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A B S T R A C T

Clean indoor air is vital for health in all settings, especially in locations where extreme climates restrict outdoor 
activity, such as in the United Arab Emirates (UAE). UAE summer temperatures routinely exceed 42◦C (108◦F), 
discouraging outdoor activity and limiting natural ventilation of structures. Yet, little research is available on 
indoor air quality in the UAE. To inform the design of a new indoor air quality program, the Abu Dhabi Public 
Health Centre commissioned a study to characterize and prioritize knowledge gaps on indoor air quality and its 
relationship to health in the UAE and to identify potential partners for the program. Research gaps and priorities 
were identified by a panel of 16 international and local indoor air quality experts through a two-day structured, 
in-person workshop and follow-up survey. Key partners were identified through a stakeholder mapping exercise 
and e-mail survey of 79 government agencies and nongovernment organizations. The expert panel concluded 
that the most important short-term research need is to characterize the major sources of indoor air pollution and 
the most frequently occurring pollutants. The panel recommended establishing a national indoor air quality 
observatory encompassing a wide range of settings, including residences, schools, mosques, healthcare facilities, 
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shopping malls, and other public spaces. Indoor air quality monitors would be permanently placed to establish 
baseline indoor air quality, provide data to estimate source contributions, and enable tracking of changes over 
time. The stakeholder mapping exercise identified ten agencies that should be involved in planning, including the 
Abu Dhabi Public Health Centre, Department of Health–Abu Dhabi, Environment Agency–Abu Dhabi, Abu Dhabi 
Department of Energy, and Emirates Public Health Association. While focused on the UAE, the methods and 
research priorities in this study may be useful for planning indoor air quality improvement campaigns in other 
high-income nations.

1. Introduction

Propelled by the discovery of oil in 1958, the United Arab Emirates 
(UAE) has industrialized at a rapid rate over the past half century. The 
UAE’s gross domestic product increased nearly 1,000-fold between 1970 
and 2023 (from $686 million to $504 billion in current US dollars) [30]. 
Industrialization and urbanization have transformed the UAE’s built and 
natural environments. During the 1970s and 1980s, the UAE’s two 
major cities (Abu Dhabi and Dubai) “boomed … from sparsely populated 
coastal villages of traditional palm frond and adobe houses and ancient 
stone forts into towering skyscrapers and expanding urban centres” 
[23]. Traditional, naturally ventilated dwellings were replaced with 
tightly sealed, air-conditioned villas and apartments. Industrialization 
and rapid urbanization created new, anthropogenic sources of air 
pollution, adding to high natural background levels of particulate matter 
(PM) arising from dust storms on the Arabian Peninsula, one of the 
world’s major dust sources [14,22].

The built environment’s transformation, along with highly visible 
increases in ambient air pollution, has raised concerns about indoor air 
quality. Policymakers and the public have questioned whether existing 
ventilation systems adequately control indoor air quality, considering 
risks from infiltration of polluted outdoor air and the generation of 
pollutants from indoor sources [12]. The UAE’s extreme climate exac
erbates the challenge of balancing the need for ventilation to exhaust 
indoor pollution sources and the need to seal buildings to improve en
ergy efficiency and prevent infiltration of outdoor air pollution [24]. 
Climate change is increasing these concerns as rising temper
atures—expected to reach a summer maximum of 55◦ C (131◦ F) in 
coming decades—exacerbate ambient air pollution, create added pres
sure for energy-efficient buildings, and force people to spend even more 
time indoors [2,33]. These factors led participants in a 2009 policy 
planning exercise to rank indoor air pollution as the second most 
important environmental threat (after ambient air pollution) to public 
health in the UAE [29]. More recently, the discovery that COVID-19 is 
transmitted via aerosols has amplified the demand for improved indoor 
air quality management [25].

Despite these concerns, research on indoor air quality in the UAE is 
limited, creating a barrier to evidence-based solutions. The nation’s first 
and most comprehensive study measured air quality in 628 Emirati 
homes between 2009 and 2010 [32]. Weekly average concentrations of 
fine particulate matter (PM2.5) were above the World Health Organi
zation (WHO) annual average target of 5 µg/m3 in more than half of the 
homes; the maximum observed weekly average PM2.5 concen
tration—167 µg/m3—was 33 times the WHO annual target. Using data 
from this study and other sources, MacDonald Gibson et al. [19]
attributed 153 (95 % CI 85–216) deaths (0.96 %–2.43 % of deaths from 
all causes) in the UAE to indoor air pollution in 2008 [19]. The study 
also attributed 21,800 visits to medical facilities for nonfatal illnesses to 
indoor air pollution in the year 2008, including 13,940 visits for car
diovascular diseases (4.5 % of all medical consultations for cardiovas
cular diseases) and 6051 visits for asthma (representing 14.4 % of 
asthma cases among children and 7.8 % of adult cases).

