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Abstract� Continuous spatial knowledge is required to control
the regional ozone pollution. Measurements from ground-level
sites are bene�cial to this goal, but their number is limited
due to the huge expenses of site establishment, operation, and
maintenance. Remote sensing seems a promising data source, but
its application is challenged by bad weather conditions. Always
covered by thick clouds, Chongqing, a populated industrial city
in west China, is facing serious ozone pollution, but relevant
studies here are relatively insuf�cient. Another alternative is
estimating ozone by models. Well-performed models degrade in
Chongqing partially due to the very complex terrain. Modeled
hourly ozone does not agree with ground-level measurements.
Therefore, an optimization approach is proposed to improve
model estimates for such regions. This approach integrates the
ground-level information (e.g., measured ozone and meteorology)
through the employment of ResNet (Residual Network). ResNet
overcomes the notorious vanishing gradient issue in classic neural
networks, and the ability of learning complex systems is largely
boosted. Ozone distribution is like a gray image that varies
every second, which is not the case usually learned by ResNet.
A color-image alike data structure is raised to address this
�nonstill image� problem; according to the Taylor Expansion,
polynomials can describe a complex system, and the errors are
acceptable. To facilitate the usage in business operations, this
approach is designed to be robust, inexpensive, and easy to use.
The scheme of control site selection is discussed in detail. In cross-
validations, this approach performs well, averaged R2 is higher
than 0.9 and the error is less than 5 µg/m3.
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I. INTRODUCTION

ICREASING levels of surface ozone have been threatening
the globe since the 1970s. The precursor of tropospheric

ozone, NO2, mainly comes from vehicle and industry emis-
sions. China has undergone rapid urbanization, hence its ozone
pollution has become a region problem [1], [2]. In recent years,
less-developed mountainous west China is speedily catching
up its coastal east counterpart in various aspects, but surface
ozone studies about the west cities are still insuf�cient.

Chongqing, situated in southwest China, is a populated
industrialized municipality, and it is confronted with severe
ozone-related issues. As a mountain city, its extremely undu-
lating terrain in�uences the dispersion of ozone. About
one-third days per year are foggy; Chongqing is also known
as the �Fog City,� and it is always covered by thick clouds [3].
The harsh weather conditions furthermore complicate the
studies in Chongqing.

Continuous �ne-resolution records are important to reduce
ozone pollution, but the mainstream data sources show obvious
defects in Chongqing. Ground-level sites provide accurate
measurements, but it is impractical to deploy many long-term
stable operation sites to cover a large region. In terms of cover-
age, satellite remote sensing provides low-cost ozone observa-
tion on a large scale. It seems promising, but the application
of remote sensing in Chongqing is greatly restricted by the
bad weather. By computer simulation, the chemical transport
models (CTMs) can offer regional hourly ozone concentra-
tions. The modeled ozone is estimated from emissions sources
(e.g., inventories), meteorological �elds, photochemical equa-
tions, and so on.

Representatives of the CTMs include Goddard Earth
Observing System�Chemistry (GEOS-Chem), Model for
OZone and Related chemical Tracers (MOZART), and
Community Multiscale Air Quality Modeling System (CMAQ)
[4]�[6]. Overall, these models have been globally validated
in key regions, whereas the localized CMAQ is also widely
adopted in China. In addition, models originated from
China, like the nested air quality prediction modeling system
(NAQ-PMS), exhibit high precision in middle and eastern
China [7].
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Fig. 1. Locations of the CNEMC (red stars) for ozone measurements and
CMA (black pushpins) meteorology sites. The base-map depicts Chongqing�s
terrain. Only ozone data available CNEMC sites are used.

Fig. 2. Averaged daily O3 timeseries in Chongqing in the time range used
in this study. The discrepancy between ground measurements (green) and
NAQ-PMS (blue) at 500 m is very large. Unit of modeled ozone is converted
to µg/m3.

The reality is not very optimistic. Despite many advan-
tages, models face great challenges in Chongqing. First, it is
harder to quantify the atmospheric processes of ozone here.
Also, de�ning the �surface� is dif�cult in models, due to
Chongqing�s extremely uneven terrain. Fig. 1 demonstrates
the terrain of urban Chongqing and locations of ground-level
sites. The altitude here varies from lower 200 m to higher
than 800, whereas the layers� altitudes in NAQ-PMS are
�xed. Fig. 2 shows the comparison between Chongqing�s daily
NAQ-PMS ozone simulations and site-based measurements.
The modeled ozone shown in the �gure is at 500 m, which
is the lowest layer in NAQ-PMS. The correlation coef�cient
between simulations and measurements is lower than 0.5.
Apparently, the performance of the model in Chongqing is
not very satisfactory, although NAQ-PMS is one of the most
excellent models for China.

To optimize the modeled ozone, this work proposes an
approach by introducing measured ground-level information

Fig. 3. Flowchart of the approach from data collection to application.
The core steps include data preparation, uni�cation, network training, and
validation.

learned by a neural network. The problem here is that neural
networks usually recognize the still objects in satellite images,
but ozone distribution varies constantly [8]�[13]. The ResNets
(Residual Networks) overcome the vanishing gradient problem
in classic deep neural networks, so that they can process more
complex tasks [15]. Besides, a new data structure is also
created to help address this problem.

II. APPROACH FRAMEWORK

Fig. 3 gives the work�ow for the proposed approach
(referred to as the approach hereafter). The framework of the
approach comprises of four major parts: 1) data uni�cation
including spatial interpolation and resampling; 2) control site
selection; 3) 3-D structural data set construction; and 4) neural
network training and evaluation.

A. Data Unification
The study area is urban Chongqing where enough sites for

validation exist. NAQ-PMS has 12 altitude layers, and the
lowest one (500 m) is used. This area contains 12 China
National Environmental Monitoring Centre (CNEMC) sites
providing hourly ground-level ozone measurements, which
can be used as control sites or validation sites. There are
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