
Transportation Development: Agent-Based Modeling and Landscape 
Prediction of Urban Environment 

 
 

Pariwate Varnakovida 

 
Department of Chemistry and Environmental Sciences, Lake Superior State 

Sault Sainte Marie, MI 49783 USA Tel: +1 906-635-2618 
Email pvarnakovida@lssu.edu 

 
 
 
Abstract 

In this research, I develop spatially-explicit model-based simulations of Land Use Land 
Cover Change (LULCC) scenarios within the rubric of sustainability science for Nang 
Rong town, Thailand. The research draws heavily on recent work in geography, 
demography, sociology, and complexity theory. An Agent Based model was built named 
the Settlement model. The presented urban growth model incorporates these data with the 
goal of representing the spatial pattern trend within the study area. Results of the 
simulations are used to examine the spatial distribution and composition of LULCC. The 
Settlement model suggests that if the population doubles in 2021, the settlement may be 
continuing to inhibit development along some corridors along the roads and bridge the 
gap between existing settlements creating low density sprawl on land suitable for rice 
agriculture. These products give us a better understanding of the urban growth and spatial 
modeling at a regional scale and will guide potentially more systematic and effective 
resource management and policy decisions.  

 
Introduction 
 
The interactions between people and the environment are complex and dynamic (Evans 

and Moran 2002; Lambin et al. 2001). One of the most difficult tasks has been to 

understand the complexity of the relationships linking people with change over synoptic 

and diverse areas (Entwisle et al. 1998; Geoghegan et al. 1998; Lambin et al. 2001; 

Robbins 2003). Among the greatest of concerns is the loss of tropical forest and the 

expansion of built-environments throughout less developed regions, posited to have 

significant local, regional, and global effects on climate (Steffen et al. 2004; Vitousek 



1994; Ojima, Galvin, and Turner II 1994), among many other important systems and 

processes. 

 

Though there are many different ecotones in the tropics undergoing transformation, the 

priority for selecting areas for intensive human use varies among settings because 

spatially heterogeneous variables make some locations more desirable or susceptible to 

change than others; certain biophysical and social characteristics encourage or discourage 

intensive human use (Nelson 2002). In this research, using recently developed computer 

modeling procedures and a rich case study, I develop spatially-explicit model-based 

simulations of LULCC scenarios within the rubric of sustainability science for Nang 

Rong, Thailand. The research draws heavily on recent work in geography, demography, 

sociology, and complexity theory. This research uses geosimulation agent-based models 

to (re)create settlement patterns using existing urban structures, transportation, 

accessibility structures, biophysical factors, and social histories, while expanding the 

scope of this type of model application to smaller, more complicated urban settings. A 

series of scenarios exploring sustainability are built based upon empirically observed 

relationships in the following areas: a) history and spatial pattern of village settlement; b) 

road development and changing geographic accessibility; c) population; d) biophysical 

characteristics and e) social entities. Results of the simulations are used to examine the 

spatial distribution and composition of LULCC in the context of sustainability in 

Thailand. It is expected that this project will provide generalizably relevant findings, 

methods, and insights applicable to other similar places where resource-poor biophysical 

environments correspond with socio-economic marginalization.  



 
 
Study area 
 
Nang Rong town (Figure 1c) has an area of 54 km2 and is located within the Nang Rong 

district (Figure 1b) and within the Burirum province (Figure 1b) located in Northeast 

Thailand (Figure 1a). The Northeast region is characterized by a combination of lowland 

flood plains and upland areas of moderate slope (Khon Kaen University-Ford Cropping 

Systems Project 1982). Farming is the primary occupation, and the per capita income is 

the lowest in the country (National Statistic Office 2006).  The Northeast’s climate is a 

wet-dry monsoon in which nearly 80 percent of the total annual rainfall occurs between 

April and November. The timing and amount of precipitation is highly variable, leading 

to water supply shortages during the dry season and posing substantial risks to 

agricultural production (Kaida and Surarerks 1984; Rigg 1991).  

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 1 Study area: Nang Rong town, road network, and hydrology (Carolina 
Population Center). 