More recently, a few small-scale studies have measured indoor air 
quality in residential and educational settings. A study published in 
2020 measured multiple gaseous pollutants and total suspended parti
cles in 12 Abu Dhabi homes [6]. Eight-hour average formaldehyde 

concentrations were above the 30-minute WHO guideline value 
(0.1 ppm) in all 12 homes. High concentrations of total suspended 
particles (up to an eight-hour average of 628 µg/m3) also were observed. 
In 2020, Awad and Jung measured several gaseous pollutants and total 
suspended particles in 20 one- and two-bedroom apartments in a large 
residential complex in Dubai [5]. Concentrations of several gaseous 
pollutants exceeded WHO guidelines in most apartments, but PM con
centrations were relatively low. Also in 2020, Jung and Awad measured 
carbon dioxide (CO2) concentrations in two 120 m2 university class
rooms in Ajman (one of the UAE’s seven emirates) before and after 
installing 48 potted areca palm plants, finding that plants decreased CO2 
from 1204 ppm to 624 ppm [17]. Another study by Jung and Awad 
tested indoor air quality in 8 Dubai homes, finding elevated radon levels 
and/or VOCs in most of the dwellings [1]. Arar et al. [3] assessed 
whether cleaners, changes in building materials, or improved ventila
tion systems could improve indoor air quality inside 16 preschools 
across the UAE. The study results indicated that by installing air 
cleaners, total VOCs and total suspended particles decreased by 46.4 % 
and 21.7 %, respectively [3].

The limited prior research suggests that interventions to improve 
indoor air quality in the UAE could benefit public health, but informa
tion to design and prioritize interventions that are appropriate for the 
UAE context is insufficient. Current indoor air quality management 
guidelines are based on standards established by the American Society of 
Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE). 
These standards may not be optimal for the UAE, given the major dif
ferences in the built environment, ambient air quality, and climate be
tween typical U.S. cities and towns and the cities and towns of the UAE. 
For example, given the country’s young age, most buildings are rela
tively new and designed to optimize energy efficiency, limiting use of 
ventilation with outdoor air for indoor air quality management [16]. 
High PM2.5 concentrations resulting from windblown desert dust and 
anthropogenic sources pose a further challenge to ventilation design. As 
a result, the Abu Dhabi Public Health Centre (ADPHC) is undertaking a 
new research initiative on indoor air quality. ADPHC was established as 
a government agency in 2019 to manage the emirate’s public health 
system and to promote population health. To guide the conceptualiza
tion of this new initiative, ADPHC commissioned a study to 

• characterize gaps in knowledge about indoor air quality and its 
health effects in the UAE,

• assess available research on interventions to improve indoor air 
quality,

• establish a proposed timeline for addressing identified knowledge 
gaps, and

• identify organizations that should be enlisted to support a new in
door air quality research program.

This article documents the study process and the resulting research 
agenda. The methods and results may be relevant to researchers and 
government agencies in other high-income nations concerned about 
improving indoor air quality. The results also may be relevant to large 
desert cities in the Middle East and beyond that are challenged with 
balancing indoor climate control with indoor and ambient air quality; 
examples include Riyadh, Sharm El Sheikh, Cairo, Baghdad, Tehran, 
Lima, Phoenix, Santa Fe, and Las Vegas, among others.
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2. Methods

To develop the research agenda, we used a combination of a struc
tured two-day, in-person workshop involving international experts on 
indoor air quality and an e-mail survey of potentially interested 
organizations.

2.1. Method for identifying research needs

To identify knowledge gaps, we held a structured two-day in-person 
workshop in Abu Dhabi on September 27–28, 2023. Eight international 
and eight local experts in indoor air quality (including the authors of this 
article) accepted invitations to attend. These participants were selected 
because of their previous leadership of research on indoor air quality in 
high-income nations and/or their involvement in previous indoor air 
quality research in the UAE. International participants were from Hong 
Kong, Singapore, Denmark, France, The Netherlands, and the United 
States. Local experts were from seven UAE universities and one medical 
research center. In addition, seven representatives from selected local 
government agencies with potential interests in indoor air quality policy 
were invited. (Table S1 in the supporting information lists participant 
affiliations.)

