilangl)
SsAS Juls bR gl 2 TOPSIS Adyk
CaN) SN Ciydisa JLAS B gy Hhgi Ayl

.TOPSIS a3k s A N HRa Julag cldisall Q) ddgian .4 Jgan

Multiple criteria
Land Soil data and Remote sensing data derived
Degrada- o - G
tion Index | LULC Suitability | - oamc | BYP- ECe
(LDI) (classes) NDVI (classes) GEIoe sum (dS.m™)
(%) (%) '
0.72 4.26 1.02 4.00 1.60 2.07 5.87 | Basin depression z
=
0.75 481 1.03 4.00 2.00 3.33 6.00 Depression =
0.71 409 | 1.00 4.00 167 | 200 6.00 |oldriverbed | 9 §
0.02 714 | 237 1.00 200 | 100 | 200 | pointbar X
0.68 506 | 1.44 4.00 1.00 [ 2.00 5.00 | oxbow Lake s
0.62 463 | 1.28 3.29 157 | 1.86 500 | sitted basin Z8
)
0.7 518 | 1.00 3.86 207 | 271 550 | out wash plain 2
0.87 4.65 1.00 4.00 1.50 3.30 6.00 Silted hour 7

e JAIN ge il A pdsall 1 aladi) o)
(o At aial A il gy Ay i) cliea

198

Ll clia e 2 aladialy Jagdiad 430 3
Latyliie () Ay Aalall Lglaa (g
Gl b o3l L A, Baraa Jalge




2018 (1) 3 —(18) slaal

Al aglad 480l Alaal)

L g £ Unal) jad dasan Al dAles
AU (e Lyl Adlaia ) 5L Baadil oMl
Atlal) ) il (i J-S5 Atialally ) g0 03

Lol o Unkl) A o Suzad 4l Aaglal) g Ui

O @A) Bl cqsal) Jualae de )il lgiaidla
TOPSIS G () jsai Juls L) Ay
Gliva (e (e dae ) liiel) Bl @l
bl e Soab A A atal) Lgayilsy Ay
Qo=Sa) day o jladiad) lily ¢ Aoyl

)

— Landsat 7 Users Handbook, 2017. Chap-
ter 11. Last updated.

— Malczewski,J.,2006.G1S-based mul-
ticriteria decision analysis: a survey of
the literature. International Journal of
Geographical Information Science, 20
(7), 703-726.

— Rouse Jr, J., Haas, R. H., Schell, J. A,
and Deering, D. W., 1974. Monitoring
vegetation systems in the Great Plains
with ERTS.

— Sahebjalal, E., and Dashtekian, K., 2013.
Analysis of land use-land covers changes
using normalized difference vegetation
index (NDVI) differencing and classifi-
cation methods. African Journal of Ag-
ricultural Research, 8(37), 4614-4622.

— Scaramuzza,P.,Micijevic, E., and Chan-
der, G.,2004. SLC gap-filled products
phase one methodology. Landsat Tech-
nical Notes, 5.

— Sepehr,A., and Zucca, C., 2012. Ranking
desertification indicators using TOPSIS
algorithm. Natural hazards, 62(3), 1137-
1153.

— Sys, C., 1980. Land evaluation. Part I,
I, I, 1V, ITC courses. Ghent.

— Sys, C., Van Ranst, E. and Debaveye, J.
and Beernaert,F.,1993. Land evaluation.
Part L1111 crops requirement Agri.
Publications. General Administration
for development cooperation Brussels.
Belgium.

— Withers B; Vipond S., 1988. Irrigation:
Design and Practice. London: BT Bats-
ford.

— Wu, W. (2011). Atmospheric Correction
for Landsat Data— Mterial for remote
sensing training. ICARDA.

— Yoon, K., and Hwang, C.L.,1980. Multi-
ple Attribute Decision Making Methods
and Applications. A State of the Art
Survey. Berlin: Springer Verlag.

199

alidic) 2010 cilia taaa 3y oAbl —
daide kil gl 3 Ad)ial claghall ki
cqsal) Jualaa Gard cladldl §odia )
Lk drala—de )3 ALS L piuale Al

2010 (daaa O e O Maa mllall -
L)y e ladiay) e dallas
As-Adjgall aud ILWIS galin aladialy
ASlaal Lol )l Lot dlladl Asala— o)
Aossad) Al

(dpen dada lliey e e e —
Easdtal al¥) Uiy Ayl s 2009
oy Asblae/ gl ages Anjla gl Jlad
30al) = Aalall algall B9 —iladl dyyggan
alupall acd —4iladl ylgall B3I Al

-

i)

catlas Bt 50 (g pllia daal (e —

(=d Adaial) § guana Ao )y3 ¥ AapSa

as—al) Ao . (ghal) g Asilg ¥ (3lalial)

317-311(1) 47 Ad)pd) e ), 30

— Afshari, A. R. and Yusuff, R. M., 2012.
A review of spatial Multi Criteria Deci-
sion Making. 6th International Sympo-
sium on Advances in Science and tech-
nology SASTech. Kuala Lumpur orga-
nized by Khavaran Institute of Higher
Education.

— Barzanji, A. F., 1973. Gypsiferous soils
of Iraq (Doctoral dissertation, Universi-
ty of Ghent).

— Bennett, S. J. (2008). Saltland Capability
Assessment: Targeting Plants to Land-
scapes to Increase Profitability. In
Global Issues,Paddock Action: Proceed-

ings of the 14™ Australian Agronomy
Conference. The Regional Institute Ltd.



