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Abstract

The Atlas of the Chinese Empire, compiled during the Kangxi reign, represents China’s first large-
scale national map annotated with longitude and latitude, marking the pinnacle of early 18th-cen-
tury empirical cartography. This study focuses on the Ming Great Wall section from Shanhaiguan to
Jiayuguan, employing GIS technology to systematically evaluate its spatial accuracy through com-
parative analysis of 168 historical-modern corresponding fort points. Analytical methods include
spatial error distribution, RMSE (Root Mean Square Error), natural breaks classification, and linear
morphology analysis. The results demonstrate that the map’s overall linear morphology aligns
closely with the modern Great Wall, yet regional accuracy varies significantly: the capital region
exhibits minimal displacement (mean error: 4.65 km), while Shanxi-Shaanxi-Ningxia segments and
the Hexi Corridor show larger deviations (maximum: 59.24 km). RMSE analysis reveals that longi-
tudinal errors substantially exceed latitudinal errors, constituting the primary error source. Two
abrupt error surges occur at 98°E~100°E and 103°E~104°E, likely attributable to disrupted triangu-
lation chains or accumulated baseline errors. Notably, precision improves markedly near the cen-
tral meridian (116.38°E), reflecting higher geometric accuracy in the Beijing-centered control net-
work. Personnel changes during surveys significantly impacted outcomes, as evidenced by post-ro-
tation error increases and “jump point” anomalies, suggesting compromised field measurement ca-
pabilities or reliance on outdated data. Furthermore, regional disparities in local cooperation led
to methodological variations and corresponding accuracy differentiation.
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Figure 1. Study area overview
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Figure 2. Percentage of corresponding place names between the historical map and the modern great wall
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Figure 3. Digitized great wall section from Atlas of the Chinese Empire (Kangxi edition)
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Figure 4. Straight-line distance errors between Great Wall points on the historical map and their modern counterparts
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Figure 5. Straight-line distance errors of Great Wall points in the Jingji region
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Figure 6. Straight-line distance errors of Great Wall points in Jin-Shaanxi-Ningxia region
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Figure 7. Straight-line distance errors of Great Wall points in the Hexi Corridor region
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Figure 9. Distribution of classified spatial distance errors of Great Wall points with respect to latitude
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Figure 10. Distribution of classified spatial distance errors of Great Wall points with respect to longitude
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Figure 11. Visualization of distortion grid in historical map
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Figure 12. Comparative analysis of modern vs. historical Great Wall Alignments by zone
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