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Air pollution and economic growth in Dubai a fast-growing Middle 
Eastern city 
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A B S T R A C T   

This paper discusses the impact of rapid economic development on air quality in the Emirate of Dubai, United 
Arab Emirates (UAE). Dubai is one of the fastest-growing cities in the world, with a population increase of 
approximately 80× over the last 60 years. The concentrations of five criteria air pollutants (CAPs) including 
carbon monoxide (CO), nitrogen dioxide (NO2), particulate matter with diameter less than 10 μm (PM10), ozone 
(O3) and sulphur dioxide (SO2) were studied from 2013 to 2021 at 14 regulatory monitoring stations. Results 
show that the biggest improvements in air pollution are for the primary air pollutants NO2 and SO2, with re-
ductions of 54% and 93% respectively over the period studied. Gross domestic product (GDP), population growth 
and energy consumption are significantly and negatively correlated with NO2 and SO2 and strongly and posi-
tively correlated with PM10. CO is positively correlated with the number of buildings completed, while the results 
for O3 are inconclusive. Trends in NO2 and SO2 indicate that these two pollutants are decoupled from economic 
development, supporting, with caution, the Environmental Kuznets Curve hypothesis on the relationship be-
tween economic growth and environmental degradation. The improvement in the city’s air quality is due to the 
effective implementation of local environmental policies, unaffected by large-scale development and urbaniza-
tion. The monthly assessments of Dubai’s air pollution for 2019 and 2020 show a 3–16% COVID-related 
improvement in the levels of the studied air pollutants, except for ozone, which increased by an average of 8%.   

1. Introduction 

Over the past half century, global production and trade have 
expanded, and living standards have risen in many parts of the world, 
particularly in Europe and North America, at an unprecedented pace in 
human history. Despite the benefits, economic development has also 
brought with it problems, such as air pollution and climate change 
(Sheehan et al., 2014; Simionescu et al., 2022). Outdoor air pollution is a 
major global public health issue (Cohen et al., 2017) leading to 4.1 
million non-accidental premature deaths in both urban and rural areas 
worldwide in 2019 (Vos et al., 2020). The harmful effects of air pollution 
on human health and the environment have been studied in various 
regions of the world. For instance, a significant amount of research has 
demonstrated the impact of air pollution on human health in the Middle 
East, see e.g., (Akasha et al., 2023; Amoatey et al., 2019; Khaniabadi 
et al., 2017, 2019; Rashidi et al., 2023). This has led to much debate 
about how to reconcile economic development with environmental 
well-being, e.g., (Holdren and Ehrlich, 1974; Meadows et al., 1972). 

Various air pollution control strategies (policies) have been 

implemented around the world to reduce environmental degradation 
while reaping the benefits of a growing economy. As examples of such 
emission control policies, it can refer to China’s new environmental 
protection regulatory regime (Zhang et al., 2017), European Council 
Directive 2008/50/EC in Europe (UNION, 2008; Gov, 2015). Despite 
ambitious findings on their effectiveness ((Castells-Quintana et al., 
2021; Zhang et al., 2022)), there are some reports showing smaller than 
expected changes, for example, see the paper by (Liu et al., 2023) which 
analysed the impact of the Clean Air Zone (CAZ) in the city of Bir-
mingham, UK. 

The relationship between economic development and environmental 
degradation has often been approached from the perspective of the 
Environmental Kuznets Curve (EKC) (Kuznets, 1955). According to the 
EKC hypothesis, economic development contributes positively to envi-
ronmental degradation until it reaches a threshold, after which the 
relationship between environmental degradation and economic devel-
opment becomes negative, as technological progress and improvements 
in living conditions and incomes help to reduce emissions (Dogan and 
Inglesi-Lotz, 2020). This means that as economies get richer, 
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environmental impacts first worsen but eventually reduce and then 
improve (Stern, 2018). The EKC has been broadly used in the 
environmental-energy-economy literature, and many researchers have 
tried to confirm the inverted U-shape between environmental degrada-
tion and income. The EKC has been evaluated in a wide variety of 
contexts including countries, time periods, variables, methodologies, 
etc., but no clear consensus has been reached, see the review of (Leal and 
Marques, 2022). 

Over the years, several authors have studied various aspects of the 
relationship between environmental degradation and economic growth, 
and Chinese cities have been the subject of a considerable number of 
these studies (Zhang et al., 2023). Among the published studies, (Ding 
et al., 2019) examined PM2.5 levels in 13 cities in the 
Beijing-Tianjin-Hebei region, the main economic growth poles in China 
from 1998 to 2016. The results show a significant inverted U-shaped 
pattern between economic growth and PM2.5 pollution. (Wang et al., 
2021) analysed the Government Work Report of 265 prefecture-level 
Chinese cities from 2004 to 2015 to investigate the correlation be-
tween government economic growth expectations and air pollution. The 
results indicate that when a city’s economic growth exceeds 1–4% of 
growth expectations, there is a corresponding increase of 10–17% and 
2–5% in SO2 and PM2.5 concentrations, respectively. (Li et al., 2021) 
analysed the relationship between regional economic growth and air 
pollution in key regions of air pollution control in China, namely the 
Beijing–Tianjin–Hebei region and surrounding areas (BTHS), the 
Yangtze River Delta (YRD), and the Pearl River Delta (PRD). The study 
was based on data on GDP and the concentrations of SO2, PM10, and NO2 
for 31 provinces in China from 2000 to 2019. Results show a strong 
relationship between the levels of SO2, PM10, and NO2 and economic 
growth, while government policies played a significant role in amelio-
rating the decoupling between air pollution and economic development. 
(Acheampong and Opoku, 2023) analysed data from 140 countries and 
found a linear relationship between GDP per capita and environmental 
degradation. The results suggest that economic activities and growth 
contribute significantly to environmental degradation. The inverse ef-
fect of air pollution on China’s economic growth was studied by (Dong 
et al., 2021). Results show that the GDP per capita growth rate will 
decreases by almost 0.06% for every 1% increase in PM2.5 
concentration. 

However, most of the cited studies have been conducted for Chinese 
cities, whereby the literature reviewed by (AlKhars et al., 2022) con-
firms the lack of studies examining the relationship between air quality 
degradation and economic development in Bahrain, the United Arab 
Emirates (UAE), Saudi Arabia, Oman, Qatar, and Kuwait. It is important 
to note that although there have been numerous studies on air pollution 
and its negative health impacts in the Middle East and North Africa 
(MENA) region, such as those conducted by (Maleki et al., 2022; Neisi 
et al., 2017), the correlation between air quality and economic devel-
opment has not been thoroughly investigated. The study considered 
most relevant is that of (AlKhars et al., 2022) which reviewed 38 
research articles investigating the connections between environmental 
degradation, including CO2 emissions, water and soil pollution, and 
economic development. 

The oil market has experienced significant growth over the past four 
decades, leading to exponential economic development and urbaniza-
tion in the MENA region (Olimat, 2023; Samiha, 2023; Habibi and 
Zabardast, 2020). This economic prosperity has been accompanied by a 
corresponding increase in population (Shokoohi et al., 2022), which 
raises serious concerns about human exposure to air pollution in the 
region. According to (Akasha et al., 2023), the Arabian Peninsula and 
the neighbouring region (APNR) not only experience significant air 
pollution, of which PM, NO2 and SO2 are of particular concern, but are 
also dramatically affected by climate change-related events such as 
desert dust. 

The cities in the MENA region provide interesting case studies for 
examining the links between oil-based economic development and air 

pollution. These studies can be translated and generalized to other cities 
around the world, with appropriate caveats, especially in cities in Latin 
America where development has been driven by the discovery of oil. 

