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Figure 1- Flowchart of the research methodology steps.
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Figure 2- Correlation of Teleconnections Indices at Different Lags with PM2.5 at the Zahedan and
Khash Stations.
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Figure 3- Feature selection with Boruta method at Zahedan Station.
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Figure 5- PM2.5 prediction with a) Bagged CART

b) Gradient Boosting ¢) Random Forest d)

LightGBM e) XGBoost models at Zahedan Station.
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Table 1- Comparison of machine learning models for PM2.5 prediction at Zahedan Station.

Model _ RMSE _ MAPE _ R?

Train Test Train Test Train Test
Bagged CART 8.556 7.584 15.211 12.180 0.766 0.787
LightGBM 8.657 6.794 14.130 10.560 0.760 0.829
Gradient Boosting 5.493 5.097 9.548 8.187 0.904 0.904
Random Forest 5.395 4,769 9.678 7.256 0.907 0.916
XGBoost 1.896 1.724 3.073 2.355 0.989 0.989
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Figure 6- AOD prediction with a) Bagged CART b) Gradient Boosting ¢c) Random Forest d)
LightGBM e) XGBoost models at Khash Station.
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Table 2- Comparison of machine learning models for PM2.5 prediction at Khash Station.
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Figure 7- a) Feature importance diagram b) Changes in climatic indicators using the SHAP method
c) Sensitivity analysis of indicators using the Sobol method d) Analysis of the importance of
permutation of indicators at Zahedan Station.
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analysis at Khash Station.
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Figure 9- a) Feature importance diagram b) Changes in climatic indicators using the SHAP method
¢) Sensitivity analysis of indicators using the Sobol method d) Analysis of the importance of
permutation of indicators at Khash Station.
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Extended Abstract

Introduction and Goal

In recent years, air pollution, especially the increase in the concentration of PM2.5 particles
matter, has been raised as one of the significant environmental challenges. Due to its specific
geographical location, which is located in the path of the 120-day Sistan winds, along with the
decrease in annual rainfall, Sistan and Baluchestan province provides favorable conditions for
the formation and intensification of dust phenomena. In this regard, teleconnections play an
important role in climate change and, consequently, in air quality. The main objective of this
research is to evaluate the impact of teleconnection indices on PM2.5 concentrations in Sistan
and Baluchestan Province using advanced machine learning models. Therefore, meteorological
data and PM2.5 concentrations were collected from Zahedan and Khash stations over two
decades and combined with teleconnection indices. Then, using correlation analysis and feature
selection methods, five machine learning models were evaluated to identify the best model for
long-term estimating PM2.5 particulate matter concentrations was identified. The results of this
research both led to a better understanding of the complex relationships between climate
variability and air quality, by provided a detailed analytical framework, provided a practical tool
for policymakers in air pollution management.

Materials and Methods

This study used a comprehensive multi-stage analytical framework, and meteorological data and
PM2.5 particle concentration were collected from Zahedan and Khash stations during the period
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2000 to 2021 and supplemented with teleconnection index data from the NOAA Climate
Prediction Center. After careful data preprocessing, which included quality control (checking
for impossible or anomalous PM2.5 measurements and correcting or removing suspicious
measurements), data temporal synchronization (matching PM2.5 data and remote linkage
indices based on history to ensure the synchronization of independent and dependent
measurements), and missing data replacement (using the nearest valid measurement, temporal
averaging, and statistical interpolations to preserve the original data distribution), a dual
analytical approach was implemented. First, Pearson correlation analysis was used to measure
linear relationships between teleconnection index and PM2.5 levels. Then the Boruta algorithm
identified the most effective features at time lags of 0 to 6 months. Five advanced machine
learning models including Bagged CART, LightGBM, Gradient Boosting, Random Forest, and
XGBoost were evaluated, with 70% of the data used for model training and the rest for
validation. Performance evaluation was performed using three criteria: root mean square error
(RMSE), mean absolute percentage error (MAPE), and coefficient of determination (R2), and
for interpretability of the models, four advanced techniques were used, including permutation
feature importance (PFI), SHAP values based on game theory, Sobol sensitivity analysis, and
partial dependency diagrams (PDP). All analyses were performed in the R software
environment (4.2.0).

Results and Discussion

The results showed that the effect of teleconnection indices on PM2.5 particles concentrations at
Zahedan and Khash stationswas significant. At Zahedan station, the highest positive correlation
was related to the PDO index (0.158 with a 5-month lag) and the AMO index (0.212 with a 0-
month lag). On the other hand, the highest negative correlation was related to the AMM index
0.336 with a 2-month lag) and the WHWP index effect (-0.420 with a 4-month lag). At Khash
station, the highest positive correlation was related to the PDO index (0.159 with a 2-month lag)
and the highest negative correlation was related to WHWP (-0.385 with a 4-month lag).
Analysis of the importance of features using the Boruta method showed that the greatest
predictive role of PM2.5 was related to the WHWP index with an average importance of 13.63
with a 6-month lag in Zahedan and with an average importance of 10.51 at 5-month lag in
Khash. In the evaluation of the models, XGBoost was identified as the best model with
exceptional accuracy (R2=0.989 in Zahedan and R2=0.993-0.994 in Khash) and minimal error
(MAPE=2.36-3.07 in Zahedan and MAPE=1.5-1.8 in Khash). The results of sensitivity analyses
showed that the greatest effect was related to the AMM index (with a significance score of 685
in Zahedan and 561 in Khash). On the other hand, with certain lag times, the behavior of the
WHWP and AMO indices were nonlinear and complex. Overall, the results indicate significant
effects of ocean-atmosphere oscillations (with correlation coefficients ranging from 0.15 to 0.42
and significance scores ranging from 5.6 to 13.6) on regional air quality. The performance of the
XGBoost model in long-term PM2.5 forecasting in the study region was very accurate.
Conclusion and Suggestions

The results of this study showed that the highest positive correlation with PM2.5 concentrations
at Zahedan station was related to PDO and AMO indices, and the highest negative correlation
was related to AMM and WHWP indices. The XGBoost model was identified as the best
prediction model, which had high accuracy with the lowest error. Also, the results of SHAP and
PDP analyses showed that the effects of the AMM and WHWP indices on PM2.5
concentrations were complex and nonlinear, and the time lag in these effects was very
important. At Khash station, the AMM, AMO, PDO and WHWP indices also played an
important role in predicting PM2.5 and indicated the significant effects of climate fluctuations
on air quality. These findings indicate the importance of nonlinear relationships and critical
thresholds in air quality modeling. Based on the results of this study, it is suggested that remote
sensing indices be continuously monitored to predict periods of high particulate matter
concentrations for the purpose of preventive decisions and actions. Also, it is suggested that,
based on the differences observed between the two stations (Zahedan and Khash), more
attention be paid to local and regional characteristics in air quality modeling.

&



Watershed Management Research Vol. 39, No.1, Ser. No: 150, Spring 2026

Keywords: Pearson correlation, PM2.5, Shapley value, Sobol sensitivity analysis, teleconnections

Avrticle Type: Research Article

Conflicts of interest
The authors of this article declare that they have no conflicts of interest regarding the writing and
publication of the contents and results of this research.

Data Availability Statement
The data and results used in this research will be made available upon reasonable request to the
corresponding author.

Authors’ Contribution

Author 1: Conducting software analyses, writing the initial draft of the article.

Author 2: Guidance, conceptualization, editing and reviewing the article, reviewing the results.
Author 3: Consulting, reviewing the article text

Author 4: Consulting, reviewing the article text.

Author 5: Consulting, reviewing the article text.



i “'N:'"ik“‘{« .
ol

ST o e

63‘)3:;’;4?

R A YT AN
G GAH ST i

»

eeas

YAA-Y-YA L

A
u,uﬁngz,,f{/;f|,¢g/7,

S S beilow calizo glacdale mdili Ol 512U 5,
‘_S.La.é ‘SlbleS IR VTR S-S ‘5&).’&“3 03955 9 ‘sﬂ oolo (5‘9:"“ »

"0 s s (Bl 5 (s M 928 Bolo anilo

el sl cpng ) oKl o srrebglin saSalS ¢ 1 puil 5 &3 ya 05,5 ol sl S i gal il -
Ol edog | e ) oK srrebaulin saStils o5 15 pu5l 5 3 e 09,5 Ltils Y
Ol edog | el oK231S  orbalin saStils o5l juil 5 a5 yo 09,5 Lokiul ¥

b g 808

Gud g doddlo

9009 (S ES 9 (216 Coal ulul g b plgieds 5 siied ope Jlons ol drng sl plle lap B slups
630t il el sl g ol (sl 5 i gl e el | 6lb, g eliy (gl (69, iless 5 aulia
4 e bl gleosed onl 2 93l Dsdioe Sy Of Cupae ;o ohisar e ileps )lubl 5 b |
5ol Hlaubl G pas Jdoa lao¥ (Lad) sloygo b salls (Sis cewl ool 0uiiSls g wo bl (5,5 IS
Jos e 5085 odg mle a1 byl s a5 cool O e 5l Jgol e 60 p0 00 b sloosly alex
Sly pomre )0l 3 e 5 BNk o 5ll RIB g oS Gl 03,08 Gl BN 0fje S o
el 3,05, s sl sabazlsn Lille b AoV (sloyss (s ,eil Loty Lo sy el o ol Linluyd les
LS Lyt o o] LS Ll 4555 5 ar s 5,50 Linleeyd & Ll (sl i oS Guta b Lo S Lgil
eailie 5| US syt 5 T ool cslyie e 51 ST gl b 4y gl 00iiS cyopss (sl oozl
Gl sbeile mal Sl byl Ban b e nl ol el pyere o SB ey diog sl
8 ] S S5 oS S8 Il 2 S5 5505 W asle e 1 o sl 25l

gy lie god

h.kheirfam@urmia.ac.ir :olilso Jgoumo®

Lg‘g.‘l:x.o 5 6 rSbgilew alizee slacdale C“‘d" Q‘l,.';" 6.3[9’)‘)‘ AP0 (0 T sr:l_é).::} “P ‘Ls..jzfsealm :dlciw!
Ye-FF :(V)va '6)“5}.?7'9] dbu*“sf . ;La5 L;La;,h!l: LSS L;L&bf‘;m.g 05955 9 «.Ji oole
10.22092/wmrj.2025.370375.1629 : Jliwzs > dusbivis