The workshop format followed the nominal group technique. The 
method was developed by management science researchers in the 1970s 
to conceptualize complex research problems. Subsequently, it has 
underpinned the development of scientific research agendas in diverse 
fields, including syndromic disease surveillance, critical care medicine, 
community design, diabetes prevention, COVID-19 impacts on maternal 
and child health, and natural resource management.

By combining silent reflection among participants with facilitated 
group discussions, the nominal group technique generates ideas and 
includes social interaction and discussion while limiting pressure for 
conformity or dominance of the conversation by a small number of 
participants. We implemented the approach using a seven-stage process 
(Fig. 1): 

1. Question statement: The facilitator read aloud a question (here, 
related to indoor air quality research gaps).

2. Silent generation of ideas: Participants wrote down their answers, 
working on their own.

3. Round robin recording of ideas: Each participant shared one idea at a 
time. The facilitator recorded the ideas on a flipchart visible to all 
participants. The process continued until all ideas were listed.

4. Discussion of ideas: Beginning at the top of the list of ideas, the 
facilitator led a brief discussion of each, allowing participants to 
request clarification or offer comments.

5. Preliminary vote: Each participant voted in confidence to select the 
five ideas they believe are most important.

6. Presentation and discussion of preliminary vote: Participants viewed 
the preliminary voting results. They discussed the results, requesting 
or providing further clarification as needed.

7. Final vote: In the final vote, participants selected the three ideas they 
thought were most important. Results were tallied and presented to 
the group.

The workshop was divided into three consecutive sessions, each 

focused on one question: 

Question 1:. What would be useful to know about the relationship 
between indoor air quality and health in the UAE?

Question 2:. What would be useful to know about how to improve 
indoor air quality in the UAE?

Question 3:. Which organizations could or should be involved in 
funding UAE indoor air quality research?

At the end of the workshop, participants completed a written survey 
about their experiences and whether they would support using the re
sults to inform the development of a research agenda (see questions in 
Table S2). It should be noted that participants were not provided with an 
advance definition of indoor air quality. Discussions reflected that in the 
UAE, residents may not draw a distinction between indoor air quality 
and measures of indoor environmental quality, such as thermal comfort.

2.2. Method for prioritizing research needs

After the workshop, a follow-up survey was circulated to all partic
ipants via e-mail. The survey listed research ideas garnering at least 
three votes in the final round during the workshop. For each idea, par
ticipants were asked to answer two questions: 

1. “What time frame do you recommend for this research?” (response 
options were on a scale ranging from 1 =very near term to 5 =very 
long term)

2. “What is the relative cost of this research, compared to other research 
priorities?” (response options ranged from 1 =very low cost to 
5 =very high cost)

Summary statistics of survey results were calculated to provide insights 
into participants’ views of the relative costs and urgency of each 
research topic.

2.3. Method for identifying organizations for research plan 
implementation

In parallel with the workshop, a stakeholder analysis was conducted 
to identify UAE organizations essential to the success or failure of a new 
indoor air quality research program. The analysis involved qualitative 
interviews to identify potential stakeholder organizations and an e-mail 
survey of the identified organizations to prioritize organizations for 
involvement.

2.3.1. Identification of potential organizations
Potential stakeholder organizations were identified through key 

informant interviews and website searches. We sought to identify “any 
group … [that] can affect or is affected by the achievement of the [new 
research program’s] objectives,” consistent with the definition of a 
stakeholder established by Freeman in the text Strategic Management: A 
Stakeholder Approach [15]. Potential stakeholders included federal 
agencies, emirate-level agencies, universities, major hospitals and 
medical research centers, nongovernment organizations, and 
private-sector companies. Table S3 (supporting information) lists the 79 
identified organizations. Based on consultations with ADPHC, 24 of 

Fig. 1. Nominal group technique process.
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these organizations were identified as potential partners for an indoor 
air quality research program: 20 government agencies, two 
government-funded research centers, and two associations of health 
practitioners.

2.3.2. Prioritization of organizations for involvement
The 24 organizations were prioritized for engagement using a 

stakeholder mapping approach developed by Mendelow [20] and others 
[13]. The method maps stakeholders on a two-dimensional grid, where 
one axis represents their interest in the proposed strategic activity and 
the other their “power to influence the achievement of the strategic 
intent of the organization” [13]. The approach has been widely used in 
business and public-sector planning, including in both health and 
environmental planning [27,8,9].

To develop the stakeholder map, we circulated an e-mail survey to 
the 79 organizations listed in Table S3. The survey was distributed in 
September 2023, and regular reminders were sent until the survey was 
closed in October 2023. It included a series of questions (listed in 
Table 1, second column) to elicit opinions about each of the 24 stake
holders’ power over and interest in the success or failure of a new indoor 
air quality research program. Response options for each question were 
on a six-point Likert scale ranging from 1 (very low) to 5 (very high) and 
also included “not applicable” and “don’t know” options.

