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This study aims to analyze the spatial distribution pattern of historical bridges in East
Azerbaijan Province and to examine their spatial alignment with environmental, human,
historical, and cultural factors. The research adopts a descriptive—analytical approach
based on spatial analysis within a Geographic Information System (GIS) environment. To
this end, the geographic locations of twenty historical bridges were extracted and
integrated with environmental layers including precipitation, slope, distance from rivers,
landform types, land use, and transportation networks. Global and Local Moran’s I
(LISA) statistics were applied to examine the spatial distribution pattern of bridges, while
OLS, GWR, and MGWR spatial regression models were employed to analyze spatial
heterogeneity in the relationships. The results indicate that the distribution of historical
bridges is non-random and organized into distinct spatial clusters. Furthermore, the
relationships between bridges and contextual factors are not spatially uniform and vary
according to geographic location. Overall, the findings suggest that the spatial distribution
of historical bridges reflects a coherent spatial logic associated with the natural setting
and historical transportation networks.
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Introduction

Iran’s architectural heritage encompasses a wide range of historical structures, among which historical
bridges hold a distinctive position. These structures simultaneously embody engineering knowledge,
environmental adaptation, and a communicative role within historical transportation networks.
Historically, such bridges were constructed at locations where natural conditions ensured structural
stability, controlled environmental forces, and maintained connectivity among settlements. East
Azerbaijan Province, due to its climatic diversity, complex geology, the presence of major rivers such
as the Aras, Aji-Chay, and Mehran-Rud, and its position along historical transit routes, represents one
of the most significant regions for the formation of historical bridges in Iran. Bridges such as
Khodaafarin Bridge, Bilan-Kuh Bridge, and Panj-Cheshmeh Bridge are examples of structures built in
close harmony with their natural settings.

Material and Methods

This study is descriptive—analytical in nature and spatially oriented in approach, conducted using spatial
analysis tools within a GIS environment. The research data include the geographic coordinates of twenty
historical bridges in East Azerbaijan Province and environmental layers such as precipitation, slope,
distance from rivers, landform type, land use, road networks, and settlement areas. These data were
collected from official sources and processed in ArcGIS after unifying the coordinate system. To
examine the spatial distribution pattern of the bridges, the Global Moran’s I spatial autocorrelation test
was first applied to determine whether the spatial distribution was random or non-random. Subsequently,
Local Moran’s I (LISA) was used to identify spatial clusters and local patterns. To investigate spatial
heterogeneity in the relationships between bridge locations and contextual variables, an Ordinary Least
Squares (OLS) regression model was initially implemented as a baseline model, and its limitations were
evaluated. Subsequently, Geographically Weighted Regression (GWR) and Multiscale Geographically
Weighted Regression (MGWR) models were applied to extract local coefficients and analyze spatial
variability in these relationships. The emphasis of this research is on analyzing spatial patterns and
alignments, and the results are interpreted within a descriptive and non-causal spatial framework.

