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Extended Abstract

Introduction

Human existence relies heavily on ecosystems. However, in recent decades, humans have altered land cover
at unprecedented rates, causing a decline in the quality of ecosystem services. These disruptions can have
far-reaching and often irreversible consequences for both local and global environmental conditions. From
1996 to 2006, Guilan Province shifted from being a region that primarily sent migrants to one that began to
accept them. Various factors, including climate change and water resource depletion in other regions of the
country, may further escalate migration to Guilan. Such migration can result in profound changes to the
province’s land cover, including deforestation, increased strain on ecosystems, and a reduction in ecosystem
services. This research examines the capacity of each county within Guilan Province to accept immigrants.
By calculating this capacity, the study evaluates and compares the current immigrant acceptance status of
counties with the index determined in the analysis.

Materials and Methods

To track changes in land cover, satellite imagery from Landsat 5 and 9 was used for the years 1996, 2006,
2016, and 2023. Furthermore, criteria were identified through library research and semi-structured
interviews. Using the Analytic Hierarchy Process (AHP), the immigrant acceptance capacity for each county
was calculated.

Results and Discussion

Analysis of satellite images from 1996 to 2023 reveals a 99% increase in Build-up land cover, amounting to
an expansion of 25,614 ha. During the same period, forest cover—the province’s most extensive and
ecologically significant land cover for providing ecosystem services—declined by 107,069 ha. This
reduction accounts for 7.74% of Guilan Province’s total area. Over these 37 years, the province’s population
grew by 409,902, and 385,069 migrants arrived in Guilan between 2006 and 2016. A strong inverse
correlation (-0.99) was observed between the population growth rate and the forest cover reduction rate,
underscoring the close relationship between demographic changes and forest cover loss. To develop
population and migration management plans that align with the sustainability of ecosystem services and the
region’s ecological capacity, five ecological criteria were identified at the county scale. These criteria were
derived from Guilan Province’s Territorial Management Document (2017).
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Additionally, following the findings of Ronchi and imposing restrictions on forest cover alteration to sustain
ecosystem services, mountainous and foothill areas—which host over 95% of the province’s forest cover—
were excluded from settlement development planning. Consequently, the ratio of each county’s plain area
to the province’s total plain area was established as a sixth criterion. With identified ecological and
ecosystem service criteria, the Analytic Hierarchy Process was employed to calculate the capacity index for
accepting immigrants in each county. A comparison between these indexes and actual immigrant acceptance
rates revealed significant ecological pressure discrepancies across some counties. Rasht County
demonstrated the highest ecological pressure and discrepancy. Between 2006 and 2016, Rasht
accommodated 36.76% of all migrants to the province, while the study determined its immigrant acceptance
capacity to be 16%. This indicates that the county absorbed 20.76% more migrants than its obtained
ecological capacity. In contrast, Bandar Anzali exhibited the most favorable immigrant acceptance
conditions with minimal ecological strain. With an immigrant acceptance capacity of 12.5%, only 6.34% of
the province’s migrants settled in Bandar Anzali during the same period, reflecting a positive alignment with
its ecological capacity.

Conclusion

Since 2006, migrants arriving in Guilan have played a significant role in the region’s population growth. As
migration to Guilan is expected to increase in the coming years, the associated demographic changes will
undoubtedly impact land cover and ecosystem services. These developments underscore the critical need for
population-migration planning based on ecological constraints and the vulnerabilities of ecosystem services.
By calculating the immigrant acceptance capacity for each county, it becomes possible to identify the
ecological pressure caused by migration. This analysis compares the current number of incoming migrants
in each county with the index derived for that county. For counties like Rasht, which bear a heavier ecological
burden, implementing policies to regulate and manage incoming migration in the years ahead is strongly
recommended. Additionally, improving the ecological indicators used to calculate the immigrant acceptance
capacity will help mitigate further environmental damages and prevent a reduction in the county’s ecological
carrying capacity. On the other hand, attempts to improve the indicators used to calculate the immigrant
acceptance capacity might result in increased ecological stability for counties like Bandar Anzali, where the
number of arriving migrants is less than the calculated index. Long-term sustainability of ecosystem services
and ecological stability would be preserved with the help of such actions.
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Fig. 1: Study area, Guilan Province (Modified from PBOG, 2017).
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Table 1: Date of landsat images and main used image area (ha)

Year Main Image Main Image Area
1375 1375/04/23 1333914.1 (96.50 %)
1385 1385/05/15 1286349.5 (93.06 %)
1395 1395/05/19 1192739.9 (86.29 %)
1402 1402/04/17 1319004.2 (95.42 %)

Southeast Image

Northeast Image Northwest Image

1375/05/01 1375/06/02 1375/05/15
1385/05/28 1385/05/28 1385/04/25
1395/06/25 1395/03/06 1395/05/22
1402/04/18 1402/04/18 -
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Table 2: Comparison of overall accuracy® and kappa coefficient™ of different LC'? classification methods

