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take place in Africa and Asia.
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A new framework to deal with the class imbalance ) "5) C-"'

'R

problem in urban gain modeling based on clustering and

ensemble models
d Ahmadlou® (3, d Karimi® (® and Robert Gilmore Pontius
”re
“GIS Department, Geodesy and Geamatics Faculty, KN. Toos! University of Technology, Tehran, Iran;
BSchool of Geography, Clark University, Worcester, Massachusetts, USA vt . . ‘
T (e
ABSTRACT ARTICLE HISTORY
The data employed in urban gain modeling classes are often  Received 17 January 2021
imbalanced, negatively affecting the accuracy of traditional and ~ Accepted 5 April 2021
standard data mining and machine leaming models. This study.
presents a new on the basis of cli ing-based mod- N
eling and ensemble models to deal with the class imbalance s, e modding
problem in rban gain modeling. The random forest (RF], artiical Z 8" ST 0o
neural network (ANN) and support vector machine (SVM) models  riicial neural networks
served as the base models for the generation and evaluation of  support vector machine
the results within this framework. The changes in urban land-use
pattern of Isfahan in Iran in two time intervals of 1994-2004 and
2004-2014 were considered for the modeling. The findings
showed that the propesed sampling strategy yields higher Hits
and Correct Rejections rates than the strategies applied in previ-
ous studies in all three models. In the second part of the pro-
posed framework (ensemble models), there was no substantial

difference in the confusion matrix entries.
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The use of maximum entropy and ecological niche factor analysis to decrease
uncertainties in samples for urban gain models

Mohammad Ahmadlou®, Mohammad Karimi®* and Nadhir Al-Ansari®

O 4 1 2GS Department, Geodesy and Geomatics Faculty, K.N. Toosi University of Technology, Tehran, Iran; ®Department of Civil, Environmental and
* Natural Resources Engineering, Lulea University of Technology, Lulea, Sweden

O 3 8 ABSTRACT ARTICLE HISTORY

o Uncertainty is a common problem in spatial modeling and geographical information systems (GIS). Received 27 January 2023
Furthermore, urban gain modeling (UGM) contains various dimensions and components of uncer- Accepted 05 June 2023
tainties. Data sampling is important in UGM, and may cause the results of the models to contain KEYWORDS

m many uncertainties as well as affects their precision and accuracy. A poorly sampled or biased Uncertainty; Urban gain
. dataset can lead to inaccurate predictions and decreased performance of the models. This paper modeling; Data-driven
aims to present and develop novel strategies for sampling and building training datasets that can models; Maximum entropy;
enhance the performance of data-driven models. In other words, the present study used maximum Imbalance leaming; Data
O 5 1 entropy (ME) and ecological niche factor analysis (EMFA) models to select pure non-change mining
. samples with minimal uncertainty for training datasets in UGM of Isfahan and Tabriz cities in

Iran. The urban gain of two time intervals of 1992-2002 and 2002-2012 were used for Tabriz City
and two time intervals of 1994-2004 and 2004-2014 for Isfahan City. Nine and 14 urban gain
drivers were used in the UGM of Isfahan and Tabriz cities, respectively. After the ME and ENFA
0.27 models produced a training dataset with change and non-change samples with the lowest
uncertainty, three well-known models, namely random forest (RF), artificial neural network
{ANN), and support vector machine (SVM) were used for the modeling. Moreover, the ME and
ENFA models that were used to investigate the uncertainty of the sampling procedure were used
0.37 as the one-class prediction models. Compared to extant studies, the proposed ME - based
sampling strategy increased the area under the receiver operating characteristic curve (AUROC),
figure of merit, producer's accuracy, and overall accuracy by 5.5%, 5%, 5%, and 3%, respectively, in
the validation phase of Isfahan City and by 5%, 6%, 14%, and 17%, respectively, for Tabriz City. For
O . 3 6 Isfahan, the accuracies of ME (AUROC = 0.649) and ENFA (AUROC = 0.661) one - class models were
closer to that of the ANN - ME (AUROC =0.646), ANN - ENFA (AUROC=10.619), and RF - ENFA
(AUROC =0.631) models but differed significantly from that of the RF — ME (AUROC =0.737) model.
For Tabriz, the accuracies of ME (AUROC =0.657) and ENFA (AUROC =0.688) one - class models
0.27  were lower than that of the two class RF-ME (AURDC=0.852), and ANN-ME (AUROC =0.778)
madels. The results showed that the ME model was able to identify relatively pure non-change
samples and properly remove impure non-change samples from the training dataset. This study
discovered that binary models are preferable to one-class models, and showed that an optimal
sampling strategy is an essential step in UGM as it can decrease uncertainty. As such, modelers
must adopt efficient sampling methods.
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Three novel cost-sensitive machine learning models for ) Gl LS
urban growth modelling 9 S18 2 Aiges
Mohammad Ahmadlou® (3, Mohammad Karimi®, Saad Sh. Sammen® (® and w590 (g5ludue
Karam Alsafadi* (® O shie g oo
GIS Department, Geodesy and Geomatics Faculty, K.N. Toosi University of Technology, Tehran, Iran; — $10 5 diged
®Department of Civil Engineering, College of Engineering, University of Diyala, Baqubah, Iraq; 27 .
“Department of Geography, Faculty of Arts and Humanities, Damascus University, Damascus, Syria i Sl
) Al S
ABSTRACT ARTICLE HISTORY B 26
This article addresses the class imbalance problem in urban gain ~ Received 18 September 2023

modelling (UGM) of Tabriz and Isfahan megacities in Iran by pro-
posing novel cost-sensitive machine learning models, namely cost-
sensitive support vector machine (CSVM), random forest (CRF) and
artificial neural network (CANN). Random sampling, a frequently
utilized method, fails to effectively tackle this issue by biasing
models towards no change samples, which outnumber change
samples. The results showed that CRF exhibited the highest accur-
acy (AUC = 0.560), followed by CANN (AUC = 0.557) and CSVM
(AUC = 0.448) in Isfahan. In Tabriz, CRF (AUC = 0.809) and CANN
(AUC = 0.818) excelled, outperforming balanced sampling models
constructed with ANN, RF and SVM with the AUROC of ANN and
RF boosted by 15% and 2% in validation. By emphasizing the sig-
nificance of addressing class imbalance appropriately, this research
highlights the improvement in modelling outcomes achievable
through the cost-sensitive models especially in Tabriz case.
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