 
 
 
Data and model development  

Nang Rong town and its infrastructure were collected via a suite of digital image products 

and field work. A 1994 aerial photo mosaic produced by the University of North Carolina 

a 

b

c 



at Chapel Hill (Carolina Population Center) was as an urban area base map and all 

buildings and roads visible were digitized.  During the summers of 2004 and 2006, the 

authors assembled data on over 150 Thai government cadastral map zones and the 

corresponding property ownership data for each address in the cadastral maps from the 

Nang Rong municipal office. Each zone, defined as a building block, contained parcel 

and building locations. Over 8000 property ownership records were surveyed and 

recorded on hardcopy by the municipal office and entered into a database. Each property 

record included the following data: address number, lot number, material, height, year 

built, grid ID, utility type and building history. The building locations on cadastral maps 

were compared to the digitized building dataset. The addresses and information for each 

property were then used as attributes in an urban spatial database layer. Next, the building 

layer was converted to a 10-meter raster spatial data structure.  

 

To understand the interactions of human behavior and LULCC, examination of the nature 

of feedback between the population and the environment is essential (Rindfuss et al. 

2003). Past land use, current use patterns, the factors that influence or drive trajectories of 

land use change, and how people relate to spatial structure and change were studied. 

Here, the Agent Based Model called the Settlement Model was coded using the 

NETLOGO language and development environment with the GIS extension. This ABM 

takes into account factors including the road network, history of settlement, population 

dynamics, and land use for rice farming. The Settlement model was used to explore the 

basic characteristics and activities of the agents corresponding to level of accessibility.  

 



Settlement calibration model 

The key questions that the Settlement Model address: 

• Is it likely that the settlement will expand outward of the urban center along the 

road network where there is high level of road accessibility to the area where land 

is suitable for rice farming? 

• Is it likely that if the population grows at the examined rate, land suitable for rice 

farming will be depleted?  

The assumptions for the settlement model are:  

• Land use/cover changes are driven by multiple stakeholders interacting through 

endogenous drivers and processes including changes in population, local land 

availability, distance from existing roads, distance from existing houses, and 

housing density. 

• New houses emerge where there are already settlements and a high level of 

accessibility to roads. The potential for any new house to be built is higher closer 

to the existing road network.  

For the Settlement calibration simulation, the simulation begins in 1967 and ends at 1994, 

the period of available of aerial photography. The model settings here were then used to 

calibrate the predicted settlement simulation for 2021. The Nang Rong town border was 

set and water bodies were deleted using clip tool from ArcGIS. The primary raster dataset 

used was the Euclidean Distance product, which measures distances from every pixel 

within the study site to the existing road network in 1967. The Euclidean Distance 

surface for each year was exported into the NETLOGO urban model using the GIS 



extension.  Sample output is shown in Figure 2. In NETLOGO, each pixel in this display 

is called patch. In addition, the initial condition, the digitized 1,114 houses from 1967 

were imported as another layer on top of the distance surface and used as the initial seed 

agents. The rules for this simulation dictated that new houses emerge near seed agents 

and in the direction of the minimum distance surface. One common rule was that new 

houses could not be built on the surface water areas.  

 

 

 

 

 

 

 

 

 

 

Figure 2 Start condition for the Settlement calibration model: these patches were colored 
in white to brown arranged from closest to furthest distance to road. 

 

To start the simulation, the model randomly selected one existing house agent. The 

Euclidean Distance from the existing roads in different directions including at the patches 

ahead and other cardinal directions of the active agent were checked for possible new 



house locations. The new house agent emerged next to the existing house agent in the 

direction of lowest Euclidean Distance or shortest distance from the current roads. Next, 

the program randomly selected a new existing house agent and repeated the process so 

that 8,511 houses were simulated and combined with the existing 1,114 houses to reach 

the actual number of 9,625 houses in 1994.  

 

Neighborhood threshold is the number of empty neighborhood pixels adjacent to active 

house agent. The threshold was tested by exploring the occupation of the neighborhood 

from empty to almost full (1 to 8 neighbor cells) and visual analysis of simulated house 

agent comparing to actual landscape. Parameter sensitivity was tested by repeated model 

runs. A neighborhood threshold of 8 created new developments that only clumped near 

urban centers, and there was no development along the road network, a very unlikely 

scenario. Neighborhood thresholds between 1 and 4 created too many new houses along 

the roads. Neighborhood thresholds of 5 to 7 behaved similarly with spaces close to 

urban cores filled first. A neighborhood threshold of 7 was selected as the closest rule to 

mimic reality and the most effective neighborhood structure to allow the development to 

expand based upon the locations of both existing houses and random locations along the 

road network. If 7 neighborhood pixels were occupied, a new house emerges at a new 

location where there was no existing house and the Euclidean Distance to the roads was 

minimized. 

