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Abstract

The role of improving the quality of environmental management is considered one of the most important and strategic matters
of urban management today. In recent years, population growth and changes in the life patterns of human societies have
caused many crises, including issues related to burial and waste disposal systems. This problem is particularly concerning in the
northern cities of Iran due to the lack of suitable land and the high level of underground water. Therefore, this research aims
to locate the best waste disposal sites. This site selection is based on population estimates up to the year 2050, and ultimately, to
recommend the best landfill site with a horizon of 2050, the sites were evaluated using the RAIM matrix. Using spatial analysis
and evaluation of the outcomes, 17 spatial criteria were selected in this recent study, which were investigated with methods
of artificial intelligence and vector machine to assess land suitability for waste burial. The research results, comparing vector
machine artificial intelligence, showed that despite using fewer criteria, artificial intelligence has a higher ability to identify the
region’s potential with an accuracy coefficient of ROC of 87.65%, compared to existing sites and the country’s threshold
criteria, thus providing reliable results. The study indicated that 3% of the area could accommodate a landfill from 50 to 75%;
0.01 percent, equivalent to 22 hectares, has the potential for development between 75 and 85%. Based on these interpretations,
the limits of Rasht city, according to the artificial neural network model, are very high, and any attempt to establish a burial site
requires an evaluation of the consequences. The locations identified showed that 22 hectares with high capacity are situated in
the Zarbal factory and west of the Lakan forest. Based on the results of the RAIM matrix evaluation, the Lakan site is the best
option for creating a new waste burial site. The ctiteria related to air quality, surface and underground water quality, and tourism
pose the most threats. Additionally, compared to the continuation of the Caravan site, which has a score of -477, it is the worst

possible scenatio for the region.
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Introduction

Urban solid waste management has emerged as a critical challenge in rapidly growing cities, particularly
in regions with high population density and limited land availability. In northern Iran, cities like Rasht
face acute waste disposal crises due to high groundwater tables, dense vegetation, and tourism-driven
seasonal spikes in waste generation. The current Saravan landfill, operational for over three decades, has
become an environmental catastrophe, with leachate contaminating soil and water, methane emissions, and
a garbage mountain reaching 90 meters in height. Traditional site-selection methods rely heavily on expert
judgment and static criteria, often leading to biased or suboptimal outcomes. This study introduces artificial
intelligence (Al) algorithms—specifically Multi-Layer Perceptron (MLP) neural networks and Support
Vector Machines (SVM)—to minimize human interference and enhance predictive accuracy in landfill site
selection. By integrating 17 spatial criteria and projecting waste generation until 2050, the research identifies
high-potential zones while ensuring environmental and social compatibility. The Rapid Impact Assessment
Matrix (RIAM) is employed to evaluate the environmental consequences of proposed sites, providing a
transparent decision-making framework. This approach not only addresses immediate disposal needs but
also aligns with sustainable urban planning goals, reducing long-term ecological and social risks.

Materials and Methods

The study area, Rasht (49°36’E, 37°16°N), covers 180 km? with a 2015 population of 676,991, projected
to exceed 1.42 million by 2050. The climate is humid subtropical, with 1,359 mm of annual rainfall and a
mean temperature of 15.9°C. Data layers were sourced from national and international databases (Table
1), including elevation (ASTER 30 m), slope, geology (1:50,000), hydrology, land use (Sentinel-2), and
socio-economic indicators. Fuzzy membership functions (linear, Gaussian, J-shaped, sigmoid) standardized
heterogeneous data into a 0—1 suitability scale. MLP neural networks were trained using nine optimized
criteria (groundwater depth, forests, roads, elevation, erosion, leachate risk, tivers, slope, urban proximity)
, achieving R = 0.7561 and RMS errors of 0.1195 (test) and 0.1156 (train). SVM employed 15 criteria with
a radial basis function (gamma = 0.5), yielding ROC accuracy of 82%. Multi-Objective Land Allocation
(MOLA) solved single-objective allocation for 50 hectares of landfill capacity, incorporating compaction
and recycling scenarios. Population growth (2.5% annually) and per capita waste (0.75-1.1 kg/day) informed
demand forecasts. RIAM assessed four sites (Lakan, Zarbal, Gilan University compost, Saravan continuation)
across physical-chemical, biological-ecological, socio-cultural, and economic-operational dimensions,
generating Environmental Scores (ES).

