KSTANBUL TEKNKK ! NKKEBRSISTEIK EJKTKM

A¢l KLANABKLKR YAPAY ZEKA Y¥NTEMLERK
HARKTALARI NIN ! RETKLMESK

Y' KSEK LKSANS TEZK

Samet AKSOY

GeomatkM¢ hendi sl i Ji Anabili

Geomati k M¢ghendi sl iJi P

OCAK 2023






KSTANBUL TEKNKK ! NKKEBRSISTEBIK ENKITKM

A¢l KLANABKLKR YAPAY ZEKA Y¥NTEMLERK
HARKTALARI NIN ! RETKLMESK

Y' KSEK LKSANS TEZK

Samet AKSOY
(501191640)

GeomatkM¢ hendi sl i Ji Anabili

Geomati k M¢ghendi sl iJi P

Tez Dan érafrba Elé@ SERFEL

OCAK 2023






ISTANBUL TECHNICAL UNIVERSITY 1 GRADUATE SCHOOL

SOIL SALINITY MAPPING USING EXPLAINABLE ARTIFICIAL
INTELLIGENCE METHODS

M.Sc. THESIS

Samet AKSOY
(501191640)

Department of GeomaticsEngineering

GeomaticsEngineering Programme

Thesis Advisor. Prof. Dr. Elif SERTEL

JANUARY 2023






KU,Li sans ¢ sBns tE]tigslgmb40vunmar al é Yo kse
SametAKSOY il gili y°netmeliklerin beld.i
sonr a h@Azd rKILANABKLKR YAPAY ZEKA Y¥|
TUZLULUJU HARKTALTAKRL NNEIONKK!| REK | 6 t ez
ol an j ¢ri °n¢gnde bakareé il e sunmukxkt

Tez Danécxmhef.meEIfSERTEL .
Kstanbul Teknik | niversite

Juri Uyeleri : Prof. Drr Ay ke G¢l  TANI Koo,
Kst an b ulnivefsieekin i k

Doc.DrrBeyza USTAOJLU.ieiiciiiiine,
Sakarya Universitesi

Teslim Tarihi : 30 Ar al é
Savunma Tarihi : 16 Ocak 2023






Canéem ,ail eme

Vii






ONSOz

Oncelikle her konuda bana destek glant ¢ m akademi k - al @ékmal ai
danékman hocam Prof. Dr . Elif SERTELOGe s
vizyonu ve motivasyonu igjrozellikle de bu tezi tamamlamadaki destekleri i¢in en
ictetnk ek sbdeuz tekekke¢grl erimi sunar ém.
Ayréca Prof. Dr. Ayiengz|l bDANINK&@a o1 @alné P ma |
i -in tekekkg¢r NkabeHAMZBHPOGRA wlean s@f .l adéj e ve
yorumlareée i-in texkekkg¢r ederi m.

Benim bu g¢nlereg gfimemi hapat amaboyunca
gostererve hep arkamdadarn ai | eme de sonsuz tekekkg¢rl

Son ol arak bu tezi hazgrhiames ibagdmeynda r
Mih.Esr a KENG, N timam&lka diaxdraeg éma tekekke¢r ed

Ocak2023 Samet Aksoy
(Geomatik Muhendi3i






K¢ KNDEKKL ER

Sayfa
ONSOZ....oecee ettt eeeee ettt et e me e re e ete e ix
KECKNDEKKLER ettt a e e e e e e s snmmna e Xi
KISALTMALAR ottt e ee ettt e ereb bbbt e e et e e e e e e e e e e e e seans Xiii
SEMBOLLER ... eee et err e e e e e e e e e e e e a e rmmnn e as XV
CKZELGE LKSTESK e XVii
KEKKL L KSTESK e XiX
(@ 174 = RSOOSR PR TRORR XXi
SUMMARY e e et e e e et s XXV
L G K R K K et a e e e e e e e as 1
R R BN = R T o T - W 1 - o = S 4
1.2 Literat. gl . AL aKL . B.L.MA.S. L ceeeeeviiiiiiiiiinennns 5
1.2.1 Toprak twuzlulujunun uzakt.am al gél
1.2.2 Makine °Jrenme algori.t.mar.e¥l a t o)
1.2.3 A-ékl anabil i rmoyeaeddyyraeak.a..y@kd taenmia
2. C¢CALI kMA B¥LGELERK VE KUL.LANIL.LAN3 VERKL
2.1 ¢al ekxma..Bol.gel. el i, 13
2.1.1 Bateé .Ur.mi.y.e...pl.ay.as.€..... 13
2.1.2 BONAD DOIGESI......uiiiiiiiiiiiiiiiiee et 14
2.2 Kull aneél.an.. Ver..l. el .. 15
2.2.2UyduU gOrUNTUIEIL. ..cceiiiiiiee e 15
2.2.2 Toprak OrNeKIELL........cccooeeeeiiiieeeeeee e 15
T @ Vi = Y ST 19
3.1 Google Earth ENQINE..........uuuiiiiieiee e eeeeeeee e 19
3.2 Makine ¥jrenmes.i..l.i.un.  ¥zel.l.i.R0 er
33AKEer é ¥r.nekl.eme. ... 21
3.4 Makine ¥jrenmes.i..Y.2.nt.eml.e.r.i.... 25
3.4.1 Rastgele orman (random fOrest)..........ccceeeeeeiiiiieccniiiiciee e 25
3.4.2 XGBoost (akéreée gradyaun..ar.t2% ér ma,
3.5 A-ékl anabhb..l..r..Yap.ay...Zek.a...... 26
3.5.1 SHAP YONEMIL..ceiiiiiiiiiiiiiiiiee e 27
3.5.1.1 SHAPR..°z.et..gr.af.ij. ... 27
35.1. 2 SHAP °zel.l..k..%.nem.g.r.a.f.i.j2r
3.5.1.3 SHAP baj.eml.el.gk..gr.af.i.].i28
3.5.1.4 SHAP..kuvvetl. .. .gr.af.i.j.i....... 29
3.6 DojJruliuk. . . An.al. .z . 30
4. BULGUL AR VE TARTILKMA. e, 31
5. SONUC¢CLAR VE . .¥XNERKLER. . .....oooiiiiiiiiiiiiieeninns 85
KAYNAKLAR et e e e e e e e e e s amanrenees 87
¥ Z GE € MK Kt 93

Xi






KISALTMALAR

ANN
dS/m
EC
FAO

RF
GEE
LIME
RMSE
ROS
SHAP
Si
SMOTE
SVM
TOA
XGBoost
XAl
XML

:Yapay Sinir Ajl aré
: Desisiemens / metre

. ElektrikselK | e tkk e n | i
:Birlekmik Mill emitier Géda ve Tarém
: Rastgele Orman

: Google Earth Engine

: Yerel Yorumlanabilr Modee gnosti k A-é&kl amal ar
: Karesel Ortalama Hata

'Rastgele Akéré ¥rnekl eme
:Shapley katke a-ékl amal ar é

Tuzl uluk Kndi si

:Senteti AkkdAzen¥rekek| eme Tekni i

: Destek Vektor Makineleri

: Atmosfer Ustii Reflektans

AkKéré Gradyan Artteéer ma

CA -
CA -

(o]

kl anakZzekhi r Yapay

(]

kl anabilir Makine ¥]Jrenmesi

Xiii






SEMBOLLER

Xi

I><

RZ

:Tahmin

Det er mi

edil en

nasyon

XV

: Olguilentopraktuzlulukde 7 e r i

toprak t

: Ortalamadlgulen toprak uz | ul uk dej

kat sayés

uzl
er i
é

u l

u k

dej e






¢ KZELIGESTESK

Sayfa
Cizelge2.1Li andsat 8 wuydusunun bantl ar.ebén spe
Cizelge3.1Toprak tuzlulujunu model.l.emeX3 i -1in
Cizelge4dl1Bat e Urmiye Playasé makine °Jrenme
Cizelge42 Bat @& Ur miye Playasé test ©°rnekl eri

Cizelge43Bonab Db°l gesi ma k i nn ed jj rruel nunke.42moondue-1 11
Cizelge 4.4 Bonab bdlgesi test drneklerinin tuzluluk seviyeleri incelenmesi..42

XVii






kEKKL LKSTESK

RN
@

S Y
o)

R R R R N N R R R R

= X
®

S Y

>~
o

R RN N

D @D DD

>~
o

D @D

D

 D®D®Mm®DCDCD®CDD D

(0]

Sayfa

ki lTolp.rlaki: tuzlulujunun d¢nya y¢éz.yinde

ki lTolp.rzak: tuzl ul ujunun uzaktan al7gél ama

ki lMalki3ne: °Jrenme y°ntemler.] il e topr ak
tespiti literattir kelime bulutu..............oooiiiiien e 10

ki lA-16.kd aanabilir yapay zeka.yo.nt.Emler.i

kil¢a2l.élk ma al anlareé: a) genel bakéek, b)
d) BONabh BOIQESI.......cuvuueiiiiiiie et eeen e 14

ki lBaz.é2 Ur mi ye Pl ayasé toprak..%.r.i6ekl er i

kidlIBo2nab b°l gesi toprak °r.nekl.er.lébni n me

ki lTe3z. 1- ail eékmasénén..i.k..akexk..dli.y.a2r ameé

k i | Ras3gel@ Orman Regresyonu genel mimariSi............cccceeeevvimennnns 25

k i 1 XGBoos3 Regresyonu genel MIMATISLe v 26

kidl¥r3nek SHAP .02. z.et...gr.af i ol 28

Ki l¥r3neXx :SHAP °zel.l.i.k..%.nem..g.r.af.i.29i

Ki l¥r3netk :SHAP k.uwv.v.edt...gr.afi.j.l......... 29

Ki l¥r3ne/k :SHAP baj.éml. eI ég.k...g.r.af.i.j..i.30

kilBat.& Ur mi ye Playase i -in ejitim °rn
A a] Bl B e 32

kil Bdt @ Ur miye Pinekliermia &zluiuk seviyeleriree ggdre °
A a] Bl B e 32

ki lBodn.alb :b°1l gesi i -in ejitim °raf &l leawéi.n
....................................................................................................... 33

ki lBodn.adb :b°I| gesi i -in test °rnek33erinin

kil B4t & Urmiye Playaseé i-1in aéé °ron
tuzluluk seviyel.er.i.ne..glr.e..daj4éel e me.

ki lBadn&b :b°l gesi i-in akeér é °rnek|eme
seviyelerine..glr.e..daj.égl.emé....34

ki IlBa4a.e7 Ur mi ye Playasé i-in ejitim ver.i
....................................................................................................... 35

ki lBod4n.a8b :b°I| gesi i-in ejitim ver.36l eri é

ki lBadt.e@9 Ur mi ye Pl ayasendei moteblewvieni ta
....................................................................................................... 38

kil Bdnab b°l gesi i -in test veri.l3@er. ¢ Z

kil B4t &@lUrmiye Pl ayasé. .. tuzl.uluk.4barital

kil BdndaB b°l gesi .t.uz.l.ul.uk..har.i.t.a8 ar é.

kil BaAt @3 Urmiye Playasé i-in gelixktiril
....................................................................................................... 45

kil Bdnald b°l gesi i -in gelixktir.g.ld&n mod:

kiIBaU&rﬁlye Pl ayasé i-in SHAP dejerl eri

XiX



D

S I R N i e o S o o R R R R B B B R B Wl o
®D®DDDDDD®DDDD®DD®DDDDDDDDD O
NN XXX XX AN NNNNXNXANXNXNXXXXX NN

Bdndlb b°l gesi i - zellikleBlddkedmodeke planetkistr i ni n ©°

....................................................................................................... 48

B4t 87 Ur mi ye Pl ayasé NDVI ve ENDVI °czel |
....................................................................................................... 50

BdanaB b°l gesi Mavi ve EVI..2.z&lliklerini
Bdt a9Ur miye Pl ayasé 1.... t.e.s.t...,%B3 nej i SHAP
Bdt 20Urmi ye°Phayas8&HAPR..dep.r.l5¢r i .
Bdt21lUrmiye Pl ayasé 3.... t.ees.t...,%Bs neji SHAP
Bdate@2Ur miye Playaseé 4. t.es.t..B7 nej i SHAP
Bdt @23Urmiye Pl ayasé b5..... t.ees.t...,%B8 nej i SHAP
Bdt 24eUrPliayyasé 6. test..2rnel].l.S9SHAP dej] el
Bdt @5Ur mi yees tP | %aryraesjéi 7S HAPR..de]&r |l er i .
Bdt26Ur miye Pl ayasé 8.... t.ees.t...,%2 nej i SHAP
Bdt@7Urmiye Pl ayasé 9.... t.e.s.t..,.,%B3 nej i SHAP
Bdat@8Urmiye Playasé 10..... t.est.68rneji SHA
Bohab Bdlgesilt est °rnej i ..SHAPR..del.ei6beri.

Bdnd8b b°l gesi 2. test..0rnnel.i.66HAP dej er
Bdnd8h b°l gesi 3 t es.t...o0r.nel.i.68HAP dej er
Bdand8B b°l gesi 4 t est..o0rnel . . 7/BHAP dej er
Bdnd8B b°l gesi 5 t es.t..,.o0r.nel. . 7BHAP dej er
Bdand8B b°l gesi 6. test..0rneli.7SHAP dej er
Bdnd8b b°Il gesi 7. test..ornelli.78HAP dej er
Bdand8b b°l gesi 8 t es.t..o0rnel . . 7SHAP dejer
Bdnd8BF b°l gesi 9. test..0rnel.i.76HAP dej er
Bdnd8B b°l gesi 10. t.es.t..%r.nelj.i7f8 SHAP dej e
Bdnd8bB b°Il gesi 11. t.es.t..l.r.nelj.i79 SHAP dej e
Bdndb b°l gesi 12. t.est..%r.nelj.i80 SHAP dej e
Bohab Hdlgesi 13.te8tr nej i S HAPR...del].e.r.l.e.81 .

XX



A¢l KLANABKLKR YAPAY ZEKA Y¥NTEMLERK KL
TUZLULUWARKTALARI NI'N | RETKLMESK

OZET
Toprak =-ok ©°neml:i bir doj al kaynak ol ma
deji kmez bir par -aséder . Her doj al kayn
konusunda di kkat edil mesi gereken bir ka\y
icin vazgegilnez bir konumdadér. Ancak tar émsal
sularenéen fazla kull anémé, ikl im deji kil
tuzl anmal ar meydana gel mektedir. Bu tuz

incelenmektedir.
Topraktt z| ul uju bir-ok nedenden dol ayé meyda

bu tuzlanma s¢recini hézl andérmaktadeéer .

etkisinin artmasé ile birlikte toprak tu
Buprobl emin k¢resel °] -ekte anlamak i -1in
¥rgeé¢teéenegn yapté]jé arakteérmalar i1 ncel eneb
hektar alan tuzlu topraklar il e kapleder
ekonomik krizgi bi sékénteéel ara sokacajé °ng°r ¢l m
Toprak tuzluluju ile m¢cadel ede izl eme v
Dojru alanlara erken texkhis ile gerekl:|

°nl enebilir Toprak Ktuaznublupehamatespi i
kull anél makt adeéer ¥zelli kl e optik sister
inceleyerek tuzluluk seviyesi hakkéenda bi
Makine °jJrenme algoritmalaré -evre probl
sékl ékla kullanél maktadeéer . ¥zellikle ras
pop¢l er y°nteml er toprak tuzluluju tesp
kapsaménda rastgel e or man y°ntemine e k
kull anél mékter.

