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Abstract—The simulation of wetland landscape spatial-

temporal d istribution not only can reveal the 

mechanis ms and laws of landscape evolution, but 

achieve the sustainable land use as well as provide 

supports for wetland conservation and management. In 

this report, the in land freshwater wetlands in the 

Sanjiang Plain of China were selected for wetland 

landscape changing process simulation studies. Results 

showed that both visual effects of simulation and 

prediction were good and the total accuracy co-

efficiency of points to points was also significantly high 

(above 82%), which demonstrated the feasibility and 

effectiveness of wetland landscape spatial-temporal 

distribution simulat ion using Multi-Agent System 

(MAS). Scales exerted influence on visual effects, 

simulation accuracies and statistics of landscape index. 

Scale effects were obvious during simulation process 

using MAS. It was demonstrated that 60m was the best 

scale for simulat ion. It was shown that contagion index 

lines were exponential distribution while accuracy lines 

were lognormal d istribution with the scale rising, which 

provided a reference for scale effect assessment and 

simulation scale selection. 

 

Index Terms— Mult i-Agent System, Mult i-Scale, 

Wetlands, Spatial-Temporal Distribution, Simulation 

 

I. Introduction 

Transformat ion of the Earth surface receives much 

attention by geophysicists worldwide, as a process itself; 

land cover change has huge impacts on ecosystems, 

biodiversity, and the global climate [1]. Wetlands are 

integral parts of the global ecosystem as they can 

prevent or reduce the severity of floods, feed ground 

water, and provide unique habitats for flora and fauna 

[2]. However, under dual pressures of natural factors 

(such as climate change) and the growing intensity of 

human activit ies/disturbance, wetland area shrinks 

drastically in recent decades, ecological functions 

degrade obviously, which lead to a series of ecological 

and environmental problems[3]. Close attention should 

be paid to the accelerating reduction, loss or change of 

wetland coverage before it gets even worse.  

Landscape digital reconstruction and spatial-temporal 

distribution simulation based on multi-period regional 

land coverage can help to understand the mechanisms 

and laws of landscape succession, to recognize the 

relationship between human act ivities and landscape 

changes, then predict the future trend of the landscape, 

and ultimately  provide strategies to decision-maker for 

wetland conservation and management. As a tool for 

analyzing complex natural systems, mult i-agent model 

is especially suitable for s imulat ion of various policies 

and impact on specific environment  of indiv idual 

decision. Conclusion resulted from such simulation 

studies can provide decision support for management 

and development of natural resources and sustainable 

utilizat ion [4]. Currently, the multi-agent technology 

has been widely used in simulat ion of urban, 

agricultural land use change, and natural resource 

management [5-11]. The suitability for wetland 

landscape change simulation should be tested as well. 

The inland freshwater wetlands in the Sanjiang Plain, 

Northeast of China was selected for this simulation 

study, in order to verify  the feasibility and effectiveness 

of wet land landscape spatial-temporal evolution 

simulation using MAS and provide a new technical idea 

and method for wet land landscape change simulation 

and protection, experiment of wetland landscape 

shrinking process simulat ion was carried out based on 

multi-temporal land use and other ancillary geographic 

data.  

In addition, the scale problems are widespread in 

nature. Many phenomena and processes involve multi-

scale features or scale effects. At the same time, 

observations (measurements) of the phenomenon or 
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process are also on different scales (resolutions), the 

scales are often unavoidable especially in the field of 

geosciences. Scales in the field of geosciences have 

many connotations. From the remote sensing point of 

view, scale is the measurement of space scope, interval 

time and spectral width [12]. In surveying and 

cartography, the scale is usually being described as the 

ratio of distance in  map and the actual distance 

expressed. Nonetheless, from ecology point of view, 

scale refers to the ecosystem size or dynamic time 

interval, which is always expressed as size and 

magnitude [13, 14]. In this research, we define the scale 

as the smallest area unit and time interval of various 

data sources in the course of spatial-temporal evolution 

simulation. In this report, MAS technology is 

introduced into the simulat ion of wetland landscape 

changes process through the resolution changes to 

achieve mult i-scale data acquisit ion. The scale effects 

of simulation are observed, with which a reference for 

scale choice will be concluded. 

