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Evaluation and optimization of woodland ecological patterns for Qingdao based

on the agent-based model
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Abstract; Urban socio-economic development and urban spatial expansion has led to the loss and fragmentation of habitat.
Global climate change adds to the gravity of these effects. The survival of wildlife species is subjected to enormous pressure
due to natural environmental changes and human activities. Agent-based models ( ABMs) are computer simulation models
analyzing and simulating human or animal behavior through the integration of learning, adaptation, evolution and logical
analysis. ABMs study the overall system characteristics by analyzing internal elements of the system (such as the interaction
among individual agents, and agents with the environment) with a bottom-up approach. The agents in ABMs can complete
given objectives, perceive and respond to changes of the external environment through the default logic control, and respond
to stimuli from other agents and the external environment through learning and adaptation functions. This paper designed an
agent-based evaluation model of an ecological pattern, which was used to analyze the impact of different woodland patterns
on species survival and dispersal. The model focused on the logic control of survival and dispersal of agents, and used the
dispersal strategy integrating CRW and LW models, which combines the advantages of these two models. The survival of the
agent is control by the age-specified U-shaped survival curve and determination function considering their own energy and

environmental risks. The model was developed on the GIS platform, realizing the seamless integration of the agent model
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and GIS, which could then be applied to real geographical environment simulation. Qingdao is a city located in the eastern
coastal region of China where the economy is relatively well-developed. The region is also where marine and terrestrial
ecosystems meet. Woodland is mainly distributed in the Laoshan Mountains in the east, the Daze Mountains in the north,
and the Dazhu, Xiaozhu and Tiejue Mountains in the south. In the study area, the ecological environment is deteriorating,
and various wildlife species are being impacted, with some species being endangered or facing extinction. This paper
selected the woodlands in the Qingdao district as the study object, analyzing the effect of different spatial patterns on the
survival and spread of woodland species. Simulation results showed that, compared with the original state, species
populations and migration have improved significantly under different levels of ecological network framework, and the higher
the level of ecological network framework, the more obvious the improvement. The distance between patches had a large
influence on the dispersal of simulated species because they were not able to arrive at patches that were far away from the
original patch. Therefore, this paper makes the suggestion that an approach integrating wetland and woodland systems could
strengthen woodland system functional contact in the study area. It is suggested that the region around Jiaozhou Bay and the
mainstream of Dagu River be used to increase the spatial distribution of woodland. Based on the simulation results,
suggestions for the woodland ecological pattern construction are given below: (1) ensure that the large woodland can not be
destroyed; (2) the wetland system district in the middle of Qingdao is an ideal place for a new woodland construction; (3)
the ecological network framework can be used as a spatial reference for an ecological barrier to prevent the spread of urban

land into woodland.

Key Words: agent-based model; evaluation of the ecological pattern; species dispersal; conceptual species; woodland

in Qingdao
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Fig.2 Diagram of agent diffusion analysis
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Fig.3 The map of study area and landscape types area
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Table 1 Energy value and risk value of different landscape types

FZEH! A JAURS: fE SO AERE U {E
Landscape type Energy value Risk value Landscape type Energy value Risk value
Mt Woodland 10 1 AR Rural settlement 4 8
i) B M Meadow 7 3 VA% Swamp 2 1
ML M Typical grassland 5 2 JTHFIRH Coastal wetland 2 1
WENHLH Shrub grassland 8 2 Pt 7K Inland water 3 1
7K M Paddy field 6 5 VAR Lake Beach 4 1
JKBEH Trrigated land 5 5 A Bare rock 2 1
54 Dry land 6 6 i Bare land 2 1
WA AR M Urban built land 4 9 VPBE Desert 1 1
®2 BASYE
Table 2 Parameter values of the model
SHA R Parameter {4 Value S B Parameter i Value

p 0.95 o2 3

ly 1 nl 5

N 1.5 u2 4

Al 3.7 3

A2 4 a 0.5

ol 3 B 0.5
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Fig.4 Ecological network map of different conditions
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Fig.5 Diagram of simulated species total populations change under different ecological patterns
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Fig. 6 Diagram of simulated species total populations change in habitats under different ecological patterns
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Table 3 Disperse success rate and survival rate of species under different conditions

FEAA ML AR RZ, PR AR 4

. J}iﬂé %ﬁ . Basic ecological Medium ecological ideal ecological
Original condition
network network network
L Emigration/ 1 87379 117062 130933 135033
i A Immigration/ > 21395 58747 80343 96374
i BET Death while dispersing/ 64856 57466 44860 31372
iEA g7 iE H HR Ratio between immigration and emigration/ % 24.49 50.18 61.36 71.37
BET- 51T HEE Ratio between Death and emigration/ % 74.22 49.09 34.26 23.23
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Fig.8 Disperse of simulated species among habitats under basic
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