Topraktz | u husjeu i | en i ki ineekeinekginmerseldoprakror@eakidria

il e mekOnsal ve zamansal ol arak ekl eken
Bat é Ur mi ye ORI8a ysadlahameasinmde7 1 adet topr ak
topl anBerkbnp®l gesi I -1 n 2i0sled T7ygenllmdlohedta t o p
mevsimnde t opl anméxkt ér . Bat é Ur mi ye Pl ayas
s¢sSpansi yonda hazeéer | arsda nletkesliléri¢ labgratuvar a r i
ortaménda °I| -¢l miktparisBonakethkehbekl er d
il etkenlik °1-er ile °1-¢l megktgr.

Toprak twuzluluk ©°rnekl eri tuzlul uk sevi

madékl aré i-in ver.i -

o | K
akéneéeklPeme vV e sentetik a
°7Jrenme problemlerinde ol

i tl endirme y°nt e
zénl ek akeéere ©°r|
an veri dengesi
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Google Earth Engine (GEE) sunduju petabayt!|
hesaplamagicuilu | | a élaréena b¢ye¢ek verileri heéezl e
sajl ar. Bu - a ma kapsam é n dma kG EhEe Wy drue ngrfer ¢ n
modeliicin dzelliklering r e t i i ve anali zi i -in kullaneéel me,|

Toprak tuzlulujunu AMdébl mmk k drelikler a BEEORP ak
tanémlanméexkt ér . Bu dejikkenl er toprajén par
l'itol ojisi vb. model | emedeelliko li nk tkwrl U lamwed téur.. T

i ktirilen model | er iliryapagzeka yonterblarihdeme k 1 - i n .
n SHAP y°nt emi tercih edi |l mi ktir. Mo d e
kl ayabil mesi y°ntemi °ne -ékarmaktadér . Y
| ek ¢zmu K.nd | u ndlua rudkedilderinarsodefel adan mutlak

k ezkllkleriedej erl erine g°re model e katkeéeseéneén
e

A

|l er i bazéeénda dej] i knkiketnilrerin model e katkeé

(e
QD
S X DO

manén bul gul areé yani toprak twuzluluk F
| dignadoijzriulyw&péel dé ve a-éklande. Bu ko
me al goritmasénén ve 3 farkle veri - eKi
|l uk analizi sonu-I|laréna g°re Baté Ur miy
°rnekliemlei kmed oednm i yie donuca ul akméxkt é
il ne ve RMSE olarak 16.60 dejerine ul ack
Boost yontemi bkezS MOTE akér é& °rnekleme y°ntemi il e
akmékteér. R] denheRMSE&l aeplerd. 8Bae akl aséer e

G°rsel a-eédan haritalar yorumlandéjénda i se
Pl ay a’snréen d-gé°krt¢eljeer k en, Bonab b°l gesinde rastge
iyi sonuclar vermektedir. Ozellikle Bonab bolgesind b ul unan tuz yapél ar ér
or man kol ayl éekla ayeért edebil mesi ile °ne -8

‘_)(Dl‘_)"‘('D_
- mc S TN X

A-ékl anahbekd ri nyga@el an SHAP analizleri incel
Pl ayasé i -1in ENDVI , NDVI , EVI gi bi bitki [
goralmg, K t ¢ r . Bu alanda yapélan ©°nceki -al ekxmaya
yée¢ksek katke verdijJi geré¢l megktegr. Bonab bl g
kendi bantl aréndan ol an mavi ve yexkxil bantl a
dujze g %r pmakt adéBra.t eéBiUrkmi yienkdaildsalyearskéad rkdea K i
rrmemi Ktir.

(@)

Urmiye Playasé i-in SHAP dejerl eri g°
n indislerin artmaseée tuzl l uju azal!t
emmaelgtsdi r. Bonab b°l gesindeki SHAP dej
pel arénén g°re¢negr b°l ge bantl arénén ye
anteéeya sahip olduju g°r¢é¢l megktegr . Test
a
0
t
e

o

‘—)-1N:—|-U)¢—|-

arak toprak tuzluluju makine °Jrenme
mal ar én i se ver.i -exkitl eme y°nt eml
| arbi | Ay Hé lkae leiklt ke SHAP dejerl eri b
tama&lkd ragrmaed ak hangi parametrenin toprak
bi ké sunduju genel ve °rnek 203®zénda a- €
Yesegrder ol ebilir Kal kénma Hedefl eri kapsameén
surdurdlebilir ekg i st eml er -er-evesinde topr ak tuzl
etmektedir. ¥zellikle de géda ile olan il
altéenda tutul malé ve karar vericilere des
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—= —0 o0 —gc -
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Gel ecekt eki t-@ap rexknat az euliujinm farkl é& wuyd

me k ©n s al -%zéenegrl gkl ¢ uydul ar, kl asi k m
°Jrenme y°ntemler.i kull aneéel abilir. Ter ki
gesterdii]i bir al ssme-yidreibibiim .- @lpé&drka uiy-diu
da yine kullanélmak i-in °nerilebilir.
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SOIL SALINITY MAPPING USING EXPLAINABLE ARTIFICIAL
INTELLIGENCE METHODS

SUMMARY

Soil is a very important natural resource and a permanent part of the ecosystem we live
in. Like every natural resource, soil is a resource that needs attention in terms of its
consumption and use. Soil is especially indispensable for agricultural astiviti
Healthy soil is important for many reasons such as vegetation growth, food supply
chain, and water filtration. In addition to that, healthy soil is more resilient to flood,
drought, and fire events. Especially, it wallsoregulate climate because obnsist
carbon insideHowever, salinization occurs due to reasons such as excessive irrigation
in agricultural activities, excessive use of groundwater, climate change, dust
transportation. This salinization situation is examined as soil salinity.

Although soil salinity occurs for many reasons, human activities accelerate this process
of soil salinization. Especially with the increasing impact of climate change in recent
years, the problem of soil salinity has reached a global dimension. In order to
undestand this problem on a global scale, the research conducted by the Food and
Agriculture Organization of the United Nations can be examined. According to the
organization, 397 million hectares of land in the world are covered with saline soils. If
these agas increase, it is predicted that the world will face problems such as food crisis
and economic crisis.

Monitoring and detection are as importantpasvention in the fight against soil
salinity. Increasing soil salinity can be prevented by early diagravail necessary
arrangements in the right areas. Remote sensing systems are frequently used in the
detection of soil salinity. Especially optical systems can provide information about the
salinity level by examining the spectral reflectance values ofdihe s

Machine learning algorithms are frequently used in the literature for modeling
environmental problems. Especially popular methods such as random forest and
support vector machines are used in soil salinity detection. In this study, in addition to
the random forest method, thextreme gradient boosting (XGBoostlgorithm was

also used.

Landsat 8 satellite imagery, spatially and temporally matched with situ soil samples,
was used to determine soil salinity in the two selected study areas. FoPjest
Urmia, 71 soil samples wemllected in 2018while 74 soil samples were collected

for Bonab regionn 2014 In West PlayaUrmia, the electrical conductivity of the soll
samples was measured in the laboratory using solutions prepared in 1:2.5 snospensio
For the Bonab region, conductivities were measured directly with a Jenway 4510
conductivity meter.

Since soil salinity samples were not evenly distributed according to salinity levels,
oversamplingmethods were used. These methods are random oversgrtiRs)
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andSynthetic Minority Oversampling Techniqg(®MOTE). In this way it is aimed to
overcome the data imbalance in machine learning problems.

Google Earth Engine (GEE) offers petabytes of analgsidy spatial data and
computational powemllowing users to quickly analyze and visualize ¢p&p-spatial

data. In this study, GEE was used for processing satellite imagery, generating and
analyzing environmental covariates.

To model soil salinity, environmental covariates are defined based @CIORPAN
formula. These variables are used to model soil parameters, climate, vegetation,
lithology, etc. In total, 26 environmental covariates were created.

In order to explain the models developed, SHAP method, which is one of the
explainablemachine leming methods, was preferred. Its ability to explain the results
independently of the model makes the method stand out. While explaining the models
with the method, 3 main topics were emphasized. These are, the absolute contribution
of environmental covasies to the model, the direction in which environmental
covariates contribute to the model according to their values, and the contribution of
variables to the model on the basis of test samples, respectively.

The findings of the study, namely soil salinitgyaps, were produced, accuracy
analyzed and explained according to 6 different combinatidnsnalysis These
combinatiors come from 2 different machine learning algorithms and 3 different
oversamplingnethods. According to the results of the accuraclyaisathe XGBoost
method together with the random oversampling method achieved the best result in the
West PlayaUrmia. The R2value is 0.76 and the RMSE is 16.60. For the Bonab region,
the XGBoost method again achieved the highest accuracy, this ttmth&iSMOTE
oversampling method. The R2 value reached 0.83 and the RMSE value was 12.29.

When the maps are interpreted visually, it is seen that the XGBoost algorithm gives
better results in the West Pladrmia, while the random forest algorithm givesttier

results in the Bonab region. Especially in the Bonab region, the random forest stands
out with its ability to easily distinguish the salt structures.

When SHAP analyses for explainalleachine learningvere analyzed, it was seen
that plant indices sin as ENDVI, NDVI, EVI contributed more for the West Playa
Urmia. Similar to the previous study conducted in this area, it was observed that the
CRSI index also made a high contribution. For the Bonab region, the blue and green
bands, which are the band$é Landsat 8 satellite image, are the variables that
contribute the most to the mod¥legetationindices did not contribute as much as in

the other study area.

Considering the SHAP values for the West P&dyania, the increase in the indices
indicating \egetation cover decreases the salinity, while the increase in the NDWI
index increases the salinity. When the SHAP values in the Bonab region are analyzed,
it is seen that the bright saltuststructures increase the reflection of the visible region
bandsand have a direct proportion with brightness. It is possible to confirm the above
results in the test samples.

As a result, we explained that soil salinity can be detected by machine learning
algorithms and that the accuracy of these algorithms can Ibeasedl by using
oversamplingmethods. Likewise, by explaining these machine learning algorithms,
SHAP values were able to explain which parameter contributes to the determination
of soil salinity on a general and example basis. Soil salinity occupies partant

place within the framework of food security, water use and sustainable ecosystems
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within the United Nations Sustainable Development Goals. Soil salinity should be kept
under close observation, especially because of its relationship withpfodddion
and securityand should be tackled by supporting decisitakers.

For future soil salinity studies, different satellite systems, satellites with higher spatial
resolution, deep learning methods instead of classical machine learning methods can
be usd. An area inTurkiye where this problem already exists could be selected for a
new study. Optical satellites and new radar satellites can also be proposed for use.

XXVi






1. GKRKK

Toprak- ok ©° neml i bir doj al k a y n anakroocdlzeya n é n vy
geni k elxiiytd i i je sahip Halpirtakt lad thEcoloret g me
ekosi st emde ¢ an Busadabulunaboud rylaaniaiindu érckralirbir

rol oynamkt ad@éprajén su i-eriji toprak ¢zeri
doj rudan deotlkaiylleés eo |daer a k( Birnesva rkl avreégaddlgeé.lelt é2iC

~—+

opr ak; bitKki gel i ki rkia,r Kié nva auynla #t@ésyonu b e si n
-éséndan son derece °neml i dnars.é Asyerl & c & usre

yangén gi bi afetlere karkeé arazinin d

o < 9
® d® 9 O
(]

rendéerdéejé karbon ile iKopmakl ar¢ézrenv e

-ekitlilijJjin korunmasé s oya dadnean & ® a k°lnée ml
nedenl erle topraklarda bozul mal ar veya

¥zell ikl e t artepmklardaekim vekulainddanw e laa®@ k| ar éneén

yonetilmemesi sonucundatoprak ygé s é nd a , ajerl ekl é ol ar
dej i Kkmel egeimekedirBaanade] i kmel erden birisi d
(St avi v e Tudlu tppraklar Rammarfik topraklaral e nda 1 ncel enme
Soloncaklar olarakia ifade edilen bu topraklar] er kabar ek 1i7$@ be¢ny
ar as éisudOiNaerir. Bu gibi alanlarda tuzl a
ve ke¢gmel enmealeirl iols&luon- akl artuzunseirli y ¢ zey
derinlikl erde bir iAkaheeduzlualkblielarakk ifaderadilént a d € r |

sodyum tuzl ar é nbakapsandamalenmekegi(Ataldy,|2@06)d a

Toprak t uzhk ay ufgkioieénedengleo!l ukabi l i rken ayne
doj al faktorl gedeak]|dxleadyi@oneaht erdedenl!| er d
zamanl a topr akt & u efdaliydlénje sulamaktivéeberi gibainsan

kaynfakdte°r |l er bu¥gegléeciklrRéekluam&kémaemazil er i
cok etkilerSon y @alkllarmdade] i ki kl i J i nedeniyl e sé
sorunuk ¢ r es el rmMd k teKdesselt 6icekietoprak tuzlulyy unun daj el e
kekil 1. 16de( SgPlasvtierv é midukriak . ue@k klgnr €

bl gel erinde bulunan alanlar toprak tuzl



Legend
Type and severity levels of salt-affected soils

|:I saline slight D sodic slight E saline-sodic slight
[ saiine moderate [ sodic moderate [ saline-sodic moderate
- saline high - sodic high - saline-sodic high
- saline extreme - sodic extreme - saline-sodic extreme

keki |ITolp.rla k: t udidyaylizeyij ucheas nd(agtéaveimeve dij ., 202

Birl ekmi k Mil | ©miti¢Food &é Agaculture Orgaaizattomof the

United Nations, FAQdinya Gzerindei t op%akdmr@&ant , t wb@kaseneén

i se alt tabaklarénén tuzUnl).Tkzaou eoDlpirla&haiir
artpfasel |l i kl e de taréem alanlaréendaki topr ak
kayéepl ara ne¥dremejonhmachad t mad@Eéel.an biaztuzial é Kk may a
topraklaréen orta tuzl ut aeegreglaiyrei gde¢ kmgersegrr k2e8n%
tuzlu topraklarén -ok twail égnedlalpr a ki 69 WiryweaLinrc

de¢kerde] ¢ t eTsopprta ke dtuuhzm ikukl tdud reutni arttek-a, bit

d¢kmekte belirlii bir seviyeden Teopmakhr a bit ki l
tuzlul uju topr ak, &im,tyaarpeénsséan akonsimkzmgeldreovj ei

bajl & ol an di n(Alilmad ke Kbmar2 Oplr3o b IGeoomd ijAksoye di J ., 20
ve di].., 2022

Toprak tuzlul dgmanul ezalktspmntalegének i -in ©°nce
Ozelliklerini belirlenmelidirTuz |l u t oprakl ar ¢zerindeki tuz vy
azl eje ve tuzandaywane&lkléeeggieibdipariadxlideed vei k1 er i1 e
Kumar, 2013)Gunimuzdaer z akt an al gél ama teknolojilerinde
bel gesel ve ke¢gresel °]l -ekte toprak tuzlul uj
oynameéer .  lSentingl2 gilti uy@ulayiksekmekansal, spektral ve zamansal

cozanarliklelm i n sajl adéjé avantajlar ve ¢cretsiz
s éekkll a b u tgspitinde veée mii ean mesi nde WadHKtanre | anlaké laalma .

verilerine ek olarak arazide yapél mék yerse



geli ktirmekToprak°hemeékderi ile uydu g°r
regrespynves € n € f | nmonddeglr Inmear | i -in 1T statistiksel w
de sékl ékl a(lGolIrljanelemak i dd§ 2 0AkRsPo2yl .v eWadni g
2022.

