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Temporal and spatial pattern evolution model of constructed wetland is a kind of based on ecological processes, 

can fully display the wetland ecological pattern of time and space dynamic evolution mechanism of spatial display 

model. Because the model involves a series of ecological processes and can reveal the change process of wetland 

system structure and function, it has become an important means of wetland planning, evaluation and 

management. The temporal and spatial pattern evolution model of wetland is one of the hot research areas in 

recent years. Constructed wetlands are characterized by high complexity and dynamic changes. This paper studies 

them from the aspects of theoretical basis, key issues of model construction and basic processes. The main 

contents are as follows: 1. To understand the ecological elements of wetland ecosystem and their interactions. The 

ecological factors driving the evolution of wetland ecosystem include hydrology, soil, plant community types, 

climate, landform and other natural geographical factors. It is the key to reveal the spatial heterogeneity of these 

factors and its influence on the evolution of wetland system. 2. Key problems to be solved in model construction 

include model structure, appropriate spatial scale and model construction method; 3. The key technology of model 

construction is the integration of ecosystem model and GIS technology. The research in this paper is mainly aimed 

at the characteristics of the evolution of the spatio-temporal pattern of wetlands, and is of great significance for 

wetland planning, protection and management. 
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1 INTRODUCTION 

Wetland is one of the most important ecosystem types on earth. It is a natural complex formed by the 

interaction of water and land (Ozengin et al. 2016, Riggio et al. 2018, Shen et al. 2017). It plays an important role 

in maintaining regional ecological balance, habitat security and biodiversity. Among them, constructed wetlands 

provide great support for agricultural production (Lu et al. 2018). Under the influence of natural and human 

activities, constructed wetlands are constantly changing, among which landscape changes have become one of the 

most significant characteristics of regional environmental evolution. 

Fuqiang Wang, Ruijia Zhang, Heng Zhao, and Xi Chen published an article in Ekoloji’s 2019 Issue 107 

entitled “Dynamic Evolution of the Yellow River Delta coastline Based on multi-source Remote Sensing”. It is 

mentioned in the literature that the Yellow River delta is the key area for the development and protection of the 

Yellow River basin and an important part of maintaining the health of the Yellow River. Influenced by climate 

change and human activities, the sediment flow of the Yellow River has changed dramatically since the 1950s. 
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The decrease of the total amount of incoming water led to the large-scale erosion of the Yellow River delta. The 

decrease of land resources seriously affects the regional stability and effective operation of wetland ecosystem. In 

this Reference, remote sensing technology that can reflect the dynamic evolution of coastline in a timely and 

accurate manner is adopted, remote sensing images are interpreted and identified based on the data of Lijin 

Station, and the erosion situation of diaokou river coastline after the diversion of the Yellow River is analyzed, 

and the coastline is restored. After the ecological recharge and the siltation process after the Qingshuigou River 

diversion, the research results can provide a scientific theoretical basis for the wetland ecological construction and 

management methods of the Yellow River Delta. 

Geographic Information System (GIS) is a special and important spatial information system. It is with 

computer hardware and software system support, for the whole or part of the earth surface (including the 

atmosphere) space about the geographic distribution of data acquisition, storage, management, operation, 

analysis, display and description of technical system. Therefore, based on the literature presented by Fuqiang 

Wang et al., this paper proposes a spatial and temporal pattern evolution model of constructed wetland with the 

help of GIS technology. 

2 The basic connotation and characteristics of the spatial and temporal pattern evolution model of 

constructed wetlands  

With the development of ecological disciplines and research, direct investigation and observation methods 

can not obtain continuous data on a large space and time scale, nor can they understand problems from the 

mechanism exploration, and their limitations are more and more prominent (Zhang and Zeng 2018). 

Spatiotemporal pattern evolution model can overcome the difficulties of experiment and observation, make full 

use of limited data and synthesize the information on different time and space scales to extract the rule or reveal 

the internal mechanism, improve the understanding of the process of ecological landscape change, and thus 

become a powerful tool for ecological research. 

