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Abstract:  This paper applies different methods of map comparison to quantify the 

characteristics of three different land change models. The land change models used for 

simulation are termed as ñStochastic Markov (St_Markov)ò, ñCellular Automata Markov 

(CA_Markov)ò and ñMulti Layer Perceptron Markov (MLP_Markov)ò models. Various 

model validation techniques such as per category method, kappa statistics, components of 

agreement and disagreement, three map comparison and fuzzy methods have then been 

applied. A comparative analysis of the validation techniques has also been discussed. In all 

cases, it is found that ñMLP_Markovò gives the best results among the three modeling 

techniques. Fuzzy set theory is the method that seems best able to distinguish areas of 

minor spatial errors from major spatial errors. Based on the outcome of this paper, it is 

recommended that scientists should try to use the Kappa, three map comparison and fuzzy 

methods for model validation. This paper facilitates communication among land change 

modelers, because it illustrates the range of results for a variety of model validation 

techniques and articulates priorities for future research. 
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1. Introduction  

A typical approach to land-use and land-cover change (LUCC) modeling is to investigate how 

different variables relate to historic land transitions, and to then use those relationships to build models 

to project future land transitions [1,2]. Moreover, in general the spatially-explicit models of LUCC 

begin with a digital map of an initial time and then simulate transitions in order to produce a prediction 

map for a subsequent time [3]. Upon seeing the prediction results, questions may arise about the 

accuracy of the base maps, the performance of the model and whether this predicted map represents 

the real scenario [4]. In this regard, it is necessary to quantify the map errors, the amount of differences 

among the maps and to validate the models used for prediction. 

With the growth of high-resolution spatial modeling, geographic information systems (GIS) and 

remote sensing the need for map comparison methods increases. Good comparison methods are needed 

to perform calibration and validation of spatial results in a structured manner [5]. The importance of 

map comparison methods is recognized and has growing interest among researchers [6,7]. In general 

maps are compared for a number of reasons: (1) to compare maps generated by models under different 

scenarios and assumptions, (2) to detect temporal/spatial changes, (3) to calibrate/validate land-use 

models, (4) to perform uncertainty and sensitivity analyses and (5) to assess map accuracy. In fact, 

map comparison may be seen as finding a goodness-of-fit measure [8]. 

There has been tremendous interest in validation of simulation models that predict changes over 

time [9,10]. However, there is usually less than perfect agreement between the change predicted by the 

model and the change observed in the reference maps, which is no surprise, since scientists usually do 

not anticipate that a modelôs prediction will be perfect. Furthermore, scientists rarely believe that the 

data are perfect. Therefore, a natural question is, ñWhat accounts for the most important disagreements 

between the prediction and the data: (1) error in the prediction map, or (2) error in the reference  

maps?ò [11]. If precise information on accuracy and error structure is available, then there could be a 

method to incorporate information concerning data quality into measures of model validation [12,13]. 

Assessing model performance is a continuous challenge for modelers of landscape dynamics. A 

common approach is historical validation where a predicted map is compared to an actual map [14]. 

However, many types of land-use models simulate land-use changes starting from an original land-use 

map, such as Markov models, cellular automata, logistic regression models, neural networks, etc. Since 

most locations do no change their land use over the length of a typical simulation period, the similarity 

between the simulated land-use map and the actual land-use map will be high for most calibrated 

models [15]. Therefore, to rigorously assess the accuracy of the simulated land-use map, a meaningful 

reference level is required [16]. 

The evaluation of spatial similarities and land use change between two raster maps is traditionally 

based on pixel-by-pixel comparison techniques. This kind of change detection procedure is called the 

post-classification comparisons [17]. A problem with this traditional approach is that, because they are 

based on a pixel-by-pixel comparison, they do not necessarily capture the qualitative similarities 

between the two maps. This problem becomes important when map comparisons (e.g., of actual and 

predicted land use) are used to evaluate the output of predictive spatial models such as cellular 

automata based land use models [18]. The lack of appropriate comparison techniques, specially, the 
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ones that can handle qualitative comparisons of complex land use maps for the purpose of evaluating 

model output, is currently a major problem in the area of predictive simulation modeling [19]. 

Recently, numerous map comparison methods have been proposed that take into account the spatial 

relation between cells, as opposed to simple cell-by-cell overlap [20]. These new methods consider, for 

example, proximity [21], the presence of recognizable structures, i.e., features [22], moving  

windows [23] or wavelet decomposition [24]. Others have evaluated model performance based on 

metrics summarizing the whole landscape [25,26]. 

This is how different methods have been introduced and new software packages are being 

developed, for the sake of map comparison/validation of models that predict LUCC change from a 

map of initial time to a map of a subsequent time [2]. This paper addresses these issues and illustrates 

some methods through a case study from Khulna, Bangladesh to validate the predicted maps. The main 

objective of this paper is to find out whether the simulation is giving any abrupt result or not and to 

compare among the different model validation techniques. Therefore, in this paper, we will discuss the 

advantages and disadvantages of some commonly-used map comparison techniques to assess the 

agreement between the simulated maps and the actual land-cover maps. 

Figure 1. Location of Khulna City in Bangladesh. Source: Banglapedia, National 

Encyclopedia of Bangladesh, 2012. 
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2. Materials and Methods 

2.1. Study Area 

The proposed study area is Khulna City Corporation (KCC) and its surrounding impact areas 

(Figures 1 and 2). Geographically, Khulna lies at 22°49'N and 89°34'E. Its mean elevation is seven feet 

above Mean Sea Level. Khulna is a linear shaped city [27]. 

Figure 2. Location of the study area (areas of Khulna City Corporation (KCC) and 

adjoining fringe areas) on Landsat satellite images. (Image source: US Geological Survey 

(USGS), 2012 and Shapefile source: Khulna City Corporation, 2012). 

 

Within the KCC core area, there are roughly 11,280 acres of land. Nearly 10% of this land is not yet 

in urban use. It means that about 1,100 acres of land are available within KCC for future  

urban growth [27]. 