Dubai, one of the most important cities in the MENA region, will be 
used as a case study in this paper. Dubai has undergone rapid economic 
development in the past decade. However, the correlation between 
economic development and air quality degradation has not been thor-
oughly analysed. This paper examines the correlation between the levels 
of air pollutants such as PM10, CO, NO2, and SO2 and socio-economic 
factors, and highlights the main environmental policies related to 
Dubai and their impact on air quality. Air pollutant concentrations were 
studied between 2013 and 2021 during a period of significant vertical 
and horizontal expansion in the city. The selected dates include all 
publicly available air quality data up to the end of 2021. The emissions 
inventories for 2015–2019 are also discussed to provide new insights 
into the contributions of different sectors to Dubai’s air pollution. 

2. Materials and methods 

2.1. Study area 

The emirate of Dubai is the second-largest emirate in the UAE. It is 
geographically located in the Middle East (23.5◦N 54.5◦E), and is one of 
the fastest-growing urban areas in the world (Nassar et al., 2014). 
Although it does not fall under the megacity classification in terms of 
population, with a population of less than 10 million (Warah, 2006), 
Dubai has been ranked among the World’s top megacities for con-
struction in 2019, according to data compiled by (GlobalData, 2019). 
Over the past 30 years, the landscape has undergone significant changes, 
influenced by the strategic shift of the economy from oil and gas to real 
estate, infrastructure construction and tourism (Elhacham and Alpert, 
2021). In addition, incentive-based policies have attracted foreign 
companies that have helped transform Dubai into an international 
business and financial hub. This has created new employment oppor-
tunities, helping to drive population growth. We look at the develop-
ment indicators and air pollution of the city for the years 2013–2021. 

Dubai’s population has grown massively, from 40,000 in 1960 to 3.3 
million in 2020, an increase of about 80× (Dubai, 2022). In 2021, 
around 92% of its population were non-Emirati citizens attracted by the 
job possibilities in Dubai (DSC, 2021c). The male population accounted 
for 70% of the population in 2021, with the majority holding interme-
diate degrees to meet demand in the catering, entertainment and con-
struction industries, the two main industries driving Dubai’s economic 
growth (DSC, 2021b). 

The urban and built area of the city has grown significantly in the last 
four decades. In 1975, the urban area was 54 km2, which increased to 
977 km2 by 2015, an increase of about 18× (Elessawy, 2017; Dubai, 
2022). The rapid urban development is dominated by the construction of 
residential, tourist and industrial facilities (Elgaali et al., 2019). Most 
strikingly, Dubai has constructed a series of artificial islands along its 
coast, providing increased opportunities for the construction of water-
front residential areas and tourist facilities. Dubai’s development is 
illustrated in Fig. 1, which shows satellite images of the city from the 
following years – 1991, 2001, 2011 and 2021. The Landsat images were 
generated using the Google Earth Pro Engine version 7.3. The figure 
shows massive construction and significant landscape transformation 
over the past 3 decades, including on the coastline with the emergence 
of several artificial islands. 

Dubai is meteorologically located in an area of high pressure, where 
the climate is classified as arid, with significant variations in tempera-
ture and humidity (Syed et al., 2019). The climatology of Dubai has been 
studied by a few previous researchers. For example, (Elhacham and 
Alpert, 2021) explored the impact of the extreme and rapid coastal ur-
banization on temperature patterns in Dubai, using surface temperature 
extracted from MODIS (Moderate Resolution Imaging Spectroradi-
ometer) and OLS (Ordinary Least Square) methods. Their results show 
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higher temperatures along the heavily urbanised coastline compared to 
the adjacent less urbanised areas. (Chowdhury et al., 2016) applied 
statistical tests, including a bootstrap analysis, to study the variability of 
various hydroclimatic parameters in the northern regions, including 
Dubai. Moreover, (Aldababseh and Temimi, 2017) investigated the 
variability of low visibility events in the UAE and their relationship with 
climate dynamics indicating a strong relationship between low visibil-
ity, and fog and storm events. 

2.2. Dubai air quality policies 

Dubai’s environmental policies are taken from the Ministry of 
Climate Change and Environment (MOCCAE, 2023) and the Official 
Website. They are presented chronologically in Table 1. 

Since 1993, environmental policies have been introduced in Dubai 
and the UAE as a whole to protect the environment and manage the 
country’s development in an environmentally sustainable manner 
(MOCCAE, 2022). The chronological order of the main environmental 
policies in Dubai is shown in Table 1 above. Dubai air quality guidelines 
were adopted in accordance with Federal Law No. (24) of 1999 for the 
Protection and Development of the Environment and implemented by 
Cabinet Decree No. (12) of 2006 for the Regulation Concerning 

Protection of Air from Pollution. To determine compliance with national 
standards, the Dubai Air Quality Network continuously measures 
ambient levels of CAPs and compares them with locally implemented 
guidelines, which are the maximum allowable levels for a particular 
pollutant, as shown in Table 2. The WHO classification and threshold 
values for CAPs are also shown in Table 3. CAPs are those identified as 
posing a serious threat to human health and the environment. Similar to 
many other regulatory regimes, Dubai’s monitoring guidelines are 
higher than the WHO guidelines for all pollutants (WHO, 2021). Dubai’s 
air quality standards (AQS) do not include limit values for PM2.5. The 
Dubai AQS guideline includes some air pollution exposure limits that are 
not available in the WHO guidelines, such as 1-h and 8-h limits for CO 
and hourly limits for O3, NO2 and SO2. 

In response to the analysis of the current air quality situation of the 

Fig. 1. Landscape change in the Dubai coastline for the years (a) 1991, (b) 2001, (c) 2011 and (d) 2021. Data was taken from the Google Earth Pro Engine 
application (https://earth.google.com), and all images were taken on the 31st of December of their respective years. 

Table 1 
Chronological timeline of dubai air quality-related policies.  

Year Environmental Policy Type 

1993 Federal law No. 7 Establishment of the Federal Environment 
Agency 

Law 

1999 Federal law No. 24 of 1999 for the Protection and Development 
of the Environment 

Law 

2006 Cabinet Decree No. (12) Regulation Concerning Protection of Air 
from Pollution 

Law 

2018 UAE National Agenda Towards 2021-Improve Air Quality Index Agenda 
2021 The United Arab Emirates General Environmental Policy Policy 
2022 The National Air Quality Agenda 2031 Agenda  

Table 2 
Air quality standards (AQS) for dubai (MOCCAE, 2020). WHO air quality 
guidelines (AQG) in 2005 and 2021.  

Criteria air 
pollutants (CAPs) 

Averaging 
Time 

Unit Duba 
AQS 
2020 

WHO 
AQG 
2005 

WHO 
AQG 
2021 

PM10 Annual μg/ 
m3  

20 15 
1 day (24 h) 150 50 45 

PM2.5 Annual μg/ 
m3 

NA 10 5 
1 day (24 h) NA 25 15 

CO 1 h mg/ 
m3 

30 – – 
8 h 10 – – 
1 day (24 h) – – 4 

O3 1 h μg/ 
m3 

200   
8 h 120 100 100 

NO2 Annual μg/ 
m3  

40 10 
24-h 150 – 25 
1-h 400 – – 

SO2 Annual μg/ 
m3 

60   
24-h 150 20 40 
1-h 350    
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UAE and in an attempt to adhere to international standards, the Ministry 
of Climate Change and Environment (MOCCAE) published the latest 
strategy “The National Air Quality Agenda 2031” in 2022, which is a 
general framework introduced to manage air quality and reduce air 
pollution (MOCCAE, 2022). The agenda is built on three main pillars: 
monitoring, mitigation and management. The agenda has identified 
projects to improve air quality from traffic, electricity, waste generation 
and construction activities. 

2.3. Socio-economic data 

To study the socio-economic trends in Dubai, annual data are 
extracted from the Dubai Statistic Centre (DSC, 2023) and the Open Data 
Platform (Bayanat, 2023) for four metrics as indicators of Dubai’s urban 
and economic development: population growth, energy consumption, 
number of buildings completed, and GDP growth. The metrics are 
identified by the World Bank as world development indicators (The 
World Bank, 2022). 