This paper is organized as follows: In Sections 2, the 

detail situation of study area will be introduced. Data 

and methods will be presented in Section 3. Process of 

simulation model construction will be introduced in 

Section 4 and a d iscussion on the simulation results will 

be carried out in Section 5. At last, Section 6 will 

discuss about the conclusion. 

 

II. Study Area 

The Sanjiang Plain, locates in the Northeastern 

region of China, is one of the largest freshwater wetland 

in the country (Figure 1). Since the end of the 1950s, 

large-scale development in the Sanjiang Plain marsh 

land has occurred [15]. By 2003, about 80% of natural 

wetlands had been converted to farm land for 

agriculture and progressive loss of wetland is 

continuing [16]. With a local population of 7.8 million 

in this region, of which 53.4% is engaged in farming, 

the Sanjiang Plain has  become an important grain and 

bean production region for China [17]. The reg ional 

climate is mild humid to subhumid continental monsoon 

feature. The average temperatures range from -18°C in 

January to 21–22°C in July with a frost-free period of 

120–140 days. Annual precipitation is somewhere 

around 500–650 mm with 80% occurring from May to 

September. Most of the rivers at the area have riparian 

wetlands supporting meadow and marsh vegetation. 

Sedge (Carex spp.) is the dominant p lants with 

Phragmites spp. scattered across some part of the 

landscape [3].  

The study area is limited with in 47°21′42″ –  

48°15′9″North Alt itude and 133°25′52″ – 134°33′37″ 

East Longitude in the Northeast of Sanjiang Plain at 

(Figure 1). Several factors have been taken into 

consideration when this region is chosen to start our 

experimental: Firstly, the Sanjiang Plain is one of the 

largest marsh distribution region; Secondly, it is a 

typical representation in the global temperate wetland 

ecosystems; Thirdly, due to the relative co ld weather, 

deep surface waters, large marsh patches, and sparse 

population, reclamation of marsh lands in this region is 

relatively late; and Fourthly, experimental area contains 

two national nature reserves and three major river 

systems: Honghe Reserve and Sanjiang Reserve 

respectively and Yalv River, Nongjiang River and 

Bielahong River, which keep the study area a relatively 

natural original scenery in Sanjiang Plain. In addition, 

during the process of development and utilization in 

recent decades, the conflict between people and land is 

obvious a constant game of war. Wetland degradation 

process under the disturbance by human activit ies is 

representative, which makes it suitable for carry ing out 

simulation of wet land landscape spatial-temporal 

evolution. 

 

 

Fig. 1 Location of the study area in Sanjiang Plain, China 
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III. Data and Methods 

A. Data 

To complete the simulation using MAS, land use data 

were co llected during three year period (1995, 2000, 

2006).The 1995 and 2000 data sets are used in decision 

ruling on transformat ion, while 2006 data set is used to 

verify predicted results. Each land use data set contains 

5 types of covers such as water, farmlands, resident area, 

forest and wetlands. The data of soil, topography, 

terrain, location and other thematic parameters are 

sorted to formulate the t ransformat ion probability under 

the influence of many geographical conditions. The soil 

data represent 22 different types; topography data 

contains 14 types of landforms; River d istance is a grid 

file that reflects the distance to rivers and road distance 

reflects the distance to road. The units of river distance, 

road distance and DEM (Digital Elevation Model) data 

are meters, and the slope is degree. In addit ion, the 

existing data collections previously includes planning, 

feasibility reports, scientific research reports, maps and 

documentation of Honghe National Natural Reserve and 

Sanjiang Nat ional Natural Reserve, meteorology, 

hydrology, groundwater observations and other 

statistical records are available fo r reference in  our 

research. The detail of each dataset is listed in table 1. 

All of the data were co-registered and formatted as 

GRID format under ArcGIS 9.3. 

 

Table 1 List of data description 

Name Content Resolution Time Source  Size  

Soil Spatial distribution of soil types 30m-180m 1985 Digitizing 8.41MB 

Landform Spatial distribution of geomorphologic types 30m-180m 1985 Digitizing 8.41MB 

River distance Distance to rivers 30m-180m 1998 Euclidean distance calculation 33.66MB 

Road distance Distance to roads 30m-180m 1998 Euclidean distance calculation 33.66MB 

DEM Digital Elevation Model 30m-180m 1986 Digitizing 33.66MB 

Slope Spatial distribution of slope 30m-180m 1986 Calculated from DEM 33.66MB 

Land use Spatial distribution of land cover types 30m-180m 1995 TM image classification 16.82MB 