VE O/ Vo) 1Ll G, G OV F B iy g, b Ve F B A 16 K550 d,b NV FF AT Y el e gLl
FELYF sloamio AP0 s A0+ oly 5)lad ) 5lad 1 5,50 V0 Jlu v logeinl sl ings,

Oy © ol bl rmblio g (65,9LaS Ghjgel g Slikio S 0 1l

e



file:///C:/Users/Hosein/Downloads/0009-0007-1161-586X
file:///C:/Users/Hosein/Downloads/0000-0002-5956-4420
file:///C:/Users/Hosein/Downloads/0000-0002-0965-6538
file:///C:/Users/hosein/Desktop/Eng.%20Saemeh%20Sadeghi%20manuscript/h.kheirfam@urmia.ac.ir

168 5l 10 by 3l o) 5yleus ¥4 5590 ‘pf’{"‘.r";t‘k;%

g, g olge

s Sl ol g led 5o (2ol ST bl o (el (58 (alli OYB Glagly cal el sl
51 Ibb eslizal 5 Sl mals dsay 05 ,mel Y sl g pmo yunsly gamilsiS 4 45 6,iSm B+ ¢ VG
YU cadsSis iy S 5l coz srdiged ol (6] 5 (St ol Cou  Jad jebay ccnoVl jo
2 A5 5 09 S yShgilew (lojen aumdly JEUl ciled Sz slatw (5,0 silwoslel gl 5 0b 4y
odel Cawsdy sla S Lgilw 5l aias sbsjl 5 (g5le @l ( olull @l penl (VB sad Sis s S cbla>
S S Uil ¢ s 0 Agd uypeyie g p)S F 5 ¥ ND ao clale o> (Oscillatoria sp. 5 Nostoc sp.)
ke S5 (5185 wiad (madli-ool sadoolel (gla s (53, ,S5 ez 50 eadiiyai sla e el oddiags
OV saimolis) JolS Sis Luyld g 0 sddylad sl i cpmms Sg yiaile Sy Bl zails
P Jyad po (Sis oglis a5 b Jad VB oaimo i) (6,5l (Sis 5 55, W ey (gadls oais Sz
8 Gy \WF legazma) (Sid 59, VF 5 (28,2 55, 70 oSt 5, P jsbas (Jlo ()b Jpead o 550 5 Jlo
Aol (g pSil- St Lyl o GialesT V8 5 elS St Lyl 5o SialesT V8) LialojT TY ggame 4o aizd S
oialesl Qb 5l om0 el VE Y Lo ole QLT 5o 5l g (dolas JolST (otalojl sl B o (gl ol s
50 b (g el JlaleS g S ISUly sla g, 5l soliiul b cudgas S S 39,55 9 T eole sleo;lall
ol JEe (5 (9e3] 5 48)bg0 5 S (15T a5 5l eslinal b b bl el (0L

Slee 9, (@i 2 p)S 7 g ¥ A0 Gho i) b pShglon il lajlos Il aS sls las baasdly
Jlxol s 9) Jls g cyia il o U yao 515 50 (6 pSh (Sis 5 oS (Sas Lulyd 90 pe 50 059
g b e Gl 0 erSl(Sis bulid coo 555 Gliime g9, il slajled DIl og (o)s S
2 3 gl oLt 51 S T osle slyimn (65 pdl 09 (a0 )3 Ko ool gelans 53) I3 cime s yie il
gl )0) s Sl (iS5 ol (Sas Lalpd g0 e cod g e gtile g U jho 5 S U Sho )5 5
205 P)oby g (@ 2 p S Y) Slgilew bngte glaclale mdli b ()59 55 lyione 092 (w0 iy Sl
28l SRl EY g YA Gl jay ik (Ses llph cod 5 TR 9 Vo a (Sas Ll oS (mpe e
55 oY MO il b g IVY 5 PO o ey JolS (Sas Lulyd cod mpeyie oS P o ¥ mdli b b Joole
i) sy bulyd Jlie Sl sl (a8 TPY 5 OF FA o e oSl (Sis lulyd cod gyt
Joiml gl j9) 055 Hlogime S ST osle 5 (55505 slyime o S lgibus il 5 (6,051 St 5 JolS
Jsd JB odd o) loadlie Sonte )3 (@pe e 2 o5 VIB) b yiShiglow oS cdale maili o Slos (00)s &1
Qj.u

ol 9 (6 5 doms

oot 5 S a5 5 T ooke (glsize doms 2 Vb AVl cncabs (6,08l Sl ols olis gy ol b
Tels asile (6,500 DLl (lyzl g, 0nli) 090 Cute (S by o SB sl alugy S p 500
a5 ol i bamdl Conl g)5p0 S o lul cloailie Hlsiear yisri 5 T Slse Ssme sl b ySligilew
Ailon 5 03,5 0y o8 5 Wisilo 0dl) o (Niad mdl S 4 Sk (i llpd o lag S lgilas oS lKin
e slp S hgilow edli aS Jlo jo iols (l8l 15 039555 5 JT esle glaosluil (Jols (Sas Lyl
LoVl Ll e Sl sl oo (2l IS5 el ISl oanlup laele il jo S gl sleaddss
Tl Sl e sy pilee a5 )l 352y S slagulde S0 shish el A5 S Olyea
Pt S Sl Sy Bz b 5l 5 @ (9 et S T Jlao Sbale b ofiga dags S gl



GRS

w9 I oslo Glgimo p (6, Lgilbw ilio gl guadily Wi il

Slagiagh 0gb e dlidn awl coglite (Sis 5 6Kl luld b ooVl 6l opga «Sas ooVl
u...uL..uJS QS'L'\M 6)..50)‘;»‘ Lv o‘).a.m ‘5;....‘0 d)jj—‘-;iuo 9 é..o ujL..u .la)‘).w Lv @‘)M u.ul...{bo )0 M

D pleil gob

Sols o 5lg

S ‘slb‘;‘)‘.g.g S g u‘:T &l Lo oo (S il (S gHlul (s and g S ‘_Ql.bdlf}b»,o,.g

Ol s Judoas lossol 4 Ol 0g,9 el (VoY
2 el gl Spae Ll g Sl el
SO (g5 slas Slaal sl ohgar CawsVl
sy, (GSlidpg ali> fals 4 e K0 (som
5 Jyad o (31 slaazl s 5 VU ohge
bl S 4 e bl a5 ol oad Jlo
=99 pLBRP) sebioe Jlo ool Ao b sk
3ol (Pl slge ailssy ) Slgw, 5955 (Yo V-
ol Jsb o LoVl a4 gsles ol
L sleaas 5l (gloo s argy olool 4y e aldS
LoVl (a2 5l G 2w 20 Sl s
S3l> 45 B35 gy Y (VT p013) 350 o0
3 ol comway el Dl slge g wlogy, Sliga,
4 e g 30 (g BBl S 0y
Alwgds e Olgw, cuile, abul uals
5 So) dgdioo Jlo SiS Jyab ,0 3k 9y
S oVl ouis iz glayins (YA o Ken
Sl 5 bSe I abse olaS s s> Las
Jgad )3 sl (65,9l5S pgons 5 (lood slassS
sdislud g wad lasl Slojes oy Jlo o5
w2l 2 1) doe 3,555 Glaggls Josis sl Ll po
S 5T s 5 (S 5 goemD) sl
Slagm) 5 S bl (Sl Ko
BT g g ol VB b (e g 65elaS
5 SE las 55, JUiml g ctlsp g ol iale b
So S gl eadSias Gl I o polie
Eolsz lp ) Glanag olml a4 e S0
5 AL Gleaiss ;s 5 65,5l slaee) (Sl

doddo
oolatdl glaadlie (lyne )bl g S
drwg 4 gltws Ol () e g (eloiz]
alfosin  gbasly olal cbul, o b
ol 2 1 Vv Jlo @8 5o Jlo plojle oadidy 5
OLes 5 5y ¥ VA e 5 1) 5l
39 Ol ool & b Ll ol s (YA
Gl Wl g bgy S 4y aily 00 el adlio 4w 12
T S S P X1
psh (V0 GLles 5 555 ) d9dee aalsr 5o
4 ol Gln Gz olde o e,y
Wlondn sladsly gl o ars Gl arwg
s bodld wam o>y Gl 4 e
<l el ) o Gl Jsol e slacsls e e
il 4 e el a5 cl ead S
odd Ll 5 wag lacoy )i 5 Lo leps:
S oYl (S (YeYe g, g plies) ol
&l 5l Jyalns )l pose Sl g bbales alex
o] oodSis g ogw, oy a5 cul Ol
255 s Lie s piyalep e G olsien;
VY. ooljonl g pld ) Sl 03,5 Jaus o
slazl a5l i 651 o sonlil Ol i b plKan
b 5l 5oss 10,55 0 ssleS du 4 (pliwg,
o8 S g ol mle Copae 0 g0l
&l 3l lop0 0 (paass glasle ;o e (Sualen
S 0y Gl el s (S O
5 cuiS 6 e (sslaS slacee) oS
e a5 4 e Jsolpd 5 LG co e
ROV SPRSN PG S PRV PS TS P NN