2.4. Survey analysis method

Survey results were analyzed via exploratory factor analysis to 
identify groups of related questions most relevant to concepts of power 
and interest. The exploratory factor analysis was conducted using the 
‘psych’ package in R following the protocol described in [4]. The prin
cipal axis factoring approach was selected due to non-normality of the 
data. The Kaiser-Meyer-Olkin Measure of Sampling Adequacy (0.79) and 
Bartlett’s test of sphericity (p < 0.001) both indicated the data were 
suitable for factor analysis. A parallel analysis suggested a three-factor 
solution.

Table 1 shows factor loadings for each question. Analysis of the 
resulting factors and loadings suggested that Table 1, question 1, was 
unrelated to the other questions and represented the level of interest in 
indoor air quality research. Questions 2 and 5–8 were closely related and 
were used to characterize the concept of power (Cronbach’s alpha =
0.83). The remaining two questions were not used further but may 
reflect the organization’s perceived ability to influence indoor air 
quality perceptions. Survey results were then used to compute normal
ized factor scores for each of the 24 potential stakeholder organizations, 
with interest scores determined from normalized responses to question 1 
and power scores computed using questions 2 and 5–8. The results were 
mapped on a two-dimensional grid with one axis representing power 
and the other reflecting level of interest.

3. Results

3.1. Indoor air quality effects on health

To identify research gaps in understanding the influence of indoor air 
quality on health, workshop participants were asked, “What would be 
useful to know about the relationship between indoor air quality and 
health in the UAE?” In total, participants listed 60 research gaps. Further 
discussions and voting narrowed the list. Fig. 2 shows identified research 
gaps that were included by at least three participants in at least one of 
two rounds of voting on ideas. (During the first vote, participants could 
vote for up to five ideas, and in the second vote, they could select three.)

While linkages between indoor air quality and certain adverse health 
effects (for example, between indoor tobacco smoke and cardiovascular 
diseases) are well established [19], workshop participants identified the 
need for research to understand how indoor air pollution influences the 
quality of life more generally, including socioeconomic impacts (such as 

effects on productivity and absenteeism in schools and workplaces). In 
addition, participants noted that gaps remain in understanding the scope 
of health impacts from indoor air pollution (for example, from complex 
pollutant mixtures) [31]. Discussions also centered on the need to un
derstand indoor air pollution sources in the UAE context. Participants 
were especially concerned about insufficient understanding of how 
ambient air quality influences indoor air quality. Participants mentioned 
that UAE heating, ventilation, and air conditioning (HVAC) regulations 
are based on ASHRAE standards. There was concern that these standards 
may not be suitable for the UAE, given the country’s extreme climate 
along with differences in building design, culture, and lifestyle. For 
example, ASHRAE standard 62.1, Ventilation for Indoor Air Quality, 
establishes requirements for air filters on nonresidential buildings that 
are based on ambient air quality conditions in the United States [18]. 
Filters sufficient in the United States may not be suitable in the UAE 

Table 1 
Questions used in stakeholder mapping survey and resulting association with 
principal factors.

Factor Loadings

Question 
Number

Question Power Interest Influence 
perceptions

1 To what extent do you believe 
this government entity is 
interested in improving 
indoor air quality?

- 0.919 -

2 How much authority does 
each government entity have 
over indoor air quality in Abu 
Dhabi?

0.459 0.214 − 0.24

3 How much influence does 
each have on public 
perceptions of indoor air 
quality? For example, is this 
entity generally viewed as a 
trusted source of information 
or one that you or others you 
know go to for information?

0.265 0.288 0.394

4 What is the frequency that 
each entity uses public 
awareness campaigns for any 
topic, not just indoor air 
quality?

- - 0.585

5 How much control does each 
have with respect to indoor air 
quality research in their own 
or to other government 
entities? Control refers to a 
governmental entity having 
resources that are or could be 
used to conduct indoor air 
quality activities (for 
example, public awareness, 
labeling, research) OR the 
degree to which the entity has 
jurisdiction, influence, or 
management of resources that 
could be used to conduct 
indoor air quality activities.

0.791 - 0.135

6 How much does each 
government agency control 
resources that may be 
relevant to funding scientific 
research on indoor air quality 
in Abu Dhabi?

0.833 - − 0.147

7 How much do you believe this 
entity is interested in 
participating in indoor air 
quality research, but not 
directly funding research?

0.759 − 0.11 -

8 How much do you believe this 
entity is interested in funding 
indoor air quality research 
projects and/or technology?

