PROBABILISTIC URBAN SIMULATION IN HO CHI MINH CITY, VIETNAM
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ABSTRACT: Remote sensing has been recognized as an indispensable tool for urban and landscape planning. Regional or local census and survey data, such as population, income and transportation, are often collected to estimate the urban growth in time and space domain. Considering insufficient detail investigations at locality may not available for developing and undeveloped countries, this study examines the capability of using remote sensing imagery in urban growth prediction, without using other ancillary data. Additionally, to incorporate uncertainties in urban modeling, different from deterministic approaches, this study developed a probabilistic urban simulation, which integrates a statistical model and cellular automata, to predict urban growth for Ho Chi Minh City (HCMC), Vietnam. After quantifying fractions of urban land in HCMC from Landsat imagery for 1990, 2002, and 2010, the model was calibrated by observed urban growth between 1990 and 2002, and validated by 2010. The model was then applied to project the urban growth up to 2030. The simulation represented heterogeneous urban growth in time and space and predicted 10%-15% increase of urban area of HCMC from 2010-2030.  

1.  INTRODUCTION
Fast-growing urbanization in developing countries, especially in Asia, has been recognized as an important societal issues for policymakers and the public (Cohen, 2004). Over the last 60 years, the urban population in Asia has grown from 16.3% (of the total population) in 1950 to 42.5% in 2010. The urban population in this region is estimated to reach 49.9% in 2025 and 64.6% in 2050 (UN, 2010). Similar to other emerging mega-cities in South-East Asia, Ho Chi Minh City (HCMC), known as Saigon until 1976, is the most populated and industrial city in Vietnam, is undergoing a rapid process of urbanization accompanied by dramatically land use changes in the surrounding rural areas (Son et al., 2012). From 1986 to 2010, the population of HCMC doubled from approximately 3.8 million people to a current level of 7.4 million people. The average annual change rates of the city’s population was 1.9% during 1980–1995 and 3.2% during 1995–2010 (Du and Fukushima, 2009). Because HCMC is facing problems of urban growth generally attributed to the increasing population in urban areas, spatial understanding of these changes in landscape from a spatial perspective is critical to the process of urban planning. 
For assessing the impact of urban growth, numerical or mathematical models have been proposed to simulate the urban dynamics (Batty et al., 1999; Storch and Downes, 2011; Chen et al., 2014) and often require socio-economic and geographic data of the locality. However, data collection requires considerable cost, and may not available for developing areas (Cohen, 2004; Cohen, 2006). In recent decades, satellite images offer an extensive source of land-cover data collected remotely at a cost that is significantly lower than the cost of manual collection (Son et al., 2012; Chen et al., 2014). An experiment is there conducted in this study: without using ancillary data collected from locality, this study examines the capability of using remote sensing data in urban growth assessment. This study developed an image-based urban growth simulation, which integrates the analysis of remote sensing (RS) and geographic information system (GIS) to predict urban growth for HCMC. Considering model uncertainties, different from deterministic approaches, a probabilistic simulation approach is adopted. The model was performed by following four steps: (1) to quantify fractions of urban land-cover types in HCMC from Landsat imagery for 1990, 2002, and 2010; (2) Eight explanatory variables derived from land cover maps of 1990 and 2002 were generated through GIS to estimate the probability of urban growth; (3) a simple cellular automata (CA) model which assumes the expansion rate is correlated to the probability of urban growth was calibrated by the observed urban growth between 1990 and 2002; and (4) the model was validated by the observed urban growth between 2002 and 2010, and was then applied to project the urban growth up to 2030. 