VEo0 5lg VB oale 5ylouds o) 6,leis A 698

i) wboe el (ale B plp e b S
5 Il oole slgime diwly (! o (YVF ol Sen 4
MLS (el ladlie (n Spee 51 S (39
Sl gladele pln 0 S oglal 5 Cwedle
o 9 pBRS) 0gd oo colaiul i Sasde
G Slogzgoh ;) puiians il gyl (VY
ol e S 4 b pShylw ohga
g skl )0 SIS st o oSl 51 S
Al colll 5 Codbge wiz,e (YoVY LYeY
5 WA Sldgzgen) Olprear 1 Sholw il
03955 9 I edle (sl Sgee (sl o0 pngd
oy sl 3 SBlwl gadie lyea
s gl 0SB b e Ban b i
il (Jlo opl bl sazagl Sasaes
o oWl Sy Sis sl b byls s lag]
a0 LOYb 5,5 5Kl 5 (o5 Jgab
w‘ GM‘S&JJ))J S 0)5).“.: 9 ‘éJ] oole Lngd.ﬂJ}n
il oL ol Sae L ragh ol g,0nl)]
Glp byaSbglaw ocdgicam); iz gloclale
s sbuly o S 59,0 g ‘;T oole dgupe
Sloys 0 Gled a4 pglie gl
‘_g).:j.ﬂ 5 i bylh gl b oYl cut i
Lalys )0 g 2Raslej] S8 sla s ol )
sleadie ogpe jo b yShailw mdl pg 0,50,
L 0% 94 PRI W V- (R J d)‘&-iL.f. P
O leps o K0 Glea) Kl S ol
sl Sy 9 b cov (L Sas 55
il maw SO a4 oliws Bua L e pShgiles
3 gk onl Sysly g pled slaass I ang

‘pf’{"‘r"ﬁ‘k}}

7 9 Sl opdiee gl Gble )9l
Sble ;o ol jwle,d e glwl, o (Y--V
OSbol cole g lae (8wl
2ol Grae ald g goz DY55 Gl o,
Sy @ ol Sl sgys (Jlo opm Jgad
A yomie dlas ) cpl 4 Al s £4,0 o,lg LY
OBl g cnlyl 0gd oo O dwgs by idg
oty o Jlo oul b o jlas 0g2g LQQT ujlﬁj Jdoay
Jaad 1o LYl coinSis sl s 60,008 Ay,
sy 4 gble ] S0y 5 J e
oS5, ool 5 ol Giled ke ly
slol Tl dbial, ol e el pibobos
Wl sloyiny 1o Ly g polie (iws) sloaiug
il ey 050, L baxbe esnsus
ooz e 1 yiShigilw o594 (5S> Slogrgern
.(Y'Y' ao‘)‘Ml 9 r:LBJ.;.}) Canl O)Siﬁ) U"‘ wﬁ.o
e e W S ey gleaias,
LQQT Doy dials a5 Conl 63> Slogzga,
Gl 0dl )58 Sisdes ¢ S sble o
s b yShgla 5 lagast 5l WL o
9 LQA.»....J) u,.;,...,...S 5 lJ U‘QP}A]’) L)"‘ loduds
rolie Glgme ma 095 Bl oleb s
e il g)lul Pl cen S
3L (55, 094 sanlu,d slaJele ply jo oy,
0 Sy g g o 5l ol b ce s Jdoa
dcbuol Lyl i Jdoas 63 Slogzgeis, ol
ey Satugy (5SS gem e



Rt
Q L)

245 e Ve g YA FY (o g oadanlacdilaie
25 ook e ol il USDA gunail 4l
R S R R N = et
o1 Jedoa o)ls ool ale b 4 g3k Sl
Gl Ogelrm 59 (SoSms Bblie 5 (55)0laS slaces;
@isdS sl Jls o oS5, sew SIS g YU
@ ol oy S 5 e byl ol 2
Slayin Ggelim 50 Wiz e Sl (6900 Glu)
0uiSly g dgaote Hlews JShay QYU o Sis
Phragmites ) o codle L olS sleasss
«(Agrostis stolonifera) L, <ale @ustralis
sanlie (Tamarix L.) ;¥ 4 (Carex L) 3>
Sl Sk 3 gt BB L was
ol Ol ol Ginle,d ply o cad e
Jeloa (ol (g8 VG oatiSas sla i
shegy aibie plyiea oglite pSl 5 (Sas

RERERY

g T oole glgine 1 gy bgilow cilises gl gedli ol 51

a2 ol 4 5eS a5 og baiagh 0 b awlie

! 00

g, g olge

susantllao Ailie o3 sz

odbSiS slayin SB gl cnl plxil
s ObmlST bl ebly (o8 (Mallony VU
0 Sl gy sl obles b (5 yelS YT 0
5 lSa Bee colis L oVE ol () JSE)
sl s o il oanny Cd @ sl Gy guilesS
boh  eels o andds
oy ol b 5 dsolid ol e
3 YUl el adly alS Gadd cawsVl ol

o394 9

90l ol Sz LT Laulsl b ol ols,> 5yl
5 waid b Slojer Jdoas o] conSis sl i
3 03yl Sloy o3l ,o el slasl suws
0,85,y oy slice 5 009 gL il S Sy
SE

45°51'30°E

4595230 E

Kobi Baba Ali Wetland

45°80"E HO0E  45°00°E 46°00°E  47°00°F
£
N 2 \
z z Z z
3 N s
A : 3 < £
a [4 a
3 g 3
e 4
z z s - o
: 13 £ 3
£ g 3 5 2
b4 H E3
2 ) i
El
£
£ ” £
g . 2
; s Kobi Baba Ali Wetland 5
I z
d 8 g
2| e —— 2
MOCE  4S00°E 46°00°E  4T00°E

0 30 @ 13 1w 240
( 450wk 0v0E SSO0E worE
13

olnl e Jleds 53 el (g8 SYU Cusbgo ) JSCi
Figure 1- Location of the Kobi Baba Ali wetland, northwest of Iran.
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Table 1-Results of two-way ANOVA to determine the effects of complete dry and dry-dewatering
conditions (moisture conditions) and cyanobacterial inoculation concentration levels on treatments
soil nitrogen and organic matter.

Variable Soil depht

Variation sources

df Mean Square F-value Sig.

Moisture conditions
0-1cm Inoculation
Moisture conditionsxinoculation

Total nitrogen (%)

0.001 7.526" 0.014
0.003 29.486™ 0.0001
0.00002 0.196™ 0.898

Moisture conditions
0-5cm Inoculation
Moisture conditionsxinoculation

0.001 4.186™ 0.058
0.001 7.175™ 0.003
0.00001 0.055™ 0.982

Moisture conditions
0-1cm Inoculation
Moisture conditionsxinoculation

Organic matter (%)

1.613 27.455™ 0.0001
0.039 0.664™ 0.586

Moisture conditions
0-5cm Inoculation
Moisture conditionsxinoculation

0.355 3.842™ 0.068
1.964 11.562™ 0.0001

1
3
3
1
3
3
1 0.302 5.146" 0.037
3
3
1
3
3 0.004 0.450™ 0.987

ns= not significan
*= significantly at p<0.05
**= significantly at p<0.01

RN S IYVIVAYAR & & SYERS SPRVAYEE 41 RYRRS
Slyme (Glye- Sas Lld o nl p 0938
2 pS Vel bzl gloles o S 5s
5 S b o sl)5 g0 o 50 by xShglews Sl a e
2 5 LFF g YA i e ls w4 U yho
S bgilw 5l myeyie 32 05 F el b sl las
Fogle gy B sho 5 So b jho s)5 50 50 0
2 (Ao, o Jleil gelaw ,0) YA g VY s pau

SIS (sixe (9 NS
70 o jo s ime =%
1Y s yo )l L;'—ue:**

blyd jo S 595 Glsion gySojlal s
e ol gboglasl a5 ol (i i (g el S
sohle g U jho 5 SO U Lao glagly,; o
so glackile) mdl sbles G S sl
o Sholew (e 2 oS 7 5 T /O (aald)
JANYYESND S NYENY S ey
g LeVPAEL[eed g LeERNON e[ eV
JoeloEVV4/0 -9 < EVNN D



VEo0 5lg VB oale 5ylouds o) 6,leis A 698

Se b e B 5o bySlslw 5l ey p eSS
(2o S Jleio] mhaw j9) 99 S0 sime e Sl
P oY cdale b mdls sloles jo JToole glgize
So b yao b5 50 b yShsilas 5l mpeye S
aels b awlio 0 7YY § PO s ey e Ol
S bl s rizes (V) JS2) cdl B
L el s o 5o T esle slyime o JaS
2 b Shglew 5l ayeyte pp)S 7 o VD cdile
[EARAARARES S Y S LRty
3l ol plas col il vals b awslas (o
351 (o p Sy Jlozl mhas 53 o sine slel S

(Y JSs)

d/”i.‘r‘ﬂ‘kﬁ

(o y p)5 yoo cbile b mdl) ol b aslie
Clle 51l ol s (F JK5) s il il
3 Sl 3| (peie 2 VO) il oS
S9ei g )5 55 jo 40 S (5e s slaejlul
T osle cslooglail (oo gty ot e 59
bzl lojlas jo Jul5 Stz Lyl il cog S
Erere eSS P s VAL () jho glaclile
i b yee s oL yao b5 50 b xShgle |
WATRE A 7AR
JNDOEIEY g UYIAEL[Y o UYIFAENY
AYYIVA SIACE: XYRVAPIVAR FRS- 4 & FAVARRVAR JR3-= A PNATRRG

gt clal g il ol las Ll mls (Y JS8)

JNEYETY b pa e 6l

Tl Ol 51 (o0 i Jlois] mhaws ;o) MBS 5551 9 (gl ad b Ky iS4 325 gulis Y Jgu

Sl (Kl g JolS (S byl cod S ST oolo 5 ¢339 slaime 59y L yiSlgilew
Table 2- Results of one-way ANOVA to determine differences (p<0.05) cyanobacterial inoculation
effects on soil nitrogen and organic matter content under completely dry and dry-dewatering

conditions.
Treatments Variable Soil depht Variation sources df Mean Square F-value Sig.
Between groups 3 0.001 18.488™ 0.001
0-1cm Within groups 8 0.0001
Total nitrogen Total 11
(%) Between groups 3 0.0001 1.732™ 0.237
0-5cm Within groups 8 0.0001
Completely dry Total 11
Between groups 3 0.860 15.34™ 0.001
0-1cm Within groups 8 0.056
. Total 11
Organic matter (%) Between groups 3 0468 8.31" 0,008
0-5cm Within groups 8 0.059
Total 11
Between groups 3 0.002 12.968™ 0.002
0-1cm Within groups 8 0.0001
Total nitrogen Total 11
(%) Between groups 3 0.001 16.646™ 0.001
0-5cm Within groups 8 0.0001
Dry-dewatering Total 11
Between groups 3 0.793 12.891™ 0.002
0-1cm Within groups 8 0.061
. Total 11
Organic matter (%) Between groups 3 0.582 4.613" 0.037
0-5cm Within groups 8 0.126
Total 11

ns= not significan
*= significantly at p<0.05
**= significantly at p<0.01
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Figure 2- Comparison of the mean soil nitrogen (a and b) and organic matter (c and d) content in

response to cyanobacteria inoculation treatments (0, 1.5, 3, and 6 g m2) under both completely dry

(a and c) and dry-dewatering (b and d) conditions.
(Similar upercase letters indicate no significant difference (p>0.05) among inoculation treatments at each depth and similar
lowercase letters indicate no significant difference (p>0.05) between depths at each inoculation level).
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Table 3- Results of an independent samples t-test to determine the mean difference (p<0.05)
between the two groups of completely dry and dry-dewatering conditions on soil nitrogen and
organic matter content at each cyanobacteria inoculation level separately.