Literatge¢rde far kl é mo d e |; lozlhkie s 06 @ k ryiek || e id
performans ve donarkulnuek |°ajrrée ninset i nmoaddeelnl e r |
¥zell i kl e vy apAdifcial Neumal Netwoek§, ANNJ, @astgele orman
(RandomForest RF),ve destek vektor makinele(BupportVectorMachines, SVM)
y°nteml er toprak tuzluluju probleminin
bak!| anRméskttgéerl e or man dlydkoveriisetleniadegpk f&zlae | | i k|
dej i kkeni ef ekt i f toelracriahk skeubléYbdirrmad®2ihadkitjaid €
Kabir aj veMakijne °°2j0r2z&2nme al gdreirti mal®°g mré&mar
y°nteml er i de toprak tuzluluju kookusunda
yiksek mekansal ¢ozunurltkli uydu goruntulerinde klasik making r e n me
y°nteminden Dbiri ol an destek vekt©or ma K i
bul un muMET mimarisitJu al anda k (Akch eerGarigon2622)a d € r
Fakat, derin °7 renme t abanl!| &a¢c duydtah a k & ml
eti ketl enmi K veri setgienglelr e kotlimaligkae b ivie r 1

edi | mesi gereken °neml. hususl ardér .

Maki ne %jer edremd ny °°njtreenmmineer i nde her ne kada
kapal @ kutu ol arak kaBunayantdemlaar ient mesrt :
verdiqojru ©°zel |diokilreur ik adriakrkl aatre aalléépp al mad
- al e k ma adbiriaidirl Uygulanard &r ryapaygeka modelini yorumlamak ve
a-eéklamak, geliktiril edlebitmbdei i neigppgErail €1
a-éseéendan : Bl akamk @Al @am a bzekai(Bxplanaible a y
Artificial Intelligence-XAl) olarak tarif edilmektedir A- é k| an a b zekd r y af
l i terat ¢ rhaealdr éhkbht € h @ a i ncel enmektedir. B
yorumlanabilii a - € k | aalaa bilgisiv e bi | i ms e(l Rotsucthaerrl év e kd
2020) Topr ak tuzl ul dep erklagrsdinréinlddai j i nde; t
yonelkgel i Kkt i ril en maki,nep? pkenmel imbld&rhikhemin
kar ar v e r ohodgl igirdilerimia sapucune kadare t k i |ve tbprgki

tuzlulujunu bedaijrrl v meentigd iyédalneenidiar | eni p be



gormeke onemlidir.Li t er at ¢r d e, toprak tuzlulujunun mo

yapayzekdy a k| ak éml ar &€ i | ehealzrea satl lIéanmdne@g neé k-tad rée Kk mal a

1.1Tezi n Amacé

Bu tezin ana amaarilérve yerzehtdptakdhclindering kellarsamrala

geni K al anl arén farkl & makine ©°Jrenmesi t al

tuzlulu 7 umekansald aj €1 @ mé n &. Bo eahai amhge gareeesinde tezin

hedefleri ise

7 Landsat8 uydu g°re¢nt gl erinin farkl e 0 ki -al e

belirlemedekp er f or maawkEe@&@©emak ,

T Rastgele Orman ve XGBoost makine °Jrenme

belirlemedekp er f or knams@&h&kt ér mak,

T Makine °©°J] dedanimeaysdiiol mmo ak s unulbzllkierinecek f ar kil

tahmin dojrulujuna et ki si i ncel emek,

T Uygul anan farkl & makn ngor®|aileankniessda bmadderl |
yapay zeka yoetnleri kullanarakanlamakv e d et a@ayak @

T T¢m akamal & kagnakf kadtukplattorm akétiiphane ve veriler ile
ger-eklexktirip, -°z¢wme °megulsamalmi lyiarylgiejni re

ol masa&jnléeamakt éer .

Bu hedeflerd o] r ul tlandlsa® d g °r ¢ nt ¢s¢néebadtalrkrl @ wepebkur
bant | ar da narok lux tZaaddibreiln@esturg ol ar ak w¢g zenl enmi
bu 6zellikler ve yersel tuzluluk élcimlek u |l | anke f arnkskkéi ne ©°J r enme
tabanl & r egerjestyioReimd dalsi ver.i sayeéeseéendaki k e
problemleri en aza indirmek amacé il e farkle
Sonolarakej i t i | en manodellega -°§ k leannmmeebekdydntemleyia p a'y

(XAl) uygulanarak® zel | i Kkl eei ny°kankeha aFa&khklaéd mexkAtl ér
fonksiyon ,loaegi®ezrelldriik | ielre n, kadasktaitvrkeémd idjeij er i ne
irdel,enmodel | erin daha anl akeéelabilir vV e a
hedef | dginmmbuanalizler Google Earth EngineG@eogle COLABp | at f or ml ar é

Uzerindesklearn xgboost, ee, matplotlibPIL, pandas ve imblearkitiphaneleri



kul |l ag@lrar&hk e Bt platforrhlansayesindeg er - ekl ekt i ri |l en
k ol a yekrérédilebiirve sonu-Ilar yaygénl aktéreéelabil

1.2Literatir Ar akKt ér mas é

Bu tez - al e ktneaz i kna pgeeal m aédareh@dedkurgulanaraliteratir

arakteéermaseé ¢- amiak¥imxdleikk lad ttecpraa K ntcwed leu
Al gél ama si st emll emiebialt & kit & § pniatsb@ahaygam@ e | meé K
i s e, maki ne °J renme al gor i tespdil (zarie i | e
yojunl adeéltmeegratt gmr.de, topradknmegil udej uhanl
°Jrenme y°ntemlerini kullanan -ok sayéda
il e yapél an - al ek maliterastiadekd-sa&| ekcérsad talreddag r . i r
al anl ar é&n é rdatidzlalukkptolemiaih idelen@esaa - é séndan ©°neml
hususturSon akmankidrae °J renme al gor imbdalkinar é nén
a-ékl anabil mesi izekayr? na -eédd leanabillei ri lygaday
yapél mécktermat ¢rde toprak t uzrakliwmjeu, ° Juzeankn
al gorit malbigoke sefl ebul BohedelezdlBee. 2023 yeéel |l
ar as amdckakiel er | iteratg¢r taramasé kapsameé

yapayzekdv e t opr ak t ulgdratibexjad garmamsstélnadmaiea mé K t € |

-al ékmasé bu anlamda, | iteratg¢rdeki bu ©°r
A- ékl anahbzekiii Ire yialpaiyl i Indatbemategr marka mteé rom
al goritmatagleeni | eevr e pr oba leand txarinds ri a- €

durul muktur .

1.2.1Toprak tu z | u | uyzaktanaln g & |yantemleriile tespiti

Racet i n202ed édivia.t i st aNeeida mehmuinadel t asénda
topl anméwpyakseluzh wvd Lajdsat 5Svgértntillerekullanarak

coklu lineer regresyory ° nt e mi ni kull anar ak, tbirpr ak t
mo d e | ¢ rebtamdckslaetr dd3 rg°r¢egnt ¢l erinde 27 tan
i ndisler ile tuzkoraldsyph adepal bemukbunséflds

topr ak tLanldwslad] ub ge°re¢nt ¢l eri Enkyuksek anél a
korelasyon tuzluluk indisi §NIR-SWIR1) / (NIR+SWIR1))ile 0, 93 dej er i €

etmi Ktir.



Gopalakrishnan ve KumgR021)Sri Lanka dterk edilenceltik arazilerinde toprak
t uz | u LamdsatsrvelLandsat 8ydu goruntileri v019y & | gensel toplanan
°rnekl er i Met bhcel ama kkarkler egrasyor{Rartidt Leasty, k

Square Regression, PLSR)ul | anmékt ér . Bu y°ntemin daha
bakar él @ esdwnpr ¢ adrdd RESR modehe girdi olaraké tuzluluk

i ndeksi ve uydu g°r¢ntkéeaidalnganakéezéelyakteas ik
sayésal yé¢ksekl i k Emodeglkis e lk ulRlf andedjneerkit €ol ar a

bul unmuxktur.

Thi am @l)Serejg.al 601 n k2 E7 «yoplinan3@Oadet toprak

°r nejlio8ve 19914, 2007 Landsat@°0rl¢/n tyeéllelrair éknual |aainté
toprak tuzlul uj unun ar alandsaggibréntilenmeéenegldey €1 € meé i
edi | en & s (wathkebkséikkdex TWA)d mosmalize e d i | fand bitki indisi

(Normalized Difference Vegetation IndeXDVI), tuzluluk indis (M0 1 &z 0EOY

ve ayarl amék toprakeéhiatylkhi ol mai vizm&k | €ék olaryag
parametrelerdeoklu lineerregresyon modelingirdi olarakk u | | a n Enlyitkgéek t e r .

R] dejeri ol arr&kkeni sRMMSCE. M3 | Hudisuaipd ea nOnéxd éal ar &

Gorji (047)T¢griki y e 6 dTeiz Gbla veucevaesindeki aland2002
yel eéogpghanan 322 1t9%9%0r,a k2 O°0r2n,ej200v6enaak 011 ve 2C
Landsat g°r¢nt ¢l eirmcall emitkotpirrak 5 uadeatl ufj apr al

Landsat wuydu g°r ¢ nt @gstelealineerdegnesydieid d mln@&n ma& a kv e

mo d e | | e Wstaliragresyan .modelR | dej eri olarak 0,93 dej e
lineer regresyon modeli ise 0.83] dej er i nBu udejkeméek t Elrakan i nd
tuzluluk indisi 1 P10 GUVZ'Q | dobimukt ur .

Kasim @@0)@igdin Uygur bReliyg\adisinadM88-MKA | un an
iletkenlik 6lcerilet opl adékl ar é& 353 t-@Qpydugérinflernlej i ve Wor
toprak tuzdludmijwlnar dinr. sMoedéhu altarak ®E&SKri

leen i yi korelasyona sahip indis bulabil mek
kull anmékt ése- iBlueni n2li hedéemktofranldé wer mal
karel erinin ktégonp,l abmélnu rkkeerngk °di j er bir i ndi s

karelerinin topubbmakéandkareRKkh¢e¢hant kombi nas
2 ve 3 boyutlu korelasydme s apl anméekt ér . Bununbfyaarnkél és ér a u:
matematiksetransformasyolaruygula n meny ., k s ek doj rRHAPUSR dej eri ne
modeliR?0.79ve RMSE 1.5b | ar ak .wul akméxkt eéer



Toprak tuzlulujunun wuzaktan algélama il e

zamanda bir kelime bulutuna d°n¢gkteer el ép
gosterilmektedir. K e | i me bul utu i ncelendijinde kor
ol diyj tarém il e olan ilikkilerinin incele

keki |lTolp.r2zaki: tuzl ul ujunun wuzaktan al géel am:
1.2.2Makine ) r enamg o r i t toprak &uyzll au | utpspith u n

Hat ef f ar(8019yKer achi6jé.n Al baodsat 8 wy@uhgbriintuldriei ve

s ay és allik modekns kukanarak toprak paramer el er i ni model | €
TehranUniversitesd n iTaprak Bilimi Bolimib n hrmz ér |l adéj é 362 to
veril erini Topdk paaametrelerindagtektrigseli | et kenl i J i de
tuzluluk g°stergesi ol arak kabudnkamt mi k1| e

aj aaeeé yapay sinmeéerk | 8ppdadyrés kol t aaj &€ model i



ol ukan girik kat manén abirgi# katmarave Jankrontlad n ° r on d an
ol ukan - ékt eKakraatrmaanjéa cvea rndoédreM @ RMSE Rd e jdeerjier i
13768l akér ken yapay lerR2cind. S BRMSEi€in6i. 12¢/ 0lytle dej er

ul akmékt ér .

Aksoy ¥2822)6r pn6én Urmiye g°l ¢ kenarénda bul u
2016 yél éendat opphhknanekdefindkulerfh@akna k i meame® j

algoritmal arénée karRBReél makenar @akrenmel amgel et

karar ajace, rastgele orman ve destek vekt©°]
uydu gerént el erioni kul | andazdlk (fe@ug adet - e
c¢ret mi k| azelldlerird.e] Buken azaltma y°ntemi uygul 8
makine °jJrenme aldgpdrai tame|zaaryéendda ksea - iilleen ej i t m
Timbuej i ti ml eri ve analizleri Google Earth Eng

Eniyfi sonucu rastgel e olamisand ugdl goaimtiiletiie®®s € v er mi K
084veRMSE6.831 ej eri ne ul akméxkl arken, 080vaeti nel 2 wu
RMSE 591dej eri ne ul ak meé kiluuk ldekrlemede,Bnoekargal r u m

-%z¢negKEpRNa ot edengostermektddir s i ni

Kabi r a[2022)&oodle Earth Engine platformunu kullanatdk ndi st andén Taml
Nadu bolgesindear azi nin toprak tuzlulujunu rastagel
al goritmaséné kull 2020 adk583nmal dopldnan persell er di r .
topr ak t uSéntnkldke L&ndsat8 jlydugorintilen r | ekt i rer ek anal
yapélmegstgel e or mamy aumoaljid-masa&ynasaéné bul mak
arasénda 1006ar aral agdu@nmicatddreemali exr kyeaapgé | mha
y a n & adet bitkiindisvel 1 adet tuzluluk indisi. -al ékma Kk
Landsat 8 il e g ERSI, kHi(¢ Yeeinl * M@ ellEae ) / Mavi
(IMavi / Kérgnékzie i ndi s | eentinél 2 élagleil i k€kar ken, model
NDVI, SI5(( Kér mézée*) NI R AWe«kgilbi i nQeinselle rd o°jnreu | -uékk m:
dejeri olarak %986e wul akmexkl ardeér .

