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Abstract

The spatial distribution of villages is influenced by various characteristics and factors, including elevation, land
slope, slope direction, distance from roads and cities, and proximity to rivers. This study employed an applied,
descriptive, analytical, and correlational approach to examine the compactness of the spatial distribution
structure of rural settlements in Meshkinshahr County, as well as the impact of geographical features on this
distribution. In the first part of the research, ArcGIS analytical tools were utilized to assess the spatial
distribution patterns of villages. Techniques such as Average Nearest Neighbor, high/low clustering, and spatial
autocorrelation were employed. Additionally, cluster and outlier analysis, along with hotspot analysis, were
conducted to create maps of village clusters. Finally, kernel density analysis was performed to explore the spatial
density characteristics of village distributions. The second part of the study investigated the relationship between
the spatial distribution of villages and geographical features. The minimum elevation in the region was 595 m,
while the maximum reached 4800 m. Most villages were located at elevations between 1200 and 1400 m with
the highest concentration found on slopes ranging from 6 to 15 percent. Notably, 71% of the villages were
situated on slopes of less than 15% and 68% were located in shaded areas. Furthermore, the majority of the
county's rural population resided near Meshkinshahr County with proximity to rivers playing a crucial role in the
establishment of these villages.

Keywords: Spatial Structure, Village, Meshkinshahr County, Geographical Foundations, GIS.

Introduction

In the past, our ancestors relied heavily on experience for the placement of settlements, often without aligning
their choices with contemporary scientific understanding. Today, however, the simplicity of earlier times has
given way to the complexities of urban life. Modern cities characterized by advanced infrastructure, such as
sewage systems, subways, and skyscrapers, stand in stark contrast to traditional villages, which serve as
reservoirs for preserving human achievements and cultural heritage. Recently, we have witnessed rapid
urbanization, leading to a significant decline in the rural population. Fragmentation of agricultural lands coupled
with severe environmental pollution and emergence of numerous systemic risks has diminished rural areas,
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causing many traditional landscapes to vanish. Despite their critical roles in agricultural production, ecological
preservation, and cultural heritage, rural areas face significant challenges due to prolonged industrialization and
urbanization, making rural decline a pressing global issue.

Materials & Methods

This research was categorized as applied research, employing descriptive, analytical, and correlational methods.
The study focused on the spatial distribution of 414 villages in Meshkinshahr County. In the first part of the
research, we utilized analytical tools within ArcGIS software to conduct 3 analyses: the average nearest neighbor
index, high/low clustering, and spatial autocorrelation, which together helped analyze the spatial distribution
patterns of the villages. Additionally, we performed cluster and outlier analysis, along with hot spot analysis, to
create a map of village clusters. Finally, kernel density function analysis was employed to investigate the spatial
density distribution of villages in Meshkinshahr County. In the second part of the research, we examined the
relationship between the spatial distribution of villages and various natural and human geographical factors. The
data obtained from spatial analysis in the Geographic Information System (GIS) environment was then
transferred to Excel software to calculate correlations between the spatial distribution of villages and the
influencing factors.

Research Findings

Meshkinshahr County consists of 12 divisions and 414 villages. To analyze the spatial distribution pattern of
these villages, the average nearest neighbor, cluster and outlier analysis, and spatial autocorrelation tools were
employed. The results indicated that the villages in Meshkinshahr County exhibited a random distribution,
lacking significant clustering. To examine the homogeneity and heterogeneity of the spatial distribution of
villages, the local Moran's | index was applied at the division level. This analysis revealed that Arshg North
Dehistan was an outlier with low values surrounded by villages with high values, while Noqdi Dehistan formed a
cluster of low values surrounded by similar low-value villages. Additionally, to analyze the distribution of hot
spots, the 12 divisions were assessed based on the number of villages within them. The findings indicated the
presence of cold spots with a confidence level of 90% in the Lahrud and Noqdi divisions, while the other
divisions of the county did not exhibit significant hot or cold spots. Most villages in Meshkinshahr County are
situated at altitudes between 1200 and 1400 m. Approximately 50% of the villages are located below 1400 m and
about 80% are below 1600 m—an altitude deemed suitable for rural settlement according to existing studies. The
analysis also indicated an inverse relationship between altitude and rural population distribution, showing a
decline in population as altitude increased. Furthermore, as the distance from rivers increased, the number of
villages decreased, reinforcing the inverse relationship between river proximity and the spatial distribution of the
rural population.