 

 

 



 

 

 

 

 

 

 

 

 

Figure 3 Start condition for the predicted settlement simulations of 2021, these patches 
were colored in white to brown arranged from closest to furthest distance to road. 

 

Model evaluation and raster analysis 

One hundred realizations were produced for each of simulations: 1) predicted settlement 

in 1994 and 2) predicted settlement in 2021. The result from each run was exported to 

ASCII. Each ASCII file from each model was converted to GRID format using ArcGIS 

as an integer data type.  Each raster land use class including building, rice agriculture, 

water resource, and cash-crop agriculture was extracted based on a logical query using 

Extract by Attributes in Spatial Analyst Tools.  After extraction, each land use class was 

intersected with Nang Rong boundary using the Mosaic tool. NODATA values within the 

extracted land use data set were replaced by the value 0. The Mosaic to New Raster tool 

in Data Management Tools was used to mosaic multiple raster datasets into a new raster 



dataset. The result yielded a data type of signed 16 bits automatically due to replacement 

of the -9999 value outside the boundary with 0.  Next, due to the limited capability of the 

Weighted Sum in Spatial Analyst Tools, 10 mosaic land use rasters were overlaid at a 

time and summed.  Finally, all 100 raster layers for each land use class for each ABM 

model were combined together to yield a pixel-wise membership probability layer of 

each land use for each scenario. The corresponding total number of pixels per each land 

use for each scenario was calculated. Total number of pixels overlapping with each 

suitability category for agriculture was compared and summarized using the Thematic 

Raster Summary by Polygon Tool within Hawths Tools (Beyer 2004).  

 

Agent-Based modeling and simulations 

The study area comprise of 908 columns and 845 rows (767,260 pixels). The Settlement 

model is designed to characterize development given certain constraints, non-linearities, 

feedbacks, and human-environment interaction rules. As the model incorporates more of 

these factors and of greater variance, most modeling environments strain under the 

“complications.”  Where cellular models are focused on landscapes and transitions, this 

Agent-Based Model focuses on human actions. Furthermore, this ABM, like most, is 

dependent upon the initial conditions, and the simulated activities reflect an elementary 

unit of Agent-Based systems in which behavioral responses occur autonomously based 

on location rules.  Here, properties and behavioral rules were assigned to each land use 

class agent set and used as basic building blocks. The characteristics of agents within the 

system change over time due to interactions among agents or their adaptation to dynamic 

environment.  



Results from the Settlement model 

Settlement calibration model 

The results from the Settlement model yielded 100 predicted landscapes for 1994.  The 

initial condition was based on the 1,114 pixels each representing a house in 1967. Each 

pixel is 10 * 10 km2. After combining 100 simulations and extracting simulated house 

agents, the final result (Figure 4) is a probability map of household settlement with 

probabilities at any specific location or pixel. Table 1 shows an area of 0.24 km2 close to 

the town center and within 300 meters from the major highway was settled 61 to 90 

times. The majority 60 percent of pixels (34,918 out of 57,904 pixels) were settled at the 

same location 1 to 10 times occupying an area of 3.5 km2 further away from the major 

highway, within approximately 600 meters. Figure 4 shows that the high probability of 

predicted settlement in 1994 was likely to occur where the urban core and the majority of 

the road network were located. Areas of lower probability of settlement extended 

outward of the urban center along the road network. The model captured 3 major 

developments highlighted in blue circles. These predicted settlements emerged close to 

villages settled previous to 1967 and along the existing road network. However, this 

model does not include newly developed roads. Circles 1 and 2 captured the two distinct 

cores of Nang Rong town, which remained separated by agricultural land and rice 

paddies. This area in the middle of these cores is lowland and is seasonally flooded. 

Circle 3 captured a small area of development at another village center. In addition, this 

model identifies a total area of 44 km2 where there was no settlement at all. This area has 

a probability of 0 for repeated settlement.  The majority of this area is dominated by 

agriculture and is partially in flood plains.  