F. Wang(0i®95 dadet makindunu3] fanmé émetbékma al &
toplanal3 90 adet t o porparka khut nnezjkil pioli edhtemtediser .  Bu

en kicuk mutlak kiicultme vaperator secimiLeast Absolute Simkage and Selection

Operatoy LASSO),- ok deji kkenl i uy ar | anhulbplel i r regre
Adaptive Regression Splines MARS) , senefl andér ma vV e rec

(Classification and Regression Tre€éRT), rastgele ormarRandom Forest, Rive



stokastik gradyam | & e s t g§tachdstic Gradient TreebopS8GT). Landsat 8

uydu goruntilarnden ¢retil en -evresel deji kkenl e
al goritmal ate&vregsietli |dejkiti kenl erden en ©°n
ENDVI,CRS ol mu.SiGdr al gBfi Omé&8éve RMSEniil. 55 ¢
sonu-|l arenweirzlhé&gaean RgI| glo.r6lt mas eRMSE 11. 9
RFOdi r .

X. Wang ved i {2020) kesirli derece filtresi Kractional Order Filtgr al gor i t ma
uy g ul aSerikel 2ailyde gorunttlerixe0 15 vy é 1 é 60dadet yersepveria n a n
il e destek vekt©Oor maki nel er i Desi@ikvekioe °J r e
makineleri igin en uygun parametreleri bulmak igin grid arama yontemini

kul | antmexrleaz .doj rul ama y°nt emi il e de en
bulmu k | aEjdietri.l en opti mum makine ©°jJrenme al

seviyeleri Gbaklrbdepmukukrol arak %90 ve ¢

J. Wang(20219¢ idnigji.n Werks u kwelarki mdeenl arda to
Sentinel 2 uydu goérunttleri wersel olarakz 0 1 9  ytaplanamlé0aadet toprak
°rnejini kull aMadaek wmotdelkbke®i kaarkl & maki |

se-i |l mi kdeagt ebkunMeakt;°r makinel eri, rastagel
Model | er i ejitmek i-1in gi ©dugdugolUeatiasimin t u z |
kendi bantl aré ve bu bantl ar a ubDyog urlua nuakn 1
analizisonucbest ek vekt©°r makinel eri R dej er.

yéksek dojruluju vermi ktir.

Makine °Jrenme ytounzleurlwjru Iliilteertaotpgrackk de b
kekil 1. 36te g°sterilmiktir. Kelime bulu
gi bi -ékmaséné bekledijJimiz kelimelerin

°Trenme y°nt eml e rsat8 vekSentirelk gihi uyaungorantilerinib a n d

°ne -ékteje go°re¢egl megkter.

123A- ékl anabilir yapay zeka y°ntemleri i
A-éklanabilir yapay zek®© konusunun, yer
-al ékmalara y°nel i k mlyag el anm&kd éa yvaen tidme lm

2020 yél énda Roscher vV e doijja  btialrianfléenrdiar
uygulamalad i k k at eaaé k hanaki | inasi(Bxdakaible &acRifer e n

LeraningX ML ) yakl akéeméenéen wké¢fef afl léeanld,é] ¥or-wmmhléex



a-éekl arnabmelli Plgiek eri vurgul anméexteéer . Bu -al ex
al anéenda, °czelli kle 2021 vV e 2022 yéll ar én

-al exmal aeléinr lagn mieg t&i r .

kekilIMak.i3ne: °Jrenmepy akt ¢ mlzé uil uijueuin uzaktan
tespiti literattir kelime bulutu.

Al-Naj j ar (2022)ButhnKr.al | €] éndakii Chukka «kxehrinde
heyel anl ayduegdrintilexining tandsaB uydu goérih ¢ 1 er i ni ve sSsayeés
yukseklikmodeliver i | eri ve makine °Jrenmesi y°ntemle
Makine ©°jJrenme algoritmasé ol ar ak rastgel e
kull ankéwpehlan har i t aMaakrién e ¢ rodlgorémaimeer €1 r .
a-ekl ayabi ISmpldyd e j- @ (Bhapiew additive explanationSHAP)

kul | an8®HAReKki ngodelicindeyné girdil eri Birebe - é&kar mécx

olarak ayYeé¢i T hemder
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Kakogeorgiou ve Karantzalog2021) der i n °7 renme gafak t e ml e
Bi gEart hNet ve SENl12MSEawndeér msaeeplee ball enpézketrél
Bu veri setl eri Sentinel 2 uydu g°°/Ir¢gnt ¢l
kull aeéeémé8i i se eti kE} i Di ke sk neékd éalybaebd i1 nmeekk
bircoky ©° nt em t e Buyomeailel is&ali@ntyjlnput x Gradient, Integrated
Gradients,Guided Backpropagation, Gr&AM, Guided GradCAM, Occlusion,

DeeplLift, Lime veSmoothGrad d Burydntemlerden Occlusion, GF&EAM ve Lime

yontem er i en yor uml an a bGuidadBackprbpagatmike ebazl i r | e |

gevenilir metot ol muktur .

St omb e r ¢2022)8entthel P uydu gorintileri ile Grettikleri veri setindesan

el i dej mi Kk ve dej memi kzekdil laem| tae € p iat- e&tl min i
°T reypMmet emi i | edel enjdu dgotintiisiner ki meéenéefta seén
i nsan el i dejip dej mediDariinl e Jirlegnimei nboic
aktivasyonl aréné inceleyerek hassasl ek h
al anl arén dinsianni edaimgddedgd Imerdli J i ni me k ©n s

et mi kKl er .

Bet ancou@@22)tweo sii gri K oasesnhggheéonéman maki
al gor i tnmasxed | Sl& dtaizrl.a - evresel dej i kken

model i SHAP dejerl er¢ewruddelnadaijki kak erkll earm
altena toplaméklardér. sBunldaijkgenéekyr, ao
deji kKkenVer ¢k @&Hirf Twapasferik bziorjmodellemesindeenlem ve

y ¢ ksekl i k modelj en gok etkilelyea ozellikler| ar ak bel i rl emi K

Abdollahi ve Pradhan2021) pi ks el detimasmiaaj Ear € khadal anar ¢
fotojdakli araan ve Dikikortigi@aj @amll aklemée s,énéfl a
Modele girdi olarakgortintilere ek olarag ° r ¢ nt ¢l erden doku ayeér
indislerdek ul | anél mékt ér . Hangi deji kkenl erin
i ncelemek i-in yani bir bakka deyikl e
kul |l adem®&nafr bazénda dej] i wkaerél edreijni kkérnd se

olarak t¢m séneéeflara y¢ksek oranda et ki 1

A- ékl an alzekdiyi°rn tyearp aeyr i i -in yapélan | itera
bulutu olukturul muktur. kekil 1. 46te g°s
y°nteml eri I -in kullanélan °zelli klerin
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22.¢ALI KMA B¥LGELERK VE KULLANILAN VERKLER

21¢al éxma B°l gel eri

Bu tez kapsamérclih¢e, Kr ambd é si hhd eakmygee ke n miad téi
Bucd ékma al anl aré dPeawnaseg | ae BBowdalhérkbmbal g e
alanlam é n @®&Knr ahna n g i b°l gesinde kal déjé ve se-
késémlg&rsé red WriniyeiG&li6i0r0 0 k m| a ok tuzu bkyékpit ay a n
gl d¢gr. Bu g°l 1976 yél éndan berkaarumdoj al |
listesindedir. Urnye Gélu51, 876 km] 6l i k bir Haa®&xxaya s
milyon insan tarémsal ve sdaagm Bhaahigpne el
%1006unu kapl ayreamsiélnean erbaijlmern su kaynakl| ar ér
(Haghi ghi v. €azlal sujtiketimi 2 Y B8 )e k | ar @hi sehegldr er si z

ylzunde gok n su il e k a gadman icgrisiade \kicUmk & @
t¢e¢keti mindeki artek yer atl u 21 us uyl err @&Intéa s
tarémsal verimlilif7gi azal tmaséna neden o

terk ediimeye ba | a n fiHeakmizéerh pour ;G r diij v.e ABOyy8 , 202
dij.) 2022

2.1.1B a Ureniyepl ay as é

kekil 2.106in (c) kesméenda ise Bate Ur mi
goruntisitg, zer i nde kul |l anél an tdelreakme ranleskr & ryi
82kmddi r. 71 adtedp It @onavceatkva®la maljiiz edi | mi kKt
°rneklerinin al @nueagordimgktedir. ©meklierk ¥ Ekim 2018. 1

tarihindet opr aj én en ¢st 20 c¢m Toprakdrnekleriduz k a s € n
birikiminin en y¢ksek ol duju kurak sezor
ornekler1250r anéndgspansi gon ol useli ueutkmwmaoki ke de
(Electrical Conductivity EC) ° | Vergerkhr¢eaknt 6c&rn. Mar agheh | ni

Dr. Ni kou Hamzehpour taraféndan sajl anméi
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kekil¢aZd.elx maaal gphat ébakéek, b)) Urmiye G°I ¢
d) Bonab Boélgesi

2.1.2Bonab bdlgesi

Bonab bolgesi Urmiye Gofii ¢ 1 g¢neydo] u k & svmeé nkdeak iyle r2 .all émank
(d) kesménda Bakeémrill2mdiOktmri l e 1300 m ar aseée
Toplamda 74adettoprak elektrilseli | et k e n | i 26 cni dennkkienlenviay

4510 iletkenlik Olcer aleti il 0 1 4 ysélné nbdash ar mevsi minde topl a
Urmiye Playasé b°lgesinde ol duju gibi kurak
edi | mMmopk akr?rnekl eri Dr. Ni kou Hamzehpour tar
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22Kul | anél an Veriler

2.2.1Uydu goruntuleri

¢al é kma kBopabddgesi €ial5 Eylul 2014 tarihli Landsat 8 uydu
geré¢ntegse kull aneél ér ken3 Ekigha2018 tathii ayduy e P
go°r¢é¢nt ¢ s ¢ Kanbshta8nugdusai@kkim &iikseklikteki yoringesini 99

daki ka da t azmamdmasnalkt ad2g¢n¢nmlagdsag 8 uydie 16
goer¢é¢nt gsenen Cii-zeerldgie i 2 .bladndtehdaa B uydesunun mi K t
kol eksiyon 2 seviye 1 g°r¢nt ¢ Buseviyeddkiu - al é
goruntilerat mosf er ¢St ¢ y tom sféatmdgpherel eTDAfade e r i n i
et mektedir. Uydu g°re¢nt el eri geometrik

seviyesinde yanseét ébrl-2) eahdsat 8 keleksiyornZssvygp | a n m

2 goerént gl eri i se atmosferik Ancakebl t me vy
-al eamaaménda atmosferi k d¢egzeltmenin nedeé
gl ve fedzlad @ardal nbbaus és enveidyeen i kydlel anél mamé
Landsat 8 i-in bilinen rgur@bl emler ar asén:

Cizelge 2.1 :Landsat 8iydusinunba n t | apeké&ahvemekansabzellikleri.

Bant Nu Bant K DalgaBoyugm) Mekansal Cozunurlik

1 Keyé Ae  043i 045 30m
2 Mavi 0.451 0.51 30m
3 Yeki l 0.531 0.59 30m
4 Kér meéz 0.647 0.67 30m
5 Yakeéen K¢ 0.851 0.88 30m
6 SWIR 1 1.577 1.65 30m
7 SWIR 2 2.1171 2.29 30m
8 Pankromatik 0.507 0.68 15m
9 Sirrus 1.397 1.38 30m
10 TIRS 1 10.67 11.19 100 m
11 TIRS 2 11.57 12.51 100 m

2.2.2Toprak ornekleri

¢al ékma kiakpis almféelngdea i - i n f aeldktlikseli il lkeit kyehn ti § |
dejerleri Laboghmgrwtgda yapélan °1 -¢ml eri
bilinmektedir Topr ak ©°r nekIBatiéniUr md yjee|lPdAmé asée i -
g°ster¥rdmelkltemin g%did edojernui irejilire kdterfieke ] € g
tarém arazilerine dojru iIisespgiabhaedigkmpkkdi
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keki IBa2t.e2 Ur mitye rRalkayasée k!l eri nin mekansal

Bonab b°l gesi i -in ise Baté Ubimi ygriPi agphéeén

Kekhtle d¢zenld i ol arak tomll &@xmak tadranE@kalai |bu2 .u3

.
- \ 1.*'.

kekilIBo2na3b :b°l gesi toprak °rneklerinin m
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yapél aréné da haritalandérmak i-in -al ek
daj el eménda Bat énzlerrmioylea rPalka yga®siéen ad dojer u vy
seviyelerin arttéje tarém alanlaréna do]
tuzluluja g°re 5 ayré kategoride incelen
012 dS/ m ar as é nellaitupstizdaopraktarolarakafé&de édiirken, ikinci

seviyedeise2P4 dS/ m arasénda ol an toprakilBar az
dS/ m araséndaki toprakl ar orta detibecede
dS/ m ar as énda olanl teptakiae niksek dereces tzui tgprak olarak

tanemlanérken, son ol ar ak, 16 dS/ m ¢zeri

derecede tuzlu topraklar olarak ifade edilmekt¢dBr own ve. di J ., 19514
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3. YONTEM

Bu - al dneelikla-daal ék ma b°l gel eri ve kull anél an
toprak orneklenin toplanma tarihile uyunlu Landsat 8uydu gorintileritemin

edimi kKt i r . Uydu g°re¢gnt ¢l eri radyometri k ve
herhangi bEméha i kit e mnabahatanrg uytdurg@imt@leritve r .
toprak °rnekleri ar as é mablbklediretimi mdioktden o1 u Kt
Ozelliklerma ki ne ©°jJrenme al gor i ¢lektakbebirléetik-einth i p
dej eri i set em@dedliamakiEgkiutlillaenne |l model | er |
cretil mesinin yaneée Sér a lzeka yonteohleriylé e r a -
a-ékl afiméew Pat eml erin ik akéeké ise kekil

3.1 Google Earth Engine

Google Earth EnginéGEE) platformu,i - er di ] i pet abangkinsar ca a
veri ve paralel hesaplamg et enek | er i I | e mkkarisdlanatizeerc é | ar é
yapabilmesinlpbu anal i zl eri g°r6EEbuéxti t abiahimés b
ol arak sunul dugherhamgtbir hesablama lgieinctnadah daryiksek
performans gerektireanalizleri yapabilmeye olanak sunéist seviye programlama
bilgisiolmadandy ¢ k sek per for mans| & éhkelsaa pklualmaa naérle
olarak sunulur.GEE verilerinin y a n é birgbla mekansalalgoritmada platform