0.794 - -
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because of the very high concentrations of particulate matter arising 
from windblown dust from the Arabian desert in combination with 
anthropogenic sources. In addition, preferences for tradeoffs between 
energy consumption, indoor air quality, and thermal comfort may not be 
adequately represented in standards developed in the United States. For 
example, ASHRAE standard 55, Thermal Environmental Conditions for 
Human Occupancy, specifies methods for estimating the adequacy of 
building ventilation systems for maintaining thermal comfort. These 
methods are based in part on preferences for thermal comfort and on 
clothing practices in the United States [18]. Thermal preferences may be 
very different in the UAE due to acclimatization to the warm outdoor 

temperatures and vast differences in manner of dress. For example, 
Emiratis tend to wear multiple layers with long sleeves during all sea
sons, and Emirati women generally wear abayas covering their heads. 
The need for an overall understanding of indoor air quality effects on 
quality of life received the most votes in the final round, with the need to 
understand socioeconomic impacts and ambient air quality effects on 
indoor air quality receiving the second-highest number of votes. Par
ticipants also supported pursuing research on how local cultural prac
tices—such as burning of incense—influence indoor air quality. Also 
discussed was the need for better information on how indoor air quality 
affects infectious disease risks (especially in the wake of the COVID-19 

Fig. 2. Results from workshop exercise 1, in which participants were asked “What would be useful to know about the relationship between indoor air quality and 
health in the UAE?” Blue bars represent the number of participants who included the idea in their list of the top five needs in an initial round of voting. Green bars 
represent the number who included the idea in their top three in the final round. Altogether, 23 participants voted. Also shown are estimated time priority and 
relative costs for each research initiative as estimated in the post-workshop survey (see text section titled “Timelline and Relative Costs of Key Research Ideas”).

Fig. 3. Results from workshop exercise 2, in which participants were asked “What would be useful to know about how to improve indoor air quality in the UAE?” 
Blue bars represent the number of participants who included the idea in their list of the top five needs in an initial round of voting. Green bars represent the number 
who included the idea in their top three in the final round. Altogether, 23 participants voted. Also shown are estimated time priority and relative costs for each 
research initiative as estimated in the post-workshop survey (see text section titled “Timelline and Relative Costs of Key Research Ideas”).
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pandemic), along with improving understanding of the microbial ecol
ogy of indoor environments and its effects on infectious and noninfec
tious diseases.

3.2. Interventions to improve indoor air quality

To identify research gaps related to indoor air quality interventions, 
workshop participants were asked “What would be useful to know about 
how to improve indoor air quality in the UAE?” Among 44 ideas that 
were initially generated, the majority of participants (14 of 23) included 
the need for a better understanding of baseline indoor air quality across 
microenvironments (including homes, schools, hospitals, workplaces, 
places of worship, and public buildings such as shopping malls) among 
the top three most important knowledge gaps (Fig. 3). Participants 
recommended establishing an “indoor air quality observatory”—a set of 
indoor spaces of various kinds that would be periodically monitored 
over time to observe trends. The French Observatory of Indoor Air 
Quality was discussed as a model. Since 2003, this institution has led 
regular national indoor monitoring campaigns in a variety of settings. It 
is governed by a supervisory board comprising representatives of rele
vant government ministries and agencies, including those with oversight 
for housing, public health, the environment, work safety, and energy. A 
scientific council of 20 indoor air quality experts provides technical 
oversight. Workshop participants suggested that at a minimum, paired 
indoor and outdoor monitors at each location would track PM2.5, PM10, 
CO2, relative humidity, temperature, and ozone.

Another high-priority research topic—included by 10 participants in 
their list of the top three needs—was determining appropriate ventila
tion approaches and regulations specific to the UAE context. As 
mentioned above, some participants were concerned that ASHRAE 
standards, which are based on the U.S. climate and culture, may not be 
optimal for the UAE. The UAE relies heavily on ASHRAE standards such 
as 62.1 (Ventilation and Acceptable Indoor Air Quality) and 241 (Con
trol of Infectious Aerosols). In November 2024, the Ministry of Energy 
and Infrastructure announced that it was updating its technical speci
fications to reflect the most recent versions of these ASHRAE standards 
[21]. Several participants suggested that research on artificial intelli
gence technologies for indoor air surveillance could advance progress by 
enabling real-time processing of monitoring data.

Several ideas discussed during this session overlapped those dis
cussed in the first session. These included the need to understand how 
ambient air affects indoor air quality and the contributions of indoor air 
quality to health, along with interventions to address specific health 
risks.