Land use Spatial distribution of land cover types 30m-180m 2000 TM image classification 16.82MB 

Land use Spatial distribution of land cover types 30m-180m 2006 TM image classification 16.82MB 

 

B. Methods 

The construction of environmental factors layer, the 

definit ion of roles and conduct rules, the definition of 

agent interaction logic were used to complete the 

simulation models establishment, and Microsoft Visual 

Studio 2008 software was used to finish simulation 

programming. Finally, the accuracy and scale effects 

evaluation of simulation results was completed through 

visual identification, points to points comparison, 

landscape index statistic and sensitivity analysis 

methods. 

Visual identification is a direct observation of 

differences between simulat ion and actual results in 

landscape spatial distribution. Po ints to points 

comparison method overlaps actual land use and cover 

type map of experimental simulation in year 2000 and 

2006. Contagion (CONTAG) index is applied on 

landscape level to measure whether the landscape is 

gathered distribution. It approaches zero (0) when the 

patch types are maximally  disaggregated and 

interspersed, while it  reaches 100 when all patch types 

are maximally aggregated. Sensitiv ity analysis is a 

method of evaluating sensitivity degree of model (or 

system) state or output for parameters or changes in 

surrounding conditions. It can be used for qualitative or 

quantitative evaluation of model parameter error’s 

impact on model results and can be used to analyze the 

database error’s impact on the GIS analysis results. This 

is generally accepted as a useful tool for the evaluation 

of model uncertainty[18-20]. We added some random 

error to orig inal space variable and analyzed the error’s 

impact on simulat ion results to achieve the sensitivity 

analysis of simulation results for data quality. To 

explore the relationship between stability and scale, 

further observation was made on scale’s impact on the 

simulation process and results. Algorithm of generating 

random error was made with the model proposed by 

Fisher[19]. 

 

IV. Model Construction 

A. Analysis of change driving force 

The statistic results of land cover change cells 

between the years of 1995 and 2006 (Figure 2) show 

that total area of changing from wetland to other cover 

types is 2402.68 km
2
. Among which from wet lands to 

farmlands is 2215.75 km
2
, the farmlands count about 

92.22% of total altered reg ion, the cult ivation is the 

main factor that results in the wetland shrink. These 

results conform to the conclusion made by previous 
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reports [21, 16, 22]. The simulation then is focused on 

the process of changing from wetlands to farmlands. On 

the other hand, natural reserves within the investigated 

area also play a key role in preventing wetland shrink 

through protective and restoring activities. This concept 

is considered as a knowledge ru le that constraints the 

wetland cover changes. 

 
 

B. Construction of environmental factors layer  

Environmental factor layer in the model is the natural 

and social environment of MAS, is the data base for 

wetlands spatial-temporal evolution simulat ion, and a 

key element of the model[23,24]. In this model, 

environmental factor layer is defined as an integral 

body including the status of initial land cover, elevation, 

slope, soil, topography, distance to road, distance to 

river and other environmental factors. 

C. Definition of roles and conduct rules  

A key issue of multi-agent model construction is how 

to abstract and descript agents properly[25]. Analysis of 

experimental area land cover reveals the driving force 

of regional landscape changes that are caused by human 

activities. Therefore, the simulat ion of wetland 

landscape spatial-temporal evolution using MAS is to 

link up human act ivities and agents based on multi-

agent characteristics. Based on the actual situation of 

experimental area, three main types of agents are 

defined as: government, protectors, and farmers. 

1) Government agent 

Government’s own wish is through the planning acts 

to achieve, while residents are through the coordination 

with government to affect the probability of land cover 

conversion[26]. When farmers apply fo r the 

government agent to change land cover status, 

government will consider the current land cover status 

and future plans to give different probabilities. 

The behaviors of the government agent at the area 

include the government’s macro-management, action 

planning, and decision-making in response to farmer 

agent’s application[27]. Due to the simulation time 

period, government’s macro management and overall 

planning are often not transparent. Consequently, the 

behavior of decision-making dictated the outcome. 

When farmers apply to convert wetlands for agricultural 

purpose, government agent will give decisions based on 

current land cover status and future planning of 

utilizat ion. In pract ice, the local government always 

encourages agricultural production to ensure continued 

economical development. This action directly affects 

the protection of the wetlands and debases the refuse 

criterion. And illegal development activities still exist, 

which also plays down the importance of the 

government agent indirectly. 