-er - evesinde GEEtonksiyomalgpokogramta@mgdntemini temelalarak

analizlericlbor uohaktm@e maol aAma&l saj] &hgasiyonet mal ar

programlama gereji Il -erisine aldekl arée v
verirrOl ukt urul an akeéexl ar i s ediregtedmtydiagtagh i | mi K
hal i nQEE@ll wt.ur ul an bu grafi k anatemirzl er i n
kullanarak sadece ihtiya¢ duyuleré s € ml ar € h e s a mékansaleril&f e r i an
icin her zaman bir 6lgek girdi olarak verilirkinal i z s mekénsaP & & ] b u

g°re ikl ehy3B&disridnen fazla kikinin ayné a
ol anak saf{GamaktakdéewvkRu dygnegyl201de eki p o -
olduk¢a uygundur.GEE s o n y ébircbkaarrdaak t € r ma i t- 8 Bu kul I
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arakteéermal ar én h atzékh-éa |Iséakyndal | €éarr ébni & ik-eéesrrmée kytaepda
taréemlaramnde ¢(r ¢n desenarhaazrii tParltasrsén /o laurkatzuir
harital ar éneéeammr noalnd kétku r alll anrals &r, d a k i dej i Ki ml er i
al anl arginbit ekscoririalnar dveer .Buj - ek RORR) sorunl ar da
-%z¢m ve ol anakl ar d¢egken¢GE&Ekllcinaeeée man - fad ¥ ok anla
ol duju geo°r ¢l megkt ¢gr

\_ Toprak Ornekleri

Landsat 8 Uydu Géruntdleri
l >, . o
‘eri Seti (4 6"1.
Veri
Asin Ornekleme Ozelliklerin Uretimi

aes ouputy

Aciklanabilir Yapay Zeka Dogruluk Analizi

keki l|lTez3 al ékxmasénén ik akeéek diyagr amé
32Makine ¥jJr umeliidesi i -in
Literatg¢rde, maki neurglraem meeriinleergiir-diin oil kair afk
kull anél makt ader . Bunl ardan bir tanesi Te¢r k
- evr i | renvkonnehted cvariate dijeri i se ©° ZAeaturé¢ i k ol ar al
terimidir. Bu t ez kapslaméndmea,s é° zteelricii kh teedriil nr
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literatirt ar amasé b°l ¢m¢gnde yazarl|l aBé@n-taéeéeimh
kaps ab&akdzallikt oprak tuzl ul uj unun Ktla&hnoil nair aik:
1941 yeélénda Jennytopt akagehdanmor flauy a ae &

- al é kipelikleEns e - i mi nde ©°nemiMiodkeir késhcal REL
formald olarak bilinirrBu f or mg | toprajén parametrel el
topojrdfivaode®né,sini, vy tinemoed evlel emmeekk© nis-ailn °k
(Hateffard ve dijJ., 2 0 1Bu; cergdveder alt & e yma dvae
kull anél mak ¢vzee rnee kt @mpsraalk ,° zbe ltlkiik | er i bel i

gosteilen Ozellikler ¢ r et i IUminxityier . g° | ¢ etraféendaki
topojrafya fazl a dej i K me dilijetilen ozelliklere b u f
ekl enméhmkgoyr ve. Hi JWan g20ZSCORBAN formulind

kull anarak®zekl kkRpseamtanéeml améktéer. Ancak
icin iyi sonuclar vermemektediA k s oy  (2022)drmiye Goll ve gevresi icibu

czelli klerinden 26 tane se- 8Ber-eikl midak aorl éal né

°zelli kler bu tez kapsaménda da kull anel |

Bu - al eandsa 8 aydwgoruntilerire tasseled cap © n ¢ K ¢ nmagak gida p € |
edilent¢cbantor j i nal s p e k bitki @rtlisibeauzlaluk andis|erofelbkr k | &

ol arak terYedihdetewz Il umli wk i irndi si bu -al €k ma
czere s8ui il mdksierden ibyiir skeenshitwgendweekicdi®jlig e
-al edanaslean | MAks$s oy vV e dij ., 202.2Uydu Gor j i

gere¢enteglerinin- arégymaakapaanmémada ldal | anél
i se mavi , yeki |l , (Kearinfié&reg BlIR), kyéaskaé nd akl égzaé | k €°zt«
(short wave near infrared, SWIR)i r v e keésa dbaa ngtaleakriedz @il k © it

(Aksoy ve.Taisjs.e,| e2l0 dl@&)petilah aar,lkghml ék, yexkil |l
bilgileri kulla n € | mBurldraé ek. olarak 10 adet indistmodellenmek (zere

se-il mi ktiyn . mT o @ielikdbduaa d @tl é k ma kapsaménda

Tam ozellikler,en kiiciik veen buyikd ej ek bkt anél arak nor mal i
Normalize edilenbu 6zellik goruntuleri 3 x 3 boyutundalgak gecirgenli bir filtre

kull anél ar ak( Akusmouyk avt eé | dméjk.t,er202 2 ; Gopal ak

33AKkéré ¥rnekl eme

Makine ©°jJrenme algoritmal arénda weyai set

yet er |°%r mseaky éid-aer medi | i Yendeibrd asré md fd uke mg e
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(class unbalance) oj unl uk ol an sénéfl arén baskén ol ma:
dengesizverd aj él éméné d¢zeltmek 1 -in °rnekl eme y°©°
Akéré ©°rnekl emeéempPakewml dreir s ms @afrtt & kir evariak -
ol an s édeejfdlaémay ngeet i r meyi ama-I|l amaktadeéerl| ar .
ornekleme andom over sampling, RQ)Ses ent et i k azéenl ék akereée ©°r
(Synthetic Minority Oversampling Technique, SMOTEuzaktan al gél a ma

-al ekxmal arénda sélFloaklea akwlel @anégl maROader

Rastgele akérée °rnekleme y°ntemi azénl ék ol a
il e -ojJunluk seéenwkiflt aé&si {Holmepdyns pveele adé fa ,e r2i0 1 8)
Kol ay bir y°ntem ol;daumjcua ki -biun ytPenrtceinh nsaekh enbei d°

al goritmal ar énd averdikingyr én ed erne nanledsu jnie e akKer é

yapél madan ejitilen algoritmal arma kg?re daha
(Fonseca ve dij., 2021)

SMOTEyontemC h awl a.(200® dtiar af éndan | iteratg¢re kazar
y°nt emi rastgele olarak azénlék olan °rnekl
y°nt emi ile belirledifiji komku °rnekl er araseé
O il e 1 ar aseémidra ssey-é& iijlie rlbass tweedte®r - arpeéel ér
bir noktaye ifade eder. Bu yCGhmawl aoktads ént et
2002)

Bu -alékma kapsaménda toprak tuzluluju °rne
(tuzsuz,aztuzlu orta derece tuzl u, yohkkieeke)5der ece t u

sénéfa ayreéel mékt éme k |Beur es éeynimabzafiidea delbsexklein ©° r
ekl ener ek rastgel e akKer é °rnekl eme vV e SMO
uygul anméxkt ér . KK i y°ntemden el de edilen ye
ol duju °rnélk dakéheme] r enrnd maewmdlizlecedeavammal ar € e]

edi |l mi ktir.
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Cizelge3.1Toprak tuzl ul uj unu npellikkef | emek i -in kul
Veriler Kndi s Késa Formul Referans
Landsat8OLI Mavi , Yexi
NIR, SWIR1, SWIR2
Tasseled Cap TC1,2,3 (Baig ve
Bi t ki K Normalized Difference .\ (NIRiKérmezée) / (NIR (Rouse ve
Vegetation Index
Soil Adjusted [NIRTKéermezeée) * (1 + L)]
Vegetation Index SAVI 0.5 (A R. Huete, 1988)
Enhanced Vegetation . .y o= .- . U = _ . (A. Huete
Index EVI [25*(NIRTKér méz e)q* Ke r] makRei]+ 2002)
Generalized Difference > W & - =
Vegetation Index GDVI (NIR2z-Kér meze)) [/ (NIR] (Wu, 2014)
Canopy Response ([ ( NI R*K(eY¥eneizleMavi )] [/ :
Salinity Index CRSI (Yekil ®Mavi)]) (Scudiero
Simple F\i’rz]i(tjlngegetatlor SR NIR /| Kérmézé (Jordan, 1969)
Two-band enhanced N vy A - - " - :
vegetation index EVI2 [25*(NIRTKérmeze)ld. 4*Kaljlmé (Jiang ve
Extended NDVI ENDVI (NIR+SWIR2iKér mézé) / (NIR (H. Chen v
25*(NIR+SWIRli Kér mezeée) |/
Extended K| EEVI [NIR+2.5*(SWIR1+6*NIR+7.5*SWIR1)*Mavi + 1] ¢ H-  Chen v
Normalized Difference . :
Water Index NDWI (YelkNIIR) / NRYexi | + (Mcfeeters, 1996)
Tuzluluk v s - - :
Kndi sl Tuzl ul uk Si1 ( Mavi Ker mézé)/ Ye (Abbasve Khan, 2007
Tuzl ul vk SI2 (Mavi *KRe&rméze) (Khan ve d
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Cizelge3.1(devam)Topr ak tuzl ul uj] koo | cpelilkeia ne mek i1 -1 n

Veriler Kndi s Kés a Formdal Referans
Tuzl ul Bk SI3 (Yexki | + Kérméezé (Douaoui vi
Tuzl ul wk Sl4 (Yexkil ®Kermeze) (Khan ve d
Tuzl ul Wbk SI5 Mavi/ Kér mez e (Abbas ve Khan, 2007
Tuzl ul wk SI6 (Kérmeze * NI R) [/ (AbbasveKhan, 2007
Tuzl ul urk SI7 2*Ydbir Kermézé + N (Jiang ve
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34Ma ki ne ¥]Yorgemiere s i

3.4.1Rastgeleorman (random forest)

Rastgele OrmarRandom Forest, FHma ki ne ©° ] r e nanen &afl lgaonmrd & rmmae
regresyon aja-lareée algoritmasénRasidelaj | € b
or man alBgeoman(200hh aeaf éndanKaruaru | anfjux-tluar.én é
yapa& birbirleriyle korelasyonu ol mayan f
ol ukturul mukt ure.k koaarkd rarminkai- hzearyeejfr elminre s i
ol maséna karkeén, birlexktirildikIlerinde ¢
edilebilmektedir( S. Wang v.eRaditjge,l e2®¥9man al gori tn
problemler ni n yané séra regresyon pLobiemideq.
20199 Rastgel e orman al gorit mas €birdee fpalae sy on
ajacsonucunun ort al ama sBa ypoatenm mianariaik e hiels a p |

3.206de g°steril mixktir.

/f
WeT oL es o
\/

‘}"!
k e k i |Ras2gel@ Orman Regresyogenel mimarisi
Rastgel e or maengrealsg/orni tvnea sseé n € fproggamldndar ma o |
dilinde sklearn ve sparkk ¢t ¢ phanel eri nde kull aneél abi
(Pedregosa .Be daljfklmeaddnl )k ¢t ¢ phanesi kul |
3.4.2XGBoost(ak egr @ d y a n  aextrene@radmeat boosting)

XGBoost(Ak ér & @r & 4 @@rama Gradient BoostingKGR) T. Chen ve
Guestrin(2016)t ar a fsa&umdud mXGBaost-ro k héezgeadwypa@dkamtt é
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aj a- al gorit maBuara@rdady abni rdesgtde kil i aja-1are
yeter sgidg leirjeik Mipbhakefrin yeni bi rh aayarl @&m éo ltwknt ur
°nceki cye ayr @irm{Gaaost bue K qii dtjlashdr@éinn yeationr a] éndaki
ver i nottdajplee manctirelylerlekayr éméneét exriatdéij € uz a
dizenlemey ° nt eml er i XGBoosty?®Cinteermisni nldéez |-éal e slau l
ol masé nedenipatametrb|l aseb&] i pé Zlaeea el Wnghbi,l
2021) XGBoost genel mi mar i si rastgala-baman al ¢
RastgeleOrmanal gor i kmagémbda par al el ol arak baj émseé
kelkBi.I30t e g°Bsut erailléminkatdiar . XGBoost 6uaT. Pyt hon pr
Chen ve Guestri(R016)t ar afy@areecd hmerk k¢t ¢ phanesi kull anél n

/x\
KR AN KA KR K380
\4/

‘v
k e k i | XGBoos? Regresyonu genel mimarisi

35A-ékl anabilir Yapay Zeka

A-ékl anabilir yapay zeka y°ntemler.i kara Kkut
al gori tdnavdraareelnar éné a-éeékl amak (Stadtlerr e kur gul
ve di].lLiterat@r@e2 2 katé k|l an akekdyi°rntyap &y i sunul muckt
Bunlardan pertiirbasyon temellLocal InterpretableModelagnostic Explanations

(LIME)( Ri bei r o weShapley AdditiveZEglahaions(SHAP) (Lundberg

ve Lee, 2017 i b i a-ékl ama yrP nt & @adet@&mes/laputgr ady e
(Sel var aj u,SmedhGradf Smi RI0@W ) v,éntegrateld Gradietd 1 7 )
(Sundar ar aj an , Gralientddighted, Class OALti¥gtion Mapping

(GradCAM)( Sel var aj u gibigontdmlgrdirBu yahteraleéinbirbirleriyle
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ayne sonu- ver medi Ji sékl ekl Bu pkobhleamk €1 ak &
kar Kk é@s é&nda ilenlgoritméisetSEARontemidigkd s hna ve. dij .,
Buylizdent e z k a p s a m@terditae ISHIAP .edi | mi Kt ir

3.5.1SHAP yontemi

SHAP yontemi ilk olarak Lundberg ve Leg2017)t ar af é ndlain k tgierl ;i Kt i
yak ak8IHAP dejmodelrdean bajsamswe-z| aglaarka&k] | &
a-eéklayan bir y8pApP dekaryent emesdriudal r ©° z e
ol an katkéeéséené g°stelrden Egkhtehem bieri- ak
Bu dejteaban dejer denir. SHAP mogglirebul er i ni
taban dejerden ne kadar Duazhaak | faxzléa dk a € k ¢
Ozelliklermodel icin 6nemli olan 6zellikler olarak kabul ediB.u k at kél ar neg
pozitif de ohbilir. Mut | ak SHAP de] émehie belirtirkerg &l i k1 e

sonu-1| ar i -1in mutloak aSdmBsaej sel greinreiln ¢
belitmektedir( St adt | er .SEHARiIiy°nt mMi22i)l e yapéel an
4 grafik ¢zerinden sunul maktadeéer. Bu gr e
grafiji, bajemleéeléek grafiji ve kuvvet gr

3.5.1.1SHAP Gzetgr af 1 J i
SHAP ©° z emodgy girdifolanjozelliklerirmodelin- é kt eéséna ol an et
bir ejitim ©°rneji i - i n toplandej e bir

renklendirilerek hangi girdinin hmangi d

g°stermektedir. kekil 3.40t &IDY?sPeeileni
yéksekrind @] eroldeel e girdijinde modelin - ék:
yaparken d¢k¢gk dejerlerinin ise modeli - €
gesterilen her bir nokta a- éKkeéellilenain i - i n
model e ol an etkisini ve ©°zellijin dejerl:
3512SHAP ©°zell ik °nem grafifji

