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Primary Air Care and Ambient Air Pollution 
Primary Air Care (PAC) is a package of evidence-based interventions to reduce harmful 
emissions. PAC addresses the sources of emissions to reduce greenhouse gases (carbon dioxide, 
methane, etc.), criteria air pollutants (ground-level ozone, lead, fine particulate matter, etc.) 
and other pollutants (volatile organic compounds, etc.), that contribute to climate change and 
harm ecosystems, and damage human health. In contrast to other climate change initiatives, 
PAC focuses on human health outcomes to both reduce the impact on vulnerable populations 
and promote health equity, and to mobilize action to reduce all emissions through increased 
awareness and understanding of health impacts. 

Outdoor (ambient) air pollution (AAP) contributes to increasing rates of cardiovascular and 
lung disease, cancer, diabetes and other chronic diseases (1-6), as well as preterm birth and low 
birthweight (7), in all world regions. Low- and middle-income countries (LMIC) are experiencing 
increasing levels of emissions dangerous to human health such as sulfur and nitrogen oxides, 
particulates, ground-level ozone, and toxic metals (8), and rising production of greenhouse 
gases (5). Reductions in life expectancy are seen (4, 6), especially in large cities experiencing 
extreme heat or choked with emissions from vehicles, factories, and burning of trash and crop 
stubble (4, 6, 9).  

The Johns Hopkins Alliance for a Healthier World (AHW), Healthy Environments thematic area, 
has a focus on AAP and the development of PAC. This includes reviewing evidence for 
interventions to reduce air pollution, creating and disseminating tools and guidelines for 
emissions inventories, priority setting, implementation of interventions including transitioning 
to renewable energy, and working with partners to develop and evaluate new interventions. 
The goals of the Primary Air Care package are to: 

1. Promote a comprehensive approach to stewardship of the atmosphere 
2. Empower local stakeholders to reduce air pollution 
3. Package the evidence in a form that is comprehensible and actionable 

The Air-Climate-Energy-Health Nexus 
Various authors have described the interacting factors affecting air quality. The central idea is 
that air quality affects and is affected by climatic factors, patterns of energy production and 
use, transportation networks, the built environment, food systems, hydrology and water 
supply, and other factors. One cannot analyze and understand air quality in isolation. Variants 
on the nexus concept described in the literature include the Energy, Transportation, Air Quality, 
Climate Change, Health Nexus (10) and the Land Use, Climate Change, Energy Nexus (11). While 
this symposium did not address water in any detail, water also is part of the larger nexus, and 
there is extensive literature on the Food, Energy, Water Nexus (12-14) and Water, Energy, 
Pollution Nexus (15). 

The symposium was planned as a largely internal conversation – to take stock of the interests 
and capabilities among faculty, staff and students across the different divisions of Johns 
Hopkins University (JHU) to address different parts of the Air-Climate-Energy-Health Nexus. 
Groups with specific areas of expertise related to this nexus include, but are not limited to: 
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• Indoor and Outdoor Air Quality and Health Outcomes 
o Bloomberg School of Public Health (SPH) 

 Department of Environmental Health and Engineering (EHE) 
 Department of Epidemiology 
 Department of International Health 

o School of Medicine 
 Global Center for Research and Training in Non-Communicable Diseases 

• Energy, Transport, Built Environment / Land Use 
o Bloomberg School of Public Health (SPH) 

 Department of Environmental Health and Engineering (EHE) 
 Department of Health Policy and Management (HPM) 

o Carey School of Business 
o Paul H. Nitze School of Advanced International Studies (SAIS) 

 Energy, Resources and Environment Program (ERE) 
 Initiative for Sustainable Energy Policy (ISEP) 

o Whiting School of Engineering 
 Department of Environmental Health and Engineering (EHE) 
 Department of Materials Science and Engineering 
 Department of Chemical and Biomolecular Engineering 

• Air Quality, Climate and Atmospheric Chemistry  
o Krieger School of Arts and Sciences (KSAS) 

 Department of Earth and Planetary Sciences (EPS) 
• Food, Energy, Water Nexus 

o Bloomberg School of Public Health (SPH) 
 Department of Environmental Health and Engineering (EHE) 
 Center for a Livable Future (CLF) 

o Krieger School of Arts and Sciences (KSAS) 
 Department of Earth and Planetary Sciences (EPS) 

o Paul H. Nitze School of Advanced International Studies (SAIS) 

Objectives of the symposium 
The symposium sought to bring groups from different divisions of Hopkins together to discuss 
problems and possible solutions at the Air-Climate-Energy-Health Nexus. Through these 
discussions, we sought to set a research agenda on reduction of air pollution and spark new 
research collaborations. The objectives of the symposium were: 

1. Build awareness among participants of the scope and diversity of research on air 
pollution, climate change and energy systems / energy transitions in different divisions 
of the university.  

2. Foster new research collaborations on air pollution, climate change and energy systems 
/ energy transitions, and linkages and intersections between them. 

3. Build awareness of the concept of Primary Air Care and obtain feedback on the concept. 
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4. Develop a research agenda and define next steps for implementation and evaluation of 
packages of interventions and policies based on Primary Air Care 

Symposium Sessions - Morning 

Welcome 
Welcoming remarks were given by the Chair of the Department of Earth and Planetary Sciences 
(EPS) in the Krieger School of Arts and Sciences, Prof. Anand Gnanadesikan. He welcomed the 
various groups participating and spoke of the need to work together to address environmental 
health and sustainability. He also spoke of the unique skills and expertise that EPS faculty can 
contribute in understanding how the interactions of emissions, climate, atmospheric chemistry 
and atmospheric dispersion / transport at local and global scales result in differing levels of air 
quality. 

Alliance for a Healthier World (AHW) 
David Peters, Chair of the Department of International Health of the School of Public Health 
(JHSPH) and Director of the Alliance for a Healthier World and Ben Link, Executive Manager of 
AHW introduced the Alliance, and shared its vision, values and objectives.  

AHW is made up of Johns Hopkins faculty, staff, students, as well as our partners from around 
the world and in Baltimore who bring a focused attention to complex and systemic health 
inequities to create change built on multidisciplinary collaboration and deep engagement. We 
focus on promoting equity and justice in gender, food and nutrition security, healthy 
environments and transformative technologies and institutions that serve disadvantaged 
people around the world. AHW convenes key stakeholders around health equity challenges, 
helps build multidisciplinary teams, and provides resources aimed to address global health 
inequities by connecting people and providing grant funding. The presentation reviewed ways 
that global air pollution affect equity, shown in the following figure: 

 

    

Emission 
Source

• Industrial emissions
• Household emissions: Indoor cooking & heating fuel
• Type of transport (e.g. cars, public transport)

Pollutant Type 
& 

Concentration

• Proximity to green space
• Architecture high buildings 

Exposure

• Ability to avoid pollution (indoors, traffic routing, distance from roads and polluting sources)
• Work & school location

Health Effect

• Vulnerabilities from poor diet, comorbidity, age
• Barriers to healthcare (financial, geographic, social)
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The speakers challenged the symposium participants to consider how we might combine, re-
design, and reconfigure expertise, infrastructure and financial assets across JHU in new ways to 
unleash breakthrough solutions to environmental challenges such as outdoor air pollution. The 
presentation closed with these thoughts: 

• Global Air Pollution is beatable 
• Johns Hopkins can exert an enormous influence on air pollution with a coordinated, 

concentrated effort to demonstrate proof points across our global research and 
influence 

• AHW will play a role in removing barriers for collaboration and connecting researchers, 
implementers, policy makers and advocates to drive breakthrough solutions. 