2) Protector agent 

Government’s refuse criterion debasing also 

contributes to the wetland protector being a prominent 

player. Protectors who are the staff of national nature 

reserves in this research prevent farmers from 

agricultural developing. Protector agent becomes the 

main driving force of slowing down wetland landscape 

degradation with the support from government agent. 

The protective efforts of the protector agent are directly 

reflected on wetland area changes in specific period of 

time. It is indicative of a poor effect of protection and a 

small effect of hindering its degradation on wetland 

protection if the wetland area reduces enormously and 

quickly. Thus, an equation assessing the protective 

effect can be expressed as: 
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In which, omitP  is the probability that omit hindering 

agricultural development, 1t
marshA  is the wetland area at 

time t1, 2t
marshA  is the wetland area at t ime t2, marshA  is 

the reserve total area. 

Formula 1 will be used to assess the protect effect on 

Honghe and Sanjiang National Nature Reserves 

separately. When land cover changes within those 

reserves, the omit p robability will be calculated using 

this equation. The omit probability will be one hundred 

percent if the position is out the reserves.  In such case, 

it can be expressed as: 
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3) Farmer agent  

The behaviors of farmer agent can be classified  into 

two categories: development and un-development. This 

behavior will cause two types of possible results: one is 

negative behavior that can reduce the wetland area; and 

the other is positive activity that doesn’t change the land 

cover. As a reality, farmers  perform such activities 

under the approval of government. In this model, one 

part of the farmers’ behaviors carry out directly (illegal 

development), while the other part apply for 

government agent selectively. The whole behaviors  are 

also affected by protector agent. It must get the 

approval of government and avoid the h indering effect 

from protector agent. As a result, the land cover status 

can be changed eventually.  
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Fig.2. Statistics of changing from wetlands to other cover types 
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When the model starts running, the farmers’ 

probability of development will be calcu lated by the 

formula below: 

),,,

,,,(),(

7654
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In which, ),( jiPdevelop  is the change probability for 

position (i, j); elevaE , slopE , soilE , lanfE , rivdE , roadE , 

disbR  are the environment factors of elevation, slope, 

soil, landform, distance to river, distance to road and 

random d isturbance; 1w ,…, 7w  is the influence weight 

for each factor. 

The relation between change probability and every 

factor, weight is calcu lated through data mining method. 

The random disturbance[28] is expressed as:  

 )ln(1 disbR                                              (4) 

In which, θ is the random number between 0 and 1; α 

is the parameter that control the size of random 

disturbance; weight for it is set as 1. 

 

D. Definition of interaction logic  

Although an agent has certain functions, however, in 

reality, relying on a single agent can not always 

describe and resolve complex large-scale p roblems. 

Therefore, an application system often includes multip le 

agents. Each  agent is not isolated but an interactive part 

of the group. Those agents can follow some kind of 

specific agreement and possess multi-linguistic 

communicat ion skill to complete a specific task. 

According to the actual situation of experimental area, 

logical interaction rules among government agent, 

protector agent and farmer agent are designed as shown 

in Figure 3. 

 

Fig.3 Interaction logistics of multi-agents 

During the simulat ion, land cover status of certain 

position is determined by government agent, farmer 

agent and protector agent jointly. First, farmer agent 

determines whether reclaim wetlands under various 

environmental condit ions. If the farmers wish to do so, 

a small part of them will illegally reclaim wetlands 

directly. Furthermore, if they go around obstacles from 

protectors, the land cover status will be changed. On the 

contrary, if they are hampered successfully by 

protectors, then the land cover remains unchanged. The 

rest majority of them will apply to the government 

agent to reclaim wetlands. Two total different 

consequences will result depending on whether the 

government approval to their petition: if the government 

approved and they avoided obstacles from protectors, 

the land cover status would be changed; if not, the land 

cover status will be unaffected and unchanged. 

 

V. Results and Discussion 

A. Simulation results 

Simulation results (Figure 4) were obtained through a 

programming under Microsoft Visual Studio 2008 

software based on simulat ion model. The simulation 

results showed that in general each scale in the year 

2000 was better than 2006 since decision rules of MAS 

simulation can only be obtained based on land cover 

data in two periods. This study was based on 1995 and 

2000 data. The decision rules for 2000 to 2006 might 

not consistent with actual changes and at least was not 

better than simulation results of 1995 to 2000. 