3.3. Timeline and relative costs of key research ideas

To prioritize research needs, the 16 indoor air quality experts (not 
including agency representatives) were asked to complete a post- 
workshop e-mail survey with questions related to the relative urgency 
and costs of identified research needs; 11 (73 %) responded. All but one 
respondent viewed the highest short-term priority as uncovering the 
most important contributors to indoor air quality (Fig. 2). Respondents 
estimated that the cost of research to trace key indoor air pollution 
sources would be relatively low, compared to other types of research 
(Fig. 2).

Respondents also strongly agreed that establishing a baseline mea
sure of indoor air quality in different microenvironments is a key short- 
term need (Fig. 3), though they thought the costs of doing so would be 
somewhat high. Other short-term needs were related to factors influ
encing indoor air quality. These include understanding the effects of 
ambient air quality, climatic and environmental factors, cultural prac
tices, and ventilation system design on indoor air quality. Interestingly, 
although understanding the effects of indoor air quality on quality of life 
and socioeconomic status was the research need receiving the most 
support in exercise 1 during the workshop, the invited experts viewed it 

as a longer-term need, compared to understanding indoor air quality 
contributors, though the costs were estimated to be relatively low.

Overall, the invited experts responding to the survey tended to 
perceive all the topics identified as relatively short-term needs, with 
mean values of recommended timing less than 3 on a 5-point Likert 
scale, where 1 represents near-term and 5 represents long-term prior
ities. This reflected consensus that there has been very little research on 
indoor air quality in contexts representative of the UAE climate and 
culture, compared to in other regions and societies.

3.4. Agencies with a potential interest in IAQ research

Establishing a new research program on indoor air quality and health 
will require support from government agencies and other organizations 
that may have an interest or stake in research results. Scholars of 
organizational management have written, “To a greater extent than 
probably any other factor to be considered …, stakeholders determine 
the ability of an organization to achieve its aspirations” [13]. Fig. 4 il
lustrates results of the stakeholder mapping exercise, with the horizontal 
axis representing power to influence the success or failure of the new 
program and the vertical axis representing interest in the program. Both 
measures are on standardized scales as described in the methods section. 
Following Mendelow’s stakeholder analysis framework [20], organiza
tions in the upper right quadrant (high power and high interest) should 
be the focus of engagement. As shown, survey respondents viewed the 
ADPHC as having the highest levels of potential power over and interest 
in an indoor air quality research program. Other agencies also viewed as 
having high interest and relatively high power include the Department 
of Health–Abu Dhabi, Environment Agency–Abu Dhabi, and Emirates 
Public Health Association. The Abu Dhabi Executive Office was viewed 
as having high interest and relatively high power. Other organizations in 
the upper right quadrant but closer to median values for power over and 
interest in indoor air quality research were the UAE Ministry of Climate 
Change and Environment, Abu Dhabi Quality and Conformity Council, 
UAE Ministry of Health and Prevention, Abu Dhabi Department of En
ergy, and Emirates Medical Association. Among these organizations, all 
but two focus on public health or environmental quality at the emirate 
or national level. The Quality and Conformity Council is mandated to 
control the quality of products used in construction, infrastructure, and 
other applications. The Department of Energy monitors and regulates 
the energy industry.

The success of the new program also will require financial support. 
To provide insights into which organizations could help to fund indoor 
air quality research, we asked workshop participants, “Which organi
zations could or should be involved in funding UAE indoor air quality 
research?” The organizations from the upper right quadrant of the 
power-interest matrix in Fig. 4 were identified by multiple workshop 
participants as potential financial supporters (Fig. 5): ADPHC, the 
Ministry of Health and Prevention, and the Environment Agency–Abu 
Dhabi. In addition, many workshop participants supported establishing 
a new multi-department agency or national research foundation to 
manage such a program. The government of Singapore has multiple 
research initiatives supported by multi-agency collaborations that were 
mentioned as models. One example is the Cities of Tomorrow R&D 
Program, which supports a range of research related to the built envi
ronment; it is led by one agency (the Ministry of National Development) 
but also supported by the National Research Foundation and the Min
istry of Sustainability and the Environment.