Bloomberg American Health Initiative 
Megan Latshaw, co-lead of the Environmental Challenges focus area of the Bloomberg 
American Health Initiative, shared some background information on the Initiative, particularly 
the Environmental Challenges focus area.   

In honor of the centennial of the Bloomberg School’s establishment as the United States’ first 
independent graduate school of public health, the Bloomberg Philanthropies’ gave $300M and 
challenged the School to tackle five complex health issues: addiction and overdose, 
environmental challenges, obesity and the food system, risks to adolescent health, and 
violence.  

A key part of these efforts involves training a new generation of professionals; this year alone 
there will be 50 MPH and 7 DrPH Bloomberg fellows joining the school. The fellows come from 
various organizations which have to participate in the application process, for example the 
American Public Health Association, the US Environmental Protection Agency, the Rhode Island 
Department of Health, the Healthy Homes Coalition of West Michigan and the National 
Academies of Sciences Engineering & Medicine. 

The Initiative focuses on translating research to policy and practice. For the Environmental 
Challenges focus area, efforts zeroed in on designing healthy communities in a changing 
environment:  

• Energy and health in a changing environment - Using the best available science, develop 
models of health impacts related to energy choices that can guide local and national 
policy.  

• Transportation in a changing environment - Explore how innovative transportation 
systems can mitigate environmental risks and improve health.  

• Community Design - Work with communities and planners to incorporate 
environmental health into community design, considering healthy housing, sustainable 
infrastructure, and resiliency (for example to extreme weather events).  

• Air pollution – As a measurable indicator of many of these facets, we will characterize 
sources of air pollution and consider new policy options to identify the best 
opportunities for reducing long-term harms to health.  



 

SYMPOSIUM REPORT PRIMARY AIR CARE: SETTING THE AGENDA – PAGE 6 

Given that is a relatively new emphasis for the School, we are currently recruiting for two 
Endowed Professorships. We identified gaps in the curriculum and created new online 
courses (since most of the fellows are working at a distance). We have also sponsored 
students to work with community groups in Baltimore: 

• Maryland New Directions investigated transportation access and industrial 
redevelopment 

• Green and Healthy Homes developed an Asthma Care Management Program to reduce 
triggers    

• Habitat for Humanity analyzed housing conditions as related to economic and public 
health factors 

• Maryland Environmental Health Network modeled resources, agency, community 
health & resiliency   

We have also funded research: 

• Modeling population growth & climate change (Stan Becker) 

• Exploring the potential of fungi to sequester carbon dioxide (Arturo Casadevall) 

• Mapping air quality in Baltimore using low-cost monitoring data (Kirsten Koehler) 

• Studying the effects of rail transit, air pollution, and noise on community health (Genee 
Smith) 

Primary Air Care (PAC) as a Framework for Action 
Panel: Peter Winch, Mackenzie Bray 

Overview: Peter Winch, Thematic Lead for the Healthy Environments Thematic Area of AHW 
and Professor in the Department of International Health, JHSPH, shared the rationale for 
holding the symposium, as well as symposium objectives. He also shared the work of the 
Healthy Environments Thematic Area, namely the large scoping review of both global outdoor 
air pollution interventions and, concurrently, global extreme heat interventions.  

Mackenzie Bray, MPH candidate, shared her capstone project work, which was an analysis of 
the Social and Behavior Change category of articles identified through the global outdoor air 
pollution review.  She gave a summary of the current literature in this field, finding that 
evidence for behavior change interventions to reduce outdoor air pollution is limited.  A large 
part of the evidence identifies interventions to reduce children’s exposure in the United States. 
Interventions in low- and middle-income countries (LMIC) are often focused on reducing 
emissions from private vehicle use. There is a clear gap in the literature for evidence of 
interventions to address outdoor air pollution in LMICs.  

Rationale for focus on AAP in low and middle-income countries: The focus of the Healthy 
Environments (HE) theme of the Alliance for a Healthier World, and of today’s symposium, is 
interventions and policies to reduce outdoor (ambient) air pollution in LMIC. Nevertheless, we 
also are discussing indoor (household) air pollution as it is a major risk factor for disease, and 
makes a significant, dependent contribution to AAP in many contexts. We also want to draw 
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from experiences in high-income countries like the United States to inform future efforts in 
LMICs. 

We arrived at this focus for the HE theme after review of past and current research of JHU 
faculty, examination of JHU capabilities, and consideration of where JHU could make a 
difference. JHU programs of research include 1) past and on-going research on interventions 
and policies to reduce outdoor air pollution in United States, and 2) On-going research on 
interventions to reduce household air pollution (HAP) in low and middle-income countries. We 
see a gap, with almost no on-going research, concerning interventions and policies to reduce 
outdoor air pollution in LMICs. JHU capabilities relevant to this research agenda include: 

• Climate: Climate and emissions, transport of pollutants, remote sensing, climate models 
• Measurement: Monitoring & laboratory analysis of pollutants, measurement of clinical 

outcomes, study design 
• Analysis: Environmental epidemiology, statistical analysis and modeling of effects of 

pollutants on human health 
• Energy: systems, policies, transitions, technologies, life cycle assessment  
• Food: systems, policies, nutrition 
• Transport: systems, built environment and health 
• Economics: Behavioral economics, economic incentives 
• Interventions: Intervention design, implementation research 

Challenges to taking action: Despite the importance of AAP, there are many challenges to 
taking action. These include: 

• Perceived health effects of emissions: The full extent of the health effects are not widely 
appreciated. Some effects of AAP are intuitive and easier for the general public to 
understand, such as asthma and chronic obstructive pulmonary disease. However, many 
effects occur at some distance from the respiratory tract, and are not intuitive. These 
include diabetes, stillbirth and low birthweight, and neurological effects. 

• No one-to-one effect on individuals: Cases of individuals affected by a health problem 
are compelling. They draw the attention of the mass media and mobilize action. In the 
case of AAP, “Air pollution” is not listed as cause of death on death certificates, and the 
problem often is imperceptible to the general public. Much of the damage results from 
invisible fine particulate matter: PM 2.5. During times of the year when air appears 
clear, people may conclude that AAP is no longer present. 

• Causes of emissions: There is a broad range of distinct causes of AAP. Consequently, a 
spectrum of very different and often complex interventions are needed to address the 
causes. A multi-sectoral response is required; the health sector alone cannot tackle the 
problem. 

• Powerful economic and political interests are associated with the major causes such as 
fossil fuel companies, agricultural businesses, tourism-related businesses, and industry. 

