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Extended Abstract

Introduction

Understanding the behavior of flood events, especially with regard to agricultural uses, riverbank erosion, and land loss, and
the lack of accurate information about the successive changes in the river bed and course in the coming years, has made the use
of forecasting systems essential. There are 24 border rivers in Iran, the most important and longest of which is the Aras. The Aras
River, which originates in Turkey, forms about 486 kilometers of Iran’s water border with Azerbaijan and Armenia. The total
length of the river is about 1072km and its drainage basin is 10,320km?2. The annual flooding of this river causes destruction
and erosion of the riverbed and instability of the river banks. Due to the slope of the river and the seasonal floods of the Aras
in the months of April, May, and sometimes June, the river’s flow can reach more than 1,800m3/s, causing a risk of severe soil
erosion. In issues related to water boundary modification, long-term management is needed to prevent erosion and destruction of
riverside lands and protect against floods. The aim of this research is to locate critical flood points in the Middle Aras watershed

and predict them through integrated remote sensing methods with automatic cell models and Markov chains.

Materials and Methods

In the implementation of this study, maps of changes in the position of the Middle Aras River channel were prepared using TM,
ETM-+, and Sentinell sensor images in three time periods of 2000, 2010, and 2023. After making corrections, the images were
classified using the supervised classification method in ArcGis software, and a land use map and river channel morphology were
prepared. A three-kilometer buffer was used to draw a flood location map in the southern part of the river. Zoning of agricultural
uses, river channels, residential and industrial areas were considered in the maps. After validating the maps and revealing the
changes in the two periods of 2000 and 2010, the Kappa coefficient and matrix were determined. Then, the inter-map error
matrix resulting from modeling by this method was evaluated with 2023 images along with field visits. After that, to determine
the predicted ranges for changes in river morphology and environment, the 2023 baseline map was fitted with the model output.
In addition to the river channel, three units of mountain-plain, agricultural land, and residential-industrial areas were processed.

Finally, changes in the morphology of the river flow path for the 2030 horizon, forecasting the potential changes, and a land use
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hazard zoning map were prepared.

Results and Discussion

River changes in the 2030 horizon compared to 2023 showed that the Aras River has faced significant changes in part of its
path and bed, respectively, about 1,800 hectares will be added to the river channel area, and this could cause significant economic
losses. The results showed that the area of river land use units within a buffer zone of 3000 meters from the northern and southern
banks of the river in terms of mountains and plains will decrease from 119354 hectares in 2000 to about 96000 hectares by 2030.
The river channel was more waterlogged in 2010 than in 2023 and 2000. The area of rangelands in the mountain and plain land
use areas was greater in 2000 than in the other two periods. The evaluation of the 2023 land use map showed that the overall
accuracy of land use extraction was about 93%, with a Kappa coefficient of 0.95. In contrast, agricultural lands on the southern
bank will increase from 7346 hectares to more than 22000 hectares. One of the reasons for the increase in agricultural land use
in 2023 compared to 2010 was the decrease in channel width in 2023, which caused some of the riverside or floodplain lands to

become drained and joined agricultural lands.

Conclusion

The Aras River, as one of the main surface water sources in the northwest of the country, plays a decisive role in the sustainability
of agriculture and natural resources in the region. This region is considered one of the important hubs of agricultural and
livestock production in Iran, and the productivity of irrigated lands is directly dependent on the water flow of this river. For this
reason, planning for the management and protection of the Aras River and examining the process of morphological changes and
bed displacement is of utmost importance, because any reduction in water level, lateral erosion, or deviation of the course can
directly reduce agricultural production, limit secondary cultivation, and ultimately threaten the food and economic security of the
region. The outputs of this project provided a comprehensive map of river morphology and the growth and decline of agricultural
and natural resource uses in the sensitive channel area. The results of this research can provide a suitable perspective from the
point of view of watershed management measures and the behavior of rivers in the country’s border area, which can determine
the most suitable residential areas, floodplains for agricultural fields, natural resources, and river facilities for the country’s future

planning in the field of Border Rivers.
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Class 3 : 0.3306 0.0020 0.5270 0.1404
Class 4 : 0.3637 0.0664 0.0000 0.5699

Yoy Juo 6‘,3 bGSJLd Je ;;?})5- w;lﬁ—-\ Ji.i
Fig 6. Markov model output matrix for 2023

YFeF bl £ o )lowd — 23595 Jlw \YY

Ol ool waigs 9 ple


http://dx.doi.org/10.22034.19.69.7
https://jwmsei.ir/article-1-1207-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.7 ]