Results

MLP modeling revealed no ideal (>90%) suitability zones; 3% of the area scored 50-75%, and 0.01%
(22 ha) achieved 75-85%, located near Zarbal factory and west of Lakan forest. SVM expanded high-
suitability zones, identifying 178 ha at 75-85% and 23 ha at 85-100%, though the latter was fragmented.
ROC validation confirmed MLP’s supetiority (87.65% vs. SVM 75.78%). Kappa statistics indicated model
stability (standardized 54.8%, spatial 60%). MOLA allocated three sites: Lakan (39 ha, degraded valley) ,
Zarbal (43 ha, industrial buffer), and Gilan University compost (60 ha). RIAM scoring ranked Lakan highest
(ES = +065), with moderate air/water risks (B-negative) but strong socio-cultural benefits (+164). Zarbal
scored —200 due to leachate and visual impacts; Gilan compost —108 from physicochemical threats; Saravan
continuation —477, confirming unsustainability. Lakan’s closed basin, deep groundwater (>50 m), and low-
density forest cover minimize contamination risks.

Discussion

Al-driven site selection outperforms conventional methods by capturing non-linear relationships among
criteria without predefined weights. MLLP’s hidden layers detected subtle interactions (e.g., slope-groundwater-
leachate), achieving higher ROC than SVM, consistent with prior studies in Mashhad and Tehran. The
absence of high-suitability zones underscores Rasht’s constrained geography—high water tables and dense
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ecosystems limit viable options. Lakan’s valley morphology naturally contains leachate, while reforestation
can offset minor forest loss (2 ha over 20 years). Compared to Saravan’s catastrophic legacy, Lakan reduces
public health risks and visual blight. However, tourism proximity demands odor control and monitoring,
Multiple sites distribute risk, enabling waste segregation (organics to compost, inerts to Lakan). Economic
viability is enhanced by proximity to existing roads, though infrastructure upgrades are needed.

Conclusion

This study demonstrates that Al-integrated GIS, coupled with RIAM, provides a robust, transparent
framework for landfill siting in environmentally sensitive regions. Lakan emerges as the optimal site,
balancing capacity, containment, and minimal ecological disruption. Continued Saravan use is untenable.
Policy recommendations include: (1) immediate closure and remediation of Saravan, (2) phased development
of Lakan with liner systems and gas capture, (3) decentralized composting at Gilan University, (4) public
education on source separation, and (5) real-time monitoring using 1oT sensors. Future research should
incorporate climate change projections (sea-level rise, intensified rainfall) and explore sanitary landfill
alternatives like waste-to-energy. By prioritizing data-driven decisions over expert bias, Rasht can transition
from waste crisis to circular economy leadership.
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Figure 2. A. Suitability map for MLP model output landfill, B. Diagram accuracy and repeatability of MLP model
grades.
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Figure 3. A. Suitability map for the landfill output of the SVM model, B. Figure Accuracy and repetition
diagram of the SVM model.
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Figure 4. Frequency percentage of fit classes of two MLP and SVM models.
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Figure 5. Correspondence statistics of two output maps.

Figure 6. ROC statistic test for validation compariso
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Table 2. Annual forecast of population, waste generation, and required landfill area until 2050

Vingeomes  Vingeowes  Vibogecws  YblwwMsios  High)Yeadgioi o osbMsios s L
Required) Required) Required) Production Weight)  Production Low Produc-) (Popﬁiaﬁon) (Year
(Land 3 (Land 2 (Land 1 (is Too High (Weight (tion Weight
12,217 9,891 7,731 341,189 259,303 204,713 747,811 1
12,511 10,129 7,917 349,408 265,550 209,645 765,826 2
12,813 10,373 8,108 357,825 271,947 214,695 784,275 3
13,121 10,623 8,303 366,445 278,498 219,867 803,168 4
13,437 10,879 8,503 375,273 285,207 225,164 822,516 5
13,761 11,141 8,708 384,313 292,078 230,588 842,330 6
14,093 11,409 8,918 393,571 299,114 236,143 862,622 7
14,432 11,684 9,133 403,052 306,320 241,831 883,403 8
14,780 11,965 9,353 412,762 313,699 247,657 904,684 9
15,136 12,254 9,578 422,705 321,256 253,623 926,478 10
15,500 12,549 9,809 432,888 328,995 259,733 948,797 11
15,874 12,851 10,045 443317 336,921 265,990 971,653 12
16,256 13,161 10,287 453,996 345,037 272,398 995,060 13
16,648 13,478 10,535 464,933 353,349 278,960 1,019,031 14
17,049 13,802 10,788 476,133 361,861 285,680 1,043,580 15
17,460 14,135 11,048 487,603 370,578 292,562 1,068,719 16
17,880 14,476 11,314 499,350 379,506 299,610 1,094,465 17
18,311 14,824 11,587 511,379 388,648 306,827 1,120,831 18
18,752 15,181 11,866 523,698 398,011 314,219 1,147,831 19
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