The first step has been included in Son et al., (2012). They produced three land-cover maps of 1990, 2002 and 2010 for HCMC, using classification method of LMM. The land-cover maps have been verified by the 2000 HCMC land-use map collected from the Sub-National Institute of Agricultural Planning and Projection (Sub-NIAPP), with the overall accuracy over 87%. Based on the land-cover maps, this manuscript will focus on the urban growth simulation.
2.  STUDY AREA
HCMC, the largest city in Vietnam, covers approximately 2,095 km2 and lies between 10°10’–10°38’N and 106°2’–106°54’E. The city has been expanding in multi-directions from its center and is predicted to become a mega-urban city with more than 10 million people by 2020 (Du and Fukushima, 2009). In this study, the study site (squared area; Fig. 1) covering the center of HCMC and its peri-areas (approximately 40 km2) was thus selected for investigating urban growth during 1990 to 2010 from Landsat imagery.
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Fig. 1 The study area (squared area ~ 40 x 40 km) observed by the Landsat ETM image (RGB-432), acquired on February 13, 2002 for the study area.
3.  METHODS AND METERIALS
3.1 Data
This study used Landsat thematic mapper (TM) and enhanced thematic mapper (ETM) Plus images, including the areas of HCMC and its peri-areas (Fig. 1). Two Landsat image tiles covering the study were acquired from U.S. Geological Survey (USGS) and used to classify land-cover types for 1990, 2002, and 2010. The land-cover maps have been verified by the 2000 HCMC land-use map. With the overall accuracy over 87% (see Son et al., 2012), five land-cover types were obtained using classification method of LMM (Fig. 2). They are: (1) high albedo surface (e.g., concrete, metal proof, parking lots, and road); (2) low albedo surfaces; (3) vegetation (e.g., forest stand, shrub, grass land, and cropland); and 4) soil (e.g., bare land, salt-field land, dry vegetation, cropland without green crops), and (5) water body (river network). In this study, we used high albedo surface as the proxy of built-up area, because it mainly represents artificial constructions. 
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Fig 2. Maps of land-cover types in HCMC for: (a) 1990, (b) 2002, and (c) 2010.

3.2 Probabilistic Urban Simulation
The proposed probabilistic urban simulation is performed in a raster grid system. The simulation basically has two components: a statistic model for evaluating the likelihood of urban growth, and a CA algorithm to simulate the urban expansion. First, the logistic regression is used as the statistic model, and can be expressed as:

logit (y) = a + b1x1 + b2x2 + bixi +….+ e
                                                      (1)

where y is the dependent variable representing the presence or absence of urban growth, a is a constant, bi is the regression coefficient i, and e is the random error term. logit (y) can be converted to the probability p by:
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A logit model can be evaluated by the area under the receiver operating characteristic curve (AUC), which is based on the proportions of incidences correctly reported as positive (true positive) and incidences erroneously reported as positive (false positive). Using the AUC value, a predictive logit model can be classified as acceptable (AUC > 0.7), excellent (AUC > 0.8), or outstanding (AUC > 0.9).

The urban dynamics is simulated by the probability change in time and space. In a raster grid system, the probability change within a time interval can be simply expressed by:
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where 
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P0 is the probability of the focal cell 0 in a 3-by-3 grid, t the time, and Mi0 the gain of probability from a neighboring cell i (i=1-8). The total gain of probability is the summation of Mi0 which cannot exceed one. Mi0 is a predefined function for delivering probabilities, which is determined by the probability gradient between focal and neighboring cells in the grid system:
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where coefficient k and exponent b are parameters to be calibrated. D is the grid size. 
For analyzing the likelihood of urban growth, useful variables are expected to be extracted from classified images. Nearest distance and direction are two frequently used variables in urban modeling (Chen et al., 2014), and accordingly adopted in this study. Variables used in the study are: distance to city center, direction to city center (with taking sine and cosine), distance to vegetation land, distance to river, distance to soil and distance to low-albedo land. Additionally, the state of land is also used: the five land cover types. Variables respected to distances and directions were generated by using GIS.
4.  RESULTS AND DISCUSSION
4.1 Monitored urban expansion 
Spatially, the city especially expanded to the northern, eastern, and western parts. Area of urban land in HCMC from Landsat imagery for 1990, 2002, and 2010 were observed that urban area significantly expanded from 168.2 km2 in 1990, to 370.9 km2 in 2002, and to 423.8 km2 in 2010 (Table 1). Figure 3 displays the expensing pattern of HCMC from 1990 to 2010. The city especially expanded to the northern, eastern, and western parts.
Table 1. Monitored and predicted urban area for HCMC
	Year
	Observed urban area (km2)
	Predicted urban area (km2)
	Prediction assessment
Overall accuracy