SHAP °zelli k °nem grafifjgi i se °%zet grafi]

ortak mutl ak katkel aré bir grafibnioleleglana f i ] i

toplam katkeéyeée ©°ne -ékarmaktadér . Mo d el
edi |l mi ktir. kekil 3.50te g°sterilen °rnel
en y¢ksek katkéyeée verdiji gor¢é¢l ¢rken buni
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Model:XGBoost Asin Ormekleme:ROS

High
NDVI ..} . . oo -
ENDVI . "" v we .
SWIR1 Pepemecs o o
RED 3 M
CRSI -
EVI2 T
GREEN o ey
wetness ""'
SAVI Ih o
brightness “l . TE
SI5 - E
AN i
BLUE -
NIR T
SI6 -+
EEVI $
SWIR2 '-
EVI $
SI7 |-
si1 {
NDWI l
o 0 T 20 o o
SHAP value (impact on model output)
keki |Omegk SHAPzetgr af i | i
3513SHAP bajémlél ek grafiiji
Bajéeml él eék grafifiji i se iki °czelli k araséndal
Bir °zellijin modele olan katkéséné hem o ©°
°czelli k ile baPemléipiamandbpekia brerinden a-
376da g°sterilen ©°rnek grafik incelendijinde
model e y¢ksek katké sunar ken, SWIR2 ©°zelli]
yéksel dijini bu grafik ¢zerinden anl akeéel abil
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Model:XGBoost Asin Ornekleme:ROS

+6.25

wetness

EvI2

SI5

=

CRSI

Sum of 17 other features

mean(|SHAP value|)

k e ki |Omek SHAPSzellik onemgr a f i J i
3.5.1.4SHAP kuvvetgr af i J I

Kuvvet gharf i piri8eellijin tek Dbir °rnek
g°steren bir grafi ktir. Regresyon model.i
°rnejin ©°zell i kladgrkieniamr émeéde/lee twlpdmmke so
-eéktéséne g°°stedanekt etdenmi. | krekddne&k grafil
14 dS/m iken, EVI22 5 dej er i il e taban dejere pozi
12.86 dejeri i | e nekgaattkiéf sdu/mu kd lua c a kB uk €°l
katkelaré toplandéejénda ise modelin tahrt
¥zelli klerin katkélaréna g°re boyutl ar k

kerméezé renkler i se emekedrti f katkeleée °zell

Model: XGBRoost Agin Omekleme: ROS EC: 143 G

2.28
] 4 ] &

EVTY 55 03 3 8T BREL =1

Vi2 = -25.83 A0V = ¢ " =009

keki l¥r3nek :SHAP kuvvet grafiiji
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25 4
- —0.002
LT
20 4
-
5 -—0.004
g__lE' E
- =
>0 3
> Lo | - —0.006 W
<l
T
¥y
5.
-—0.008
0 -
s # WP ageg tepat Fa es L * -—0.010

—04 02 0.0 0.2 0.4 0.6 0.8 1.0
NDVI

keki I¥r3nezkk :SHAP bajéemlél ék grafifj]i
36DojJrul uk Anali zi

Makine °Jrenme modellerinin dojrulujunu tesH
ejiti mivrerddrwanda d testirneldlenaky raénl drds éatelderi .- i n

¢z er i nde nheshgdyabilmekuigikaresel ortalama hataopt mean square

error, RMSE) ve det er mi n as y aoefficidna bfsdetgrmieaion, (R?)

kull anBEbhmégekErortal ama hat aenklem 3.0wet3.8r mi nasyon
de g°sterilmiktir.
YO "YO g AN (3.1)
N B & o (32)
P B o o

~

Denklemde gosterilen °r nek 2hygbénét oir akvitahmiz!| ul uk dej
edi |l en topr ak tXopralalmalePérighienveuzl ul uk
etmekteditf Hat ef fard ve dij., .2019; F. Wang ve di]
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4. BULGULAR VE TARTI k MA

Topr ak tuzl ulbugdet s ehrmari @l ar-& nBu gemag/d | | mi K
kombinasyonlagi K i adet maki ne P°(cradetameéer al § o ni k n:
-ekKi di i | e bimir k &kMamii mdee n°® J greentmel al gor i t m
ormane X GBoost kul l anél ér ken, akéeré °rnekl
°rnekl eme, SMOTE ve akeéreé ©°rnekréuneérol m

Ozetle ak aj érhedkli ve veri konbi nasyonl ar é testerukt ur u

ger-eklexktirilmicktir.

1 1.Test Rasgele Ormammodeli veorjinal veriler,

T 2.Test Rasigel e Or man model i ve rastgele a
veriler,
7 3.TestRasgel e Or man model i ve SMOTE akKkeéer ¢
veriler,

1 4.Test XGBoost modeli ve orjinal veriler,

T 5. Test XGBoost modeli ve rastgele akeér é
! 6.Test XGBoost modeli ve SMOTE akéreé ©°rr
Moddl e r kul lretieret apakk ¢ thuazrlivBauljag ®ms e | ol

incelenmesine ek olarakodeller n ej i tim ve test °rnekl erdi

dejer|l endodellereate ktt rm ve test °rnekl erini

daj él emé keki l 4.1, kekil 4 . Rk é rkée kO rl n edk |13¢
yo°nteml eri i 1él edn] zaean liesnee n k akaij | 4.5 ve 4
g°sterildstlisioniucunda ¢retilen model l eri d c

dajelem grafi k|l grPinmiemiy &mueé | a@dcdalpdoinP € é K

kuvvet grafikIl eri cretil mi ktir.

Baté Urmiye Playasé ejitim veril kleme ¢zeri
y°ntemlerine g°re i ncel emek i -1in kekil
XGBoost model inin ejitim veri setini aKE
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or man al goritmasé ise akéreé °rnekleme y°ntem

daha fazla °Jrendiji g°ze -arpmaktadeér. Daha
°rnekl eme y°nt emi rastgele orman ve XGBoost
ve RMSE dejerl eri czerinden kolayléekla anl ak

Egitim ormeklerinin dagilimi

14 1

13
]2_
10 -
9 9
B_
6_
a
4
2_
ﬂ_ T T
=2 =16

2.4 48
Tzluluk Seviyeleri

Ornek Sayisi

keki lIBadt.el Ur mi ye P orrellairinduzluluk seniyelerjne gore m
daj el eme.

2 2
B16 =16

kekilBadt.e2 Ur mi ye Pl ayasé i-in test °rnekler
daj el eme.

Test orneklerinin dagilimi

2 2

2

200

175 1

150 1

125 1

100 -

075

050 1

0.25 -

0.00 - T
<2

24 48
Wzluluk Seviyeler

Omek Sayisi
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Bonab Db°l gesi I -in de Bateé Urmiye Pl aya:
uretimi k Grafiklerk e k 816 d &1l @Birlgi r . Gr af iylkd benzeri nc el
ol arak XGBoost algoritmasénén ejitim ver
akeéere °Jrendifiji g°®ze -arpmaktader. Rast gt
akeré °rnekl eme ol m&@yarenynelrytee rsled3erbli y%ert e \
ol ar ak her ik bel gede de model | er ej |
gozukmektedirler
Egitim orneklerinin dagilim
30_
28
25 1
20 1
%1
E
s}
10.
7 7
5
5_
2
u' T T
=2 24 48 816 =16
Tuzluluk Seviyeleri
keki lBodna3h :b°1l gesi i-in ejJitim °rnekler
daj el eme
Test arneklerinin dagihimi
8
B_
T_
6_
25
5 a
E 41
=}
3
3_
2 2
2_
1_
D' T T
<2 2-4 48 816 =16
Tuzluluk Seviyeleri
k e k i |Borkb bblgesiicin test 6rneklerinin tuzluluksey er i ne g°r e daj
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SMOTE drneklerinin dagilimi

14 1
13 13

Ornek Sayis:

2-4 48
Wzluluk Seviyeleri

keki lBadt.é5 Ur mi ye Pl ayas
tuzluluk seviyelerine gord a j

SMOTE érneklerinin dadilimi

28 28

25 1

20 1

Omek Sayisi
]

24 48
Tzluluk Seviyeleri

keki IBorbbb® I :;gesi i -in akeéré

seviyelerine
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Bolge: Bonab Model: Rastgele Orman Asin Omekleme: Yok 100 Bolge: Bonab Model: Rastgele Orman Asin Omekleme: ROS 100 Bolge: Bonab Model: Rastgele Orman Asin Ornekleme: SMOTE

100
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keki |lBodn.a8b :b°Il gesi i-in ejitjeal egmrgtaefijizerinde mod
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Baté UrmiyelO|lageats é tsecstdti Thensotk t Carsree k |1 er i k u
ejitilen modellerinDdpjuulbkkbanaki zncel an
490t e g°sterilimicetl iemXGBdpst amdieikin Rastgele Orman

al goritmaséna g°r e daha XGBoobstsodetRl - |daerj evreir
0.06illa010ar asckada i yi S Rrast geé emiatéirre. °r nek|l
model in dojrulujdreum ol WK EBaygy?néean wWendc
kat ke s UastnimnKestwmekleri icinmodeller ile tahmin edilen 6rneklerin

daj el ém g r8&adgérjlebimaktedri | 4 .

Bonab bolgesiicinis@a 9 t est mokt aAeas t sBedildt dllraarsége P
gi bi her tuzluluk seviyesi Efeni emkPtrnekéae
daj el eména bemxéeDoprul ok aanalei-z2ilne ai't ¢
kekil 4. 1006da g°steril MGBbost &Frgiha kt mas
g°re daha y¢ksekRasthelak et ek °veereBhe e Uy Mny e
Pl ayasé b°lgesinin aksineSMOTE udwgrué bur roe
y°nt emi ve XGBoost bu b°l gede en y¢ksek
RMS E ll2pddle bu modekeni vy i sonucu vermikKtir
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*  R%0.61 RMSE:20.17
---- R*:0.61 RMSE:20.17
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Test: Bgige: West_Urmia_2018 Model: Rastgele Orman Asin Ornekleme: SMOTE
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Toprak tuzl 8bopuUhaiyeaPéaangasé i-Hen kekil 4.
i ki makine °jJrenme modeli de g°le yakeén ol an

Ancak rastgele snan al gori t masé g°l den wuzakta ol an t

olarak belirlemiktir. Asl énda bu al anl ar d¢
kar Kén ekili ol ma dmalizilsaornéu c u - iynant & g r eoslyaorna k

edi Il mi kl erdir. eSOTYE nakeédmiénir mbeuk al anl arda ha
da k°tg¢g etkiledil]i her i ki mod el incel endi ]
°nceki -al ékxmal ar g AXKsPynh¢sne &KGHoostl € ] Zha )

algoritmasénén daha dojru ol duju g°zl eml enme
doj rul uk andizleeetey ah $ & s\€ikelgadlde. g°sterRRI di J i ize
dg er | er i XGBoost i-in rastgele orman algorit
dejerl eri dahadédgkilesitr °rnejinin regresyon ¢
seviyel eri ¢izel ge 4. 206de gesteril miktir.

algoritmaeygmaémiayy@dkén seviye sénéeféna d¢ket

dojru bir sonu- verdijJi g°re¢l megkt er.

Cizelge4.1Bat e Urmiye Playasé makine °Jrenme mod

Makine ¥jre AKkéré ¥rnek|I R2 RMSE
RFR Yok 061 2017
RFR ROS 0.68 18.90
RFR SMOTE 0.61 20.33
XGR Yok 0.67 18.64
XGR ROS 0.76 16.60
XGR SMOTE 0.71 1793

Cizelge42Baté Urmiye Pl ayaseé t dedgincelénmesie k| er i ni n

Ornek GT RFR RFR RFR XGR XGR XGR
Yok ROS SMOTE Yok ROS SMOTE

4-8 4-8 2-4 4-8 4-8 24

O 0O NO O b WDN P

=Y
o
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EC (dS/m) g EC (dS/m) _. S n ° i EC (dS/m)
- <2 . e - <2 i 2 o 2 - <2
24 i : 24 e e & - 24
a8 : ; . - P o e o o

] ! 816 ; AN = 816

; ;. s e mm >16

| :
- = v . >1l6

EC (dS/m) i EC (dS/m) (i . -, EC (dS/m)

- <2 i L S <2 i Sy ; e R - <
24 . : _ 24 ; . R 24
48 ot 438 ] =% 4.8 48

keki |l Bat &@1Urmiye Playasé tuzluluk haritalaré
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Bonab bolgesiicip r et il en tuzl ul20kdehgf i tRastgelée eni ke ki | ‘
orman algoritmasé g°le yakén olan tuz yapée
bakar ér kebhuaX&Be®oatz t uzl uRasthebea akr ébedri md lkelms md |
metodundase tuzsuolarak bulnu Kk tTuarr é m al anl ar énda toprak tuz
ol duju bilinmgkhtmodblLul gpgrzdebu al anl aré az tu
Keklinde belirl emkeiszel°ge mM.i BdntdbdolgpsSuigingairdiulre n,
dojrul uk sonu- | arXGBooshnacled cernidtrapi@edeccm@ani s e

al goritmaséna g°re daha SMOTE omkuér évelrrdn § k| eqr

y°nt emi il e XGBoostTuwem Vapeé lsaornéu cdieseveernr dra kkit i al.
analiz bu bulgularlet ut a€li ¢ @ &€ g e tetilendeSttomeklgrihimodellere
goreinceladi | XGBvbo® st al goritmasénén tuzlu ol mayan
bakarém g°sterdiji g°ze -arpmaktader.
Cizelge 4.3 Bonab bblgesma ki ne °jJrenme modell erinin doj
Makine ¥jJre AkKér & ¥rdanterk| R? RMSE
RFR Yok 0.75 16.47
RFR ROS 0.73 16.25
RFR SMOTE 0.78 15.34
XGR Yok 0.78 13.62
XGR ROS 0.77 13.43
XGR SMOTE 0.83 12.24

Cizelge 4.4 :Bonab bolgesiest drneklerinin tuzluluk seviyeleri incelenmesi.

Ornek GT RFR RFR RFR XGR XGR XGR
Yok ROS SMOTE Yok ROS SMOTE

1 2-4 2-4

2 2-4 2-4
3 4-8

4 2-4 2-4 2-4 2-4 2-4 2-4 2-4
5 2-4 2-4 2-4 4-8 2-4 2-4 2-4
6 2-4 2-4 2-4 2-4 2-4 2-4 2-4
7 4-8 4-8 4-8 4-8 4-8 4-8 4-8
8

9

10

11

12

13
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EC (dS/m)

. <2
24
4-8
s 816

kekil Bohabi 21 gesi twuzluluk haritalare.
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Bu - al ékmanaékna maisre ail jaenr azelkdk aamad @i liisre ySaHAaPy
k¢t e¢phanesiankll zaeé!l @reddpayzekdmodelleridfi & mk Iké i r .