. . . Treatment .
Variable Inoculation concentration Completelydry _ Dry-dewatering df t-value Sig.
0 (control) 0.111 0.117 4 -0.792™ 0.472
Total nitrogen 1.5gm? 0.122 0.132 4 -1.036™ 0.359
(%) 3gm? 0.140 0.151 4 -1.521™ 0.203
6gm? 0.155 0.169 4 -3.096™ 0.003
0 (control) 1.63 1.81 4 -0.570™ 0.599
Organic matter 1.5gm? 2.24 2.70 4 -2.751™ 0.051
(%) 3gm? 2.69 3.80 4 -0.718™ 0.512
6gm? 2.80 2.95 4 -2.370™ 0.077

ns= not significan
**= significantly at p<0.01
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Extended Abstract

Introduction and Goal

Healthy ecosystems are vital for sustainable development, serving as the foundation for food
security and biodiversity while providing essential resources and services for survival and well-
being. Weaknesses in implementating sustainable development plans lead to increased
exploitation of resources and instability of ecosystems, particularly in water and soil
management. Furthermore, unsustainable practices have led to the formation of new and fragile
landscapes. Permanent or seasonal dryness of wetlands, due to unsustainable water
consumption, is one of the negative consequences of improper exploitation of water resources,
turning their beds into sources of dust. Despite extensive efforts to stabilize and enhance the
sustainability of beds, the durability and effectiveness of conventional solutions for controlling
wind erosion in these beds have faced challenges due to the periodic flooding of wetlands.
Recently, the approach of inoculating cyanobacteria aimed at stabilizing erosion-sensitive beds
has gained attention; however, its effectiveness under dry-flooding conditions of wetlands has
not been examined. Furthermore, direct measurement of wind erosion resulting from bed
stabilization efforts, as well as the use of indicators determining soil erosion sensitivity, such as
organic matter content and total nitrogen from the components of soil biological richness, is also
common. Therefore, this study was conducted to evaluate the effects of inoculating different
concentrations of native cyanobacteria on the organic matter content and nitrogen in the soil
under conditions of complete dryness and dry-flooding.

Materials and Methods

For this research, the international Kobi Baba Ali Wetland, in West Azerbaijan Province in
northwestern Iran was selected. This 500-hectare wetland is known as the Ramsar Convention.
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The mentioned wetland is subject to seasonal cycles of dryness and flooding due to decreased
rainfall and unsustainable water use upstream. Volume soil samples from the dried bed of the
wetland were collected and transferred for preparation into small erosion trays. Simultaneously,
native cyanobacteria for soil conservation of the dried-up wetland bed were extracted,
identified, purified, and propagated.

From the obtained Cyanobacterial (Nostoc sp. and Oscillatoria sp.) four concentrations of 0,
1.5, 3, and 6 g m were prepared. Then, the prepared cyanobacteria were water-inoculated on
prepared trays based on the defined treatments in four replicates. The penetration depth of the
inoculation solution was at least one cm. Then, the treated trays were placed under two
conditions: completely dry (representing a permanently dried wetland) for 134 days, and dry-
dewatering (representing a seasonal wetland experiencing cycles of dryness in the warm seasons
and flooding during the rainy seasons) with a total of 60 days of dryness, 60 days of flooding,
and 14 days of dryness (a total of 134 days). A total of 32 experiments were conducted (16
experiments under complete dryness conditions and 16 experiments under dry-flooding
conditions). The study was conducted in the from of a completely randomized experimental
design from July to November 2022. After the completion of the experiments, the
measurements of organic matter and total nitrogen in the soil were determined using the
Walkley-Black and Kjeldahl methods, respectively. Finally, statistical analysis of the results
was conducted using one-way and two-way analysis of variance and independent t-tests.
Results and Discussion

The findings showed that the effects of cyanobacteria inoculation treatments (concentrations of
0, 1.5, 3, and 6 g m™) on nitrogen content at depths of 0 to 1 cm were significant (at the 1%
probability level) under both complete dryness and dry-flooding conditions. The effects of the
inoculation treatments on nitrogen content under dry-flooding conditions at depths of 0 to 5 cm
were also significant (at the 1% probability level). The effect of inoculation treatments on soil
organic matter content was significant (at the 5% probability level) at both depths of 0 to 1 and
0 to 5 cm and under both complete drought and drought-waterlogging conditions. Nitrogen
content increased by 26% and 39% under complete dryness conditions with the inoculation of
medium (3 g m?) and high (6 g m?) concentrations of cyanobacteria, and by 28% and 44%
under dry-flooding conditions, respectively. Organic matter also increased by 65% and 72%
under complete dryness conditions with the inoculation of 3 and 6 g m?, and by 49%, 54%, and
63% with the inoculation of 1.5, 3, and 6 g m under dry-flooding conditions, respectively. The
interaction effects of moisture conditions (dry vs. dry-dewatering) and cyanobacterial
inoculation on soil nitrogen and organic matter content were not insignificant (at the 5%
probability level). The performance of inoculating low concentrations of cyanobacteria (1.5 g
m~2) in improving the examined components was not acceptable.

Conclusion and Suggestions

The results of this study indicated that the effects of the annual natural flooding of the wetland
on improving soil organic matter and nitrogen content, and in other words, on the expansion of
the soil biological crust in dry beds, were not positive. Therefore, the implementation of other
measures, such as the inoculation of cyanobacteria, is essential for improving organic matter
and nitrogen as components of soil sustainability. The findings showed that when cyanobacteria
were inoculated into the soil under dry-flooding conditions, they both survived and grew,
similar to complete dryness conditions, increasing the measurements of organic matter and
nitrogen. While the inoculation of cyanobacteria is effective in improving soil sustainability
components against erosive factors, there are also concerns about their negative effects on
wetlands as an invasive species, especially on a large scale, which requires further investigation.
The inoculation of cyanobacterial, especially at a concentration of at least of 3 g m is a rapid
and environmentally friendly method for stabilizing the substrates of dried wetlands,
particularly for wetlands with alternating flooding and dryness conditions. It is recommended
that complementary studies be conducted on a desert scale with conditions of alternating
dryness and natural dry-flooding, along with field measurements of wind erosion.
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Figure 4- Factors affecting groundwater pollution in the Lenjanat Plain: (a) Elevation, (b) Slope, (c)
Topographic Wetness Index (TWI), (d) Drainage density (Dd), (e) Distance from streams (DFS), (f)
Precipitation (PCP), (g) Soil order, (h) Lithology, (i) Normalized Difference Vegetation Index
(NDVI), (j) Land use.
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Table 1- Results of multicollinearity analysis of independent variables using the Variance Inflation

Factor (VIF).
Factor VIF
Drainage density 2.69
Distance from stream 2.50
Soil order 1.98
Precipitation 1.87
Elevation 1.63
Land use 1.37
Slope 1.33
Lithology 1.22
NDVI 1.16
Topographic Wetness Index 1.14
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Table 2- Evaluation of the efficiency of groundwater pollution modeling with the XGBoost Model.

AUC Precision

Recall F1-score

0.85 0.86

0.80 0.83

Pollution probability map
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Figure 5- Groundwater nitrate contamination probability map based on the XGBoost Model.
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Table 3- Importance and weights of key variables in nitrate contamination probability analysis.

Variables Importance
Precipitation 0.21
Elevation 0.18
Distance from streams 0.13
NDVI 0.13
Drainage density 0.13
Slope 0.11
Topographic Wetness Index 0.05
Lithology 0.03
Land use 0.03
Soil order 0.01
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Extended Abstract

Introduction and Goal

Groundwater, as a vital source of fresh water, plays a fundamental role in supplying drinking,
agricultural, and industrial needs in many arid and semi-arid regions of the world. However,
increased human and industrial activities have led to the exacerbation of pollution in these
valuable resources. In this regard, nitrate pollution, due to its high solubility and mobility in
water, is recognized as one of the most serious threats to human health and aquatic ecosystems.
The consumption of nitrate-contaminated water can lead to various diseases, including
methemoglobinemia (blue baby syndrome) in infants and even some cancers in adults.
Furthermore, the entry of nitrates into surface waters can result in eutrophication and the
degradation of aquatic ecosystems. Given the importance of the issue and the necessity of
protecting groundwater resources, this research was conducted with the aim of developing an
integrated and comprehensive framework for estimating the probability of groundwater
contamination, especially with a focus on nitrate contaminant, in the Lenjanat Plain region
located in Isfahan Province, Iran. Using this framework and employing advanced modeling and
spatial analysis approaches, areas prone to contamination were identified, which will help in
providing effective management solutions to reduce the risks associated with groundwater
contamination. The results of this research can serve as a basis for future planning in the
sustainable management of water resources and the protection of community health.