The DSC adopts a general framework of the Charter of Quality of 
Statistical Data to cover various aspects of data collection, processing, 
and dissemination, following international recommendations and best 
practices in the field of quality control of statistical data. The data 
available on the websites of the DSC and Bayanat are open to the public 
for free access and download, according to the General Model of the 
Charter of Quality Assurance element “Ensuring data accessibility”. It 
should be noted that the authors of this paper did not contribute to the 
data collection procedures, quality assurance and quality control (QA/ 
QC) at the network level. 

2.4. Air quality data, limitations, and analysis methods 

Research has shown that ground-level ozone (O3), fine particulate 
matter with a diameter less than 2.5 μm (PM2.5), and nitrogen dioxide 
(NO2) are the most harmful urban air pollutants in terms of human 
health effects, see e.g., (Cakaj et al., 2023; Sicard et al., 2023). Addi-
tionally, the level of sulphur dioxide (SO2) has been found to strongly 
correlate with industrial activities in the studied region (Hosseiniebalam 
and Ghaffarpasand, 2015). Meanwhile, the most published papers that 
study the links between air pollution and economic growth such as 
(Acheampong and Opoku, 2023; Li et al., 2021; Wang et al., 2021) 
investigated the level of SO2 for the studied period. On the other hand, 
there is a close relationship between the activity of the natural emission 
sources in the study area and the level of PM10, as shown in (Ghaffar-
pasand et al., 2020a). This study aimed to identify potential correlations 
between air pollution in Dubai and economic development over the past 
decade by analysing the variations of PM10, PM2.5, NO2, SO2, CO and O3. 

Monthly concentrations of the criteria air pollutants are downloaded 
from the Dubai Statistic Centre (DSC, 2023) and the Open Data Platform 

(Bayanat, 2023). The data is collected from the 14 air quality monitoring 
stations spread across the emirate. They are classified by the competent 
authorities according to the type of location, into four categories: resi-
dential, industrial, traffic and remote. Fig. 2 shows the location of 
Dubai’s air quality monitoring stations. In addition to the 13 stationary 
monitoring stations, there is a remote ‘Hatta’ station located 135 km east 
of the centre of Dubai. The list of stations, names, types, and summary of 
data availability is shown in Table 2. 

As is common with air quality networks in developing countries, 
there are limitations in terms of the availability of air pollution data. The 
monitoring of certain air pollutants has not been consistent across all 
stations in Dubai, resulting in data gaps. Although data availability has 
improved in recent years, there are still some serious limitations. Air 
quality data are more consistent from 2017 onwards, with most missing 
data found in the earlier years of the study period. NO2 data were 
consistently missing for all stations in the last quarter of 2013. In 2019, 
two new stations, DIP and Al Qusais, were added to the air quality 
monitoring network to monitor air quality in newly developed resi-
dential areas. 

Although 10-year time-series of data is usually considered long 
enough to assess short-term changes, see e.g., (Sicard et al., 2020; 
Khaniabadi and Sicard, 2021), the current database covers only the 
period from 2013 to 2021 and has not yet been updated. On the other 
hand, machine learning techniques are used to exclude the impact of 
weather conditions and parameterise the role of planned or unplanned 
interventions, e.g., (Calatayud et al., 2023; Ghaffarpasand et al., 2024). 
High-resolution data is necessary for machine learning algorithms, but it 
is not publicly available in Dubai. PM2.5 data is only available for the 
years 2013 and 2014 and has therefore been excluded from the analysis. 

From the regulatory data, two averaged sets of data are calculated. 
Firstly, monthly average concentrations for pollutants across all stations 
are calculated to understand the overall trend in Dubai, across the study 
period for each pollutant. Hatta is excluded from the overall trend as it 
falls outside the inhabited part of Dubai. Secondly, the monthly average 
concentrations for pollutants, subset by station type, are calculated, to 
evaluate the source-specific influence on Dubai air quality. The analysis 
of the air quality data was carried out using the Openair package, 
developed by (Carslaw and Ropkins, 2023). The trends in the air 
pollution level are estimated by Theil-Sen method which tends to yield 
accurate confidence intervals even with non-normal data and hetero-
scedasticity (non-constant error variance). 

The analysis of how development affects air pollution involved 
splitting the research timeline into two distinct periods: one before 2017 
(spanning from 2013 to 2016) and one after 2017 (from 2017 to 2021). 
This division was chosen to assess how significant development activ-
ities up to the conclusion of 2016 influenced the local air quality by 
comparing the changes in air pollution rates between these two desig-
nated time frames. The annual rate of air pollution was calculated using 

Table 3 
List of Dubai air quality stations, type, and summary of data availability (showing dates where data is missing). Q4 refers to Quarter 4 (October to December).  

Station Name Subset/type PM10 NO2 SO2 O3 CO 

Deira Residential 2013–2016 Q4* 2013, 2014 Q4* 2013 & 2014 2014 2014 
Karama Residential 2015 Q4* 2013  2013–2015  
Jabel Ali Port Industrial 2017–2021 Q4* 2013, 2016, 2019  2013–2014 2016, 2019,2020 

2020–2021 
Mushrif Remote 2013–2016 Q4* 2013   2014–2015 
Zabeel Park Residential 2013–2016 Q4* 2013 Q4* 2013 and 2014 2013–2015  
Warsan Industrial 2013–2021 Q4* 2013 2013–2015  2013–2015 
Emirates Hills Residential  Q4* 2013 2014  Q4* 2013 
Jebel Ali Village Residential 2013–2016 Q4* 2013 2014   
Dubai Airport Industrial 2013–2015 Q4* 2013 2014 2013–2015  
Hatta Remote 2017–2021 Q4* 2013    
Sheikh Zayed Road (SZR) Traffic  Q4* 2013 2013–2015 2013–2015  
Shk. Mohd. Bin Zayed Road (SMBZ) Traffic  Q4* 2013 2013–2014 2013–2015  
Dubai Investment Park (DIP) Residential 2013–2018 2013–2018 2013–2018 2013–2018 2013–2018 
Al Qusais Residential 2013–2018 2013–2018 2013–2018 2013–2018 2013–2018  
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the Theil-Sen estimator function in the Openair package. 

2.5. The impact of the COVID-19 pandemic on dubai air pollution 

The period from 2013 to 2021 includes the COVID-19 pandemic 
period of 2019–2020, during which air pollution and human activities 
were significantly affected. Many studies have analysed the impact of 
the pandemic on air pollution. However, there has been a rigorous 
debate on the methods used, particularly on the role of weather condi-
tions on air pollution (Singh et al., 2022). It has been argued that 
weather conditions should be excluded from time series of air pollutant 
concentrations by using machine-learning techniques to achieve a reli-
able and trustworthy assessment (Ghaffarpasand et al., 2024). However, 
these techniques require hourly air quality data, which, as noted before, 
has not been made accessible to the public in Dubai. This study aims to 
estimate the relative difference in monthly air pollutant concentration 
levels between 2019 and 2020, both as business as usual and during the 
COVID-19 pandemic, in order to provide insights into the impact of the 
pandemic on air quality in Dubai. The results were then compared with 
studies that used almost the same approach. 

3. Results and discussion 

3.1. Dubai’s development dimensions for 2013–2021 

3.1.1. Population 
Changes in the population of Dubai between 2013 and 2021 are 

shown in Fig. 3 and Table 4. The population of Dubai increased by 
almost 54% between 2013 and 2021. The male population grew by 50% 
while the female population grew by 65%. Between 2013 and 2014, the 
female population shows the highest growth rate, which slows down to 

4% the following year, then increases again between 2015 and 2019, 
and drops significantly between 2019 and 2020, reaching its lowest level 
at 2.4%. Male population growth rates are slightly different, starting low 
at the beginning of the study period, then gradually increasing to peak at 
10.9% between 2015 and 2016, then gradually decreasing after 2017, 
reaching its lowest point at 1.3% between 2019 and 2020. The Covid-19 
pandemic is the likely cause of the reduced growth between 2019 and 
2020. Population growth for both males and females reflects a small 
recovery between 2020 and 2021. The peak in the male population 

Fig. 2. Locations and designations of air quality monitoring stations in Dubai.  