• Finally, our own personal patterns of consumption are implicated in the problem. It is 
not up to someone else to make changes, everyone has to make changes to fully 
respond to the situation. 
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Scoping reviews: An overview of two scoping reviews on 1) interventions for AAP, and 2) 
interventions to reduce the impact of temperature extremes / heat on populations was 
provided. These reviews are described in more detail later in this document. Mackenzie Bray 
summarized the findings of the sub-review on behavior change interventions to reduce AAP. 
She made the case that behavior change interventions and policies will take a very different 
form in LMICs. In high-income countries, much of the reduction in AAP has been achieved 
through policies and regulations implemented centrally. In LMIC, much more attention will be 
needed at the community level, as many sources of pollutants are found in homes and 
neighborhoods such as cookstoves, cottage industries and burning of trash. In the limited 
evaluations of behavior change interventions that we have found, the key to success has been 
to remove barriers to participation and focus on convenience, rather than to provide detailed 
information about the health impacts of pollution. 

Primary Air Care. The presentation ended with a description of the goals and scope of Primary 
Air Care or PAC. This work started in the summer of 2017. At the outset, we had a narrow focus 
on AAP. As we spoke with more faculty and other experts in the field, we came to consider that 
“comprehensive atmospheric stewardship” was called for, that would encompass: 

• Indoor (household) and outdoor (ambient) air pollution. Household air pollution (HAP) is 
the greatest cause of morbidity and mortality from pollutants in many low-income 
settings. Burning of biomass for cooking contributes to both HAP and AAP, as well as 
greenhouse gas emissions, deforestation and deposition of black carbon on glaciers, all 
of which can accentuate climate and environmental changes. 

• All types of emissions. Greenhouse gases and criteria air pollutants and other pollutants 
such as volatile organic compounds 

• Air pollution and also extreme temperatures (heat waves, urban heat island effect) – 
More on this later in this document. 

• Prevention of air pollution and extreme temperatures, but also care and treatment for 
people affected by air pollution and extreme temperatures. The care and treatment 
interventions address the short-term needs of affected populations. Effective mitigation 
and emissions reduction interventions may take years to implement. Here we build on 
lessons learned from HIV programs. These programs found that caring for and engaging 
with people living with the health problem increases the effectiveness of primary 
prevention interventions. 

The goals of PAC are to: 

• Promote a comprehensive approach to stewardship of the atmosphere 
• Empower local stakeholders to take action to reduce air pollution 
• Package the results of the review of evidence in a form that is more comprehensible and 

actionable 

The four components of PAC are: 

1. Governance / stewardship:  PAC cannot be implemented on an individual level. 
Communities, regions and entire countries need to come together to act. PAC seeks to 
identify, adapt and put in place models for governance that are appropriate to different 
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political, social and economic contexts. One model to draw from is the Air Quality 
Management Districts established in California starting in the 1950s (16, 17). Other 
aspects of governance are citizen engagement in monitoring air pollution and 
interpreting results, and accountability for polluters. 

2. Outdoor / ambient air pollution (AAP) and greenhouse gases: This component refers to 
the full range of interventions and policies to put in place to decrease AAP and 
greenhouse gas emissions. They will be implemented at local, national and global scales, 
involve public and private sectors, and also include reforestation and protection of 
mature forests. 

3. Household air pollution (HAP): This component includes clean-burning cookstoves, 
alternative fuels for cookstoves, and reduction in deforestation and charcoal production 
to produce cooking fuel. 

4. Health impacts in vulnerable groups: This component includes preparedness for heat 
waves, response to heat waves, avoidance of air pollution and protection from air 
pollution, and response to sickness provoked by exposure to air pollution. 

JHU Academic Programs in Energy, Climate, Air and Sustainability 
Panel: Megan Latshaw (also moderated), Johannes Urpelainen, Rebecca Kelly, Alexios 
Monopolis, Jessica Bast 

Peter Winch shared information on various JHU academic programs that fall in the energy, 
climate air and sustainability areas. This presentation included examples of courses offered at 
various divisions of the university, as well as a presentation by Jessica Bast, Student 
Programming and Outreach Coordinator, for the Office of Sustainability. Reflections were also 
given by Megan Latshaw, of the Environmental Health and Engineering Department, JHSPH, 
Johannes Urpelainen, of the Energy, Resources and Environment Department at SAIS, and 
Rebecca Kelly, of the Earth and Planetary Sciences Department.   

Aspects of environmental health, environmental science and environmental sustainability are a 
major focus at four JHU Schools: Paul H. Nitze School of Advanced International Studies (SAIS), 
Krieger School of Arts and Sciences (KSAS), Whiting School of Engineering (WSE) and Bloomberg 
School of Public Health (SPH). Furthermore, there is considerable interest among faculty, staff 
and students at the other Schools of JHU. There is a huge variety of course offerings, and 
considerable breadth and depth in the courses offered. However, there are insufficient 
connections across the degree programs, and students often are not aware of courses offered 
by other schools. The next table lists degree programs related to the Air-Climate-Energy-Health 
Nexus, environmental science and environmental sustainability. 

School and Department Degree Major or program title 

WSE – Environmental Health & Engineering B. Eng. Engr for Sustainable Development; 
Env. Engr 

WSE – Environmental Health & Engineering M. Eng Env. Engr; Env. Planning and 
Management 
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School and Department Degree Major or program title 

WSE – Environmental Health & Engineering PhD Environmental Engineering  

SPH – Environmental Health & Engineering MHS & 
MSPH 

Environmental Health 

SPH – Environmental Health & Engineering PhD & 
DrPH 

Environmental Health 

SPH – MPH Program, Environmental Health and 
Engineering & International Health 

MPH MPH concentration in Global 
Environmental Sustainability and 
Health 

SPH – MPH Program, Environmental Health and 
Engineering / Center for a Livable Future (CLF) 

MPH MPH concentration in Food 
Systems & Public Health 

KSAS – Earth and Planetary Sciences BA, PhD Earth and Planetary Sciences 

KSAS – Earth and Planetary Sciences BA, BS Global Environmental Change and 
Sustainability 

KSAS – Earth and Planetary Sciences BS, BA Environmental Science and Studies 

KSAS – Advanced Academic Programs MS Energy Policy and Climate, Env. Sci. 
and Policy 

KSAS – Advanced Academic Programs Certificate 
 

SAIS – Energy, Resources & Environment MA Energy, Resources & Environment  

This session sparked much discussion on the need for collaboration between divisions of the 
university. Attendees felt strongly that there is a need to bring schools together for 
collaboration on sustainability topics. Faculty are interested in co-teaching courses and 
students are interested in taking courses at other divisions, but there are often barriers to this 
that dissuade them. There were suggestions that faculty with similar interests need to get 
together more often.  This would benefit both students and the faculty themselves.  

In addition, the idea of applying for a Digital Education & Learning Technology Acceleration 
(DELTA) grant was proposed and met with enthusiasm, see 
https://provost.jhu.edu/about/digital-initiatives/delta/rfp/. One idea was to create a global 
classroom (similar to what SAIS is doing), to make it easier for students to take courses at other 
divisions of the university.  Another option discussed for the DELTA grant was a course that 
would include showing students how to download air pollution data and effectively present it 
to different audiences. Ideally, this class would be in modular format, and faculty could use 
some of the modules in other courses.  