The spatial and temporal pattern evolution model of constructed wetland is a complex and dynamic spatial 

display simulation model based on ecological process. Spatial and process techniques are usually used to simulate 

heterogeneous and dynamic landscape patterns and their changes under different ecological drivers. As it involves 

a series of ecological driving variables, it can show the changes of wetland system structure and function, so it 

becomes an important means of wetland protection and management. 

3 Theoretical basis of model research 

Wetland is a precious natural resource and an important ecosystem with irreplaceable comprehensive 

functions. To understand and understand the dynamic evolution process and mechanism of wetland, on the one 

hand, it is necessary to conduct in-depth research on the ecological factors and their interaction relations at the 

scale of wetland ecosystem; on the other hand, it is necessary to conduct systematic analysis on the ecological 

driving factors of the evolution of different ecosystem types at the landscape scale. 

3.1 Identification and selection of ecological elements of wetland landscape system 

There are many ecological factors driving the evolution of wetland patterns, including physical, chemical and 

biological aspects. How to simplify the complex ecological process involved in wetland ecosystem changes needs 

to identify the importance of many complex factors and select the most important key driving factors as the 

variables required by the model (Ren et al. 2017). For wetland system, the key ecological elements needed for 

model construction usually include the following aspects. 

(1) Water. Water is one of the most important ecological factors for understanding and understanding the 

dynamic evolution of wetland ecosystems. Hydrological characteristics are the key elements driving the evolution 
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of wetland wetland ecological processes and the basis for the establishment of wetland models. If the hydrological 

process is simplified, it can be shown as a conceptual model as shown in Fig. 1. The homogeneous region of 

wetland ecosystem only considers the vertical change of surface water and ground. But for landscape systems 

including many ecosystem types, topographic and water level changes in the horizontal direction constitute a 

two-dimensional surface water model. The three-dimensional model considers both horizontal and vertical 

changes in water flux. 

Ground 

representation

Ground gradient

Fig. 1 Schematic diagram of wetland hydrological change process 

(2) Type of plant community. Vegetation is an indicator of the wetland ecosystem and is the most visible 

element in the system to distinguish between different ecosystem types. There is a complex relationship between 

wetland vegetation types and water and soil nutrients in the environment. Different wetland vegetation types have great 

differences in the absorption and retention of water and nutrients, which affect plant growth, interspecific competition 

and community succession. Therefore, it is very important to understand and understand the characteristics of different 

wetland plant communities in wetland ecosystems.  

(3) Topography. The evolution of wetland ecosystem is directly related to surface elevation and pattern 

change. In the process of wetland hydrological change, water flow velocity, water quality and water quantity are 

closely related to surface erosion or deposition, and these factors are the main factors affecting the dynamic 

evolution of wetland surface elevation pattern. The change of wetland surface elevation usually includes two kinds 

of factors. The other is physical factors, such as erosion or sedimentation in the water transport process that causes 

the surface elevation to decrease or increase. Surface elevation changes have important effects on water, nutrient 

transport and plant community evolution. Therefore, topographic features and their changes are also important 

factors that cannot be ignored in the study of wetland landscape evolution (Wu et al. 2018). 

(4) Nutrients. Nutrients have a great influence on the growth and vegetation evolution of wetland plants. Soil 

nutrients are another important factor driving wetland ecosystem change. Because the water carries a lot of 

nutrients into the wetland, the soil nutrients in the wetland have a cumulative change. It is also one of the most 

critical research contents to determine the nutrient content of different wetland ecosystem types and its relationship 

with ecosystem evolution.  

3.2 Identification and selection of human influencing factors 

In addition to the internal ecological factors driving wetland evolution, the impact of human social and 

economic activities is also an external factor that cannot be ignored. That is associated with the wetland evolution 

of human activities, there are many factors of influence in order to simplify the model building needs, select a 

direct result of the elements of wetland landscape changes is the key, such as artificial embankment, drainage, land 

use method and the artificial wetland restoration activities are directly affect the artificial wetland important 
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aspects of physical, chemical and biological processes. In fact, human influence elements is by changing the 

wetland ecological process, so the process of building a practical model, although do not need to separate model 

variables into the model of research, but to express through certain ecological elements variation characteristics.   