	1990
	168.2
	--
	--

	2002
	370.9
	369.5
	0.74

	2010
	423.8
	425.4
	0.78

	2030
	--
	485.2
	--
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Figure 3. The urban expansion of HCMC, from 1990-2010. Dark blue represents the urban area of 1990, blue for the urban of 2002 and light blue for the urban are of 2010.
4.2 Application of the model 
Before the model can be applied, k and b, in equation (5), are fitting parameters that need to be calibrated. The urban map of 1990 was used to initiate the urban simulation, and the calibration was conducted by comparing the prediction with the observation of 2002. After an optimal fitting k and b were obtained, the urban map of 2010 was then used for model validation. Figure 4 shows the probability maps of urban prediction of 2002 and 2010. In this model, we consider the urban area corresponds to the saturation of portability value. Table 1 lists the observations and predictions of urban area in HCMC. 
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Figure 4. Probability map of urban distribution of (a) 2002, (b) prediction error of 2002; probability map of urban distribution of (c) 2010, (b) prediction error of 2010.
Based on the accuracies of 0.74 for model calibration and 0.78 for validation, we concluded the reliability of model prediction of urban area for HCMC in 2030: The simulation represented heterogeneous urban growth in time and space and predicted 14.5% increase of urban area of HCMC from 2010-2030 (Table 2). In generally, the expanded region will be the northern and north-eastern part of the city. For assessing the urban growth rate, the city experienced an extremely rapid development of urban area during 1990s, reaching to a growth rate of 16.9 km2/yr and the area increase of 120.5%. However, during 2002-2010, the growth rate decreases to 6.g km2/yr. According to the model prediction, the growth rate will keep continuous decreasing to the rate of 3.1 km2/yr. Therefore, we expect a decreasing rate of urban growth of HCMC in the next decade, assuming the development of the city has the same track as it in the past.
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Figure 5. The prediction of urban area for HCMC of 2013
Table 2. Urban area change

	Years
	Urban area growth, km2 
	Urban area growth in %

(growth rate, km2/yr) 

	1990-2000
	202.7
	120.5%
(16.9)

	2002-2010
	52.9
	14.3%
(6.6)

	2010-2030*
	61.4
	14.5%
(3.1)


                                      *urban area is derived from model prediction of 2030.
5.  CONCLUSION
This study examined the capability of using remote sensing imagery in urban growth prediction, without using other ancillary data. A probabilistic urban simulation was applied to integrate the analysis of remote sensing (RS) and geographic information system (GIS) for the future urban prediction for HCMC. After quantifying fractions of urban land in HCMC from Landsat imagery for 1990, 2002, and 2010, we observed, during the study period, urban area significantly expanded from 168.2 km2 in 1990, to 370.9 km2 in 2002, and to 423.8 km2 in 2010. The city especially expanded to the northern, eastern, and western parts. 
For the urban prediction, the model was first calibrated by observed urban growth between 1990 and 2002, and validated by 2010. The simulated urban expansion represented heterogeneous urban growth in time and space, with continues expansion in northern and eastern parts, and predicted 14.5% increase of urban area of HCMC from 2010-2030. We monitored a decreasing rate if urban growth from 1009-2010, and also expect a continuous decreasing rate of urban growth of HCMC in the next decade, assuming the development of the city keeps the same. In sum, this study examined the capability of the applied model in urban growth prediction, which is fully depended on the remote sensing information. 
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