Materials and Methods

In this study, data related to the nitrate concentration in groundwater sources were carefully
examined. Therefore, crucial information was collected from 102 wells in the Lenjanat Plain of
Isfahan Province. Each of these wells represented the nitrate status in the groundwater aquifers
of the studied region. To analyze this large volume of data and extract hidden patterns, the
Extreme Gradient Boosting model was used. This model was chosen due to its high capability
in identifying complex and non-linear relationships between variables, as well as its acceptable
prediction precision.
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In addition to nitrate concentration data, ten key environmental and anthropogenic factors
potentially influencing nitrate contamination in groundwater were identified and incorporated
into the analytical model. These factors included slope, elevation, drainage density, topographic
wetness index, soil order, and distance from streams, lithology, and land-use. By integrating
these eight factors into the Extreme Gradient Boosting model, it was possible to identify the
most significant factors affecting nitrate contamination and also to spatially predict the
probability of nitrate contamination in groundwater.

Results and Discussion

The results of this study clearly demonstrated the effectiveness and efficiency of the Extreme
Gradient Boosting in predicting nitrate contamination in groundwater. The overall accuracy of
this model was 0.86 which allowed the contamination status of the studied area to be well
distinguished. In addition, other performance evaluation criteria of the model also indicated its
high accuracy in correctly identifying contaminated and uncontaminated areas; with the area
under the ROC curve was equal to 0.85. Moreover, the model recall was found to be 0.80,
indicating that 80% of all the real contaminated areas were correctly identified using this model.
Finally, the F1-score statistic, which is a combined measure of precision and recall, with a value
of 0.83, indicates a good balance between these two measures and the overall reliable
performance of the model. The sensitivity analysis of the model revealed that the effect of
certain input variables on the spatial estimation of nitrate contamination in groundwater was
significant. Among the ten environmental and anthropogenic factors examined, precipitation
(21%) and elevation changes (18%) were identified as the most influential and important
variables in determining the spatial pattern of nitrate contamination. These findings highlight
the importance of natural and geomorphological characteristics of the region in controlling the
dispersion and accumulation of nitrates in groundwater and can serve as a useful guide for
future studies and the development of targeted management strategies.

Conclusion and Suggestions

One of the important achievements of this study was the production of hazard maps that clearly
identified areas with high risk of nitrate contamination in the central part of the studied plain. It
is recommended that water resource managers and urban and rural planners use these maps as a
valuable tool for taking preventive measures in sensitive areas. Notably, the role of human
activities in increasing the risk of nitrate contamination was strongly confirmed by the
significant overlap of high-risk areas with agricultural land-use. Based on these findings, it is
suggested that nitrogen fertilizers be used optimally for the protection of groundwater resources
and the sustainable management of agricultural activities.
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Figure 1- Location of the Rahmat Abad watershed and the study sites (1: no erosion,
2: low erosion, 3: moderate erosion, 4: severe erosion).
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Table 1- Analysis of variance of erosion intensity on soil physicochemical properties.

Soil parameters df Mean Squares F

Organic Carbon (%) Between Groups 3 0.1 298.3"
Within Groups 16 000

Total Nitrogen (%) Between Groups 3 0.001 52.16™
Within Groups 16 000

Auvailable Potassium (mg/kg) ~ Between Groups 3 47476 575.4™
Within Groups 16 8.25

Auvailable Phosphorus (mg/kg)  Between Groups 3 17.12 217.2
Within Groups 16 0.07

pH Between Groups 3 0.004 0.51m
Within Groups 16 0.008

EC (dS/m) Between Groups 3 0.09 29.9™
Within Groups 16 0.003

Bulk Density (g/cm®) Between Groups 3 0.03 34.65™
Within Groups 16 0.001

Porosity (%) Between Groups 3 107.4 30.69™
Within Groups 16 3.5

**: significance at the 1% probability level, ns: non- significant.
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Table 2 — Comparison of mean values showing the effect of erosion on soil physicochemical

properties.
Soil parameters Erosion intensity
No erosion low Moderate intensity

Organic Carbon (%) 0.59? 0.47° 0.30¢ 0.16¢
Total Nitrogen (%) 0.063? 0.048° 0.023¢ 0.016¢
Available Potassium (mg/kg) 161.3 148.6° 96.5° 79.0¢
Available Phosphorus (mg/kg) 8.322 7.78b 4.55¢ 3.45¢
pH 7.682 7.63% 7.69? 7.61%
EC (dS/m) 0.54¢ 0.60%¢ 0.70° 0.93?
Bulk Density(g/cmd) 1.36° 1.41° 1.49° 1.582
Porosity (%) 46.6° 42.5° 35.9¢ 33.2¢
Soil texture Loamy clay Loamy clay Loamy sand Sandy

(P<0.05) coul o smo glas samoylid cays )y o 10 gl by >

Different letters in each row indicate significant differences (p < 0.05).
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Table 3 — Pearson correlation coefficients among soil physicochemical properties.
E BD N oC TN AK AP PH EC
E 1
BD 0.94™ 1
N -0.94™ -0.87 1
oc -0.99™ -0.97" 0.94™ 1
TN  -0.95™ -0.91™ 0.93" 0.95™ 1
AK -0.96™ -0.95™ 0.94™ 0.97" 0.97" 1
AP -0.95™ -0.94™ 0.95" 0.96™ 0.95™ 0.99™ 1
PH -0.20 -0.12" 0.28"™ 0.18™ 0.04™ 0.91™ 0.12™ 1
EC 0.91™ 0.91™ -0.84" -0.92" -0.79" -0.87" -0.87" -0.34" 1
el (AP) iz B 5aud (AK) iz BB pealy «(TN) S (555555 «OC) JT 02,8 (N) 555 «(BD) (g 0lls (ogass pyz (B) Giule 2
(05 5l sixe NS 5720 zhaw )5 o sme s LA o [0 lo gine ) (EC) oSl colas o(pH)
Erosion (E), Bulk Density (BD), Porosity (N) Organic Carbon (OC), Total Nitrogen (TN), Available Potassium (AK), Available

Phosphorus (AP), Soil Acidity (pH), Electrical Conductivity (EC), (**: significant at the 99% confidence level, *: significant at the
95% confidence level, and ns: not significant).
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Figure 2— Pearson correlation matrix for soil physicochemical properties.
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Table 4- Analysis of variance of wind erosion intensity on soil microbial properties.

Soil parameters

Catalase ~ Enzyme
KMnOs g dry soil)
Basal Microbial Respiration
(mg CO2/g soil-day)

Basal respiration (mg CO./g
soil-day)
Microbial
(mg/kg)

Microbial Biomass Nitrogen
(mg/kg)

MBC/ MBN (mg/kg)

(nmol

Biomass Carbon

Microorganism Population
(CFU x107 g! dry soil)
Microbial Quotient (mg Cmic
/ g Corg)

Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups
Between Groups
Within Groups

Between Groups
Within Groups

df Mean Squares F

3 146.7 83.8™
16 1.75

3 0.06 3447
16 000

3 0.18 283.2™
16 0.001

3 8587.7 165.4™
16 51.9

3 42.7 333.7"
16 0.12

3 3.44 3.13™
16 1.10

3 2.86 522.2™
16 0.005

3 25.3 3.28"M
16 7.71

**: significance at the 1% probability level, ns: non- significant.
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Table 5 — Mean comparison of erosion effects on soil microbial properties.

Soil parameters Erosion intensity

No erosion low Moderate intensity

Catalase Enzyme (umol KMnOs gt dry soil) 332 312 23° 18°¢

Basal Microbial Respiration (mg CO-/g soil-day) 0.422 0.40° 0.23¢ 0.12¢
Basal respiration (mg CO-/g soil-day) 0.732 0.69? 0.42° 0.20°¢
Microbial Biomass Carbon (mg/kg) 163.62 1552 102.6° 48.0°
Microbial Biomass Nitrogen (mg/kg) 12.12 10.3° 6.7¢ 3.7

MBC/ MBN (mg/kg) 13.42 14.9° 15.12 13.0°
Microorganism Population (CFU x107 g™ dry soil) 3.432 2.99° 1.87¢ 1.31¢
Microbial Quotient (mg Cmic / g Corg) 27.5%® 33.0%® 33.4% 29.0%

(P<0.05) el ls cire gl oaumaylias s, ;o 40 Dglate g,
Different letters in each row indicate significant differences (p < 0.05).
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Table 6- Results of Pearson correlation analysis for soil microbial properties.
E Ca MP SIR MBC MBN C/N BR MQ
E 1
Ca -0.96™ 1
MP -0.96™ 0.98™ 1
SIR -0.96™ 0.98™ 0.99™ 1
MBC -0.95™ 0.96™ 0.98" 0.99™ 1
MBN -0.98" 0.97™ 0.98™ 0.98™ 0.98™ 1
C/N  -0.95™ 0.47™ 0.17™ 0.23" 031" 0.14" 1
BR -0.98™ 0.97™ 0.98™ 0.97" 0.95™ 0.98" 0.09™ 1
MQ 0.16"™ -0.06™ -0.05" -0.005" 0.06™ -0.10™ 0.92™ -0.13™ 1
(MBN) 25,50 03555 55358 (MBC) 9,500 08555 02,5 «SIR) il 5 w5 (MP) a0l 9,50 miis ((CA) 5YBIS o 351 (B tolos b
gl 53 Jloiine s [0} o o ls gne ) (MQ) (5,0 oes {BR) LagoiilS g o oz (CIN) (05,0 035205 035755 & ) Somd
(09,0 gixe NS g7 2[4 0
Erosion (E), Catalase enzyme (Ca), Basal microbial respiration (MP), Induced Respiration (SIR), Microbial Biomass Carbon

(MBC), Microbial Biomass Nitrogen (MBN), Microbial Biomass C/N Ratio (C/N), Microorganism population (BR), Microbial
Quotient (MQ), (**: significant at the 99% confidence level, *: significant at the 95% confidence level, and ns: not significant).
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Figure 3- Pearson correlation matrix for soil microbial properties.
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Extended Abstract

Introduction and Goal

Soil degradation is closely related to the increased wind erosion, which is a major
environmental challenge worldwide, especially in arid and semi-arid regions. Because, in these
areas, soils have low cohesion and their structure is unstable and vegetation cover is sparse. In
addition to the widespread effects of wind erosion on climate, air quality, and human health on a
global scale, fine organic particles present on the soil surface are displaced and destroyed by this
phenomenon. This process leads to a significantly reduces nutrient reserves, reduces fertility,
and destroys the physical and biological structure of the soil. Considering the arid climatic
conditions of the Iranshahr region in Sistan and Baluchestan Province and the effective role of
strong winds in increasing wind erosion, investigating the consequences of this phenomenon on
changes in soil properties is of particular importance. Therefore, this study aimed to investigate
the consequences of wind erosion on the physical, chemical, and microbial properties of the soil
of arid ecosystems in Iranshahr.