Overall, v isual effects of simulation and prediction 

were all satisfactory due to the application of the 

technique and method characteristics of multi-agent 

simulation.  First, in specific system and under certain 

circumstances, the behaviors of system elements are not 

defined, and the element behaviors depend on not only 

themselves and their local small environment, but the 

overall environment of the system. This is often 

manifested some tendentiousness. MAS has the 

capacity of simulating complex human behavior and 

decision-making and of simulat ing different patterns of 

behavior and decision-making’s effects on land use 

dynamics. This characteristic can show that land use 

activities are choice of human conscious act, which can 

express the humanity and uncertainty. On the other 

hand, multi-agent has the mobile characteristic. In order 

to complete a task, it  can move from one node to 

another node directly overcoming the fixity of Cellular 

Automata. This fixity can cause original plaque that 

should be quickly converted to other types may be 

slowed down because the plaque area is large while 

smaller p laque can be sped up to take change. This can 

be resulted in a non-consistent condition with reality. 

The MAS method overcomes this drawback and 

improves the simulation results. 
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B. Accuracy assessment 

For quantitative evaluation of simulat ion accuracy, 

we overlapped the simulation result map and the actual 

land use map of year 2000, 2006 together to gain the 

simulation accuracy of points to points (Figure 5). The 

simulation total accuracy of the year 2000 was shown 

all above 82% and 2006’s were above 85%, thus the 

effectiveness of MAS was validated effectively. 78
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Fig.5 The accuracy of simulation result 

 

 

But the points to points accuracy of the year 2006 

was higher than the year 2000 except 30m scale, which 

was contradict with previous prediction. So the specific 

reasons for this discrepancy need to be further 

investigated. Further calculation of the accuracy based 

on correct cellular number of each land cover type and 

corresponding total number, we obtained the accuracy 

values of main land cover types in the years 2000 and 

2006 (Figure 6). 

Accuracy of land cover types statistical results show 

that types of wetlands are lower than farmlands in 2000, 

but they present the same law of d istribution, that is 

simulation accuracy decreases continuously with scale 
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increasing (resolution lowering). In  2006, accuracy of 

wetlands is also lower than farmlands, but they present 

a different law of d istribution in  2000, that is simulation 

accuracy present up and down irregularly with scale 

increasing. Overall, the distribution law for 2000 and 

2006 are all the same as total accuracy of points to 

points, and the overall accuracy of simulation are 

mainly  affected by the farmlands. The main reason for 

this phenomenon is that the area or cellu lar numbers of 

farmland landscape are much larger compared with 

wetlands and other landscapes. Preliminarily, we 

conclude that points to points method only reflects each 

cellu lar scale consistency while ignores the consistency 

of overall layout. So this method can not serve as a 

comprehensive assessment of the simulat ion results 

alone, combining the visual judgments and other 

methods might provide more reasonable results.  

This research calculated the contagion landscape 

index for actual situation and simulation results in the 

years 2000 and 2006, as shown in Figure 7. The results 

showed that indices of actual situation and simulation 

were decreased continuously with scale increasing. For 

an objective evaluation of simulat ion results, using z-

test statistics to calculate the differences between actual 

situation and simulation in the years 2000 and 2006 

respectively, z value was calculated as follows[29]: 

  2
2
21

2
121 // nsnsz                              (5) 

In which, 1n , 2n are number of scales; 1 , 2  are 

mean value of indices; 1s , 2s  are standard deviation for 

two team of indices. 

Through calculation, the z test value for actual 

situation and simulation in 2000 is 0.25 and 2006’s is 

1.7113 that is higher than 2000’s, which  is conform to 

the prediction that simulation results in 2000 are better 

than that in 2006. 
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Fig.7 Statistics of contagion index 

 

C.  Analysis of scale effects 

To observe the scale effects of results, simulation 

accuracy and the landscape index of different scales 

curves were fitted (Figure 8 and Figure 9). We found 

that contagion landscape index spread exponentially 

with the scale increases, while simulat ion accuracy 

spread as logarithmic distribution. 

Simulation accuracy showed as a regular decline was 

useful for simulat ion scale selection. Contagion 

landscape index showed as a regular decline because 

grid cell can change the patch boundary complexity and 

shape, reduce the complexity of land use pattern, engulf 

a number of s maller patches units with scale increasing. 