Fig. 3. Dubai population 2013–2021 (DSC, 2021c).  
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between 2015 and 2016 can be attributed to the demand for foreign 
workers to support the construction boom in Dubai. 

3.1.2. Urbanization, development, and energy consumption in dubai 
The number of buildings completed each year is shown in Fig. 4(a), 

which includes private villas, investment villas, industrial buildings, 
public commercial buildings and multi-storey buildings (Dsc, 
2013–2021). The most significant observation is the marked increase in 
the number of buildings completed between 2015 and 2016, which 
represents a 78% increase from the previous year. This construction 
boom explains the spike in male population growth between 2015 and 
2016, as developers pushed their projects towards completion deadlines 
in 2016. Dubai’s energy consumption is shown in Fig. 4(b). Energy 
consumption has consistently increased throughout the study period, 
with the exception of 2020. The impact of Covid-19 on Dubai’s energy 
consumption can be seen in the reduction in 2020. This is due to reduced 
industrial activity during the pandemic. 

3.1.3. GDP and economic development 
Gross Domestic Product (GDP) growth, financial development and 

energy consumption are linked to industrialization and urbanization and 
can lead to an increase in the level of harmful emissions and contribute 
negatively to environmental performance (Wang et al., 2020). Despite 
efforts to shift away from GDP as a measure of a nation’s prosperity and 
success, GDP is still commonly used as a metric of economic growth and 
monetary wealth of economies/nations (Costanza et al., 2014). The 
percentage growth in Dubai’s GDP is shown in Fig. 5. Significant growth 
in GDP in 2016 is consistent with growth in population, energy con-
sumption and construction. GDP growth is driven by growth in arts and 
entertainment (12%), electricity gas and water supply (9%), information 
and communication (8%) and real estate activity (8%) (DSC, 2021a). 
The significant drop in GDP in 2020 is most likely a reflection of the 
impact of Covid-19 on the economic growth in Dubai, like many regions 
around the world. 

3.2. Dubai air quality for 2013–2021 

The time series of monthly concentrations of the studied air pollut-
ants are shown in Fig. 6, both as an average of all available station data, 
and as a subset by station type (residential, industrial, traffic, or remote). 
The monthly data averaged over all years (2013–2021), from all avail-
able air quality stations, are shown in Fig. 7. The summary of the 
average air quality data for Dubai 2013–2021 is presented in Table 5. 
Regression plots of the rate of change of air pollution before and after 
2017 are presented in Fig. 8. A summary of the rate of change of 
different pollutants throughout the study period (2013–2021), before 
2017 (2013–2016) and after 2017 (2017–2021) is shown in Table 6. 

Fig. 6(a) shows an increasing trend in the PM10 level over the study 
period. A significant increase in PM10 levels is observed for the years 
2013–2017, which flattens out after 2017. The PM10 concentration 
increased at an overall rate of 4.38 μg/m3/year. From 2017 to 2021 
there is a high consistency between the measurements at different sta-
tion types, whereas before 2017, the variation is greater. After 2017, 
data were no longer available for stations in industrial areas, but the 
remaining station types show a similar trend. The peak in total monthly 
average PM10 in 2016 reflects the peak in PM10 in residential areas, 
while the peak in 2017 reflects the PM10 peak in traffic locations (Fig. 6 
(b)). The trends in the areas monitored by the remote station do not 
show much difference from the urban monitoring sources. The highest 
monthly average concentration of PM10 is found in residential areas with 
107 μg/m3, followed by remote, traffic and industrial areas with 103, 98 
and 92 μg/m3, respectively. Fig. 6(a) shows that PM10 has a clear sea-
sonality, with PM10 concentrations decreasing in winter (minima in 
December/January) and increasing in summer (peak in July). 

Desert dust has a dramatic effect on the levels of PM10 in cities that 

Table 4 
Population growth (%) in Dubai 2013–2021.  

Year % growth male 
population 

% growth female 
population 

% growth total 
population 

2013 
2014 2.2 13 5.1 
2015 5.6 4.1 5.1 
2016 11 9.0 10 
2017 11 9.6 10 
2018 6.9 8.0 7.3 
2019 4.4 6.8 5.1 
2020 1.3 2.4 1.6 
2021 1.6 2.8 2.0 
Overall 

growth 
50 65 54  

Fig. 4. (a) Number of buildings completed and (b) energy consumption (GWh) including residential, industrial, and commercial type consumption in 
Dubai 2013–2021. 

Fig. 5. GDP growth (%) in Dubai city from 2013 to 2021, GDP is expressed in 
current prices National Accounts, see www.dsc.gov.ae. 

H. Akasha et al.                                                                                                                                                                                                                                 

http://www.dsc.gov.ae


Atmospheric Environment: X 21 (2024) 100246

7

are close to or located in deserts. Two of the stations examined here fall 
into the remote station category, namely Mushrif Station and Hatta 
Station (the remote station near the border of the emirate shown in 
Fig. 5). PM10 data for Hatta station are only available for 2013–2015, 
while data for Mushrif station are available from 2017. Fig. 6(b) shows 
the PM10 peak in remote stations in early 2014, which is a reflection of 
dust-generated PM10 measured at a remotely located Hatta station. 
Given its distant location, availability and analysis of long-term data at 
Hatta station would have been beneficial to differentiate between 
desert-generated PM10 and anthropogenic dust generated at urban and 
traffic locations. The existing PM10 concentration profile makes it 
challenging to distinguish the contribution of PM10 concentrations from 

anthropogenic and natural sources. 
The PM2.5/PM10 ratio is an almost reliable proxy that has been used 

by previous researchers to discuss the contribution of anthropogenic and 
natural emission sources to ambient particulate matter. (Abuelgasim 
and Farahat, 2020) studied the PM2.5/PM10 ratios in Abu Dhabi (120 km 
away from Dubai) and found that the majority of the airborne pollutants 
are primarily produced by natural processes. However, as mentioned 
above, PM2.5 data for Dubai were only available for two years, 2013 and 
2014, so the PM2.5 analysis was excluded from the current study. 

PM10 data from Mushrif station is particularly interesting, it is 
currently classified as a remote station. Mushrif station is located in 
Mushrif National Park, a 5.25 km2 land rich with wildlife and greenery. 

Fig. 6. Monthly variation over all stations and time trend of (a) & (b) PM10, (c) & (d) NO2, (e) & (f) SO2, (g) & (h) O3, and (i) & (j) CO for 2013–2021, respectively.  
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Prior to the large construction boost around the location, which 
involved the development of multiple residential areas and a large 
shopping mall, Mushrif was considered a remote location in the Emirate. 
It might be more accurate now to re-categorize Mushrif station as a 
residential station. Having more consistent data for Mushrif station prior 
to 2016 would have been useful in highlighting the impact of urbani-
zation on air quality. 

Fig. 6(c) shows significant improvement in the NO2 concentration 
from 2013 to 2021. A rapid reduction in NO2 occurred between 2013 
and 2014, while a much lower and gradual reduction occurred between 
2015 and 2021. NO2 reduced at an overall rate of − 3.21 μg/m3/year, 
equivalent to 54% total concentration reduction. Table 5 shows that NO2 
concentration was 30–38% lower in remote locations than concentra-
tions at the other site types, most likely due to reduced traffic movement 

in remote areas. Fig. 6(d) shows that, in residential and industrial areas, 
NO2 concentration was the highest in 2013, at the beginning of the study 
period, then dropped afterwards, following a period of missing data 
during the final quarter of 2013. NO2 at traffic locations peaked in 2014, 
dropping again in consecutive years. 

The most NO2 exceedances worldwide occur in urban areas, espe-
cially in city centres with vehicle fleets with a high proportion of diesel 
cars (Degraeuwe et al., 2017). Therefore, the traffic stations would have 
recorded much higher NO2 concentrations, especially the monitoring 
stations near the two main motorways in Dubai: Sheikh Zayed Road and 
Mohammad bin Rashid Road. However, Dubai is a small and congested 
emirate, with most residential, industrial and traffic areas in close 
proximal distance to one another. This explains the similarity in the 
concentrations of NO2 in residential, industrial and traffic sites with 

Fig. 7. Average monthly variation of (a) PM10, (b) NO2, (c) SO2, (d) O3, and CO concentration at 99% (p = 0.001) confidence interval in mean; (f) the impact of 
COVID-19 pandemic on the Dubai air pollution, see section 2.5 for more information on the method. 