Materials and Methods

In the present study, based on field visits, field observations, and erosion maps of the region, the
intensity of soil erosion as the main treatment was categorized into four levels: no erosion, low,
moderate, and severe erosion. To investigate the effects of these treatments on soil property
variations, sampling was conducted in the Rahmatabad watershed of Iranshahr using a
completely randomized design in June 2023. At each erosion level, four homogeneous sites with
approximately similar physiographic conditions were selected, and five soil samples were
collected from each site at a depth of 0—30 cm. The samples were combined using a composite
method. Some of the samples were transported to the laboratory immediately after harvest in
sealed containers to measure biological properties, while maintaining the initial humidity, and
stored in a refrigerator.
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The other part was prepared for determination of physical and chemical properties after drying
in the open air and passing through a 2 mm sieve. Physical properties including soil texture,
bulk density, and porosity; chemical properties included organic carbon, total nitrogen, available
phosphorus and potassium, pH, and electrical conductivity; and microbial properties included
catalase enzyme activity, basal and induced microbial respiration, microbial biomass carbon and
nitrogen, and microbial contribution were evaluated. Data were analyzed using one-way
analysis of variance (ANOVA) in SPSS version 26, and mean comparisons were performed
using Duncan’s multiple range test at a 95% confidence level. Additionally, correlations among
the studied properties were evaluated using R software.

Results and Discussion

The research findings showed that the effect of wind erosion intensity on the physical, chemical,
and microbial properties of the soil was significant. Data analysis revealed that as erosion
intensity increased, organic carbon and total nitrogen decreased significantly. Soil organic
carbon decreased from 0.59% in non-eroded areas to 0.16% and total nitrogen decreased from
0.063 to 0.016% in severely eroded areas. Also, the sensitivity of available potassium and
phosphorus to erosion was very high, with potassium decreasing from 161.3 to 79 mg/kg and
available phosphorus decreasing from 8.32 mg/kg to 3.45 mg/kg, which was probably due to the
movement of fine, nutrient-rich particles by the wind. Soil electrical conductivity of the soil
increased with increasing erosion intensity from 0.54 dS/m in areas without erosion to 0.93
dS/m in severely eroded areas. Soil bulk density also increased from 1.36 to 1.58 g/cm3 and the
porosity decreased from 46.6% to 33.2%, indicating greater soil compaction and degradation of
soil aggregate structure. The decrease in catalase enzyme activity, basal and stimulated
microbial respiration, biomass nitrogen, and microbial population was significant (p< 0.01) with
increasing erosion intensity. These findings indicated limited food resources and reduced
metabolic activity of microorganisms. However, change in biomass carbon to nitrogen ratio and
soil microbial contribution were not significant (p < 0.05). This finding indicated the relative
stability of some microbial processes even under severe erosion conditions. The results of this
study showed that wind erosion reduced both the quality and quantity of soil nutrients and
organic matter, and had a severe impact on soil structure and microbial activity. Therefore, these
indices can be used as appropriate criteria for evaluating the effects of wind erosion in arid
ecosystems, especially in Iranshahr. Correlation analysis showed that the effect of soil erosion
on microbial characteristics was very negative. The correlation of catalase enzyme activity
(—0.96), microbial respiration (—0.96), microbial carbon biomass (—0.95) and nitrogen (—0.98),
and microorganism population (—0.98) with erosion intensity was very high and negative.
Biological indicators functioned in a dependent manner, such that the relationship between the
biomass carbon to nitrogen ratio and the microbial contribution was highly positive (0.92).
These findings confirmed the reduction in the performance of the soil microbial network under
the influence of erosion.

Conclusion and Suggestions

The results of the study in Iranshahr indicated that the best physical, chemical, and microbial
soil conditions were observed in the treatment without erosion. The lowest specific gravity,
highest porosity, highest water retention capacity, and highest soil microbial activity were
related to the aforementioned treatment. As erosion intensity increased from low to high, soil
quality steadily decreased; so that under conditions of high erosion, the greatest destruction of
soil structure, reduction of available carbon, nitrogen, potassium, and phosphorus, and increase
in electrical conductivity were observed. These findings indicated that optimal stability of the
structure and function of dryland ecosystems is possible under conditions where minimal or no
erosion occurs. Therefore, based on the results of this study, it is recommended to protect
vegetation cover, reduce overgrazing, reduce plowing, and increase organic matter to prevent
soil from entering advanced stages of erosion.
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Figure 1- Geographical location of Karkheh watershed in the Khuzestan Province.
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17- StripMap mode

18- Interferometric Wide Swath mode
19- Extra Wide Swath mode

20- Wave mode

21- Descending
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Table 1- Characteristics of Sentinel-1 images used for flood zoning.

Gregorian Solar Direction of
No. Time period g Data type Beam mode sensor Polarization
calendar calendar
movement
1 Pre-agriculture ~ 2018.09.28- 1397.07.06- Vertical t it
season 2018.10.25  1397.08.03  Ground | . e o \ferr':;:;al :gg:irs'e'
2 Post-agriculture  2019.02.28-  1397.12.09 range wide swath Descendin (VV), Vertical
season 2019.03.25 1398.01.05  detected (w) g transmii-horizontal
3 During the flood 2019.03.28-  1398.01.08 (GRD) receive (VH)
2019.04.25  1398.02.05
Y- Fesoew ‘sbﬁ.,‘aﬁ Olasin -Y Jous
Table 2- Sentinel-2 image specifications.
. . Gregorian Solar Used spectral
No. Time period calendar calendar Data type Sensor bands
1 Post-agriculture 2019.02.28- 1397.12.09
season 2019.03.25 1398.01.05 Surface Multispectral B3, B8, B11,
. 2019.03.28- 1398.01.08  reflectance (SR) Imager (MSI) B12
2 During the flood 2019.04.25 1398.02.05
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23- JRC Global Surface Water
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Table 3- Area of water bodies extracted from

a combination of VV and VH polarization in
three different time periods.

Time veriod Flooded area Flooded
P (km2) area (%)

Pre-agriculture 1560 40.7

season

Post-agriculture 847 22.07

season

During the 974 25.37

flood
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Figure 2- Changes in the water bodies in three different periods based on VVV polarization.
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Figure 3- Changes in the water bodies in three different periods based on VH polarization
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Table 4- Area of flooded bodies using VV and
VH polarizations and combined method.
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Figure 4- View of flood in VV and VH polarizations and their combination
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Table 6- Thresholds calculated by Otsu

method for spectral water indices and area of
extracted water bodies.

Area of
water bodies
Threshold Threshold  without
Index r? ltur duringthe  permanent
agriculture flood water during
season floods
(km?)
NDWI -0.47 0.05 214
MNDWI 0.12 0.10 227
AEWI 0.14 0.19 126
Combined - - 62
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Table 5- Area of water body extracted from
combination of NDWI, MNDW!I, and AWEI
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in two different time periods.
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Table 7- Comparison of the flooded areas based on the combination of radar and optical data.

No. Comibination used Identified area (km?)
1 Combined radar 239
2 Combined optical 62
3 Common flood area in both methods 58
4 Agreement level between both methods 39 %
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Figure 6- Flood map obtained from combining radar and optical satellite images.
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Extended Abstract

Introduction and Goal

According to global statistics, floods affect more than 40 % of the world's population and cause
significant loss of life and property. In Iran, more than 80 % of cities are at risk of flooding.
Therefore, investing in preventive measures and advanced technologies to combat floods is
more necessary than ever. Preparedness and risk reduction before disasters could significantly
reduce the cost of post-disaster recovery. Accurate mapping and long-term monitoring of floods
play a key role in planning and prevention. One of the efficient tools for monitoring and
mapping floods in optimal disaster management is the use of satellite imagery. Although
Sentinel-1 synthetic aperture radar (SAR) images are useful for identifying flood areas in cloudy
conditions, this method also has limitations. The sensitivity of radar data to dense vegetation
and vertical structures may lead to under- or over-estimation of flooded areas. Besides, the
Normalized Differential Water Index (NDWI), Modified Normalized Differential Water Index
(MNDWI), and Automatic Water Extraction Index (AWEI) obtained from optical data in cloudy
or plant shadows may have errors and cause incomplete or incorrect identification of flood
areas. Therefore, the results obtained from both methods should be interpreted carefully, and
combining radar and optical data can reduce these limitations, but does not completely eliminate
them. Therefore, in this study, radar and optical data were analyzed and compared using remote
sensing indices related to the water spectrum, and flooded areas were identified in the Karkheh
watershed in Khuzestan Province.

Materials and Methods

In the Karkheh watershed, widespread and unpredictable flood occur in the months of March
and April 2019, which resulted in significant damage. Accordingly, an area of 3838.3 km? was
selected. In this study, three different methods were used to identify and analyze surface water
caused by flooding: (1) to detect changes, data from three time periods were used, including
pre-agriculture season (September 28 to October 25, 2018), post-agriculture season (February
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28 to March 25, 2019), and during the flood (March 28 to April 25, 2019). (2) SAR images
obtained from the Sentinel-1 satellite with VV and VH polarizations were processed using the
Refined Lee filter and the Otsu threshold algorithm to identify flooded areas. (3) To more
accurately extract surface water from optical images, spectral water indices including NDWI,
MNDWI, and AWEI obtained from the Sentinel-2 satellite were used. It is worth noting that
AWEI was available in two versions: shadowless for open areas and shaded to reduce the effect
of shadow in urban and mountainous areas, and the shadowless version was used in this study.
Finally, by combining the results from radar and optical methods and analyzing multi-temporal
variations, comprehensive maps of flood spread were produced and validated.