And line shape of simulation accuracy was main ly 

caused by two sides of reason: one was the scale 

smaller the more suitable for simulat ion process, the 

other was that the accuracy calculation method was 

sensitive to scale changes, and through the analysis of 

data that were used to calculate accuracy, the former 

was determined as the main reason. 

D. Analysis of simulation stability 

As the spatial data of simulation is an abstraction of 

objective world, which is only an approximat ion and 

generalization of the real world, so uncertainty and error 

of data can not be avoided. For this reason, the ability of 

resistance to data error became an important aspect for 

simulation result evaluation. This experiment defined 

the resistance to negative effect of data error on 

simulation results as "stability". This model was tested 

twice: once using the original land use data from remote 

sensing image classification as init ial input; and once 

adding 20% random error disturbance to init ial input. In 

this way it allowed changing wetlands cell to farmlands 

or farmlands to wetlands randomly. The results were 

shown in Figure 10 and Figure 11. 

y = -3.1336Ln(x) + 88.031

R2 = 0.9723

82

83

84

85

86

87

88

89

1 2 3 4 5 6

Scale(m)

A
cc

u
ra

cy
(%

)

 
Fig.8 Relation between scale and accuracy 

 

 
Fig.9 Relation between scale and landscape index 
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Fig.10 Total accuracy before and after disturbing 

 

Total accuracy evaluation results (Figure 10) showed 

that the characteristics of error propagation in the 

course of MAS simulation. There were still error exists 

in the absence of disturbance under each scale.   When a 

20% error disturbance was added to the initial land use 

map, the error of simulation results increased due to 

error propagation. However, it was lower than expected 

20%. Taking the 30m for example, a 20% error added 

to the initial land use map increased only 11%  

simulation error. But it should be noted that the increase 

of MAS results in 30m scale was larger than that of the 

other scales, meaning this scale was less stable. While 

60m scale accuracy of the simulat ion was higher than 

that of the other scales indicating that this scale had the 

best "stability" in the process of simulation. Class 

accuracy evaluation results (Figure 11) showed that 

farmlands were the lowest on 30m scale causing the 

poor stability. And the random error affecting the 

farmlands was less than wetlands. In other words, 

wetlands were the main driving force of error increase. 
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Fig.11 Class accuracy before and after disturbing 

 

The simulat ion results through calculating the 

contagion landscape index before and after adding 

random error d isturbance were shown in  Figure 12. The 

results showed that index of simulation added random 

error disturbance were all s maller than original 

simulation indicat ing that the dispersion of core patch 

type was further increased. Finally, considering 

combin ing simulation accuracy, landscape index and 

"stability", 60m was the optimal scale for MAS 

simulation. Assuming this scale is suitable for practice, 

this scale needs to be validated further at other research 

area. In this report, we have verified the effectiveness 

and accuracy of this scale. 
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Fig.12 Landscape index before and after disturbing 

 

VI. Conclusion 

This research chose the inland freshwater wet lands in 

the Sanjiang Plain, Northeast of China as an ideal 

experimental region. The experiment of wetland 

landscape evolution process simulat ion was carried out 

based on MAS technique. The results demonstrated that 

visual effects of two periods (2000, 2006) were both 

valuable with total accuracy above 82%. The 

experimental data verified the feasibility and 

effectiveness of wetland landscape spatial-temporal 

evolution simulation using MAS, and provides a new 

technical idea and method for wetland landscape change 

and protection management. 

Through mult i-scale analysis of the simulat ion results, 

we concluded that scales had influence on visual effects, 

accuracy assessments and landscape index. For 

simulation of d ifferent scale landscape, the simulation 

process should be carried out respectively. And 

contagion index lines showed as exponential 

distribution but accuracy lines were lognormal with the 

scale rising. This distribution provides a reference for 

scale effect assessment and simulation scale selection. 

The geographic system is large and complex, 

introducing MAS into wetland spatial-temporal 

evolution simulation involves  a number of complex 

factors, many challenges still exist ahead of us to be 

solved.  This research defined only three main types of 

agents, the types should be increased according to other 

actual situation. And each type of agent can still be 

further described in more detail. For example, farmer 

agent can be further subdivided into three categories 

according to a variety of indicators: a strong desire to 

reclaim; a moderate desire to reclaim;  and a weak desire 

to reclaim. 
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