Jessica Bast represented the Office of Sustainability, where she serves as the Student 
Engagement and Outreach Coordinator. She gave a summary of the numerous opportunities for 
students, faculty, and staff to get involved and learn more about sustainability through the 
Office of Sustainability. Faculty and staff interested in the University’s sustainability efforts can 

https://provost.jhu.edu/about/digital-initiatives/delta/rfp/
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join the Green Team listserv, which provides a platform for members to create teams in their 
buildings that work to improve the sustainability of their workspaces through programs like 
Green Office Certification. Green Team members also receive messages regarding institution-
wide sustainability updates and opportunities for volunteering. Students looking to become 
more involved with the Office of Sustainability can apply to be part of the Eco-Reps internship 
program, and first-year students specifically can participate in Green Lead, a semester-long 
sustainability leadership program. During Campus Sustainability Month in October and Earth 
Week in April, the entire JHU community is able to engage in the University’s sustainability 
efforts by attending events like electronics recycling drives, documentary screenings, and free 
clothing swaps.  

PAC Component #2: Outdoor air pollution and greenhouse gases – Agriculture 
Panel: Erin Biehl, Jess Fanzo, Sofia Ryan, Roni Neff (moderator) 

This session examined criteria air pollutants and greenhouse gas emissions resulting from 
agriculture and food systems. This encompasses food production, processing, transport and 
waste. Erin Biehl, Senior Program Coordinator at the Center for a Livable Future (CLF), 
presented work being done at CLF regarding greenhouse gas emissions from food systems. She 
shared some excellent graphics that show how large of a contribution agriculture makes to 
emissions. The figure below shows how agriculture compares to energy in CO2 emission 
equivalents, and what that contribution will look like if we continue with business as usual 
operations, as well as if we adopt recommended dietary shifts.  

 

 
Jess Fanzo, Director of the Global Food Policy and Ethics Program, discussed where air pollution 
fits into the global agriculture agenda, and who the major players are. She shared how little is 

Importance of Dietary Shifts for Agricultural GHG 
Mitigation

Kim BF, Neff RN, Santo R, Vigorito J. The  Importance of Reducing Animal Product Consumption and Wasted Food in Mitigating Catastrophic Climate Change. CLF, 2015.
Bajželj B, Richards KS, Allwood JM, et al. Importance of food-demand management for climate mitigation. Nat Clim Chang. 2014;4(10):924-929..
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being done on air pollution from agricultural sources. Sofia Ryan, senior in the Public Health 
Studies major, presented her analysis of the agriculture interventions category of the global 
outdoor air pollution scoping review being done by the AHW Healthy Environments team.  The 
most common interventions that she has identified are fertilization and soil management, 
farming techniques, waste and manure management, and technology. Most studies occur on 
experimental farms, often tied to an agricultural university, and are measuring methane, 
ammonia and nitrous oxide. Most of these studies take place in HICs.  

Discussion for this session centered on agriculture and food systems being an under-addressed 
area as it relates to air pollution. Questions were raised regarding the metrics used to measure 
sustainable livelihoods. The point was made that these metrics, such as diet, can often be 
controversial.  Little thought is also given to the economic perspective and effects on farmers. 
There is also a large disparity in this field, and it can be difficult to compare large industrial 
CAFOs to subsistence farmers in Africa. Fertilizer was brought up as a large and concerning 
issue, with many different recommendations and modeling studies. “Grazed and Confused” was 
put forth as recommended reading. Methane was also brought up and was pointed out to be a 
growing concern among atmospheric scientists. CLF mentioned atmospheric scientists are 
missing from their team, and so sharing and collaborating on that type of work would be useful.  

PAC Component #3: Outdoor air pollution and greenhouses gases – Energy and 
transport sector interventions 
Panel: Ben Hobbs, Scot Miller, Mingyang Zhang, Sarah Jordaan, Johannes Urpelainen, Jonah 
Erlebacher, Brian Schwartz, Tak Igusa, Johnathon Ehsani, Jeff Michaels, Hannah Marker, Kira 
Burkhart, Jillian Hesler 

This session consisted of presentations on energy and transport by experts from many different 
stages of the energy production and distribution cycle. Presentations covered energy systems, 
sustainable energy systems, monitoring emissions, life cycle assessment (LCA) of energy 
systems, new energy technologies, changing our built environment, which includes changes to 
energy and transport, transportation and its links to air quality, a more in-depth look at the 
global outdoor air pollution review, as well as presentations on analysis of the transport 
category and the fossil fuel category of the review. 

• Ben Hobbs, Department of Environmental Health and Engineering, Whiting School of 
Engineering, described his work on energy systems, engineering economics, decision 
analysis, market simulation and stakeholder engagement in decisions about energy. A 
major current activity is the NSF-funded SEARCH (Solutions for Energy, AiR, Climate, and 
Health) Center grant, co-led by Michelle Bell at Yale University and Ben Hobbs. This 
grant, with 4 sub-projects, examines on-going U.S. energy transitions and resulting air 
pollution / air quality and health outcomes. Some of the key questions Ben examines 
are how we obtain the most environmental improvement for the least cost, and effects 
of alternative policies on renewable energy. 

• Johannes Urpelainen at SAIS is engaged in teaching through the Energy, Resources and 
Environment (ERE) Program, and research and policy through the Initiative for 
Sustainable Energy Policy (ISEP). His key activities are 1) policies and interventions to 

https://www.fcrn.org.uk/sites/default/files/project-files/fcrn_gnc_report.pdf
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improve energy access and reduce energy poverty (rural electrification, clean cooking 
fuels, energy for development), and 2) Air pollution and climate change (future of coal, 
renewable energy). Methods applied include survey research, field experiments, 
integrated assessment models, and political economy analysis. 

• Scot Miller, Department of Environmental Health and Engineering, Whiting School of 
Engineering, described his work on monitoring and understanding emissions for energy 
production. Driving themes pursued by his Greenhouse Gas Research Group include 1) 
Magnitude and distribution of air pollution and greenhouse gas emissions from regional 
to national scales, 2) Identification of sources of greenhouse gases: Humans or natural 
processes, 3) Determining the accuracy of government estimates of greenhouse gas 
emissions and their sources. Methods are both bottom up (estimating greenhouse gas 
emissions from point sources) and top down (analyzing millions of observations from 
emissions-tracking satellites to map millions of unknown emissions points). One 
important recent finding was that China emits increasing amounts of methane from coal 
mines despite apparently stringent regulations put in place to prevent this (18). 

• Mingyang Zhang, Department of Environmental Health and Engineering, Whiting School 
of Engineering, discussed her research with Sarah Jordaan, Wei Peng and Scot Miller on 
potential uses for coal mine methane emitted from mines in China. She explained that 
coal mine methane is the largest source of methane emissions in China, as well a cause 
of mine explosions and injury. Potential alternative uses for this methane, if captured, 
include electricity generation (replacing inefficient coal power plants) and heating of 
homes (replacing coal stoves in homes). 