Kappa Accuracy Overall Accuracy
0.88 90.84 %
0.87 90.08 %
0.84 87.79 %

classification techniques
MLC
SVM
NNC
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Fig. 2: LC classification maps of Guilan during the study period
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Table 3: Overall accuracy and kappa coefficient of LC maps during the study period

aslllas 0,90 ool idg leasas LS cuyo g (S B0 oo

1375 1385
Image Overall Kappa Image Overall Kappa
9 accuracy Coefficient g accuracy Coefficient
Main 90.08 % 0.87 Main 89/96 % 0.87
Northeast 92/64 % 0.90 East 82/48 % 0.78
Southeast 89/44 % 0.87 West 96/09 % 0.95
Northwest 90.40 % 0.86 - - -
1402
Overall Kappa
Image accuracy Coefficient
Main 91.72 % 0.89

Image

Main
Northeast
Southeast
Northwest

1395
Overall
accuracy
94.02 %
85/15 %
92.04 %
91.86 %

Kappa
Coefficient

0.92
0.81
0.89
0.89
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Table 4: LC area during the study period and net LC changes (ha)

LC Type 1375 1385 1395 1402 Net Change Chan(glj\eljltnitial Charggeelfl' otal
Value )% Area) %
Bareland 341924 339410 345760 282241 -59683 -17.45% -4.31 %
Build-up 25824.4 35223.2 39633.3 51438.6 25614.2 99.19 % 1.85%
Forest 599829 531307 505754 4927 60 -107069 -17.85% -1.74 %
Rice 190342 224034 174220 230106 39764 20.89 % 2.87%
Vegetation 211649 241539 299694 311544 99895 47.2% 7.22%
Waterbody 12573.3 10778 17297 14162.1 1588.8 12.63 % 0.11%
LC changes graph of Guilan Province
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Waterbody Rice Bareland Vegetation Build-up Forest
mYVe 12573 190342 341924 211649 25824 599829
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Fig. 3: LC changes graph of Guilan Province during the study period
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Rice
Vegetation
Forest
Bareland
Build-up
Waterbody

-100000 -50000

n""“ﬂ

50000 100000 150000 200000

VEY JLo YV Jlo 5l o2l)) Gindigy oMo jloged :F S
Fig. 4: LC gains and losses diagram between 1375 to 1402
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Table 5: The number of immigrants to Guilan Province from 1375 to 1395

Time Priod 1375-1385
Immigrant in 157884

1385-1390 1390-1395
227185 485989
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Table 6: Fifteen-years average rainfall and the ratio of water consumption to water resources in
the counties of Guilan province in 1393 (million cubic meter) (PBOG, 2017)

Average rainfall over The ratio of a county's water
consumption to the total water
resources of the county

County the 15-year period
(mm)
Amlash 883
Astara 1287
Astane 1329
Bandar Anzali 1650
Rasht 1253
Rezvanshahr 1236
Rudbar 632
Rudsar 948
Siyahkal 973
Shaft 1553
Somesara 1076
Talesh 1047
Fuman 1336
Lahijan 1338
Langrud 1229
Masal 1125
Total 18895

Share of water consumption in
the county to the total
provincial consumption

(%)
0.42 1.63
0.31 1.69
0.72 8.97
0.53 2.37
0.77 24.63
0.38 3.63
0.11 2
0.4 4.94
0.25 2.8
0.53 6.09
0.71 10.71
0.37 7.71
0.42 6.23
0.75 9.14
0.48 343
0.47 2.89
0.51 100
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Fig5: Immigrant acceptance coefficient of Guilan counties obtained from AHP
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Table 7: Immigrant acceptance capacity of Guilan counties from 1375 to 1395) (PBOG & SCI)

Column B:
E o g o g o Column A: Percentage of
- § b % b % Ave. Ratio of the county's Difference
County % S § S § S immigrants Immigrant between
S0 58 59 entering the Accepta_nce columns
Ex £ E® county to the Ca}pamty Aand B
E E E province (obtained from
AHP)
Astara 14024 6683 3962 2.78 6.3 -3.52
Astane 21166 9924 7519 45 8.3 -3.8
Anzali 29365 12922 10643 6.16 12.5 -6.34
Talesh* 34486 14013 6978 5.89 5 0.89
Rasht* 180352 75409 63121 36.76 16 20.76
Rudbar 20334 9154 4473 3.68 6.4 -2.72
Rudsar* 32582 16376 10306 6.81 5.7 111
Somesara 27017 12778 10294 5.9 7 -11
Fuman 12512 7005 4569 2.85 32 -0.35
Langrud* 23110 16266 9574 5.99 5.2 0.79
Lahijan* 40375 20929 12836 8.55 6.4 2.15
Shaft 7228 3279 1822 1.36 41 -2.74
Amlash 11449 4809 2850 2.09 25 -0.41
Rezvanshahr 14705 6806 3598 2.77 6.8 -4/03
Siyahkal* 10275 6189 2991 2.24 2.2 0.04
Masal 7009 4643 2348 1.66 24 -0.74
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1-Planning and Budget Organization of Guilan
2-The National Footprint Accounts

3-Global Hectares

4-Tarim

5-Analytical Hierarchy Process

6-Support Vector Machine

7-Maximum Likelihood Classification
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8-Neural Network Classification
9-Region of Interest

10-Overall accuracy

11-Kappa statistics

12-Land cover

13-Statistical Center of Iran (SCI)
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