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ABSTRACT: Due to the viscoelastic behavior of asphalt mixtures, the depth temperature of asphalt 
layers is very important in the structural evaluation of flexible pavements. Depth temperature could 
be measured directly in the field or maybe predicted using prediction models. This paper presents a 
comprehensive analysis of different twelve regression-based models for the prediction of depth 
temperature of asphalt layers. With reference to the literature, required input parameters, sensitivity 
analysis, evaluation of prediction performance, as well as a comparison of the goodness of these models 
were discussed. Furthermore, calibrated models for different local conditions were presented. This is due 
to the fact that the original models were usually developed in specific geographical regions and climatic 
conditions. Results show that the regression-based models have a good performance and high accuracy 
in predicting the depth temperature of asphalt layers. Among the investigated models, according to the 
variety of data (or parameters) used in the model development, performance, considering the effect of 
various parameters, the BELLS model was introduced as one of the best regression-based models for 
the prediction of depth temperature of asphalt layers. The model developed by Solatifar et al. as a new 
version of the BELLS model showed very good accuracy for newly constructed pavements. In addition, 
with applying some modifications, it could be possible to use these models in different pavements and 
local conditions.
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1- Introduction
The depth temperature of asphalt layers is one of 

the most significant factors in the analysis, design, and 
rehabilitation process of flexible pavements. By owning 
this temperature distribution, it is possible to determine the 
impacts of temperature on pavements, especially in overlay 
design and rehabilitation studies. The depth temperature 
predictive models as an alternative to field and laboratory 
measurements of this factor are low-cost, rapid, and simple 
methods to determine the depth temperature of asphalt layers 
[1]. In this study, a comprehensive analysis was conducted 
on the developed regression-based models to predict the 
depth temperature of asphalt layers. Evaluation of model 
performance, investigating input variables, sensitivity 
analysis of model parameters, and finally, local calibration of 
models for use in different conditions were also presented.

2- Regression-Based Depth Temperature Predictive 
Models of Asphalt Layers

Twelve developed regression-based depth temperature 
predictive models for asphalt layers were scrutinized in this 
paper. Investigated models include Ramadhan and Wahhab 
[2], Diefenderfer et al. [3, 4], Hassan et al. [5], Velasquez et 

al. [6], Tabatabai et al. [7], Gedafa et al. [8], Islam et al. [9], 
Ariawan et al. [10], Albayati and Alani [11], Asefzadeh et al. 
[12], Lee et al. [13], and BELLS [14] models.

3- Input Variables of Models
One of the predominant parameters in the selection of 

depth temperature predictive model is the availability of input 
variables. Table 1 reports the required input variables of the 
developed models. As can be seen in this table, the developed 
models by Ramadhan and Wahhab [2] and Tabatabai et al. [7] 
have minimum and the maximum number of input variables, 
respectively.

4- Sensitivity Analysis of Model Parameters
In the sensitivity analysis of developed models, different 

parameters have been introduced as the most significant factors 
in asphalt layer depth temperature variations. The air temperature 
is the most crucial parameter that affects the depth temperature 
of asphalt layers [2, 10, 13]. The temperature at the pavement 
surface and depths near the surface are highly sensitive to air 
temperature [5, 12, 15]. The mid-depth pavement temperature is 
prominently sensitive to the time of day when the air temperature 
is high [8]. Moreover, the effect of air humidity besides air 
temperature is remarkable [10].
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5-  Performance of Models 
Performance Comparison of the developed models 

investigated in this study shows that most of the models have 
satisfying accuracy. Among the studied models, the model 
developed by Tabatabai et al. [7] has good accuracy, but 
accessibility to information such as asphalt mixture characteristics 
is challenging. BELLS [14] and Gedafa et al. [8] models do 
not require climatic information like solar radiation and input 
variables of these models are typically accessible. These models 
can be employed for the prediction of depth temperature of 
asphalt layers with good accuracy and low prediction bias.

6- Local Calibration of Models
Evaluation of predictive models for the depth temperature 

of asphalt layers in different climatic conditions and local 
materials indicates that there is a need to calibrate the 
original models to develop new models for use in these local 
conditions. There are two general calibration approaches: an 
exponential fit of uncalibrated model outputs and updating 
model coefficients using nonlinear multiple regression [16].

Asefzadeh et al. [12] calibrated the Park et al. [17] model 
to predict the depth temperature of asphalt layers at any time 
of the day. The modified model has satisfying accuracy and 
low bias. Furthermore, using this model, the accuracy of the 
back-calculation of the characteristics of the asphalt layers 
obtained from the Falling Weight Deflectometer (FWD) test 
was enhanced. Solatifar et al. [15] showed that the BELLS 
model has a weak performance in predicting the depth 
temperature of asphalt layers in newly constructed pavements 
in hot climate areas. Therefore, they used a multi-parametric 

Table 1. Input variables of regression-based depth temperature predictive models
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Ramadhan and Wahhab [2]              
Diefenderfer et al. [3, 4]              

Hassan et al. [5]              
Velasquez et al. [6]              
Tabatabai et al. [7]              

Gedafa et al. [8]              
Islam et al. [9]              

Ariawan et al. [10]              
Albayati and Alani [11]              

Asefzadeh et al. [12]              
Lee et al. [13]              
BELLS [14]              

linear fitting (regression) to develop a new model. As can be 
observed in Figure 1, the developed model [15] predicts the 
depth temperature of asphalt layers with excellent precision 
and very low bias.

7- Conclusions
In this paper, a comprehensive analysis was carried out on 

twelve developed regression-based models for the prediction 
of depth temperature of asphalt layers. The following 
conclusions can be drawn from this study:
• All models studied in this research have acceptable results 
in predicting the depth temperature of asphalt layers that were 
very close to the laboratory/field measured values.
• The availability of input variables is a prominent parameter 
in selecting a suitable prediction model. The greater number 
of input variables, the higher the prediction accuracy.
• Sensitivity analysis shows that the air temperature has the 
most impact on the depth temperature, especially during the 
hours of the day that the air temperature is high. Several 
researchers have also proposed the shadow effect as a 
significant parameter in the prediction of depth temperature 
of asphalt layers.
• Among the investigated models, according to the variety 
of parameters used in the model development, performance, 
considering the effect of various parameters, such as the 
shadow effect, latitude, etc., BELLS model was introduced 
as one of the best regression-based models for prediction of 
depth temperature of asphalt layers. The model developed by 
Solatifar et al. [15] as a new version of the BELLS model 
showed very good accuracy (R^2=0.97) and low bias for 
newly constructed pavements.
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• Evaluation of depth temperature predictive models in 
different climatic conditions and local materials shows the 
need for calibration of original models to develop new models 
for use in local conditions. Furthermore, other factors such as 
material characteristics, etc., can be employed to enhance the 
applicability of the models.
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