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Abstract

This study performed a sensitivity analysis to see the effects of different climates of New Mexico on pavement performance using the
mechanistic empirical (ME) pavement design analysis. Results show that the predicted distresses vary significantly for different climate
conditions. However, there were only 13 weather stations available in New Mexico for the ME design climate database. These limited
number of stations might not cover the complete territorial diversities of this large state. Furthermore, the existing data were outdated,
and limited in length by year. To this end, this study updated the existing 13 weather stations to 2015 using the National Climatic Data
Center (NCDC) database. In addition, 11 new stations within the state, and 13 weather stations from surrounding states were included in
climate database. Later, a comparative study was performed to see the effects of the climate change on predicted distresses in New Mex-
ico. Results show that the climate change for a 10 years period have insignificant effects on pavement distresses. Then, the effectiveness of
interpolation method for generating virtual station was investigated. Results show that the interpolation method is not effective enough
to reflect the actual climate conditions for many sites. To solve this problem, a temperature zone map was developed using the NCDC
database. The objective of this map is to select appropriate weather stations during interpolation. It is found that the temperature zone
map reduces the error significantly. Therefore, this study suggests developing a temperature zone map when the number of the weather
station is limited.
� 2017 Chinese Society of Pavement Engineering. Production and hosting by Elsevier B.V. This is an open access article under the CCBY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Environmental conditions have a significant effect on
the performance of both flexible and rigid pavements.
The performance of a pavement depends on the tempera-
tures and moisture contents of its structural layers (surface,
base, and subgrade). For example, the temperature has a

significant effect on the stiffness of Asphalt Concrete
(AC) layer [1]. At high temperature asphalt becomes soft
and susceptible to deform easily; on the other hand, at
low temperature asphalt becomes too stiff and brittle.
Therefore, asphalt distresses such as permanent deforma-
tion, fatigue cracking, and thermal cracking of an asphalt
pavement highly depend on the temperature. Moisture
can induce debonding between asphalt and aggregates thus
cause the pavement failure [2]. Moisture content also
affects the resilient moduli of unbound layers [3]. Further-
more, the vertical temperature gradient in the concrete slab
induces the curling stresses in the rigid pavement [4,5], and
the vertical moisture gradient in the slab induces warping
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stresses in the pavement [6,7]. In addition, slabs experience
expansion and contraction cycles due to temperature and
moisture changes. These cycles can provoke failures at
the joints. Furthermore, the strengths of unbound layers
reduce significantly due to freezing-thawing cycle [8].

Since the weather changes with time, the stiffness of the
pavement structure also changes with time. Therefore, it
becomes an important factor to characterize the environ-
mental condition along with traffic condition for designing
a pavement section. However, the former pavement design
method, AASHTO 1993 [9] included the environmental
factors in a very simplistic way by considering only two
environmental factors: drainage and seasonal variation of
the subgrade support. Moreover, this empirical method
was developed from one road test; therefore, the developed
correlations were applicable for that climatic condition
only. Thus, this design method failed to provide good
results in other climatic conditions. To resolve this prob-
lem, several studies have been conducted to incorporate
the effects of environmental factors, and to improve the
accuracy in the design of pavement [10–22]. Later, a new
pavement design system known as mechanistic-empirical
(ME) pavement design was developed [23]. The ME design
(formerly, MEPDG) has adopted a climatic model named
Enhanced Integrated Climatic Model (EICM) that
accounts the effects of climatic condition on a pavement
section. It uses the climatic data that includes air tempera-
ture, the percentage of sunshine, precipitation, wind speed,
relative humidity and location of ground water to calculate
the temperature and moisture profile of a pavement sec-
tion. Then, it computes moduli adjustment factors of differ-
ent layers depending on their temperature and moisture
profile. However, Qioa et al. [24] reported that the pre-
dicted performance is highly sensitive to annual average
temperature than the other inputs.

For a particular project the climate data are obtained
from the weather station close to the site. However, if there
is no weather station available, it generates a virtual cli-
mate data by interpolation using data from nearby weather
stations. The EICM model is included with the ME soft-
ware package with climatic data (that is a weather station,
.hcd file) from around 800 different weather stations
throughout the United States (US). Therefore, the included
climate files are limited in areal density and may provide
erroneous climate data during interpolation. Furthermore,
the climate is subjected to change due to global warming
[25]. However, the ME design uses the historic old data
that may not reflect future condition.

To this day, several studies have been conducted to
examine the ME design climatic database. Johanneck and
Khazanovich [26] found that the quality of the ME design
climate database is not uniform. Breakah et al. [27] found
that the interpolation method is not effective for Iowa
and the virtually generated inaccurate climate data provide
erroneous results. Saha et al. [28] reported that pavement
performance is sensitive to the climate change in Canada.
As a result, few studies were performed to improve their

own climate database [29–31]. However, none of these
studies provided any solution to improve the interpolation
method. Godfrey [32] reported that increasing the number
of weather stations provides good interpolation result.
However, this solution is not always practical. Because,
detailed climate data required by the ME design software
are not always available from every source.

There are only 13 weather stations (13 hcd files, hourly
climatic data files) in New Mexico available in the pave-
ment ME design software. Among them, only four data
files have data for 10 year period, and remaining files have
less than 10 years data. In addition, these data files are not
being updated since 2006. Typically, flexible pavements are
designed for 20 years and concrete pavements for 30 years.
Such a short duration data may limit the ability of the ME
design to reasonably predict pavement performance.
Therefore, some questions naturally arise; is it important
to update data of existing weather stations? Is the interpo-
lation method reliable? Is there any other way to solve this
problem? These questions that will be dealt with here.

2. Objectives

The primary objectives of this study are to:

1. Evaluate the effects of New Mexico weather conditions
on predicting pavement performance.

2. Improve the climate database for New Mexico.
3. Investigate the effects of climate change on the predicted

pavement distresses.
4. Determine the effectiveness of the interpolation method

used by the ME design software.
5. Provide a solution to improve the interpolation method

if necessary.

3. ME design climatic model

3.1. Enhanced integrated climate model (EICM)

The EICM is a sophisticated climatic model which
accounts the change of temperature and moisture profile
in pavement structure and subgrade over the design life
and computes the moduli adjustment factors for different
pavement layers. EICM consist of three major
components:

i. The Climatic-Materials-Structural Model (CMS
Model): The CMS model was developed at the
University of Illinois in 1985. It predicts the temper-
atures throughout the pavement layers from atmo-
spheric condition using one-dimensional, forward
finite difference heat transfer analysis. It also determi-
nes the frost penetration.

ii. The Frost Heave and Thaw Settlement Model
(CRREL Model): The CRREL model was developed
at the United States Army Cold Regions Research
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