Results and Discussion

The results of this study showed that the performance of the VH polarization with a value of
254 km? was slightly better in detecting flood areas than the VV polarization with a value of
252 km2. With a combined method using both polarizations and only selecting areas with low
backscatter in both polarizations, 239 km? of flooded regions were identified. The Combination
of polarizations improved the accuracy and reliability of flood mapping and was superior to
optical data because the radar was insensitive to cloud cover and lighting conditions. The results
of temporal analysis of permanent and temporary water in the combined method (VV+VH) in
three periods revealed that water coverage was high (about 1560 km?2) pre-agricultural activities,
decreased to 847 km2 in late winter. Then increased to approximately 974 km2 during the flood
event. Despite lower water compared to the pre-agriculture period, a widespread flood occurred
due to intense, sudden rainfall and the limited land and infrastructure capacity. The largest area
covered by water was identified using MNDWI with an area 227 km?. While the AWEI, with a
value of 126 km?, with a more conservative approach, only areas with a very high probability of
surface water were identified. By combining all three spectral indices, an area of 62 km? was
identified as flood-prone areas. The variations between the indices are due to the differences in
spectral bands and sensitivity to water. Analysis of the results of the NDWI, MNDWI and
AWEI showed that the changes in permanent and temporary water extent during the flood were
significant, increasing from 98 km? to 324 km?. The Otsu thresholding method was effectively
applied to standardize and classify water areas across indices.

Conclusion and Suggestions

Based on the results of this study, it concluded that combining radar and optical data led to the
identification of 58 km? of flood areas, and there was a 39% overlap between the results of the
two satellites. Using this combination significantly increased the accuracy and reliability of
identifying flood-affected areas. Since changes in water extent do not only indicate the
occurrence or severity of floods, it indicates that hydrological and management factors play a
more important role in flood occurrence. Therefore, it is suggested that combined data, along
with environmental factor analysis, be used to develop early warning systems and crisis
management planning. In addition, using this method allows for periodic zoning of floods,
which is recommended for use in developing preventive measures, optimal flood management,
and agricultural planning.

Keywords: Flood management, flood mapping, Otsu algorithm, remote sensing indices, SAR
images
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Figure 1- The general situation of the Efin Watershed and the distribution of its population centers
in the South Khorasan.
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Table 1- Obstacles and problems of sub-watersheds in the Efin Watershed of South Khorasan.

Sub-watershed gpiro Banamrood Zohan Fakhran Efin Aﬁ?nnad Kaboodan

Problems/ Issues
The occurrence of climatic crises

The occurrence of repeated droughts

Reduction in aquifer levels due to
drought
Mismatch between the rainy season
and the agricultural season
Decrease in agricultural production
due to reduced water resources
Wind erosion caused by 120-day
winds
Incidence of respiratory diseases
caused by 120-day winds
Financial and human losses caused by
earthquakes
Failure to use insurance to protect
against natural and human hazards

lack of drinking water

Riverbank erosion - - #* #* #* -

The entry of debris sediments into
barberry orchards and the river

Barberry-based agriculture

Reducing the quality of barberry when
using barberry harvesters
Lack of barberry processing
equipment
Lack of guaranteed purchase of
barberry by the government and # s
economic instability for farmers
Lack of production of barberry by-
products
The existence of garden lands on the
riverbank and the possibility of
destruction by flooding
Joint exploitation of the river's base
flow
Lack of attention to the capacity of
rangeland ecosystems
Low income of livestock farmers # s s e
Traditional occupations: agriculture
and animal husbandry
Failure to consider the width of the
waterway when creating access roads
Lack of monitoring of implemented
development plans

Lack of health and medical facilities -

Lack of local banking services - # - # -
Lack of educational and welfare space
for students
Low literacy rate among women
Lack of attention to different gender
needs in different age groups
Migration (inside and outside the
watershed)

A
I
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Human and financial losses cause
Failure to address diverse gender needs by the earthquake

across different age groups

. . Low income of livestock breeders
Low literacy level of women — _

Failure to address women's needs ailure to produce barberry by-products
Absence of barberry processing

Migration (within and outside the equipment

watershed)

Failure of the government to

Oceurrence of consecutive

guarantee the purchase of barberry

52 bl ol sl sl Gy )0 lails gy 5,59y Com )5

Disregarding waterway
width when creating
aceess roules

Emergence of climate

disruptions

Lack of monitoring
of implemented
development

droughts

Decline in aquifer _
levels

Challenges

Mismatch between the
rainy season and the
cropping season
Occurrence of wind
crosion caused by the
120-day winds

Ignoring the potential
of agricultural tourism

Neglecting the rangeland ecosystem
notential

Joint utilization of the river's base
flow
Traditional employment in agriculture
and livestock

Deposition of alluvial

sediments into. —
barberry orchards

Barberry-centered agriculture —

Failure to utilize support

Riverside erosion

Presence of orchard lands
along the river and the risk
of destruction by floods

of Watershed
Lack of access to banking Management

services in the area

msurance R )
Oceurrence of respiratory i
diseases caused by
Reduction in barberry 120-day winds
quality during ~ Shortage of drinkin
harvesting shortage o ]

water
Shortage of educational
and recreational facilities
for stdents

Shortage of health
and medical
facilities
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Figure 2- Location of problems and obstacles within the framework of the Fish-Bone Framework for the Affin Watershed of
South Khorasan.
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Table 2- Assignment of problems and obstacles to the associated organizations for the Affin Watershed of South Khorasan.

Main ) ; - Implementati
Category Sub-Category Responsible Organization on Status
Neglecting the channel width in Ministry of Roads and Urban Development, Not
Monitgring access road construction Regional Water Company (Ministry of Energy)  Implemented
an Lack of monitoring of implemented : : ot Partially
Evaluation development projects National Planning and Budget Organization Implemented
P - : - Partially
Occurrence of climatic instabilities Iran Meteorological Organization Implemenited
Climatic : Ministry of Energy, Iran Meteorological Partially
Hazards  Occurrence of successive droughts Organization Implemented
Decline in aquifer levels Regional Water Company (Ministry of Energy) ImFr))?erz%ael:]){ed
Human and financial losses caused National Disaster Management Organization,
by earthquakes Iranian Red Crescent Society Implemented
] ] ~ Ministry of Agriculture-Jihad (Deputy for Partiall
Low income of livestock keepers  Livestock Affairs), Central Organization for Rural Implemen){ed

Cooperatives of Iran

Economic Lack of by-product food processing Ministry of Agriculture-Jihad, AREEO, Ministry of Not

of barberry Industry, Mine and Trade Implemented
Absence of barberry processing  Ministry of Industry, Mine and Trade (Participating Not
facilities Banks), Omid Entrepreneurship Fund Implemented

Lack of guaranteed barberry
purchase by the government

Ministry of Agriculture-Jihad, Organization for Not
Rural Cooperatives of Iran

Implemented

Neglect of gender-specific needs  Ministry of Interior, Vice Presidency for Women Partially

across different age groups and Family Affairs Implemented
; Ministry of Education, Literacy Movement Partially
) Low female literacy rate Organization Implemented
Social Ministry of Cooperatives, Labour and Social Not
Neglect of women’s needs Welfare, State Welfare Organization of Iran, Vice Implemented

Presidency for Women and Family Affairs

Migration %nternal and external to  Ministry of Interior, Housing Foundation of Islamic  Partially
t

e watershed Revolution Implemented
- . Central Bank of the Islamic Republic of Iran, Post Not
Lack of local banking services Bank of Iran, Participating Banks Implemented
Respiratory diseases caused by the Ministry of Health and Medical Education, Partially
Healtl? and 120-day winds Department of Environment Implemented
Welfare oL Provincial Water and Wastewater Company Partially
Shortage of drinking water (Ministry of Energy) Implemented
Lack of educational and welfare Ministry of Education, Organization for Not

facilities for students Development, Renovation and Equipping Schools  Implemented
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Main : - Implementati
Category Sub-Category Responsible Organization on Status
of Iran
Insufficient health and medical Ministry of Health, Provincial University, Health Not
facilities and Treatment Network Implemented
Non-utilization of agricultural Agricultural Insurance Fund (Keshavarzi Bank), Partially
Lack of insurance schemes Ministry of Agriculture-Jihad Implemented
Awareness in Reduced quality of barberry due to  Ministry of Agriculture-Jihad, AREEO, Institute of Not
Loca traditional threshing methods Standards and Industrial Research of Iran Implemented
P Presence of orchards along Regional Water Company (Ministry of Energy), :
Communities riverbanks with risk of flood Natural Resources and Watershed Management Imp?étr;wae!%ed
damage Organization P
Mismatch between rainfall season i : ;
and cropping season Ministry of Agriculture-Jihad, AREEO -
Wind erosion caused by the 120-day  Natural Resources and Watershed Management Partially
Natural winds Organization, Iran Meteorological Organization  Implemented

Constraints Natural Resources and Watershed Management

: g : e Partiall

and Problems Streambank erosion Organization, ReglogfaIIEX\é?g;r)Company (Ministry Implemen){ed

Deposition of colluvial sediments in  Natural Resources and Watershed Management Partially
barberry orchards Organization, Ministry of Agriculture-Jihad Implemented

Overlooking the potential of Ministry of Cultural Heritage Tourism and Not

agrotourism Handicrafts, Ministry of Agriculture-Jihad Implemented

Neglect of rangeland ecosystem Natural Resources and Watershed Management Partially
potential Organization Implemented

Regional Water Company (Ministry of Energy), Partially
Department of Environment Implemented

Ministry of Cooperatives, Labour and Social Partially

Policy and  Joint exploitation of river baseflow

Planning Traditional employment
dependence on farming and

livestook Welfare, Ministry of Agriculture-Jihad Implemented
Barberry-centered agriculture Ministry of Agriculture-Jihad |mFE,?£tr;1ael:1){ed
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Extended Abstract

Introduction and Goal

The political structure of watersheds changes based on decisions made by managers and
planners. Consequently, various organizations play a crucial and undeniable role in developing
sustainable watershed management. However, the roles of different sectors in watershed
management and the quality of their sustainable resource practices have not been studied.
Therefore, this study aimed to assess the role of the quintuple helix approach, which includes
the government, the Islamic Consultative Assembly, councils and village councils, the private
sector, the universities, and military law enforcement forces, in the sustainable management of
the Efin Watershed.