Table 5 
Summary of air quality data for Dubai 2013–2021.  

Pollutant Concentration Total Averagea Max Min Residential Industrial Traffic Remote 

PM10 (μg/m3) 104 230 26.0 107 91.8 98.6 103 
NO2 (μg/m3) 48.2 130 13.0 49.0 53.4 55.3 34.3 
SO2 (μg/m3) 17.2 149 2.20 18.3 15.2 17.9 4.70 
O3 (μg/m3) 68.0 182 18.7 70.2 65.1 56.7 73.6 
CO (mg/m3) 0.42 1.34 0.01 0.42 0.43 0.54 0.31  

a Total Average: Annual average concentration of all air quality stations. 
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average means of 49, 53, and 55 μg/m3, respectively. The significant 
reduction in NO2 concentrations at residential, industrial and traffic 
locations also demonstrates the effectiveness of environmental policies 
in reducing NO2 concentrations over the period studied here. 

Fig. 7(b) shows a seasonal trend in the monthly variation of NO2 
concentrations. The concentration of NO2 is lowest in the summer 

season. This may be due to reduced traffic movement during the summer 
months as residents travel to cooler destinations, either for tourism or to 
visit their home countries. This could be particularly significant in 
Dubai, where non-Emirati residents accounted for 92% of the total 
Dubai population (DSC, 2021c). In addition, Dubai has developed a 
strong brand globally attracting tourists from around the world 
(Anthonisz and Mason, 2019), particularly between September and 
March (U.S, 2022), which is reflected in the higher NO2 concentrations 
in the winter. 

Figs. 7(e) and 6(f) show the trends in SO2 concentrations. Initially, 
data availability was poor in 2013 and non-existent in 2014. Overall, the 
concentration of SO2 reduced at a rate of − 6.5 μg/m3/year from 2013 to 
2021, equivalent to a 92% total concentration reduction. The reductions 
in SO2 are the largest observed for any of the monitored air pollutants, 
particularly, a sharp drop in SO2 concentrations is observed between 
2013 and 2016. The values reached by the end of 2016 (average 6 μg/ 
m3) are maintained for consecutive years. This reduction demonstrates 
the effectiveness of the environmental policy in controlling SO2 pollu-
tion. The highest SO2 concentrations are observed in 2013, reaching an 
average of 92 μg/m3 in February 2013, which is still lower than the daily 
local allowable limit of 150 μg/m3, but higher than the annual limit of 
60 μg/m3. 

The average SO2 concentration, over the whole study period, for 
residential, industrial, traffic and remote areas is 18.3, 15.2, 17.9 and 
4.7 μg/m3, respectively. It is surprising that lower concentrations of the 

Fig. 8. The rate of change of air pollution (units/year) (a) before 2017 (b) after 2017. The symbols shown next to each trend estimate relate to how statistically 
significant the trend estimate is: p < 0.001 = * * *, p < 0.01 = **, p < 0.05 = *. The TheilSen function p < 0.1 = +. The values between brackets are the 95 % 
confidence intervals in the slope which is represented by the dashed lines. 

Table 6 
Rate of change of air pollution for the whole study period, before 2017 and after 
2017.  

Pollutant 
(Units) 

Rate of 
Change 
(Units per 
year)* 

p Rate of 
Change 
(Units per 
year)* 

p Rate of 
Change 
(Units per 
year)** 

p 

2013–2021 Before 
2017 

After 
2017 

PM10 (μg/ 
m3) 

4.38 0.001 5.49 0.100 − 3.52 0.050 

NO2 (μg/ 
m3) 

− 3.21 0.001 − 4.01 0.050 − 3.45 0.001 

SO2 (μg/ 
m3) 

− 4.5 0.001 − 21.3 0.001 − 0.78 0.001 

O3 (μg/ 
m3) 

− 2.89 0.001 3.22 0.100 − 5.83 0.050 

CO (mg/ 
m3) 

0.00 0.000 0.10 0.001 0.02 0.001  
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pollutant are observed in the industrial area than in the residential and 
traffic areas. This may require a more detailed air pollution dispersion 
analysis of SO2 to reflect its dispersion from the source of generation and 
to evaluate the locations affected by industrial air pollution. Residential 
areas such as Emirates Hills, al Farjan and Deira are located close to 
Jebel Ali and Dubai Airport industrial areas and have the highest SO2 
concentration compared to other more distant residential areas. Remote 
stations show the lowest concentration of SO2, which is expected as 
pollution exposure decreases with distance from the source. The 
maximum monthly concentration reached 149 μg/m3 and was observed 
at an industrial site in 2013. The monthly variation of SO2 in Fig. 7(c) 
shows that the pollutant concentrations are seasonal, being lowest in the 
summer season and highest from January to May. SO2 and NO2 con-
centrations show similar seasonal trends that can be attributed to the 
decrease in traffic density and industrial emissions during the summer 
holidays. The same was previously observed in the study by (Alejo et al., 
2013). 

Table 6 shows that the annual average concentration of O3 decreased 
at an overall rate of − 2.89 μg/m3/year from 2013 to 2021, but with 
large oscillations within the time series. O3 is a secondary pollutant that 
is typically regional, its production is a function of nitrogen oxides (NOx) 
and volatile organic compounds (VOCs) concentration, temperature and 
sunlight (Taheri et al., 2022). Although the results in Table 6 may give a 
positive picture, given the nature of tropospheric ozone production, a 
real evaluation of the O3 reduction mandates a deeper analysis of the 
changes in NOx and VOCs concentrations (National Research Council, 
1991). Average concentrations of the pollutant for residential, indus-
trial, traffic and remote are 70, 65, 57 and 74 μg/m3, respectively, 
showing the highest value at remote locations. The maximum concen-
tration of 182 μg/m3 was observed in January 2014 at the remote 
location, see Fig. 7(h). As the peak in 2014 is observed in all areas 
studied, it cannot be attributed to measurement errors at the monitoring 
stations. A similar spike in PM10 concentrations, a pollutant recognized 
for its regional influence, is also observed during this period. O3 is a 
secondary pollutant, and its formation is linked to sunlight and tem-
perature, hence, trends in O3 are expected to be seasonal as observed in 
Fig. 7(d), with O3 peaking in summer and decreasing in winter. 

The concentration of CO appears to fluctuate between 0.2 and 0.6 
mg/m3 with a mean annual value of 0.42 mg/m3. The overall rate of 
change in CO was negligible (almost zero). Throughout the study period, 
the concentration of CO was maintained at less the 1 mg/m3, except for 
one exceedance in 2016 at the Mushrif remote location. Nevertheless, 
the monthly concentration of CO is significantly lower than the daily 
local and WHO allowable limits for ambient pollutants. Therefore, there 
is no real public health concern with regard to CO concentrations. The 
mean values for residential, industrial, traffic and remote locations are 
0.42, 0.43, 0.54, and 0.31 mg/m3, respectively. Since CO is mainly 
generated from burning fossil fuels, remote stations are expected, con-
trary to findings, to produce a much lower concentration than other 
locations. This is possibly due to the development of the Mushrif area, 
which is mirrored in the peak in remote location concentration in 2016. 
The peak in CO concentration in 2016 can be attributed to the con-
struction boom, as marked by the peak in the number of buildings 
completed in that year, see Fig. 4(a). The overall trend in air pollution 
(see Fig. 6) shows almost a turning point around 2017, so we split the 
data into two periods to analyse Dubai’s air pollution trends before and 
after 2017. We examine the rate of change through trend analysis of the 
pollutants studied. It is calculated using the Theilsen function in the 
open-air package (see section 2.4), which is a useful function in deter-
mining air pollution trends over several years. It should be noted that the 
data has been de-seasonalized to eliminate the seasonal cycle in the 
trends. 