3.5. Support for using workshop results to guide research program 
development

At the end of the workshop, participants completed a paper survey 
intended to gauge their perceptions of the workshop process, the extent 
to which their views were influenced by workshop discussions, whether 
multiple views were welcomed during discussions, and their support for 
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using workshop results to inform the design of the new research pro
gram. Results indicate that participants perceived having learned from 
the discussions, with their final assessments of research needs influenced 
by both their prior knowledge and the workshop discussions (Table S2). 
Mean responses to questions about the extent to which their post- 
workshop perceptions of research needs were based on their (a) prior 
knowledge or (b) what they learned from the discussions were 4.59 and 
4.47 on a six-point Likert scale, where a response of 6 signified “very 
much”; both of these values were significantly above the scale center 
(3.0). This result indicates that participants believed their assessments of 
research priorities were informed by both their prior knowledge and 
what they learned during workshop discussions. There was strong 
agreement (mean score 5.12) that “the group consider[ed] and discuss 
[ed] different points of view and encourage[d] each member to express 
his or her opinion.” Also, there was strong agreement with “submitting 
the group’s lists of research needs to the ADPHC for use in developing a 
research program on IAQ and health” (mean response=4.81).

4. Discussion

That indoor air pollution is associated with adverse health impacts, 
including infectious and noninfectious diseases, is well established [26], 
and there is no reason to believe that residents of the UAE are biologi
cally either more or less susceptible to such health impacts. However, 
data are lacking to inform indoor air quality management in the UAE 
context considering the extreme climate, advanced development state, 
relatively young age of buildings, and distinct cultural practices. To plan 
cost-effective interventions for indoor air pollution in the UAE, the most 
important first step is to understand the key variables affecting indoor 
air quality in the UAE context. Ideally, baseline indoor air quality 
measurements would be collected nationwide across the range of indoor 
settings where residents spend their time. This includes not only homes 

but also schools, workplaces, hospitals, places of worship, indoor rec
reational facilities, and public spaces such as shopping malls. To maxi
mize the usefulness of such baseline data, we recommend building a 
long-term indoor air quality observatory that would enable tracking of 
indoor air quality trends over time. The observatory would consist of a 
selection of representative buildings in representative geographic loca
tions that would be equipped with permanent indoor air quality moni
tors and, ideally, on-site outdoor air quality monitors to illuminate the 
relative influence of ambient air quality on indoor air. These monitoring 
data would serve as the basis for revising UAE’s current standards for 
building ventilation to reflect the UAE’s distinct climate and culture, 
replacing the current standards, which are drawn from Western nations.

4.1. Consistency with previous research agendas

To our knowledge, this study is the first to develop a research agenda 
for indoor air quality in the Arabian Gulf region. However, a few other 
nations and states have developed indoor air quality research agendas. 
Common themes include the need for better evidence on associations 
between indoor air quality and health, improved information on un
derstanding key sources of pollution, advanced monitoring technolo
gies, and information to inform design of effective behavioral 
interventions (such as programs to promote maintenance of HVAC 
systems).

One example, from 2002, is a research agenda developed by the U.S. 
National Institute for Occupational Safety and Health. This research 
agenda was a response to a planning effort by 500 stakeholder organi
zations that identified safe indoor work environments (including air 
quality) as one of the highest priorities for occupational health in the 
United States. The group estimated that indoor air quality improvements 
in nonindustrial workplaces could yield benefits of $5 to $75 billion 
annually. To decrease the uncertainty in this estimate, they 

Fig. 4. Relative power to influence and interest in a research program on indoor air quality in the UAE (see acronym definitions in Table 3). Both scales are 
standardized; horizontal and vertical lines represent medians of responses from participants surveyed (n = 23). “Interest” reflects views of the extent to which survey 
respondents believe the organization is “interested in improving indoor air quality.” “Power” reflects respondent perceptions of the organization’s authority and 
control over indoor air quality and the organization’s potential to fund related research. Acronyms for agencies in the top right quadrant (see Table S4 for other 
acronyms and descriptions of agency missions): Abu Dhabi Executive Office, ADEO; Abu Dhabi Public Health Centre, ADPHC; Department of Energy–Abu Dhabi, 
DOE; Department of Health–Abu Dhabi, DOH; Environment Agency–Abu Dhabi, EAD; Emirates Public Health Association, EPHA; Ministry of Climate Change and 
Environment–UAE, MOCCAE; UAE Ministry of Health and Prevention–UAE, MOHAP; Abu Dhabi Quality and Conformity Council, QCC.
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recommended a program of research to understand more specifically 
how indoor air quality contributes to communicable respiratory dis
eases, asthma and other allergic diseases, and nonspecific building- 
related symptoms (often called sick building syndrome). Similarly, 
several participants in developing the UAE research agenda thought that 
further epidemiologic studies of the effects of indoor air quality on 
health (including infectious and noninfectious diseases) are a high 
priority.