Materials and Methods

In this research, first, detailed executive studies of seven Efin sub-watersheds were obtained
from the General Office of Natural Resources and Watershed Management of South Khorasan
Province. Then, various reports were reviewed and the existing problems and obstacles for each
sub-watershed were extracted. In this regard, through field visits and discussions with local
communities, the problems were verified, and other problems that were not present in the
studies or had emerged later were also identified, and the list of problems was finalized. Then,
the final problem tree was formed and placed in the fishbone structure. Finally, based on the
quintuple helix approach, the duties of five government organizations and the Islamic
Consultative Assembly, councils and village councils, the private sector, the university, and the
military and law enforcement forces in the sustainable management of the Efin Watershed were
examined.
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Results and Discussion

The results of the study indicated 31 main problems in seven Efin’s sub-watersheds. These
problems were placed within the localized fishbone structure across eight sections: monitoring
and evaluation, natural hazards, economic, social, health and welfare, lack of awareness of local
communities, natural problems and obstacles, and policymaking and planning. Then, using the
analysis of organizational documents and descriptions of the organizations' services, the
identified problems were linked to different organizations. The results showed that the highest
number of problems were related to the three clusters of "economic", "policy and planning", and
"health-welfare” with each sector has intervened in resolving them based on its specific
function. The results of determining the role of different organizations revealed that the
government, as the primary authority for policymaking and resource allocation, plays a crucial
role in decentralizing facilities, allocating budgets, and supporting other sectors. On the other
hand, local councils and village councils play a more significant role in facilitating public
participation, addressing social issues, and coordinating with executive agencies. In addition,
the private sector also had an impact on the economic prosperity of the Efin Watershed by
investing in the agricultural products sector and their marketing. The university also influential
by engaging in the development of environmentally friendly technologies, training specialized
personnel, and providing scientific innovations in sustainable watershed management. Among
these, one of the practical approaches was to provide solutions for optimizing barberry
cultivation, processing by-products, and developing its value chain. However, the role of the
university went beyond this sector and include scientific and technological support for other
management fields.

Conclusion and Suggestions

The Efin Watershed, as one of the largest barberry production centers in South Khorasan, has a
privileged position in the production of agricultural and horticultural products. On the other
hand, the existence of multiple faults in this watershed has caused local communities to suffer
significant financial and human losses during earthquakes. Accordingly, synergy between
government institutions and the private sector can not only strengthen the agricultural economy
of the region but also contribute to the sustainability of human societies. However, the role of
other actors in this process is also very important. In this regard, universities by producing new
knowledge and technologies, councils and village councils by improving the level of local
participation, and military forces by providing security and technical support, each play a
specific role in advancing sustainable watershed management. Based on the results of this
research, it is suggested that by utilizing the capacity of the private sector in barberry processing
and the production of secondary food and pharmaceutical products, the raw sale of this valuable
product can be prevented, by creating added value, the income of local communities can be
increased and sustained. Also, given the strong dependence of water resources on rainfall, it is
suggested that plans be implemented to manage existing water resource management and
increase their economic productivity to prevent migration and depopulation of the region.

Keywords: Co-Management, Integrated Watershed Management, Local Government, Sustainable
Development, Stakeholder Participation
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1-Maximum Likelyhood
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3- Discrete Wavelet Transform
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2- Maximum Likelyhood Classification
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5- multi temporal

6- benchmark

7- dark object subtraction (DOS)

8- quick atmospheric correction (Quac)

9- fast line-of-site atmospheric analysis of
spectral hypercubes (FLAASH)
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11- Minimum distance of mean
12- Maximum likelihood

13- Parallel piped

14- eCognition
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10- Layer stacking
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Table 1- Plant indices used in the syudy.
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Index Equation*

BNDVI (B8—B2)/(B8+B2)

CARI (B5*SQRT( (axB4+B4+b)?)*(a?+1)*° )/ B4
a=(B5-B3)150 , b=B3*550*a

CVI B8+B4/(B3)?

DVI 2.4+B8-B4

EVI (2.5%*B8—B4)/(B8+6+B4—7.5xB2+1)

GBNDVI (B8—(B3+B2))/(B8+(B3+B2))

MCARI ((B5—B4)—0.2+(B5—B3))*B5/B4

mNDVI (B8—B4)/(B8+B4—2+B2)

mSAVI (2+B8+1—(SQRT((2*B8+1)*>~8+(B8—B5)))/2

NDVI (B8—B4)/(B8+B4)

RDVI B8—-B4/SQRT(B8+B4)

SAVI 1.5%(B8—B4)/(B8+B4+0.5)
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*-B is band in the index and number is the band number of Sentinel (Sonobe et el., 2018).
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17- Cohen’s Kappa Coefficient
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16- Field Area Measure
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Figure 1- Comparisson of methods of pixel-based classification in the Bakhtegan and Dorudzan
Watershed (A: image, B: maximun likelihood, C: support vector machine, D: decision tree).
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Table 3- The accuracy of classification algorithms.

. Overall
no Algorithms Kappa accuracy%
1 NN 0.62 70
2 ML 0.64 71
3 PP 0.72 72
4 DT 0.78 81
5 SVM 0.85 86
6 00 0.89 91
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Figure 3- The process of rainfed land verification by local experts in the Estahban.
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Extended Abstract

Introduction and Goal

Given the vastness, variability, and dynamism of agricultural sector information in the country,
and especially in Fars Province, updating and refining information related to agricultural
activities is of particular importance. Agricultural land use in watersheds are among the most
important forms of uses, playing a crucial role in both positive and negative aspects (destruction
or protection) of the watershed. Numerous studies have been conducted on the classification of
agricultural land using satellite images. Remote sensing is an efficient method for identifying
crops to estimate potential harvest and managing agricultural fields. A wide range of image
types has been used for variety applications in classification. Some image processing methods
are more suitable than others for distinguishing land use and land cover categories, especially
when images are classified with high-resolution. Additionally, a review of previous research has
shown that, under certain conditions, the accuracy of object-based classification is greater than
pixel-based classification in separating selected land use and land cover categories. In this
study, to evaluate these two methods over an area as vast as Fars Province, GIS-based and
remote sensing models were developed that can be used both for current watershed farm
management and for updating information in the coming years.
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The accuracy of the mentioned methods was determined, and the possibility of integrating
various stages into a user-friendly model was provided.

Materials and Methods

In this study, all areas under agricultural and horticultural cultivation in the watersheds of Fars
Province were examined. Since the dates of maximum greening are different in different
climates, in order to study the climatic composition of each county, the climate map of the
province was merged with the boundaries of the counties. The climate map in this study was
prepared based on the Demarton method and using data from climatological and synoptic
stations of Fars Province. To investigate the crop patterns, statistics on the area under cultivation
of crops that were planted simultaneously with wheat were also collected for most of the
counties where wheat was grown. In this study, based on the goal of distinguishing agricultural
land use and measuring the average size of agricultural plots (around 1 hectare in Fars
Province), Landsat 8 and Sentinel 2 images, with a ground resolution of 30 and 10 m,
respectively, were sufficient. This was because each hectare of land contains 9 and 100 pixels,
respectively. In a comprehensive field activity, the map of rainfed agriculture and rainfed
orchards was drawn by delineating boundaries on the ground. Then four stages of headquarters
and field verification were conducted with the highest spatial accuracy. Using relevant software,
first, geometric and then atmospheric corrections were performed on the Sentinel and Landsat
images, converting their DN values to reflectance. Next, various vegetation indices were
generated and evaluated to select the best one for delineating green cover, which served as the
basis for field data collection, including polygons within agricultural land use. Then, supervised
classification methods including single-date, multi-temporal, object-based, and pixel-based,
were utilized to distinguish irrigated croplands and classify them. Rainfed croplands and
orchards were separated through repeated field surveys Irrigated orchards were extracted from
cadastral data of agricultural lands and refined using updated images. Based on theKappa
coefficient and overall accuracy, the results of each category of agricultural land use were
compared with the ground truth.

Results and Discussion

The results of atmospheric corrections on the image indicate a significant improvement in image
metrics and visual clarity. In two land uses with fully green cover and fallow land uses, the
values of all vegetation indices increased after atmospheric correction, while in the barren land
and water catchment areas, the values decreased, bringing them closer to the expected range
found in reliable sources. The highest accuracy of the green area map obtained from various
vegetation indices was related to EVI and mSAVI, while mNDVI and GBNDVI were in the
next ranks. The results of object-oriented classification showed the clear superiority of this
method in separating agricultural lands from rangeland and barren lands. Furthermore, this
method also allowed for the separation of two types of rangeland, weak and strong. The highest
accuracy in map production was related to the vegetation indices EVI and mSAVI. The highest
Kappa coefficient and overall accuracy were related to the support vector machine
classification. The results of object-oriented classification showed the superiority of this method
in separating agricultural lands from rangeland and barren lands. Additionally, the method
provided the possibility of distinguishing two types of rangeland, weak and strong.

Conclusion and Suggestions

Among the various vegetation indices examined for distinguishing the green cover in
agricultural lands, the results of using indices such as EVI and mSAVI, which tilized the green
band in their equations, were more suitable. From the perspective of pixel-based algorithms, the
best algorithm was SVM, followed by the Decision Tree, which ranked second. Until now, the
spatial distribution and actual extent of rainfed agricultural and orchard land uses had not been
determined by any traditional method or remote sensing due to its complexity. In this study for
the first time, and at least in the Fars Province , it was carried out with satisfactory accuracy
based on a combination of remote sensing and field surveys. The scale of these layers, based on
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Sentinel base images with a resolution of 10 m, is sufficient and suitable for use in watershed
studies up to a detailed-executive scales Based on the findings of this study, it is recommended
that the produced layers be used as a model for examining land use changes and illegal land
grabbing of natural resources. Additionally, to achieve this goal, it is suggested that the digital
boundary of national lands be integrated with the agricultural land use layers, and the
boundaries of encroachment be extracted from them.

Keywords: Agricultural landuse classification, classification algorithm, object oriented classifier,
Vegetation indices
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