Kekil de a- ekl @ézellikiérirheréirinin migeélik somutuaarolarkmutlak

katkéesé iKkiehein miodelkkiermkmodses ke ol an katkeél ar én
y°nde ,dlacwgjiu dejerl erinin model Ineirket i maseél k
i -¢nce ol arak i se en -ok leantl lked ekumomd eil kKi¢ z%z @
incelendi. Son olarak h e r K alandan se-ilen ve ¢izelg
g°sterilen test ©°rnek]l eozelliklgriz moddlletedotan sadece ©°
katkeéelaré irdelenmicktir.

Baté Urmiye Pl ayaseéeerikeknl matlaégt SHaPsdei el i
SHAP dejerl eri incelendijinde BNDdMI , NDVI ,

sonucuna daha baskén ol aiCRBR3 indsiade locekiver di ] i 0
-al edmM&ysay Vv e bahzejolatak b2 @l@2n@a)yimeo del e y ¢ ksek kat Kk

verdiJi g°r¢l mektedir.

Bonab b°lgesi i-in mutlak SHAP dejjerrllerri i se
incel engidjui gd@e ¢nt ¢s¢negn kendi bantl arénén de
mav i ve yekxkil bant!| ar éellikienoldeé U jeu eg@°® r plk m&klatt ki

Bitki indisleriBat € Ur mikyaed aRl soarsaés a da yine model e ka

SHAP de]j eoedllderin moidled e ol an kat kélaré pozitif

ger¢lebilir. Ba$SKARTde jyaelliRdregiyeanodele étkisi n

kekil 4. 150 tOeelligetimmoedreil lemiok @ini k @dlkEMDVRiIi | i nd

NDVI gi bi i ndi s lteurzilnu lyuikusne ka zd eglema seér iy° n¢gnde
sunarken d¢kegk dejerl eri ise tuzlulujun fazl
NDWI i ndi si i se t aBm tbeurl sgiu | kaeakdd@@nc isbiiknaur kétl u r .

°rte¢gse toprak tuzluluju artték-a azal maktade

Bonab b°l gesi i -in ayné analizin sonucu keki
uydu g°r¢nteéegsenegn kendi bantl arénén d¢kegk de
kat ke syghaekedeojperalken uzl ul ujunun fazla ol ar
kat ke suBuwmabBtlgelrar doj r ulgbring balgdde dahau z |1 u al ar
parl ak alsaoh@acumad duwljakel abilir. Tuz yapélar é
uydu g°re¢gnt el eri czerinde kolayl éekla ayert e
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NDWI

Sum of 17 other features

NOVI
ENDVI
brightness
RED

SWIR1

Model:Rastgele Orman Asiri Ornekleme:Yok

Model:Rastgele Orman Asirn Ornekleme:ROS

4 [
mean{|SHAP value|)

keki

Model:XGBoost Asirl Ornekleme:ROS

2 3
mean{|SHAP value|)

Bdt & 3Ur mi

y €

4 [
mean{|SHAP value|)

Pl ayaseé
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NDWI
RED
SWIR2
wetness

Sum of 17 other features

NDVI

ENDVI

SWIR2
wetness
Eviz
brightness
CRSI
SWIRL

Sum of 17 other features

Model:Rastgele Orman Asiri Ornekleme:SMOTE

+4.39

2 3
mean(|SHAP value|)}

Model:XGBoost Asiri Ornekleme:SMOTE




Model:Rastgele Orman Asiri Ornekleme:Yok

BLUE GREEN
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53 Si3

RED 512
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Sum of 17 other features +316 Sum of 17 other features
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mean{|SHAP value|)
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brightness GREEN
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CRSI brightness

EVI RED

SIs EVI

Sum of 17 other features Sum of 17 other features
0 1 2 3 4 5 & 7 H

mean{|SHAP value|}

kekil Bdanah b

Model:Rastgele Orman Asirn Ornekleme:ROS

2 3
mean{|SHAP value|)

Model:XGBoost Asirt Ornekleme:ROS

+1.05

+0.93

+0.24

+0.23

+0.22

+0.22

+1.16

+12.73

6 8 10 1z
mean(|SHAP value|)

°l gesi i -1in
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BLUE
512
NDWI
S
sI7

Sum of 17 other features

EEVI
greenness
SWiIR2
brightness
RED

Sum of 17 other features

Model:Rastgele Orman Asiri Ornekleme:SMOTE

4.64

1 2 3 a I5
mean(|SHAP value|)}

Model:XGBoost Asiri Ornekleme:SMOTE

6.43

1 2 3 & ‘?
mean(|SHAP value|}

il en modell er
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Feature value
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Feature value
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Feature value

Feature value
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¥zel |l i klkelraja&gdmlsé&ln&djaébtestac als@mela ieni n ok kat
°czell ik baj éeml él ék I -1in k aér K ieéd liaurkt téur réu | nmeer
bajéeml él eNDYIrave] ENODV¥I ©zelQliukkl teurriuliannc eg r

kekil 4. 176de g°steri hemmktNDVI Grzadell k] i nc
ENDVI ©°zellijJininddlestl dmjer k &t liedlin. g° snber
Model ve akeéeré °rnekleme y°ntemlerinden

Bunun sebebi iséNDVI ve ENDVI ozellikleri- oJ unl uk ol arak ayne

birl ekt i r imelendirs i il e ¢retil

Bonab b°l gesi 1 -in ¢rkektiill edn. 1b8ad dedhoigdy| sétke rgir
bl gesi 1 -in ise Bateée Ur mMaviee BYIOzelikes & b©° | ¢
en- ok katke vermiktir. Bu y¢zden bu i ki °
Grafi k i nceMaevnidi®jzienldei jiisne d¢ke¢k dejerl eri
sunar ken, EVI °czellijin d¢gk¢egk dejerlerin
g%ze -ar Kiwmakttadkdr .i k ar as énti@hamotdesrl s viei ra ke
orneklemetestlerindeortak olarak e s pi t edi | mi kt i r . d&ae/n de’

b¢yéek olan dejerlerde model e ol an kat kés
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Test °rnekl eri bazénda modiedl.l2e8 ia raa-sééknl daamaBa ti

Ur mi ye Pl ayasé I -1 n ol an S Hi&HAcin genal f 1 k1 er i [
analizden -ok farklé& ol mayan sonu-1|lar el de e
dejerinin ¢zerine her bir °czellijin ekledi]j
dejerl erini I fade eder ek a-herkahghbmézelikadér . Tab
kull anmadan tahmin etti]i dejerdir. Baté Ur
incelendijinde ENDVI, NDVI gi bi indislerin a

sonucunu d¢gKer¢gceg etkide ol duju bulunmuktur.

kekil 4. 19t0esat g®sneji liemcel endijinde ger-eje
algoritmasé ve SMOTE akeéré °rnekleme y°nterm
gor ¢l megktgr . Mo d e | 0.57 dS/ m dejerini 2.64
dejerinin 0.53 ve BNO¥YI dojnarciumian ed. 0 b ki lka't
olarak verirkenCRSI0 . 13 dej er i ile pozitif bir katkeée v
2. test ©°rneji ol an kekil 4.20 incelendijind
mod el 1.24 dS/ m il e XGBoost 6 Immdief @r . buAkKkeéer
model de sonuca NDVI ve ENDVI ©°zellikleri en
Czel li7Ji pozitif bir katkeé vermicktir.

3. test °rnejine ait kuvvet grafiji kekil 4.
i se hi-Dbir modwily esijmdie ttuazH mil nu ky ssppamaméeékt ér .
XGBoost ve SMOTE akeéreé °rnekleme y°ntemi ol m
-ok negatif katkéeyé sunarken, tuzluluk i ndi s
pozitif katke veren °zellik ol muktur.
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Model: Rastgele Orman Agin Orekleme: Yok EC: 0.57 Gergek: 0-2 Tahmin: 4-8

higher # lower

4 34 6 8 10 12 14 16 18 20

,______--CC((((((((((((

GOVI = 154 NDVI = 0.53 ENDVI = 3.04 EVi = 1166 SWIRZ = -0.01 greenne: 155 SAVI = 0.2 SR = 1481 RED = 0.1

Model: Rastgele Orman Agin Omekleme: ROS EC: 0.57 Gergek: 0-2 Tahmin: 4-8

higher ] lower

4 a82 6 8 10 12 1 16

»,______---.“((«

RED =01 ENDVI = 304 SR = 14.81 GOVI = 1.54 EVI = 1166 NDVI = 053 NDWI = -0.66 brightness = 1.71

Model: Rastgele Orman Agin Omekleme: SMOTE EC: 0.57 Gergek: 0-2 Tahmin: 2-4

higher # lower

2 ) 4 6 8 10 12 14 16

»________--“((((««

ENDVI = 3.04 EVI = 1166 GOVI = 154 NOVI = 0.53 RED =101 SR = 1481 SWIR2 = -0.01 NDWI = -0.66 wetnes:

Model: XGBoost Agin Ormekleme: Yok EC: 0.57 Gergek: 0-2 Tahmin; 4-8

higher &  lower

0.0 25 23 75 100 125 15.0 175 200 25 25.0

__—_-_--(((

CRSI = -0.13 NDWVI =

ENDVI = 3.04 RED = 0.1 516 =252

0.01 brightness = 1.71 SWIRL = -0.26

Model: XGBoost Asin Omekleme: ROS EC: 0.57 Gergek: 0-2 Tahmin: 4-8

0 2 4 6 8 10 12 14 16 18 20

m______-ccc«

brightness = 1.71 CRSI = -0.13 NDVI = 0.53 RE}

ENDVI = SWIRL = -0.26 sl6 = wetness = -0.81

Model: XGBoost Asir Ornekleme: SMOTE EC: 0.57 Gergek: 0-2 Tahmin: 2-4

0 P 4 6 8 10 12 14 16 18

}»)“___—__--(‘

CRSI = 013 NOVI = 0.53 ENDVI = 3.04 RED =0 SWIRZ = -0.01

s2=017 SI6 = 252

kekil Bat @ 9Ur milytees tP | ?arymaesjéi S HAP dejerl eri.
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Model: Rastgele Orman Agir Ornekleme: Yok EC: 1.43 Gergek: 0-2 Tahmin: 2-4

higher 7 lower
o pase val
2 238 4 6 8 10 12 1 16 18 20
_____----“‘(‘((((((
e T ENEW1 = 328 swz = 001 evi=1286 savi = 0.49 Ty "D - 0.0 s-1978
Model: Rastgele Orman Agin Omekleme: ROS EC: 1.43 Gergek: 0-2 Tahmin: 0-2
higher 2 lower
-2 0 190 4 6 8 10 12 14 16 18
YN _—__-__--‘ EEECK
EVI2 = -2583 RED =009 CRSI = 0.1 SR =197% ENDVI = 3.25 NDVI = 0.87 GOVi=19 NDWI 1
Model: Rastgele Orman Agiri Omekleme: SMOTE EC: 1.43 Gergek: 0-2 Tahmin: 2-4
higher # lower
0 2 228 4 6 8 10 12 14 16
>l < < ¢ ¢ ¢ (¢ ¢ ¢ ¢ { <<
ENDVI = 325 EVIi=1286 ocovi=19 RED = 0.09 NDVI = 0.87 SR=19.75 SWIRZ = -0.01 NDWI = -1.14 CRSI=013 wetness = -0.7
Model: XGBoost Asin Ornekleme: Yok EC: 1.43 Gergek: 0-2 Tahmin: 0-2
higher s lower
-25 0.0 124 25 50 75 100 125 15.0 175 200 25
2 N, (S S S R G G G G
EVi2 = 2583 NOVI = 0.87 ENDVI = 3.25 RED = 0.09 brightness = 1.82 SWIR2 = 001 BLUE = 0.07 GREEN = 0.09
Madel: XGBoost Asin Omekleme: ROS EC: 1.43 Gergek: 0-2 Tahmin: 0-2
higher # lawer
-2 o %4 2 4 6 8 10 12 1 16
)‘-____--““(«
brightness = 1.82 NDVI = 0.87 RED =009 ENDVI = 325 SWIRL = -0.27 GREEN = 0.09 we! 0.7 BLUE = 0.07
Model: XGBoost Asin Ornekleme: SMOTE EC: 1.43 Gergek: 0-2 Tahmin: 0-2
higher L lower
0 197 4 6 8 10 12 14 16

))______--‘(I(«(

EVI2 = -25.83 NOVI = 0.87 ENDVI = 3.25 RED = 0.09 Si2 =012 SWIRZ = -0.0 wetness = -0.7 SWIR1 = -0.27

54

keki |l BAt 20Ur mi yees tP | °arymesjéi 2SHAP dejerl eri.



Model: Rastgele Orman Asin Ornekleme: Yok EC: 3.28 Gergek: 2-4 Tahmin: 8-16

higher s lower
6 8 10 e 12 14 16 18 20 2 24
M--_____--“((((((
Si5=214 SWIR1 = -0.06 56 = 261 brightness = 2.38 NOVI =037 ENDVI = 2.77 SWIR2 = -0.01 Govi=1133 SAVI = 0.16 En=27 SR greenness = -1.47
Model: Rastgele Orman Asin Ornekleme: ROS EC: 3.28 Gergek: 2-4 Tahmin: 8-16
higher 2 lower
x| base value
6 g 838 10 12 14 16 18
YYD IEEED T T U . S I (T S Cm— m— = e
SI5=214 56 = 261 RED = 0.23 CRSI =015 EVi2 = -6567 NDWVI = 0.37 ENDVI = 277 SR =1332 EVi=27 GOV =133 NDWI = 08
Model: Rastgele Orman Asin Ornekleme: SMOTE EC: 3.28 Gergek: 2-4 Tahmin: 8-16
higher = ower
6 8 10 102 12 14 16 18 20
)’m“-—_____---.
S2=03 RED =0.23 SI6 = 261 ENDVI = 2.77 NDVI = 0.37 EVI2 = -65.67 SR = NOWI = 08 GDVI =133 T
Model: XGBoost Agin Ornekleme: Yok EC: 3.28 Gergek: 2-4 Tahmin: 4-8
higher 2 lower
i base vahse
25 50 .68 100 125 15.0 175 20.0 ns 250
D ) ) R I S m— ———
RED = 0.23 EVi=27 56 = 261 brqhtr‘ess—z:s NDWI = 0.37 ENDVI = 2.77 EVI2 = -65 67 SWIR2 = -0.01
Model: XGBoost Asiri Ornekleme: ROS EC: 3.28 Gergek: 2-4 Tahmin: 8-16
higher # lower
- pase value
2 4 6 8 i) 12 14 16 18 20 2
2 D N R I T SE——— — =
RED =023 SWIR1 = -0.06 bnghtness = 238 NOWI = 0.37 EVI2 = -65.67 ENDVI = 2.77 wetness = -0 81 GREEN = 029
Model: XGBoost Asiri Ornekleme: SMOTE EC: 3.28 Gergek: 2-4 Tahmin: 4-8
hegher 2 lower
e ase value
0 2 4 6 62 g 10 12 14 16 18 20 n
m-——___--lt«(
sis=214 = s6 =281 NOwI = 0.37 Eviz = 65,67 Enowt = 277 swiR2 = .0.01 T

kekil Badt @1Ur mi ytees tP | caryraespe] e3S6HAP I .
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kekil 4 te2s2to der Mde.j i ne ait kuvvet grafikl eri

i ncelendijinde ise Rastgele Orman algorit mas
il e olukturulan model en yakén tahmini 3.26
Ozellk 1 er i en -ok negatif kat kel ar yapan °zel
©zelli kler yeterince katké yapmadékl aré i-1in
kekil 4. 230ttset g°shefjil eni B. yapélan tahminler
sonucu 5.92 dS/med] e r i il e XGBoost model i yakal amexkt
sunan °zellikler incelendijinde ise NDVI Ve
sunan °zelli kler olurken, Parl akl ék ve EVI (
czelli kler ol mukl ardeéer.