• Sarah Marie Jordaan at SAIS, who teaches in the Energy, Resources and Environment 
(ERE) Program, described applications of Life Cycle Assessment (LCA) in her work. The 
underlying idea is that greenhouse gases and emissions hazardous to human health are 
a problem not only at the point of final use of fossil fuels (combustion of gasoline in 
motor vehicles, burning of coal in power plants), but at many points along a long 
pathway from extraction of fossil fuels, through to refining and processing, 
transportation, end use, and disposal. LCA is a ‘cradle to grave’ assessment. The level of 
analysis can be from sub-state through to the global level. Research questions she 
examines include 1) Uncovering trade-offs along the supply chain through end use of 
energy systems, 2) Improving understanding of how scientific uncertainty can influence 
LCA results, and 3) Supporting environmentally superior decision-making with new 
approaches to account for dynamic changes in energy systems. 

• Jonah Erlebacher, Chair of Materials Science and Engineering, Whiting School of 
Engineering laid out a research agenda for development of new fossil fuel technologies 
that are responsive to needs, yet reduce or avoid emissions of greenhouse gases and 
pollutants hazardous to human health. He challenged the audience to consider whether 
we could extract energy from fossil fuels like natural gas, without producing carbon 
dioxide by, for example, chemically decomposing methane to solid carbon and hydrogen 
fuel. He noted that decomposition of methane is almost ten-times more efficient for 
hydrogen production than is electrolysis of water. Some of the technical hurdles to be 
overcome to achieve this potential include better understanding of methane chemistry 
and also hydrogen use chemistry (chemical feedstock, power, transportation fuel), and 
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expansion of the synthesis and utilization of solid carbon, for example identifying uses 
for bricks made from solid carbon. 

• Brian Schwartz, Department of Environmental Health and Engineering, Bloomberg 
School of Public Health, summarized his research on the U.S. built environment, and its 
effects on human health along a variety of pathways. He argued that the U.S. has the 
wrong built environment. The current built environment, 80% of which has been 
constructed since World War II, is designed for the automobile, at the expense of the 
environment, people and their health. Home size is increasing while the mean number 
of household members is declining. There is an urgent need to decarbonize all sectors, 
but this is a tremendous challenge given the automobile-dependent, low density, single 
use, destination inaccessible set of built environments that the U.S. now finds itself 
with. Furthermore, environments constructed for cars are bad for human health (lack of 
sidewalks, few opportunities to walk on an average day), there is a huge unfunded 
liability for infrastructure maintenance, and at the same time many countries around 
the world are repeating our mistakes. He pursues this research agenda on the built 
environment and health working with geocoded electronic medical records from the 
Geisinger Health System in central Pennsylvania, complemented by a wealth of other 
geocoded data. 

• Johnathon Ehsani and Jeff Michael  (Dept. of Health Policy and Management, 
Bloomberg School of Public Health) and Tak Igusa (Dept. of Civil Engineering, Whiting 
School of Engineering) gave an overview of their research on transportation and air 
quality. This includes research on 1) automated mobility, and 2) the effect of traffic 
smoothing on vehicle emissions in low- and middle-income countries (LMICs). They 
noted that for both topics, there is the potential to both reduce emissions, and also 
reduce injuries and fatalities related to motor vehicles, thus potentially reducing two 
important contributors to disease burden in LMICs. To achieve these results requires a 
collaborative model-build strategy encompassing agent-based modeling and 
engagement of a variety of stakeholders. 

• Hannah Marker, (Dept. of International Health, Bloomberg School of Public Health) gave 
an overview of the global outdoor air pollution interventions scoping review being 
carried out by the Alliance for a Healthier World Healthy Environments team. The 
scoping review was started to better inform the creation of a toolkit for action on 
outdoor air pollution, and includes any type of intervention, from any source of outdoor 
air pollution, in any country. Articles that described the development or implementation 
of interventions to reduce outdoor air pollution or discussed interventions and their 
effect on outdoor air pollution or health outcomes were included. Articles that 
discussed clinical management of the effects of outdoor air pollution were excluded, as 
were articles that discussed interventions that would benefit only the individual 
implementing the intervention, such as the use of personal face masks. After the initial 
screening of 21,000+ articles, the remaining 4,500 articles were categorized by source of 
pollution and intervention modality. Table 1, below, shows the different categories 
articles were sorted in to. Some categories are currently being investigated by student 
research assistants, others were analyzed as part of MPH capstone projects, and yet 
others have not yet been analyzed. A few categories are outside of our expertise, and 
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are available to faculty or students in other divisions of the university who may want to 
analyze them. The review has found that there is a wide scope of intervention types to 
address outdoor air pollution, which are summarized in Table 2. Table 3 summarizes the 
evidence based we have found through the scoping reviews on both global outdoor air 
pollution interventions, and global extreme heat preparedness and response 
interventions (discussed later in the report).  

 

 

Table 1: Categorization of studies identified in global outdoor air pollution scoping review 

Source of Pollution Intervention Modality 

• Transportation and Transportation 
Terminals (1,094) 

• Unspecified Sources (988) 
• Energy Production from Fossil Fuels (698) 
• Other Industrial Facilities – e.g. 

production and manufacturing (495) 
• Agriculture (424) 
• Residential and Commercial Buildings 

(257) 
• Solid Waste (227) 
• Other Sources (163) 

• Technological Innovations or Engineering 
Controls (861)  

• Economic: Cap and Trade, Emissions 
Taxes, Market Incentives (827) 

• Policies (624) 
• Switching to Renewable and Alternative 

Fuels (604) 
• Emissions Standards and Regulations 

(509) 
• Agricultural Management Plans (366) 
• Urban Planning or Changes to the Built 

Environment (312)  
• Other Intervention Types (280) 
• Carbon Storage and Sequestration (225) 
• Social and Behavior Change Interventions 

(296) 
• Greening (210) 
• Efficiency Standards and Regulations, 

Increased Efficiency (181) 
• Waste Reduction or Reuse (157) 
• Zoning (87) 

 

Table 2: The scope of interventions identified in scoping review on global outdoor air 
pollution interventions 

• National policies, guidelines, regulations and laws concerning greenhouse gas emissions, 
criteria air pollutants and other hazardous emissions; 

• Taxes levied on the carbon content of fuels, other incentives to reduce consumption or 
reduce emissions, and other interventions to influence choices; 

• Creation or improvement of governance structures similar to California’s Air Quality 
Management Districts to monitor air quality in an airshed, and take action to reduce 
local sources of emissions;  
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• Development and introduction / promotion of technologies to reduce or eliminate 
outdoor / ambient and indoor / household emissions, including alternatives to fossil 
fuels, clean cookstoves; 

• Work with community groups, especially racial and ethnic minorities and other 
vulnerable groups, to analyze local sources of emissions in their communities, and take 
action either locally (reducing burning of trash, reducing burning of crop stubble) or with 
local, state and national governments (mobilizing against location of polluting industries 
and incinerators in low-income neighborhoods, alternatives to incineration, reduction of 
emissions from idling trucks and ports); 

• Warning systems for major “air pollution events” and other days when Air Quality Index 
anticipated to be elevated, and extreme heat events, with accompanying actions such as 
1) advice to vulnerable groups to limit outside activity, 2) voluntary actions to reduce 
emissions, 3) wearing masks, 4) reducing heat / limiting emissions inside homes, 5) 
seeking care in case of illness related to air quality or heat. 