Table 1 Probability of house agent settled at repeated location 

Percent Pixels Km2 

0 439503 43.9503 

1-10 34918 3.4918 

11-20 8861 0.8861 

21-30 4716 0.4716 

31-40 3021 0.3021 

41-50 2290 0.2290 

51-60 1687 0.1687 

61-70 1298 0.1298 

71-80 852 0.0852 

81-90 258 0.0258 

91-100 1117 0.1117 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 Result map from the Settlement model 
 

 

  21

3



By comparison with the 1994 numbers (Figure 5) and using the thematic raster summary 

function in Hawths tools in ArcGIS, a 63 percent match between the predicted urban area 

pixels and actual 1994 urbanized area pixels was found. Digitized building locations 

(6,023 out of 9,625) were co-located with the probability map produced by the Settlement 

model (Table 2). Twenty two percent of matched household pixels were at probability of 

50 to 100. The majority of buildings matched were inside the urban core and along the 

road network. Circles 1 and 2 show the majority of co-location between the actual and 

predicted settlements. Thirty seven percent or 3,602 household pixels mismatched were 

diffusively scattered along the road network outward of the urban center. The Settlement 

model does not capture diffusion of very low density housing. The result seems to 

suggest that the orientation and geographic extent of town’s functional territory may 

depend on existing urban centers, transportation, and accessibility. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Comparing between predicted urban area and digitized building 1994 
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Table 2 Probability of house agent settled at repeated location compared to digitized 
buildings in 1994 

 
Percent Buildings 1994 (pixels) 

0 4491 

1-10 1470 

11-20 821 

21-30 618 

31-40 544 

41-50 477 

51-60 349 

61-70 340 

71-80 220 

81-90 68 

91-100 1116 
 

5.2.1.2 Predicted settlement in 2021 

For the predicted Settlement model, the simulation begins in 1994 and ends in 2021.  The 

initial condition started in 1994 which represents houses as 9,625 pixels. This model 

assumed that the household number will roughly double or increase another 8511 pixels 

in the same number of years (27 years). The model predicted the probability of 31 to 63 

repeated settlement pixels or an area of 0.21 km2 (Table 3) close to the urban core and 

road network. Figure 6 shows that the high probability of predicted settlement in 2021 

will occur where the urban core and majority of road network were located. The 

simulated houses are mostly clustered and surrounded by agricultural spaces, recalling a 

traditional nuclear pattern. Circle 1 shows an expanding area of settlement in an east-west 

direction along the major highway. Circle 2 shows the predicted settlement expanding 



north-south direction also due to the road network. The settlement did not expand along 

the major highway and bridge the gap between the two urban cores primarily due to 

presence of lowland and flood plains between the cores. Circle 3 shows that the 

settlement may be continuing to develop along some corridors along the roads expanding 

outward from the urban center and bridge the gap between 2 clusters. These corridors 

have percentages of 1 to 10. These low probability areas might be regarded as transitional 

areas where new development is likely to take place.  

 

Figure 6 Predicted settlement in 2021 
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Table 3 Probability of house agent occupation in 2021  

Percent Pixels sq.km. 

0 340723 34.0723 

1-10 128488 12.8488 

11-20 16560 1.656 

21-30 4053 0.4053 

31-40 1318 0.1318 

41-50 706 0.0706 

51-60 150 0.0150 

61-70 1 0.0001 
100 (starting 

locations) 9625 0.9625 

 

Conclusions 
 
The ability to link the process of land use change to biophysical processes and feedbacks 

and to model decision-making process is important in land use studies. The models in this 

research emphasize spatial patterns and location of change rather than predicting the rate 

of change. The models offer the possibility to test the sensitivity of land use patterns to 

different strategies of resource allocation and land management scenarios. In general, 

urban models focus on land or infrastructure units such as land parcels, land use, and land 

cover (Torrens and Benenson 2005). This research provides an interesting case of 

modeling at household level. The models focus on human actions and agent behaviors. 

 

The hypothesized drivers of landscape change in Nang Rong are organic urban expansion 

and accessibility.  Organic growth describes the spreading outward of settlements from 



existing urban centers and essentially represents the tendency of cities to expand.  The 

second driver of landscape change in the study region is transportation and accessibility 

influenced growth. Access-based development encourages anthropomorphized cells to 

manifest along the transportation network and in close proximity to the central city and 

other nodal communities. The development of rules defining the network effect focuses 

on the social surveys, fieldwork validation of travel surfaces, and image interpretation. 

For this research, all both types of growth rules were used and applied in the Settlement 

Model. In addition, properties and behavioral rules were assigned to each type of land use 

agent set and used as basic building block. These parameterizations of behavior and 

system rules were derived from the data collections and literature reviews.  