6.test ©°rneji kekil 4. 2406te incelendijinde he
yaptéjé g°ze -arpmaktadeéer. En yakén tahmini

Rastgele Orman ve ROS °rnekl eme metodu ol mu

model sonucunaenko negati f katke veren °zellikler ol
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Model: Rastgele Orman Agin Ornekleme: Yok EC: 3.28 Gergek: 2-4 Tahmin: 2-4

higher 7 lower
2 293 4 6 8 10 12 1 16 18 20 2
T S G S S S S S, S, A, KK
ENDVI = 2.83 GOV = 143 NDWI = 0.45 SWIRZ = -0.01 EVi=474 SAaVI =02 RED = 0.18 SR=1418 NDWI = -0.75 greenness = -15
Model: Rastgele Orman Agin Ornekleme: ROS EC: 3.28 Gergek: 2-4 Tahmin: 2-4
higher 2 lower
2 .08 4 6 8 10 12 1 16
»)»)]_______--IIICC(«(
CRSI = 002 RED =0.18 SR=1418 NDVI = 0.45 ENOVI = 283 GDVI =143 EN=474 NDWI = -0.75
Model: Rastgele Orman Agin Omekleme: SMOTE EC: 3.28 Gergek: 2-4 Tahmin: 2-4
higher ® lower
326 4 6 8 10 12 14 16
po < ¢ ¢ ¢ ¢ ¢ ¢ ¢ (< ¢ < (¢
ENDVI = 2 83 GDVI =143 EVi=4.74 NDVI = 0.45 SR=1418 NDW! = -0.75 RED =0.18 EVI2 = -56.66 SWIR2 = -0.01
Model: XGBoost Asin Ornekleme: Yok EC: 3.28 Gergek: 2-4 Tahmin: 2-4
higher 2 lower
- o
2 2™ 4 6 8 10 12 14 16 18 20 2
o>l < ¢ { { ¢ { { { { < {4
NDWI = 0.45 ENDVI = 283 EVI2 = -56.66 RED =018 SWIR2 = -0.01 brightness = 2.02 SWIR1 = -0.29
Model: XGBoost Asiri Ornekleme: ROS EC: 3.28 Gergek: 2-4 Tahmin: 2-4
higher 2 lowar
2 o1 4 6 8 10 12 1 16
m___—_--“(«
brightness = 2.02 NDVI = 0.45 ENDVI = 283 SWIR1 = -0.29 RED=0.18 EVi2 = -56.66 GREEN = 0.26 wetness = -0.65
Model: XGBoost Asiri Ornekleme: SMOTE EC: 3.28 Gergek: 2-4 Tahmin: 0-2
higher 2 lower
a1 4 6 8 10 12 14 16
'm__—_---‘((((
NOWI = 0.45 ENDW = 2 B3 EVI2 = -56 66 RED=018 SWIR2Z = -001 wetness = -0 65
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Model: Rastgele Orman Asin Omekleme: Yok EC: 5.60 Gergek: 4-8 Tahmin: 8-16

hgher ] lower
8 10 12 1w W 16 18 20 2
>>)))--_______-_-(((<
SWIR1 = -0.01 SWIR2 = -0.01 brightness = 2 43 wetness = 092 NOVI = 027 ENDVI = 28 GOVI =119 &Vl = 307 SAVI = 0.08 greenness = SR =1250

Model: Rastgele Orman Asin Ornekleme: ROS EC; 5.60 Gergek: 4-8 Tahmin: 8-16

higher & fowrer
fix ba
6 s B34 10 12 14 16 18
RED =023 wetness = -0.92 CRSI = 0.01 Vi2 = -30.B3 SR =1259 ENDVI =28 NDVI = 0.27 EVI = 3.07 GDVI =119 NDWI = 06
Model: Rastgele Orman Agiri Ormekleme: SMOTE EC: 5.60 Gercek: 4-8 Tahmin: 8-16
higher # lower
6 8 10 u.28 12 14 16 18 20
»))»»--_____——_-“\
SWIR2 = -0.01 56 = 258 wetness = -0.92 ENDVI = 28 Evi =307 EVI2 = -30.83 NDWI = 027 SR =1259 NOWI = -06 covi=119
Model: XGBoost Asin Ormekleme: Yok EC: 5.60 Gergek: 4-8 Tahmin; 4-8
higher L lower
0.0 25 s0 > 75 10.0 125 15.0 175 200 25 25.0
I ) R I, {E I s . e G &
EVI = 3.07 brightness = 2.43 NOVI = 0.27 Evi2 ENDVI =28 GREEN = 0.34
Madel: XGBoost Asin Omekleme: ROS EC: 5.60 Gergek: 4-8 Tahmin: 8-16
higher 3 lower
4 6 8 10 ne3 14 16 18 20 2 21
»,,--_____-‘((
RED =023 wetness = -0.92 SWIR1 = -0.01 brightness = 2 43 EviZ = NOVI = ENDVI =28 GREEN = 0.34 CRSI = 001
Model: XGBoost Asin Ormekleme: SMOTE EC: 5.60 Gergek: 4-8 Tahmin: 8-16
higher 2 ower
2 4 6 8 81, 12 14 16 18 20 2
»)))_-_--”_—_“‘(«
RED =023 SWIR2 = -0.01 56 = 258 anhtness =243 wetness = -0.92 EVI2 = -30.83 NDVI = 0.27 ENDVI =28
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Model: Rastgele Orman Agin Orekleme: Yok EC: 7.70 Gergek: 4-8 Tahmin: 4-8

higher ] lower
4 %6 6 8 10 12 14 16 18 20
_____-—--““((((((((
ENDVI = 284 NDVI =03 ooVl =123 SWIR2 = -0.01 EVi=393 SAV! = 0.06 greennes: 165 SR = 1282 RED =017
Model: Rastgele Orman Agin Omekleme: ROS EC: 7.70 Gergek: 4-8 Tahmin: 4-8
higher 2 ower
fix base
4 bl 6 8 10 12 14 16
M_______--.-(((
RED =017 CRSI = 003 ENDVI = 28B4 SR=1282 NOVI=03 EVi=393 GOV =123 NDW! = -0.61 brightness = 197
Model: Rastgele Orman Agin Omekleme: SMOTE EC: 7.70 Gergek: 4-8 Tahmin: 4-8
highar 2 lower
P 6 8 10 12 1 16
m_______--“‘(‘(((<
ENDVI = 2 B84 EVl = 393 =03 SR =1282 RED =0.17 NOWI = 0861 GOVI =123 wetness = 085 SWIR2 = 0
Model: XGBoost Asin Ornekleme: Yok EC: 7.70 Gergek: 4-8 Tahmin: 2-4
higher 2 lowe
PR 4 6 8 10 12 1 16 18 20 2
»ﬂ_—___-ﬁdl«
NDVI =03 ENDVI = 2.84 RED =017 brightness = 197 SWIRZ = -0.01 GREEN = 0.22
Model: XGBoost Asin Ornekleme: ROS EC: 7.70 Gergek: 4-8 Tahmin: 0-2
highar # lower
fix base value
0 192 4 6 8 10 12 14 16

232D N N N, A, N S G AR X &L

brightness = 197 NOVI RED =017 ENDVI = 284 SWIR1 = -0.18 wetness = -0.85 GREEN = 0.22

Model: XGBoost Agiri Ornekleme: SMOTE EC: 7.70 Gergek: 4-8 Tahmin: 2-4
higher 2 lower
P 4 6 8 10 12 14 16
__—___--‘((((
ENDVI = 2 84 RED =017 wetness = -0 85 SWIRZ = -0.01 brightness = 197

NOVI = 0.3

kekil Ba4t.& 4Ur:mi ytes Pl @ayanepi 6 SHAP dejerl eri.
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7.test °rneji kekil 4. 250te incelendijinde S
model |l erin daha yakén sonu-1lar wverdiiJi g°ze
dS/ m dej eri il e Raskgelte BDNDRD®Eh yeneE¥mi °zel i
negatif katké veren °zellikler olurken, Kéerr
katkée veren °zellikler ol muklarder.

kekil 4. 260tdatg®shefihea Bse en yakén tahmin
dej eri il e Rastgele Orman ve SMOTE akéreée ©°r
ENDVI en -ok negatif katkeyeé veren ©°zelli kI e
katkée veren negatif ©°zellikler ol muktur.
kekil 4.27 incelendijinde en iyi sonucu vere
model i o0l .nBu3k t NuD V/ | dej eri ve ENDVI czel lifjJi €
°zelli k olurken, tuzluluk indislerinden ol an
Bat & Ur mi igire sorPdrrely clasn d0te s t °rneji I -in oluktur
grafikleri kekil 4. 280de g°sterilmixktir. T¢
sonu-I|lar vermesine karkén en yakén sonucu 37
ROS akeéereé ©°r reekleeama kmdtradWniclak yine de t¢gm
seviyesinde dejerler tahmin etmiklerdir. ENI
katkeyé veren °zellikler olurken, NDVI bu te

60



Model: Rastgele Orman Asin Ornekleme: Yok EC: 8.10 Gergek: 8-16 Tahmin: 8-16

higher # wer
8 226 10 12 14 16 18 20 2
_________‘.-“((((«
CRSI=-018 NDVI = 0.09 ENDVI = 2.61 covi =09 Wi = SWIRZ = -0.01 greenness SAVI = -0.09 SR=11
Model; Rastgele Orman Asin Ornekleme: ROS EC; 8,10 Gergek: 8-16 Tahmin: 8-16
higher a ower
" fix) " base val
8 10 12 12:95 14 16 18 20
)»).‘______-‘.‘ {44
RED =021 CRSI = -0.18 11.28 ENDVI = 2.61 NDVI = 0.09 a5 GDWI = 091 NDWI = -0.33
Madel: Rastgele Orman Asin Ornekleme: SMOTE EC: 8.10 Gergek: 8-16 Tahmin: 8-16
higher # lowrer
fix base value
6 Pt 10 12 1 16
»m_—_______-ﬂ(((««
RED =021 CRSI = -0.18 ENDWI = 2.61 EVI = 3.45 NOWI = 0.09 SR=1128 GOV =091 NDW!| = -0.33 wetness = -0.78 SWIR2 = -0.01
Model: XGBoost Agin Ormekleme: Yok EC: 8.10 Gergek: 8-16 Tahmin: 8-16
higher 2 lower
6 8 10 220 14 16 18 20 2 2 2
))‘-_____--‘((
EVi=345 RED =021 CRSI = -018 NDVI = 0.09 ENDVI = 261 brightness SWIR2 = -0.01 SWIRL = -0.22
Model: XGBoost Asir Omekleme: ROS EC: 8.10 Gergek: 8-16 Tahmin: 8-16
higher 2 lower
6 8 10 12 13.02 14 16 18 20 2
2D B D D N  (Em— S—— e = E
brightness = 2.03 EVi2 =-1528 RED =021 CRSI=-0.18 NDVI = 009 ENDWI = 261 SWIR1 = -0.22 wetness = -0.78
Model: XGBoost Asiri Ornekleme: SMOTE EC: B.10 Gergek: 8-16 Tahmin: 4-8
higher ® lower
4 6 i 10 12 14 16 18
IR DD D I _____-‘((((
EVi2 =-1528 SI2=033 CRSI = -018 RED=021 NDVI = 0 09 ENDWVI = 2 61 wetness = -0 78 SWIR2 = -0 0 brightress = 2 03

kekil BAt @5Ur mi yees tP | °arymesjéi 7SHAP dejerl eri.
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Model: Rastgele Orman Agin Ormekleme: Yok EC: 10.68 Gergek: 8-16 Tahmin: 8-16

higher 7 lowe
. pase val
10 nsg, 14 16 18 20 n
b > | _______-“(((«(
crsi = 010 NOVI = 0.03 ENDVI = 2 61 Govi = 0.81 B = e sh=1087 savi= 013 swinz = 001
Model: Rastgele Orman Agin Ornekleme: ROS EC: 10,68 Gergek: 8-16 Tahmin: 8-16
tigher L lawer
10 12 14 1438 16 18 20
)»)’))-__—___--.((
EVi2 = -17.13 RED =024 CRSI = -0.19 R = 1087 ENDVI = 2 61 NDW o GDVI = 0.81

Model: Rastgele Orman Asin Ornekleme: SMOTE EC: 10.68 Gergek: 8-16 Tahmin: 8-16

higher 2 ower
11.04
8 10 12 14 16 18
RED = 0.24 CRSI = -0.19 EVi=29 ENDWI = 261 GOW1 = 0.81 SR = 1087 NOWI = -0.26 wetness = -0.86 NDVI = 0.03

Model: XGBoost Asirn Orekleme: Yok EC: 10.68 Gergek: 8-16 Tahmin; 8-16

higher 2 lower
fix base value
8 10 12 14 16 18 20 2 2 %
)”"“.—-_—___-‘((
=29 RED = 024 §I5 =251 CRSI = 019 NDVI = 0.03 ENDVI = 261 brightness WIR2 = -0.01
Model: XGBoost Asin Omekleme: ROS EC: 10.68 Gergek: 8-16 Tahmin: 8-16
hgher 2 lower
6 8 10 12 1 W9 16 18 20 2
)”"--—___--‘(
brightness = 2.23 56 =254 RED =0.24 CRSI = -0.19 NDVI = 0.03 ENDVI = 2,61 wetness = -0 86

Model: XGBoost Asin Omekleme: SMOTE EC: 10.68 Gergek: 8-16 Tahmin: 8-16

2 ower

higher
6 8 10 12 1A, 16 18 20 2

>)'---__|____-((

2 =037 MR =03 brightness = 2.23 RED = 0.24 CRSI = -0.19 SI6 =254 ENDVI = 261 NDVI = 003 wetness = -0.86 WIR2 = -0.01
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