Table 3: Evidence base for global outdoor air pollution and extreme heat interventions in 
high- and low- and middle-income countries.  

 Level of evidence for high-
income countries (HICs) 

Level of evidence for low 
and middle-income 
countries (LMICs) 

National policies, guidelines, 
regulations, laws: Power 
plants 

Large evidence base, successful 
regulations widely implemented  

Evidence can be extrapolated from 
HICs, growing evidence in China, 
particularly 

National policies, guidelines, 
regulations, laws: Vehicles 

Large evidence base Evidence can be extrapolated from 
HICs; car free Sundays popular in 
some LMICs 

National policies, guidelines, 
regulations, laws: Industries 

Large evidence base Evidence can be extrapolated from 
HICs, not well implemented in 
LMICs 

Carbon taxes, other 
incentives to reduce 
emissions or consumption 

Large evidence base for carbon and 
emissions taxes; less on other 
incentives 

Less evidence for LMICs though 
some articles are about global 
programs  

Clean cookstoves, 
alternatives to burning of 
biomass 

Not applicable, very little burning of 
biomass for cooking 

Several large-scale trials underway 
globally (ex: CHAP & HAPIN) 

Reduction of trash burning, 
alternative trash 
management 

Little burning of trash, limited 
evidence base for 
landfill/incinerator controls  

Work being done in this area but 
not being published (ex: Ghana 
with EPA) 

Reduction of agricultural 
burning, reduction of 
agricultural emissions 

Medium evidence base for various 
agricultural management 
interventions 

Little evidence for agricultural 
burning or other ag. management 
interventions  
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 Level of evidence for high-
income countries (HICs) 

Level of evidence for low 
and middle-income 
countries (LMICs) 

Community mobilization to 
reduce local sources of 
emissions 

Few publications, though much 
work is being done through small, 
local groups 

Limited 

Warning systems and 
prepared-ness for poor air 
quality 

Successful systems in place in many 
HICs with good evidence 

Some evidence for systems in 
countries such as China 

Warning systems and 
prepared-ness for extreme 
temperatures 

Many publications, stand-alone 
warning systems or part of larger 
program 

Less evidence, good example in 
India 

Care for people affected by 
poor air quality or extreme 
heat 

Growing evidence base, particularly 
around emergency care 

Less evidence 

• Kira Burkhart, MPH student, presented her findings of the review she had taken on as 
her capstone project, nested within the larger outdoor air pollution scoping review 
being carried out by the AHW Healthy Environments Team. Her review searched for 
articles that studied interventions to reduce personal vehicle miles traveled. She found 
that the most common interventions included congestion pricing and low emission 
zones, traffic restrictions, such as odd/even or one-day-a-week driving restrictions, and 
improvements to public transportation. Of the 32 articles she reviewed, only 8 (25%) 
measured the health benefits associated with interventions. Twenty-five of the 32 
interventions (78%) were tested in high-income countries, and only 14 countries were 
represented. Many of the studies lack detail on the implementation of interventions and 
any gaps or barriers that led to poor or insufficient outcomes, presenting an opportunity 
for future research to evaluate the implementation processes behind interventions. A 
summary of the results for the articles she reviewed that took place in India and China 
can be seen in the figure below.  
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• Jillian Hesler, Environmental Engineering and Visual Arts undergraduate student shared 

the work she has done as she investigates the Energy Production from Fossil Fuels and 
other Industries pollution source category. Jillian worked to breakdown the nearly 700 
articles based on intervention modality, what specific pollutant the intervention 
addressed and where along the fossil fuel lifecycle the intervention targeted. She has 
also been working to identify some of the best articles in this category – which would be 
an article that targets specific pollutants, provides details on the intervention policy 
reports on measured results. An example can be seen below, with information extracted 
from an article by Shreifels and colleagues in 2012, on China’s 10th and 11th five-year 
plan (19).  

 

Interventions in India and China
Country Intervention n Findings
India Odd/Even 

restrictions
1 Ineffective

China Road Tolls 1 Effective
China Odd/Even or 

One-day-a-week 
restrictions

5 Mixed

 All retrospective/natural 
experiment studies

 Only one assessed health 
impacts (described at right)

Liu et al. (2017)
 Number 4 is considered unlucky, 

fewer cars have license plates 
ending in 4

 Compared Beijing hospital 
admissions for respiratory disease 
on days banning “4” plates (more 
cars), vs. other restricted days 
(fewer cars)

 Found marginal increase in hospital 
admissions (2.24%; 95% CI 1.73-
2.77%), higher in cold season 
(3.31%; 95% CI 2.27-4.37)

46

Example: Intervention targeting SO2 in China
 Targets specific pollutants

– “China's Central government established national goals to reduce 
sulfur dioxide (SO2) emissions by 10%”

 Provides details of intervention or policy
– “Several factors contributed to achievement of the 11th Five-year 

Plan SO2 reduction goal: 1) instrument choice, 2) political 
accountability, 3) emission verification, 4) political support, 5) 
streamlined targets, and 6) political and financial incentives.”

 Results measured and reported
– “After adapting a number of policies and introducing new 

instruments during 11th Five-year Plan, SO2 emissions declined by 
14%.” 50
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In conclusion, energy and transport are two of the largest contributors to criteria air pollutants 
and GHGs. There is a lot of work going on in these areas across many JHU divisions on different 
aspects of the energy and transport areas. JHU has the expertise to tackle energy and transport 
from many angles. The scoping review being undertaken by the AHW Healthy Environments 
team has identified only a few studies looking at community level interventions for transport 
caused emissions. The majority of these have been carried out in HICs. 

Symposium sessions - Afternoon 

PAC Component #3: Household air pollution (HAP)  
Panel: Suzanne Pollard, Magdalena Fandino, Steve Harvey, Josiah Kephart, Anita Shankar 

This session highlighted work being done in the Household Air Pollution sector at JHU, with 
presentations on the HAPIN (20) and CHAP (21) trials, as well as work being done by Steve 
Harvey in Peru as part the CHAP trial. Steve has received funding from AHW and brought an 
example of what he’s working on: the wonderbag. This bag would allow families to reduce their 
LPG consumptions by insulating and continuing to cook food after it has been removed from 
the stove.  Suzanne Pollard and Magdalena Fandino presented details on the CHAP and HAPIN 
trials and some of their findings. Notably, that families are eager to use LPG, but the fuel is too 
expensive to meet their needs if they are solely responsible for purchasing it.  Josiah Kephart, 
PhD candidate in EHE, has been working on these projects in Peru, and presented slides on 
energy transitions to address HAP, with long-term goals being to switch to renewable sources 
of fuel. One of Josiah’s slides, seen below, highlights the drastic differences in changes in 
electricity access in LMICs in the last 15 to 20 years, and shows the challenges faced when 
implementing new cooking technologies. Anita Shankar spoke on the necessary support for 
behavior change for successful sustained adoption of new cooking technologies.  