3.3 Relationship of ecological elements of coastal wetland landscape system 

A comprehensive model of the dynamic evolution of constructed wetland system is very complex, which 

requires in-depth study of the interaction among the physical, chemical and biological elements of the wetland 

system. Fig. 2 reflects the basic conceptual framework of the organic integration process of wetland key ecological 

elements, and the basic characteristics of the dynamic evolution of wetland ecosystem and the interaction between 

wetland chemistry and biology driven by hydrological process. Among them, the deposition process of wetland 

directly affects the change process of topography and landform, and the topography and landform process is the 

most basic and important factor that directly affects the hydrological process, nutrient accumulation process and 

plant community type response process of wetland. Because of this, wetland system is a complex system in a 

highly dynamic evolution process. 

Water

Nutrients

Sediment and 

topography, 

landform

Soil Wetland plant

Agricultural wetland system

Fig. 2 Conceptual model of the interaction relationship between various ecological elements of wetland 

system 

4 Spatial and temporal pattern evolution model of constructed wetland 

With the help of GIS technology, the spatio-temporal pattern evolution model of constructed wetland is 

constructed with a “top-down” process. The process is shown in Fig. 3, and the key steps are described. 

Identification of key ecological elements and 

threshold determination under GIS technology

Time evolution process model construction

Construction of single factor 

ecosystem model

Construction of coupled model of 

wetland system

Determination of conversion 

rules based on GIS

Computer programming and CA 

conversion rules implementation

Time evolution process model

Ecological monitoring and survey data

Spatial heterogeneity analysis 

of ecological elements

Key ecological driving factor identification

Discrete ecological data spatialization

Ecological factor threshold determination

Fig. 3. Construction flow chart of temporal and spatial pattern evolution model of wetland 
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(1) Identification of key ecological elements and determination of threshold value 

There are many ecological factors that lead to the evolution of wetland ecosystem, including soil, water, 

vegetation, terrain and many other ecological and environmental factors. Identifying and screening key ecological 

drivers is usually based on actual ecological monitoring data. Ecological investigation and monitoring must be 

able to reflect the evolution characteristics of the temporal and spatial pattern of wetlands. According to the 

characteristics of wetland, the sample belt which can reflect the characteristics of terrain gradient is usually set for 

field monitoring. Monitoring elements include soil (moisture, salt, organic matter, nutrient composition, etc.), 

hydrology, vegetation (type, coverage, density, height and biological productivity, etc.) and environmental factors 

such as topographic elevation and climatic conditions (precipitation, evaporation).In addition, we must also 

consider the impact of dams, drainage ditches and so on. On this basis, a small number of key ecological driving 

factors are selected as model variables through geostatistics and analysis methods. Then, it is necessary to 

systematically analyze the data of these variables to determine the ecological thresholds that affect the evolution of 

wetland ecosystem types. The determination of the ecological threshold is based on the comprehensive analysis of 

the monitoring data of ecological factors, and the ecological spatial factors are used as spatial variables to obtain 

the evolution probability as the threshold of ecosystem type transformation. 

(2) Spatialization of discrete data 

Since the research objective is to reveal the spatial-temporal evolution of wetlands, it is necessary to 

spatialize the data of discrete ecological variables. The main method usually adopted is to establish a multivariate 

linear regression model for spatial prediction of key ecological factors such as hydrology, soil moisture, salinity 

and nutrients by using spatial factor variables such as wetland ecology and topographic data. The dependent 

variable in the model is the key ecological control factor determined by the above analysis. The independent 

variable is wetland ecological environment. After the model is established, linear fitting and predictive evaluation 

are needed. Finally, the spatial and temporal distribution of key ecological control factors can be obtained. 

In summary, the research on the spatio-temporal pattern evolution model of constructed wetland under GIS 

technology is realized, which provides scientific and reasonable support for the protection of wetland ecosystem.  
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