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Simulating the Optimal Migration Paths between Prehistoric Settlement Sites
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Abstract: As the relics of the ancients for production and other activities, prehistoric settlement sites reflected
objectively the strong geographical features and differentiation patterns of long- term human- environment
interactions. Due to the low productivity of the ancients, more natural factors were likely taken into account in
between- settlement migration and resource exploration around their residences, which was consistent with the
idea of "optimal path." This paper aimed to simulate the optimal path of the ancients in migrating between
settlement sites, and to explore their behavioral pattern based on archaeological and geographic data. We
emphasized the determination of migration cost, the integration of cost raster layers, and the optimal path
analysis. The basic geographical and archaeological data of more than 1200 sites of the sequential cultural
period, involving Daxi, Qujialing, and Shijiahe Cultures in the late Neolithic period in the middle reaches of the
Yangtze River, were included for this study. Elevation, slope/slope direction, topographical relief, and distance
from water were selected as the independent variables to analyze and construct the distribution model of the
settlement sites in the study area, based on binary classification logistic regression model. To analyze the
spatiotemporal evolution of the settlement groups, firstly, the clustering and centers of the settlement groups
were identified based on the Expectation Maximization method and Voronoi algorithm; then, the natural factor
coefficients in the distribution model were used as weights to generate the cost raster layers; lastly, the layers
were input for simulating the optimal path of between- settlement migration constructed based on the cultural
sequence. The results were consistent with the basic rule that the ancients were inclined to walk through valleys
and hills in the process of migration at the lowest cost. The simulated path was proved reasonable when
compared to the other available site information. The method proposed in this paper can address the limitation of
relying on only subjective weighting in generating and integrating the cost raster layers, and can enhance the

science of archaeological research. Our method and conclusion help explore the spatiotemporal evolution
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patterns of prehistoric settlement sites and human-environment relationship.

Key words: settlement sites; natural factors; migration; distribution model; optimal path; the middle reaches of
the Yangtze River; spatiotemporal evolution
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Fig. 1 Study area- the middle reaches of the Yangtze River
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Tab.1 Culture types and numbers of the sites in the Neolithic Period in the middle reaches of Yangtze River
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pei e [ As AVEES bRtz Z value Pr(>1Z)) N
N S'Eld i s 1.064 0.280 3.795 0.000 ok
[ -3.672 1.846 ~1.990 0.047 o
| -0.907 0.403 -2.248 0.024 ok
epE 3.453 1.724 2.003 0.045 *x
ik N ) -1.765 0.554 -3.184 0.001 ok
B AR FE -0.602 1.575 -0.382 0.025 L
JE GRS SCAE i i 0.818 0.240 3.406 0.001 ok
e -2.321 1.531 -1.516 0.130
Weim) -0.156 0.349 -0.447 0.655
i pir 0.999 1.731 0.577 0.564
FRIK R IE RS -0.515 0.438 -1.177 0.239
IR -3.831 1.715 -2.234 0.025 o
FREREDE!4 W 0.771 0.132 5.861 4.610e-09 otk
[ -2.853 0.812 -3.511 0.000 ok
P 0.103 0.191 0.540 0.589
13} 3 4.408 0.852 5.174 2.290e-07 ok
FRE/K R EEEY -0.776 0.263 -2.956 0.003 ok
MBI -6.293 0.887 -7.095 1.290e~12 ok

T e R RIFIRTE 1% 1 5% 7K R B3,



840 ok 7 B R

20194F

— A%
[E—— — FEIlfk

0 100 km

K2 RESCRREEEAER 7

Fig. 2 Division of Daxi cultural settlement sites
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Fig. 4 Division of Shijiahe cultural settlement sites
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