 

 29

Rural access to electricity, 1990 - 2015

► Bolivia                                 10%  ->  80% ► Zambia                                         3%  ->  3%

https://data.worldbank.org/
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Discussion for this session centered on LPG in LMICs, particularly Peru.  Extraction in the 
Amazon, where LPG is sourced, can be detrimental to the local environment. To ensure people 
switch over to LPG from biomass fuels, it is important to build up local LPG infrastructure. 
However, if private sector is building up infrastructure, in can be more difficult to eventually 
wean people off LPG. Terminology around LPG being “clean” is difficult; it is “cleaner” than 
biomass, and the cleanest we can get at the moment, but it is still a fossil fuel. Solar has been 
considered, but the required behavior change is significant, which means uptake is low.  

PAC Component #4: Health impacts in vulnerable groups  
Panel: Chelsea Ducille, Deep Kiran, Barrett LaRussa, Ravish Bhardwaj 

In the session, research conducted on extreme heat events and the health implications was 
presented by Chelsea Ducille, Senior Research Program Coordinator at SOM, and Deep Kiran, 
Barrett LaRussa and Ravish Bhardwaj, all three of whom are MPH candidates at JHSPH. Chelsea 
presented the HEAT trial being done in Karachi, Pakistan, which consists of community 
awareness interventions and activities. They have been working to develop evidence-based 
care strategies for households and emergency departments. Their work is still in progress.  The 
students also presented on the global extreme heat event interventions scoping review they 
have undertaken, which is ongoing in conjunction with the global outdoor air pollution review. 
Deep looked at greening interventions with measured health outcomes and Barrett and Ravish 
looked at comprehensive heat plans and stand-alone interventions, respectively, that used 
health outcomes to measure effectiveness. All discussed the Urban Heat Island (UHI) effect. The 
figure below gives a visual representation of how UHI can affect afternoon temperatures in a 
modern city.  
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Barrett found that the field of heat plan outcome evaluations is relatively new and faces several 
methodological challenges. These studies can be consulted in combination with other types of 
research to give a fuller picture of how to successfully implement a heat plan. Seven articles 
were included in the review. Most studies found evidence of effectiveness but could not prove 
that the reductions in negative health outcomes were due to the intervention. All the studies 
discussed methodological challenges to evaluating large-scale heat programs. A summary of 
Barret’s findings can be found in the figure below:  

 
Ravish found only two relevant studies for in-depth analysis based on the restrictions made for 
his part of the review. Of the stand-alone interventions that were analyzed, automated phone 
warnings and preventive message tools improved the awareness of heat related health 
outcomes among targeted groups. Both correlated with a decrease in negative health related 
outcomes due to heat events. However, health impacts of extreme heat are highly dependent 
on multiple factors such as urban and rural location, economic status, infrastructure, and access 
to health services.  

Deep found that mitigation interventions such as urban vegetation and employment of cool 
roofs and pavements can reduce surface and near-surface temperatures, increase relative 
humidity and improve the human thermal comfort. However, there is considerable difference 
in the magnitude of their effectiveness. Note also that only three out of fourteen studies linked 
urban vegetation to the human thermal comfort. Though the review looked at heat 
interventions, some studies discussed a few intervention strategies that can be incorporated 
into strategies to reduce air pollution. The combined strategies can be employed at a wider 
scale to provide further health benefits to the local population. More research is required to 
evaluate the effectiveness of employing urban vegetation and cool roofs and pavements on not 
only human health, but also effects on energy consumption and improved air quality in urban 
areas. 

The first question during discussion was regarding pre-existing conditions, as this can affect the 
reaction individuals have to extreme heat events.  Data is difficult to get, but we know many 

Heat Plans: Comprehensive Plans
 Establish and trigger actions to reduce 

health effects of extreme heat 
– Partners
– Protection for vulnerable groups

 Eight studies reviewed
– France (1), Italy (2), Spain (1), Switzerland 

(1), Germany (1), USA (1), Australia (1) 

Martínez-Solanas, Basagaña (2019): 
Spain’s Heat Health Prevention Plan 
(HHPP)

● Coordinates partners, disseminates 
information to public, hotline, 
Autonomous Communities may establish 
additional measures

● Two time periods: pre-HHPP (1993-2002), 
post-HHPP (2004-2013)

● Attributable mortality during potential 
activation of plan was smaller in period 2 
(0.47%, 95% CI: 0.34, 0.58) than period 
1 (0.69%, 95% CI: 0.56, 0.80)

● Other factors could explain the reduction

27

Outcome n
Intervention may reduce at least 1 
negative health outcome, but could be 
due to other factors

6

Intervention not effective 1
Unable to conclude due to 
methodological challenges

1
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deaths during heat waves are those with co-morbidities. There are studies that exist that look 
at projections (2050 and beyond) – these were not included in the review, however. Adaptive 
management is being considered. Interventions that use planting, cooling stations, etc. have 
had positive outcomes, but when cities implement multiple interventions, it’s hard to prove 
which ones are effective. Cities often move forward with all interventions in place, as a result.  

Conclusions: Climate change projections indicate increasing heat in many parts of the world, 
particularly in urban areas. This will affect the general population, but particularly vulnerable 
groups such as children, the elderly, outdoor workers or those with pre-existing conditions. 
Relatively little action is being done in LMICs to address the coming changes in temperature, 
but there are interventions proven to be effective.  

PAC Component #1: Governance and Policy 
Panel: Chris Heaney, Peter Winch, Johannes Urpelainen 

In this session Peter Winch set the stage for the governance and policy component of PAC, 
discussing the air pollution accountability chain and giving an example of a recently tried and 
unsuccessful transportation intervention in Delhi, India. Johannes Urpelainen shared his insight 
on effecting policy change, specifically sharing guidelines for academics. He highlighted a case 
study regarding energy access in rural India. Chris Heaney presented on building community 
power by using citizen science for environmental justice. He shared some of his work with 
swine CAFOs in North Carolina and crude oil rail transport in Baltimore.  

Questions after the Governance and Policy presentations were mostly directed to Chris 
Heaney. Many were curious about partnering with a community organization, which has proved 
difficult for many research universities, including Hopkins. Chris is adamant that it is possible, 
and that we should think of them as clients, just as we would the CDC or NIH. There was also 
discussion of applying research findings to policy change – particularly around certain types of 
equipment being used. It’s important to make equipment decisions based on the research 
question, and not all data can be used for compliance or regulatory purposes. Partnering with 
researchers using the gold standard methods can aid in getting into the regulatory space. 
Discussion closed with how to find the balance between community advocacy and scientific 
integrity.  

Conclusions: Governance and policy are necessary aspects to addressing air pollution, but these 
are harder to do in LMICs. These approaches have been more successful in HICs, due to more 
stable governments (among other reasons) and may increase due to more participation from 
community members (citizen science). Many research universities hesitate to partner with 
community groups, but it can be done successfully.  