As can be seen from Fig. 8 and Table 6, there are different variations 
in the trends for the different pollutants. The rate of PM10 and O3 
pollution increased at 5.49 μg/m3/year and 3.22 μg/m3/year, respec-
tively, before 2017, while it decreased after 2017 at a rate of − 3.52 μg/ 

m3/year and − 5.83 μg/m3/year, respectively. The rate of NO2 pollution 
decreased at a similar rate of − 4.01 and − 3.45 μg/m3/year, with a 
slightly lower rate after 2017. The largest difference between the two 
split periods is for SO2 pollution rate. Before 2017, the rate of pollution 
sharply decreased at a rate of − 21.3 μg/m3/year, whereas after 2017, 
much smaller reductions in SO2 pollution took place at a rate of − 0.78 
μg/m3/year. The largest improvement in air quality in the emirate is 
reflected in SO2 pollution reductions. CO pollution increased at a rate of 
0.1 mg/m3/year before 2017, while reduced to 0.02 mg/m3/year after 
2017. During the study period, Dubai witnessed the greatest rate of 
development concerning buildings completed between 2013 and 2016 
which might have contributed to the variation between the two split 
periods. 

The Environmental Kuznets Curve (EKC) hypothesis, which suggests 
that economic development degrades the environment until it reaches a 
threshold (Dogan and Inglesi-Lotz, 2020), can be observed in Fig. 8. 
However, it is important to treat this hypothesis here with caution. 
Looking at the trends for PM10, NO2, and O3 for the periods studied 
before and after 2017, a partial turning point can be observed. Specif-
ically, all pollutants studied, except CO, show a decreasing trend after 
2017. Although the evidence partially supports the EKC hypothesis, 
assessing its certainty in Dubai requires a longer period of analysis than 
is currently available. This can be seen as one of the future research 
directions resulting from this current study. 

(Sicard et al., 2023) assessed the trends in concentration exposure of 
global urban populations to O3 and NO2 (and PM2.5 which is not in the 
scope of the current study) between 2000 and 2019 in over 13,000 urban 
areas. Results show that mean annual NO2 concentrations increased in 
71% of cities worldwide (on average + 0.4 % per year), with improve-
ments in North America and Europe and increases in exposure in 
sub-Saharan Africa, the Middle East, and South Asia. Global exposure of 
urban populations to O3 also increased by an average of +0.8% per year 
in 89% of the stations studied. The current study shows an almost similar 
variation in ozone levels, while NO2 levels in Dubai improved with an 
average of 6.75% per year, which is higher than the average of the other 
urban areas studied by (Sicard et al., 2023). 

Fig. 7(f) illustrates the impact of the COVID-19 pandemic on air 
pollution in Dubai. The box plots display the monthly variations of air 
pollutant levels for 2019–2020. On average, COVID-19 reduced the 
concentration levels of CO, SO2, NO2, and PM10 by 3–16%, while 
increasing the level of ozone by nearly 8%. This trend variation has been 
observed in most published studies that evaluated the impact of COVID- 
19 on air pollution, e.g., (Ghaffarpasand et al., 2024). As previously 
mentioned, numerous studies have investigated the correlation between 
COVID-19 and air pollution using various methods. (Broomandi et al., 
2020) conducted a study in Tehran, the capital of Iran, located in the 
Middle East, using the same methodology as this study. Their findings 
indicate that the COVID-19 pandemic led to a reduction in the concen-
trations of SO2, NO2, CO, and PM10 by 5–28%, 1–33%, 5–41%, and 
1.4–30%, respectively. (Rashidi et al., 2023) used also the same method 
for the city of Khoramabad and found an 8% increase in the ground-level 
ozone. 

3.3. The influences of socio-economic factors and environmental policy 
on air pollution 

Pearson correlation coefficients between the socio-economic factors, 
including urban population growth, urban GDP, energy consumption 
and the number of buildings completed, and the concentration of air 
pollutants studied here are reported in Table 7, to deepen the insights 
into the relationship between economic development and air pollution. 

The concentrations of NO2 and SO2 show a significant negative 
correlation with population, GDP and energy consumption, indicating 
that the two pollutants are decoupled from development metrics. On the 
other hand, PM10 concentration shows a significant positive correlation 
with population, GDP and energy consumption. CO shows a significant 
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positive correlation only with the number of buildings completed while 
showing no correlation with other socio-economic factors. O3 is a 
regional secondary pollutant, therefore the correlation of O3 with socio- 
economic factors is showing an unsurprisingly inconclusive result. 
Although the results suggest that the Emirate’s development has had an 
impact on the concentration of PM10, it is noted, that a large portion of 
PM10 pollution is attributed to natural desert dust sources rather than 
urban pollution sources. This is indicated by the higher PM10 concen-
trations in remote and residential areas compared to the other station 
types. Transboundary regional pollution is impacting the distribution of 
PM10 across the Arabian Peninsula where millions of dust particles are 
carried from the Arabian desert into the coastline (Akasha et al., 2023). 
Proper management of PM10 pollution will require a regional, inter-
governmental approach to manage the onset and escalation of regional 
dust activity. Attempts to mitigate PM10 pollution may manifest in a 
declining pollution trend after 2017. Nevertheless, managing PM10, 
given its substantial natural regional source originating from desert 
dust, presents a significant challenge. 

As shown in Table 1 in section 2.2, countrywide environmental 
policies have been emerging in the UAE since 1993 in the form of Laws 
or Agendas/Strategies. The impact of environmental policy on air 
quality can be realized through reductions in the criteria air pollutant 
concentrations. The results from this study show a reduction in locally 
generated pollutants (NO2 and SO2) in Dubai, whereas PM10 pollution 
with wider natural regional sources shows increases over the time period 
of interest. The overall results highlight the effectiveness of Dubai’s 
environmental policies on local sources of pollutants leading to large 
reductions in NO2 and SO2 (54% and 93%) during the studied period. 
These reductions are particularly impressive when they are put in the 
context of the increasing urbanization and construction of Dubai. 

4. Summary, conclusions, and policy implications 

The concentrations of criteria air pollutants (CAP) at 14 locations 
within Dubai Emirate of UAE for the years 2013–2021 are evaluated in 
this paper. On average, throughout the study period, the air pollution, 
with the exception of PM10, decreases indicating improving air quality 
within the Emirate. PM10 pollution rate increases from 2013 to 2017 and 
then decreases after that. Regardless of increases in population count 
and energy consumption in the Emirate, CO, NO2 and SO2 concentra-
tions remain low. 

The findings of this paper hold significant relevance for other cities, 
especially those planning to reform old urban areas and design new 
cities. The study demonstrates improved air quality in Dubai for primary 
urban pollutants, despite rapid economic growth and urbanization, and 
demonstrates the effectiveness of environmental policies in reducing 
pollution from industrial and transport sources. The success in control-
ling pollutants like NO2 and SO2 can serve as valuable lessons for urban 
planners and policymakers globally, offering insights into sustainable 
development strategies to combat air pollution. 

Currently, the air quality monitoring guidelines in Dubai exceed the 
2021 WHO guidelines for all monitored criteria air pollutants. This in-
dicates a need for future revisions to improve air quality. The recently 
published environmental strategy, ‘The National Air Quality Agenda 
2031′, addresses this issue by outlining UAE’s main programs and action 

plans to reduce air pollution. Reducing air pollutant emissions is a 
logical approach to improving air quality. Additionally, green urban 
infrastructure, particularly urban trees, can also help to mitigate air 
pollution (Manzini et al., 2023; Roeland et al., 2019; Sicard et al., 2022). 
The challenges faced in managing PM10, which predominantly origi-
nates from natural regional desert dust sources, underscore the need for 
comprehensive and region-specific approaches to tackling air pollution 
in cities. 