 

The first hypothesis explored the notion that primary drivers of landscape change in Nang 

Rong town are endogenous physical characteristics such as road accessibility, previous 

settlement patterns and organic urban expansion. These factors modify the nature and rate 

of urban change expressed as expansion, retraction, or morphology in Nang Rong town. 

Current development takes place haphazardly and often sprawls over the best quality 

agriculture lands and/or lands not suitable for housing.  LULC conversion process is a 

land cost that affects the stability between social and ecological systems. Over the past 

half-century, human settlement and agricultural activities have encouraged deforestation 

in Nang Rong (Entwisle et al. 2008). Frontier settlers moved into the region and 

converted available land to agriculture for minimal cost. With rapid population growth 

during recent decades, the built-environment in Nang Rong town rapidly increased 

(NRMO 2003; NRMO 2006). These developments have affected on land availability and 



reduced the available quantity of good quality agricultural land. Housing expansion with 

concomitant declining population densities reduced overall resource use efficiency per 

capita (Entwisle et al. 2005). The increasing numbers of independent households also has 

implications for LULC conversion to cash-crop farming. With limited land availability, 

land prices and ultimately value of agricultural land rents must rise (Brueckner 2000). 

These increasing rents promoted the conversion of land from agriculture to urban uses. In 

addition, the improvement of general accessibility created increasing urban land rents. 

Consequently, these costs of land uses influenced landowners in the decision making 

process.  

 

These urban and road expansions are more likely to create problems associated with 

exhaustion of area suitable for agriculture especially for rice.  Land suitability for rice 

farming was analyzed and the Settlement model was created to test this first hypothesis. 

From aerial images, the number of buildings increased almost 9 times between 1967 and 

1994. The majority of this expansion, or approximately a rate 7 times that of other 

suitability classes, occurred on lands suitable for rice farming. Many small-scale farmers 

sold their respective lands to investors, which were subsequently converted into urban 

land covers. Much of the urban expansion in land suitable for rice farming has occurred 

along lands adjacent to roads. This urban expansion is likely to be unsustainable as it 

replaces areas suitable for rice agriculture with low density residential sprawl.  

 

Access-based development encourages anthropomorphized cells to manifest along the 

transportation network and in close proximity to the central city, Nang Rong town, and 



just as likely other nodal communities. The Settlement model which takes into account 

road accessibility and previous settlement patterns, predicted the probability of repeated 

settlement.  Distances to road network were used to investigate deeper underlying driving 

forces such as price of urban land use. In comparison with the digitized aerial imagery, 

the Settlement model captured 63 percent of the total urban area in 1994. The majority of 

buildings matched were inside the urban core and along the road network. This model 

and parameter set were used to predict settlement in 2021, based on the assumption of a 

constant expansion rate. The results show that the settlement will continue to expand 

along some corridors and begin to bridge the gaps between villages. The model appears 

to capture transitional areas where new development is likely to take place. The results 

suggest that if the simulated settlement pattern, assuming a high level of accessibility, 

and close to previous settlement, continues, there is a high probability that development 

will sprawl onto lands suitable for agriculture, especially for rice. The highest to 

moderate quality rice cultivatable land under this scenario will likely be reduced by 12.7 

km2 or 24 percent of the total area. If these scenarios are repeated in every town across 

the region, shortages in land and natural resources may arise causing regional instability. 

 

To conclude, the models developed for this research could easily be applied to any rural 

setting in Thailand. Urbanization in developing countries is occurring, at least by rates, 

most quickly in the smaller urban centers. Nang Rong has a long history of settlement, 

abandonment and resettlement. While it is difficult to foresee a scenario whereby the 

town is abandoned again, it certainly is possible and a worthwhile research question. 

More likely Nang Rong will continue to aggressively expand both spatially and by 



population density creating a larger impact footprint throughout the region. The models 

developed here give us a better understanding of the pattern and process of urban 

expansion, and will guide more systematic and effective resource management and 

preservation plans.  Regardless, future fieldwork including built regions validation, 

ground-truthing, interviews with villagers, and archival research are still required for a 

more systematic and complete project. More population characteristics such as number of 

people per household, income, and education should also be taken into account in future 

works to improve the accuracy of simulation. Though ABM models are not perfect, 

hopefully a sustainable development can be achieved through experimentation with these 

models as tools aiding decision-making process. 
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