(JL‘&A) Yoy &‘ K) j'.ar"' Jﬁb 83 gh>we o AJL"».:}J dab‘ 6}3)\5 6\.&»“3 ol — d‘gb
Table 1 .Area of river land use units within the 3000m buffer (ha)
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Table 2. Classification accuracy coefficients in the 2023 horizon

LS o0 Lla S slass Bl s Skl hsys sl blE slaws dslay bla sluss 8 A=l s,
YOYY o Ss P Slodalie P Slodalin Work unit Row
Kappa Total number  Prediction Observational Number Number
Coefficient  of control compliance agreement of random of random
2023 points percentage percentage prediction observation
Period% points points
69 481 22.5 70.3 108 338 Mess 5058 1
Mountains and plains
08 481 8.9 3.1 43 15 Rigley, sy
River channel
Industrial
98.2 481 54.6 19.8 263 95 IAss5,5S 4
Agriculture
LS o o o
95% 93% S S 2
Total Kappa Coefficient Percentage
: i
E 5
g g
g g
% ‘ 1:150,000 %
Yory dlo Ol s (gl p S5l dibe (g B 428 -V SG
Fig 7. Markov model output map for 2023 changes
VF+F lwsli =29 o lows —p2d 595 Jlw \YY Ol 841858 cmwdigo g pols


http://dx.doi.org/10.22034.19.69.7
https://jwmsei.ir/article-1-1207-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.7 ]

~ Sead0n ea000 20000 Saoven Se0000 Tro00T

H 2

¢ A - ¥
W= E /

H ! g

H N g H

2 /f/' 2

P

H { g

i £ i

,/‘/ Legend §

E f g
a2 y adises
SN z aasay

. . - "

: - -
1:150,000 P

g = 15 P 30 Kilometars H

g §

560000 590000 620000 650000 680000 710000

Yoy é.é‘ L5|J‘f qu)Le JJﬁ Lf"ﬁh):ﬁ f}f s —A J;.i:
Fig 8. Markov model output map for 2030 changes

5000
45000

7 4000

20000 % 3000
2000

1000

15000 .

2030 2023 2p1p
izt b

22680

R
adlda gy
2000
10848

e dy mlhaw

7346

o

A
BN LN L

GlaS AdBag, SRS At

5945
4452
5000 4057 3653
2802
n-0 H-0 0= [
— — |
Yot et

7323

Yaovw
o dm

qu‘ 290 4.“.\.4“' ‘;.“JJ ﬁ‘)‘ ‘5}3)15 ch—-‘ CJ‘J:?;J' )‘é"nj—ﬁ JSA:'
Fig 9. Land use level Changes in over the 30-year of the Aras River

4380000
7

4360000
»

560000 590000 620000

g B o™~
3
&
§ G,
i
5 560000 590000 620000

650000 680000 710000

S s §
j~ - -
- iy /f g
/ //_/"/. | g
(%
)
)‘»\/’ §
5 7 L d i
i y. egen g
[ g
11150000 W < S
5 ) it i
650000 680000 710000 -

YOXs B3 5s s g, OV SN 5 S50 (LSl S e 4B SN IS
Figl0. Forecast of agricultural expansion and flood threats in the 2030 horizon

55 ol 658 e s el e cislias Coeal OT e ol
ooty Bl S e Sl b (65U Sl b ] e
B r}bqu_}.lm cdj)_guls Q\Jc.‘}: Mls w}»v.:.liw

e adeie (o3laBl 5 Sl0e Cowl LA (Colg s

VF+F lwsli =29 o lows —p2d 595 Jlw

el (galaBl 5 65,5ES s,y dald Caes 5 CiS sl
Gladlu 5 sl Glis g, 3,50 ials (a3l b b opls g 5L
e 2 e MG LS Wl panass 3 Codsdows 5
s g oS ol s o sdes il 03 S 55l adee
5 Sunde Gl gronly e fpes 4 Sl 03 Sl
5 SSPB e Sk Ly e s el Sy, SBle-

\ve Ol ool (owsias 9 ool


http://dx.doi.org/10.22034.19.69.7
https://jwmsei.ir/article-1-1207-fa.html

[ Downloaded from jwmsei.ir on 2025-12-08 ]

[ DOI: 10.22034.19.69.7 ]

YoV éé‘ BL 45\5.)‘9) y}\._-u Q‘J.lu\.e;} ‘55)}‘-:5 6;’”)‘ ‘ﬁ};..s/ ‘ﬁ‘;-i ch..«—\" J}J’.
Table 3. Predicted level of agricultural land expansion and river flood threats in the 2030 horizon
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