Discussion of Results & Conclusion

The analysis of clusters, outliers, and spatial autocorrelation regarding the spatial distribution of villages and
their divisions revealed two key findings. First, the spatial distribution of villages within the county was random.
Second, the distribution of the 12 divisions in Meshkinshahr County based on the number of villages they
contained also exhibited a random pattern and lacked significant clustering. The slope was another critical factor
influencing the spatial distribution of villages. Notably, 71% of the villages were situated on slopes of less than
15%, which was conducive to cultivation. Given that the study area was located in the northern hemisphere, the
optimal slope directions for establishing villages were the eastern, southeastern, southern, and southwestern
slopes (sunny slopes). However, this factor had not significantly influenced village establishment as only 38% of
the villages were found on sunny slopes. This inconsistency might stem from the predominant location of
Meshkinshahr County on the northern and northwestern slopes of Mount Sabalan. Additionally, the region's
hydrographic network greatly affected the settlement and distribution of villages, primarily due to the rural
population's reliance on water sources in this mountainous area. As the distance from rivers increased, both the
number of villages and rural population diminished. Furthermore, proximity to main and intercity roads was
another vital factor affecting village settlement and distribution. Most villages and the majority of the rural
population were concentrated near these roads, highlighting the significant impact of transportation infrastructure
on densely populated areas.
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Figure 2: Location of Meshkinshahr city and spatial distribution and population classification of villages in it
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Figure 3: Average analysis of nearest neighborhood and scattered distribution of villages in Meshkinshahr
city (right side) and high/low clustering analysis of villages in Meshkinshahr city on a rural scale (left side)
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Figure 4: Cluster and non-cluster analysis of spatial distribution of villages in Meshkinshahr city with rural
spatial unit
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Figure 5: Cluster and non-cluster analysis of distribution of villages in Meshkinshahr city based on
population
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Table 2: Villages of high and low value sub-clusters in Meshkinshahr city
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Figure 6: Hot and cold spots of distribution of villages in Meshkinshahr city in rural analysis unit (right) of
villages based on population (left)
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Figure 7: Kernel density of spatial distribution of villages (right side) and kernel density of spatial
distribution of rural population (left side) in Meshkinshahr city
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Figure 8: Digital model of height and spatial0 distribution of villages
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Figure 9: The relationship between height and rural density (right) and the relationship between height and
the spatial distribution of villages (left) in Meshkinshahr city
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Figure 10: Slope map of Meshkinshahr city
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Figure 11: The relationship between the slope and the spatial distribution of villages (right and middle) and
the relationship between the slope and the distribution of the rural population (left)
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Figure 12: The map of the slope direction (right) and the relationship diagram between the slope direction
and the location of the villages (left)



oy A ple A St Dl gl iy 0ol S e Sl (53 25 el

J g L_AA."[?'-J)) )‘ dob iy 4C,.1L€J).>) oalaal LS”'”J'JJ";‘ Aol CU )\j (C_,\...»b 'Y Jg.&) “g ol antlae

(oo WY US5)

47‘3?'0"E 47'4‘5'0"5 48’0I'0"E 48°1: I5'0"E 47'3?‘0"5 47'4‘5'9"5 M‘OI'D"E 48" ?'U"E

z z
s e =
2 re 2 K4
3 3

z z
2] z g z
i s b e
8 s s
2 3

£ z

p 5
3 £ || & £
2 e | |5 re
o » 3 1,500,000 8

A -9,4; i
1:500,000 |- 3,001 - 9,470 L
AT300E 4TaB0E 400E 481508 47300°E 47°450°E 4800 48°150°E

(\i"’ ‘U’ujjﬁ: 6‘.&4;5‘-: c-‘*) (N:"_g) L@ 43\5.3}) j‘ w@‘ Z-Lsﬁu K] (“:"‘""b) Jbﬁﬁw bt}d:@.& ‘5‘4.;\5.53) w :W’ JS..-"'
Figure 13: River network of Meshkinshahr city (right) and Euclidean distance from rivers (left)
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Figure 14: The relationship between the distance from the river and the spatial distribution of villages
(right) and the distance from the river with the spatial distribution of the rural population (left)
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Figure 15: Euclidean distance from intercity roads
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Figure 16: The relationship between the distance from the main roads and the spatial distribution of villages
(right) and the distance from the main roads with the spatial distribution of the rural population (left)



\ro A ple A St Dl gl iy 0ol S e Sl (53 25 el

Aol o 5SThm 5l Olalinsy Sk 51 ol ool 5 sl Slabins) 5 o3 ilite bl & ax 55 L

Aol Shass cnl o3 asde 48,8 5 ge Julss 5 S sy SLelSE S dnn i 5 1l o La e
Shabols o bl s e S50 5l Ol e glaliw sy ol VWV JSE) (g s &Y oot ba el 51 i)
W0 sla S s bLOA JS0) Al apalms ol Comar oldd 0558 5 bl olad 555 5 4
5,15 Bl Lol (bLisl glaely L WS e Sie dilae iy slaolSs S w55 45 5530 st
5 Il e S O bl s ol sy o i 45 ol (g5b 50 6T Cumar 5 gy (2S1 5 a5
035 Olial 38 o 5 Ol gt 5550 L LU 53 ol ol G L La e oo a0y 4 55 Ll B0l 5T 58

el o Slel e Sl La e s Walisy e bl ol malde (335 &)y soas

47°30°0"E 47°45'0"E 48°0'0"E 48°15'0"E
I
£
o b e
3 %
3
z I
s
21 z
b 14
3 B
2
[N
5 L
o 204 31 kol z
5 = o High:26108.2 | | S
b=) N | 2
0o 5 10 20 30 40 B low:0 3
D
1:500,000 "
47°300"E 47°45°0"E 48°0°0"E 48°150"E

(VoY (fags slaasl c.w) A S Ol g 53 (5 45 S0 5l Bl Al VY S
Figure 17: Euclidean distance from urban centers in Meshkinshahr city
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