Regarding the research limitations, the main issues encountered are 
the lack of access to air quality data prior to 2013 and the absence of 
continuous data from remote locations. The absence of data results in a 
less comprehensive understanding of the long-term trends of air pollu-
tion in Dubai, particularly in relation to the impact of desert dust on the 
environment and population. It also prevents a comprehensive assess-
ment of the relevance of the EKC hypothesis to Dubai’s air quality. Long- 
term, continuous and high-resolution data is extremely useful for un-
derstanding the real impact of economic development and urbanization 
on Dubai’s air quality. Continuous remote station data would signifi-
cantly aid in understanding the impact of desert dust on Dubai’s air 
pollution profile and distinguishing between natural and anthropogen-
ically generated pollution. Missing data can also impact policy recom-
mendations and implementation. Future studies can usefully compare 
the measured concentrations of criteria air pollutants with emission 
inventories. An emissions inventory is a comprehensive list of sources 
that emit pollutants. It provides insight into the contribution of different 
sectors to air pollution and assesses the effectiveness of policies imple-
mented to improve air quality, see e.g., (Ghaffarpasand et al., 2020b). 
While it has been announced that the Dubai emissions inventory is being 
prepared, it has not yet been made publicly available. Emission in-
ventories for the whole of the UAE, from the Ministry of Climate Change 
and Environment, are available for 2015 and 2019, but they only 
investigate anthropogenic emissions (UAE, 2019; UAE, 2023). 

Since 1999, laws and policies have been introduced in the UAE to 
protect the environment and encourage sustainable development. 
Recently, more emphasis has been placed on improving air quality to 
protect human health and the environment, reflecting positively on the 
improvement of Dubai’s air quality. The growth of Dubai over the last 30 
years has been unprecedented. This growth was anticipated to cause 
long-term deterioration of local air quality. However, this case study 
shows that Dubai has managed to develop rapidly and sustainably 
without long-term detriments to its air quality. Nevertheless, new pol-
icies can address the management of the construction sector to limit its 
impact on local air quality if further future massive development is 
anticipated and the development of long-term management of dust 
storms in collaboration with regional and global entities. 

This paper identifies limitations, and the importance of long-term, 
continuous, and high-resolution data that can guide other researchers 
and authorities in adopting robust monitoring and assessment practices. 
Ultimately, the research contributes to the worldwide knowledge pool 
on air quality management, offering valuable implications for improving 
public health and environmental well-being in cities around the globe. 
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Ragnarsdóttir, K.V., Roberts, D., De Vogli, R., Wilkinson, R., 2014. Development: 
time to leave GDP behind. Nature 505, 283–285. 

Degraeuwe, B., Thunis, P., Clappier, A., Weiss, M., Lefebvre, W., Janssen, S., Vranckx, S., 
2017. Impact of passenger car NOX emissions on urban NO2 pollution – scenario 
analysis for 8 European cities. Atmos. Environ. 171, 330–337. 

Ding, Y., Zhang, M., Chen, S., Wang, W., Nie, R., 2019. The environmental Kuznets curve 
for PM2.5 pollution in Beijing-Tianjin-Hebei region of China: a spatial panel data 
approach. J. Clean. Prod. 220, 984–994. 

Dogan, E., Inglesi-Lotz, R., 2020. The impact of economic structure to the environmental 
Kuznets curve (EKC) hypothesis: evidence from European countries. Environ. Sci. 
Pollut. Control Ser. 27, 12717–12724. 

Dong, D., Xu, B., Shen, N., He, Q., 2021. The adverse impact of air pollution on China’s 
economic growth. Sustainability 13, 9056. 

DSC, 2013. Buildings, Housing Units, and Households Comprehensive Collection. UAE: 
Dubai Statistics Center, Dubai. https://www.dsc.gov.ae/en-us/Themes/Pages/Hous 
ing-and-Building.aspx?Theme=40. (Accessed 18 October 2022), 2022.  

DSC, 2021a. National Accounts [Online]. Dubai Statistics Center. Available: https 
://www.dsc.gov.ae/en-us/Themes/Pages/National-Accounts.aspx?Theme=24. 
(Accessed 15 September 2022), 2022.  

DSC, 2021b. Population by Gender - Emirate of Dubai. Government of Dubai- Dubai 
Statistics Center, Dubai.  

DSC, 2021c. Yearly Population Estimates. Government of Dubai-Dubai Statistics Center, 
Dubai.  

DSC. https://www.dsc.gov.ae. 
Dubai, G.O., 2022. Dubai 2040 Urban Master Plan [Online]. Available: https://u.ae/en/a 

bout-the-uae/strategies-initiatives-and-awards/local-governments-strategies-and- 
plans/dubai-2040-urban-master-plan. (Accessed 15 October 2022), 2022.  

Elessawy, F., 2017. The boom: population and urban growth of Dubai city. Horizons in 
Human. Soc. Sci. 2, 26–41. 

Elgaali, E., Ziadat, A.H., Alzyoud, S., 2019. Environmental effects of new developments 
in the coastal zones of Dubai. Adv. Sci. Eng. Technol. Int. Conf. (ASET) 1–4, 26 
March-10 April 2019 2019.  

Elhacham, E., Alpert, P., 2021. Temperature patterns along an arid coastline 
experiencing extreme and rapid urbanization, case study: Dubai. Sci. Total Environ. 
784, 147168. 

Ghaffarpasand, O., Khodadadi, M., Majidi, S., Rozatian, A.S.H., 2020a. Multi-elemental 
characterization of pm0.4–0.7 and pm1.1–2.1 in the ambient air of isfahan (Iran) 
complemented by the speciation of Mn and Cr using SR-XANES. Aerosol Sci. Eng. 4, 
124–136. 

Ghaffarpasand, O., Okure, D., Green, P., Sayyahi, S., Adong, P., Sserunjogi, R., 
Bainomugisha, E., Pope, F.D., 2024. The impact of urban mobility on air pollution in 
Kampala, an exemplar sub-Saharan African city. Atmos. Pollut. Res. 15, 102057. 

Ghaffarpasand, O., Talaie, M.R., Ahmadikia, H., Khozani, A.T., Shalamzari, M.D., 2020b. 
A high-resolution spatial and temporal on-road vehicle emission inventory in an 
Iranian metropolitan area, Isfahan, based on detailed hourly traffic data. Atmos. 
Pollut. Res. 11, 1598–1609. 

Globaldata, 2019. Dubai, London and New York are 2019’s ‘Construction Mega Cities’ 
[Online]. London, EC4Y 0AN, UK GlobalData Plc 2022. Available: https://www. 
globaldata.com/media/press-release/dubai-london-and-new-york-are-2019s-con 
struction-mega-cities/. (Accessed 1 September 2022), 2022.  

Gov, H.D., 2015. Proposed rules federal register. Publ. Law 114. 
Habibi, F., Zabardast, M.A., 2020. Digitalization, education and economic growth: a 

comparative analysis of Middle East and OECD countries. Technol. Soc. 63, 101370. 
Holdren, J.P., Ehrlich, P.R., 1974. Human Population and the Global Environment: 

population growth, rising per capita material consumption, and disruptive 
technologies have made civilization a global ecological force. Am. Sci. 62, 282–292. 

Hosseiniebalam, F., Ghaffarpasand, O., 2015. The effects of emission sources and 
meteorological factors on sulphur dioxide concentration of Great Isfahan, Iran. 
Atmos. Environ. 100, 94–101. 

Khaniabadi, Y.O., Daryanoosh, S.M., Amrane, A., Polosa, R., Hopke, P.K., Goudarzi, G., 
Mohammadi, M.J., Sicard, P., Armin, H., 2017. Impact of Middle eastern dust storms 
on human health. Atmos. Pollut. Res. 8, 606–613. 

Khaniabadi, Y.O., Sicard, P., 2021. A 10-year assessment of ambient fine particles and 
related health endpoints in a large Mediterranean city. Chemosphere 278, 130502. 

Khaniabadi, Y.O., Sicard, P., Takdastan, A., Hopke, P.K., Taiwo, A.M., Khaniabadi, F.O., 
De Marco, A., Daryanoosh, M., 2019. Mortality and morbidity due to ambient air 
pollution in Iran. Clin. Epidemiol. Glob. Health 7, 222–227. 