The California Energy Commission (USA) commissioned a review in 
2012 of research needs related to indoor air quality in energy-efficient 
homes. The review was part of a broader initiative to achieve the 
goals of the California Energy Efficiency Plan, which required reaching 
net zero energy use by 2020 for new residential construction. Like the 
UAE research agenda, the California review identified the need for 
research on indoor air pollution sources (including attached space 
infiltration), occupant behaviors affecting indoor air quality, and 
behavioral interventions for builders, HVAC operators, and residents.

In 2013, a group of indoor air quality experts from Europe and the 
United States developed a research agenda focused on indoor air quality 
in highly energy-efficient buildings [28]. These experts concluded that 
determining the impact of user behavior on indoor air quality was the 
top, immediate research need for energy-efficient buildings. The pro
posed UAE research agenda includes several suggested research topics 
related to user behavior, including studying the effects of indoor air 
quality awareness campaigns on building occupant behaviors. Like the 
recommended UAE priorities, this report highlighted the need to 
advance indoor air quality monitoring technology; the UAE research 
agenda also recommends research on monitoring technologies, such as 
artificial intelligence tools for processing data in real time (Fig. 3).

The European Commission Directorate General for Health and Con
sumers supported the “Health-Based Ventilation Guidelines for Europe 
(HealthVent)” program during 2008–2013 to establish a European 

framework for setting building ventilation guidelines [10]. Program 
participants also identified research needed to validate selected venti
lation guidelines. Like the participants in the research planning work
shop in Abu Dhabi, HealthVent project participants determined that the 
highest-priority research need was to conduct “pop
ulation-representative measurement campaigns on indoor exposures in 
all major types of buildings” [10].

In 2019, indoor air quality scientists and practitioners from 38 Eu
ropean countries who are part of the INDoor AIR POLLution NETwork 
(INDAIRPOLLNET) supported by the European Cooperation in Science 
and Technology Program reviewed available literature on indoor air 
quality and developed a recommended research agenda to fill gaps [11, 
7]. Like the recommended priorities for UAE, this research agenda 
emphasized the need to understand indoor air quality sources, but in this 
case with a greater emphasis on documenting how emissions from those 
sources may transform in the indoor environment through chemical 
reactions.

In summary, themes identified in this study are consistent with 
themes from previous indoor air quality research agendas in other 
countries while also reflecting the scarcity of previous indoor air quality 
research in the distinct context of the UAE.

4.2. Limitations

A limitation of this study is that the recommended research agenda 
reflects the views of the 16 participants involved in the two-day plan
ning workshop. In addition, estimates of the relative costs of suggested 
research initiatives are qualitative, based on participants’ experience 
and beliefs. Nonetheless, across these participants, there was strong 
agreement about the highest priorities: understanding of key sources of 
indoor air pollution and collection of baseline indoor air quality mea
surements from a nationwide sample including a variety of types of 

Fig. 5. Results from workshop exercise 3, in which participants were asked “Which organizations could or should be involved in funding UAE indoor air quality 
research?” Blue bars represent the number of participants who included the idea in their list of the top five needs in an initial round of voting. Green bars represent 
the number who included the idea in their top three in the final round. Altogether, 23 participants voted.
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buildings. In addition, we engaged a larger group of stakeholders to 
identify key organizations that should be involved in the indoor air 
quality research program, and insights from this group have identified 
four key organizations as potential leaders of the new research program: 
ADPHC, the Department of Health–Abu Dhabi, the Environment Agen
cy–Abu Dhabi, and the Emirates Public Health Association. This group 
could engage a broader sample in reviewing the proposed research 
agenda, seeking input on whether any key needs are missing and 
prioritizing research topics and funding allocation.

5. Conclusions

This study identified a clear starting point to launch a new research 
program on indoor air quality in the UAE: the establishment of an indoor 
air quality observatory that would be used to gather baseline data on 
indoor air quality in a variety of settings, with the objective of under
standing current levels of indoor air pollution and key factors influ
encing indoor air quality. In future years, the observatory would be used 
to monitor temporal trends and to assess the effectiveness of in
terventions. Establishing a comprehensive database of current indoor air 
quality conditions will be helpful in prioritizing the many other 
knowledge gaps identified in this project, including understanding the 
effects of indoor air pollution on health and quality of life and what 
design parameters are optimal for HVAC systems in the UAE context. 
Most participants thought the program should be funded by ADPHC 
with assistance from other agencies, but several also recommended 
establishing a new, multi-agency department, like the Cities of 
Tomorrow R&D Program in Singapore. Research conducted under this 
proposed new program will benefit not only the UAE but also other 
countries and states in the Arabian Gulf and other developed regions 
where extreme climates restrict the use of natural ventilation and drive 
residents to spend almost all their time indoors.
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