Results

Based on the analyses conducted in the GIS environment, environmental maps related to the distribution
of historical bridges in East Azerbaijan Province were first produced (Figure 3). The precipitation map
indicates that annual rainfall across the province ranges from 250 to 750 mm, with the highest frequency
occurring in the 250-500 mm class. The landform map also demonstrates the high diversity of
geomorphological units in the province, including mountains, hills, plateaus, plains, alluvial lands, and
major settlements. Topographic analysis reveals that elevation in the province ranges from 200 to 4100
meters, with northern areas and the surroundings of Mount Sahand representing the highest elevations,
while areas near Lake Urmia constitute the lowest parts of the province. The vegetation cover map
illustrates the presence of rangelands, agricultural lands, salt flats, forests, wetlands, and lakes across
the province. An examination of bridge functions indicates that these structures were primarily
developed to establish connections between cities, rivers, and livelihood activities, facilitating the
movement of people, livestock, and goods. Spatial distribution analysis shows a relative concentration
of bridges near major cities, particularly Tabriz. Furthermore, analysis of the transportation network
indicates that a considerable number of historical bridges are located along major roads and
communication corridors, many of which connect to Tabriz, reflecting the alignment of bridge
distribution with the communication and economic significance of the city. The results of the Global
Moran’s I spatial autocorrelation test (Table 3) indicate that the spatial distribution pattern of historical
bridges in East Azerbaijan Province is significantly clustered. The Moran’s I value of 0.249, a Z-score
of 3.71, and a significance level of 0.001 indicate a non-random distribution pattern. Additionally, the
results of spatial regression analyses show that some structural characteristics of the bridges, including
the number of spans and construction materials, exhibit significant alignment with environmental and
contextual variables such as water resources, communication-economic functions, and settlement
patterns. In other words, in regions with higher precipitation and more extensive water resources, bridges
generally have a greater number of spans, whereas in areas with limited water resources this
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characteristic is observed with lower intensity. The combined results of the Global Moran’s I and Local
Moran’s I (LISA) analyses further confirm the spatial distribution pattern of historical bridges in East
Azerbaijan Province. The normal distribution graph indicates statistical significance with Moran’s | =
0.230916, Z-score = 4.489, and P = 0.000007, all confirming a non-random and clustered pattern in the
spatial distribution of the bridges. The Pearson correlation matrix also indicates significant alignment
between the distribution of historical bridges and several environmental and physical variables. The
highest correlation is observed with distance from rivers (0.68), indicating strong alignment with
waterways. Distance from roads (0.49) and precipitation (0.43) also show that bridge distribution
corresponds with transportation networks and climatic conditions. Although slope and village density
show weaker correlations, they still highlight the combined role of natural and human factors in shaping
the spatial pattern of bridges.

Discussion

Using GIS-based spatial analysis, this study demonstrates that the distribution of historical bridges in
East Azerbaijan Province is non-random and largely formed along rivers, historical transportation
routes, and settlement centers. The results of spatial autocorrelation and spatial regression analyses
indicate spatial heterogeneity in the relationships between environmental and human factors and the
settlement pattern of bridges. Specifically, in the northern regions there is a stronger alignment with
natural and hydrological conditions, whereas in the central and southern areas a stronger association
with transportation networks is observed. Structural differences among bridges including construction
materials, number of spans, and architectural form reflect environmental conditions, site characteristics,
and the construction practices of different historical periods. Overall, these findings highlight the
importance of spatially oriented approaches in the analysis and sustainable preservation of historical
infrastructural heritage.
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Figure 1. Spatial distribution map of historical bridges in East Azerbaijan province
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Table 2. Characteristics of the historical bridges of East Azerbaijan province
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Figure 4. Combined results of global and local Moran spatial autocorrelation tests
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Table 5. Pearson Correlation Matrix
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Table 5. Results of the OLS, ordinary linear regression model for explaining the spatial distribution of historical
bridges in East Azerbaijan province
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Figure 5. Four-class map of OLS model residuals with the location of historical bridges and county boundaries
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Table 7. Model fit indices GWR model diagnostics
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Figure 5. Conceptual model of the performance of GWR geographic weighted regression in explaining the
establishment of historical bridges in East Azerbaijan province
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Table 8. Local GWR coefficients in the three main regions of the province
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Figure 7. Spatial heterogeneity distribution of the coefficients of the Geographic Weighted Regression (GWR) model
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Table 9. Comparison of three spatial regression models in explaining the distribution of historical bridges
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Figure 8. Comparison of three models: OLS, GWR, and MGWR in explaining the spatial pattern of historical bridges
in East Azerbaijan province
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Table 10. Correlation between the number of spans of historic bridges and environmental and historical
characteristics
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Table 11. Distribution of historical bridges by historical period and materials
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Table 12. Correlation of the number of bridge spans with hydrological and historical characteristics
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Table 13. Conceptual framework of the distribution pattern of historical bridges in East Azerbaijan province
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Figure 9. The final conceptual model in explaining the factors affecting the location of historical bridges
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Table 14. Heritage-historical values of bridges
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