Kuznets, S., 1955. Economic growth and income inequality. Am. Econ. Rev. 45, 1–28. 
Leal, P.H., Marques, A.C., 2022. The evolution of the environmental Kuznets curve 

hypothesis assessment: a literature review under a critical analysis perspective. 
Heliyon 8, e11521. 

Li, J., Hou, L., Wang, L., Tang, L., 2021. Decoupling analysis between economic growth 
and air pollution in key regions of air pollution control in China. Sustain. [Online] 
13. 

Liu, B., Bryson, J.R., Sevinc, D., Cole, M.A., Elliott, R.J.R., Bartington, S.E., Bloss, W.J., 
Shi, Z., 2023. Assessing the impacts of birmingham’s clean air Zone on air quality: 
estimates from a machine learning and synthetic control approach. Environ. Resour. 
Econ. 86, 203–231. 

Maleki, H., Goudarzi, G., Baboli, Z., Khodadadi, R., Yazdani, M., Babaei, A.A., 
Mohammadi, M.J., 2022. Temporal profiles of ambient air pollutants and associated 
health outcomes in two polluted cities of the Middle East. J. Environ. Health Sci. 
Eng. 20, 347–361. 

Manzini, J., Hoshika, Y., Carrari, E., Sicard, P., Watanabe, M., Tanaka, R., Badea, O., 
Nicese, F.P., Ferrini, F., Paoletti, E., 2023. FlorTree: a unifying modelling framework 
for estimating the species-specific pollution removal by individual trees and shrubs. 
Urban For. Urban Green. 85, 127967. 

Meadows, D.H., Goldsmith, E.I., Meadow, P., 1972. The Limits to Growth. Earth Island 
Limited London. 

MOCCAE, 2020. UAE Air Quality Index Manual. 
MOCCAE, 2022. The national air quality agenda 2031 [online], 1. Ministry of Clim. 

Change Environ., Dubai, pp. 1–43. Available: https://u.ae/en/about-the-uae/st 
rategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-nati 
onal-air-quality-agenda-2031. (Accessed 24 October 2024). 

MOCCAE. https://www.moccae.gov.ae. 
Nassar, A., Blackburn, G., Whyatt, D., 2014. Developing the desert: the pace and process 

of urban growth in Dubai. Comput. Environ. Urban Syst. 45, 50–62. 
National Research Council, 1991. Rethinking the Ozone Problem in Urban and Regional 

Air Pollution. The National Academies Press, Washington, DC.  
Neisi, A., Vosoughi, M., Idani, E., Goudarzi, G., Takdastan, A., Babaei, A.A., Ankali, K.A., 

Hazrati, S., Shoshtari, M.H., Mirr, I., Maleki, H., 2017. Comparison of normal and 
dusty day impacts on fractional exhaled nitric oxide and lung function in healthy 
children in Ahvaz, Iran. Environ. Sci. Pollut. Control Ser. 24, 12360–12371. 

Olimat, M.S., 2023. China and the Middle East: an Overview. Routledge Companion to 
China and the Middle East and North Africa, pp. 9–24. 

H. Akasha et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S2590-1621(24)00013-3/sref1
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref1
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref1
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref1
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref2
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref2
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref3
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref3
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref3
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref4
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref4
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref5
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref5
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref5
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref5
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref6
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref6
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref6
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref7
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref7
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref7
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref7
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref8
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref8
https://bayanat.ae
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref10
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref10
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref10
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref11
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref11
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref12
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref12
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref12
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref13
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref14
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref14
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref15
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref15
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref15
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref16
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref17
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref17
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref17
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref18
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref18
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref18
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref19
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref19
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref19
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref20
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref20
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref20
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref21
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref21
https://www.dsc.gov.ae/en-us/Themes/Pages/Housing-and-Building.aspx?Theme=40
https://www.dsc.gov.ae/en-us/Themes/Pages/Housing-and-Building.aspx?Theme=40
https://www.dsc.gov.ae/en-us/Themes/Pages/National-Accounts.aspx?Theme=24
https://www.dsc.gov.ae/en-us/Themes/Pages/National-Accounts.aspx?Theme=24
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref24
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref24
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref25
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref25
https://www.dsc.gov.ae
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/local-governments-strategies-and-plans/dubai-2040-urban-master-plan
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/local-governments-strategies-and-plans/dubai-2040-urban-master-plan
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/local-governments-strategies-and-plans/dubai-2040-urban-master-plan
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref28
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref28
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref29
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref29
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref29
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref30
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref30
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref30
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref31
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref31
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref31
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref31
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref32
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref32
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref32
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref33
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref33
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref33
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref33
https://www.globaldata.com/media/press-release/dubai-london-and-new-york-are-2019s-construction-mega-cities/
https://www.globaldata.com/media/press-release/dubai-london-and-new-york-are-2019s-construction-mega-cities/
https://www.globaldata.com/media/press-release/dubai-london-and-new-york-are-2019s-construction-mega-cities/
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref35
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref36
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref36
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref37
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref37
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref37
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref38
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref38
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref38
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref39
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref39
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref39
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref40
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref40
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref41
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref41
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref41
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref42
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref43
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref43
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref43
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref44
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref44
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref44
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref45
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref45
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref45
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref45
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref46
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref46
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref46
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref46
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref47
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref47
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref47
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref47
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref48
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref48
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref49
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-national-air-quality-agenda-2031
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-national-air-quality-agenda-2031
https://u.ae/en/about-the-uae/strategies-initiatives-and-awards/federal-governments-strategies-and-plans/the-national-air-quality-agenda-2031
https://www.moccae.gov.ae
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref52
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref52
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref53
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref53
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref54
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref54
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref54
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref54
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref55
http://refhub.elsevier.com/S2590-1621(24)00013-3/sref55


Atmospheric Environment: X 21 (2024) 100246

13

Rashidi, R., Khaniabadi, Y.O., Sicard, P., De Marco, A., Anbari, K., 2023. Ambient PM2.5 
and O3 pollution and health impacts in Iranian megacity. Stoch. Environ. Res. Risk 
Assess. 37, 175–184. 

Roeland, S., Moretti, M., Amorim, J.H., Branquinho, C., Fares, S., Morelli, F., 
Niinemets, Ü., Paoletti, E., Pinho, P., Sgrigna, G., Stojanovski, V., Tiwary, A., 
Sicard, P., Calfapietra, C., 2019. Towards an integrative approach to evaluate the 
environmental ecosystem services provided by urban forest. J. For. Res. 30, 
1981–1996. 

Samiha, S.M., 2023. A Critical Political Economy of the Middle East and North Africa 
Edited by Joel Beinin, Bassam Haddad and Sherene Seikaly. Marmara University, 
Stanford, CA, p. 331. Stanford University Press, 2021.  

Sheehan, P., Cheng, E., English, A., Sun, F., 2014. China’s response to the air pollution 
shock. Nat. Clim. Change 4. 

Shokoohi, Z., Dehbidi, N.K., Tarazkar, M.H., 2022. Energy intensity, economic growth 
and environmental quality in populous Middle East countries. Energy 239, 122164. 

Sicard, P., Agathokleous, E., Anenberg, S.C., De Marco, A., Paoletti, E., Calatayud, V., 
2023. Trends in urban air pollution over the last two decades: a global perspective. 
Sci. Total Environ. 858, 160064. 

Sicard, P., Agathokleous, E., De Marco, A., Paoletti, E., 2022. Ozone-reducing urban 
plants: choose carefully. Science 377, 585, 585.  

Sicard, P., Paoletti, E., Agathokleous, E., Araminienė, V., Proietti, C., Coulibaly, F., De 
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