Reducing ambient air pollution in the United States 
Panel: Tom Burke, Deirdre Clarke, Julian Drix 

In this session, Tom Burke as well as two BAHI Environmental Challenges Fellows, Julian Drix 
and Deirdre Clarke, shared their knowledge and work on air pollution in the US. Tom Burke 
shared his experience reducing air pollution in New Jersey, giving some history of the problem 
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and what changes caused improvements. The figure below shows the drop in air pollution 
levels in New Jersey since 1965. Tom attributed much of this to technology and regulatory 
incentives and enforcement.  

 
Deirdre Clarke shared her work at the EPA, giving a wider view of the EnergyStar Program.  
Although many only think of it for appliances, more than 40% of the Fortune 500 companies 
work with EnergyStar to improve their efficiency. Julian Drix, who works for the Rhode Island 
Department of Health, highlighted the respiratory problems arising in RI due to air pollution. 
Much of what he shared highlighted the source as being transport related to a port. He 
conveyed what a serious health issue air pollution is in urban environments, and how research 
is continually finding new links between air pollution and health problems.  

Discussion for this session was brief, but people were curious as to what tools could be used to 
make people change behavior. Social reasons are prevalent, but technology is important to 
drive change too. Deirdre gave a more in-depth explanation of how a product earns an 
EnergyStar label and many were surprised to find how large the program is.   

Reducing the air pollution and carbon footprint of Johns Hopkins University 
In this session, Julian Goresko, the new Director of Sustainability for JHU, shared some of what 
Hopkins is doing to improve its sustainability. He shared that creating this presentation was a 
learning process for him, as he had just recently joined us from Penn’s sustainability team. 
Highlights included on-campus solar projects, LEED-certified buildings, farmers’ markets, 
alternative transit incentives, waste diversion initiatives, and student engagement programs. 
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Julian has experience developing a university sustainability program and is eager to get to work 
at JHU. He has two support staff that are working hard. There are various student programs 
organized by Jessica Bast that promote sustainability, including an internship program.  

Closing remarks by Provost Sunil Kumar 
Closing remarks were given by Provost Sunil Kumar. He shared how happy he was to see the 
symposium bringing together so many different groups from different divisions of the 
University. His remarks were brief to leave time for questions and discussion, much of which 
was about increasing the sustainability of the University. He stated that he understood that 
there is a lot of concern from students and faculty regarding sustainability within the University. 
He stated sustainability is moving up the ladder in becoming a top priority for philanthropists, 
and that will make it move up the ladder for the University as well. He unofficially announced 
the JHU solar deal, which was officially announced on Earth Day, April 22nd, 2019. Provost 
Kumar ended by saying that he hoped to see new collaborations come from this cross-divisional 
event.  

Afternoon Breakout Discussion Sessions 
Four separate breakout sessions were held during from 2:30 to 4:00. Participants chose which 
group they were most interested in attending, and at the end of the session shared their main 
discussion points with the larger group.  

Discussion: Options for JHU engagement in research and practice 

1. Energy transitions for household air pollution (HAP) 
Background: Household air pollution is estimated to cause 3-4 million deaths per year. Current 
thinking is that there is no design for a biomass-burning cookstove that lowers fine particulate 
matter (PM2.5) low enough to substantially reduce the relative risk for adverse health outcomes, 
given the shape of the dose-response curve. JHU, through the Global Center for Non-
Communicable Disease Research and Training, is involved in two major randomized trials 
comparing liquefied petroleum gas (LPG) versus conventional biomass-burning cookstoves: 
CHAP (21) and HAPIN (20).  

If these trials show a significant impact on the health outcomes of interest, there will be 
increased demand for evidence on how to best promote transition from biomass-burning 
cookstoves to clean fuel technologies, including LPG stoves (which still produce small quantities 
of greenhouse gases) or zero emissions options such as electric coil or induction cooktops 
powered by renewable solar or wind energy sources that contribute to meeting the Sustainable 
Development Goals (22). Quinn et al. recently published an analysis with case studies of current 
efforts to promote transitions to different types of clean cookstoves (23). The analysis includes 
a logic model for clean cookstove scale up including enabling environment, industry structure 
and services, energy pricing and costing, consumer demand, and user and community needs 
and perceptions (23). Stove stacking (the concurrent use of both biomass and clean fuels) will 

https://releases.jhu.edu/2019/04/22/johns-hopkins-announces-major-solar-power-commitment/
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continue to be a major barrier for achieving improvements in health outcomes as these 
programs are scaled up.  

The Initiative for Sustainable Energy Policy, at the School of Advanced International Studies has 
worked on LPG adoption and use in rural India (24, 25), reaching the following tentative 
conclusions: 1) use of both LPG and traditional biomass, or "fuel stacking", is increasingly the 
norm in rural India; 2) LPG is a popular and desired fuel in India, but lack of affordability 
impedes a complete transition away from traditional biomass. 

Options for JHU engagement:  

• Development and testing of new zero-emission cooking technologies, in order to 
characterize their cost, acceptance, emissions, and market potential. 

• Socio-economic analysis of different options for HAP energy transitions, including 
acceptance, marketing, and supply chain analysis. 

• Policy analysis and dialogue with national and global stakeholders on options for HAP 
energy transitions. 

• Design and evaluation of large-scale programs to promote HAP energy transitions. 
Measures to address stove stacking and effective monitoring and evaluation systems 
should be included in the design of these programs. 

Summary of discussion: 

This area of work requires a range of disciplines and areas of topic expertise: climate science, 
clinical medicine, epidemiology, behavior change and others. During the discussion, the group 
came up with a number of ideas for collaboration across the university. Addressing different 
disciplinary and Department-specific expectations across the university such as student 
requirements to complete their projects, and faculty incentives can act as a pre-condition for 
the successful implementation of the projects. Students in different schools may have different 
expectations to complete their dissertations, thesis, projects, etc. Such work requires different 
methods (qualitative, quantitative etc.), which can make it difficult for the students to 
collaborate with different schools. Overcoming these barriers will result in better 
implementation of the proposed options. The JHU engagement options were discussed 
throughout the session and ranked by the participants based on the institutional investment, 
practicality, and the potential impacts in the community. 

The order of implementation of the options after voting by the participants is: 

1. Develop and test new zero-emission cooking technologies. Members of the community 
should be involved during the development phase as they provide better understanding 
of the acceptance and market potential of the new ideas. Employment of 
microgrids/local power production should be considered as they can help to lower the 
cost and emissions because of reduced transportation expenses. 

2. Design/evaluate large scale HAP transition programs. Measures to address stove 
stacking and effective monitoring and evaluation systems should be included in the 
design of these programs. 
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3. Policy analysis/dialogue with national and global stakeholders on transition options, 
which include training JHU staff to be effective communicators in different settings. 

4. Socio-economic modeling analysis of options for HAP transitions, including acceptance, 
marketing, and supply chain analysis. Access to enough fuel and supply chains, 
emissions, with more emphasis on policy analysis of GHG and their impact on human 
health should be incorporated while discussing various options for HAP energy 
transitions. 

5. Educate/Train implementers. 
6. Tools to evaluate which can be used by implementers to use adaptive management 

when necessary. 

Other factors which can also play a significant role in the successful implementation of these 
programs were discussed. These include: 

• Motivations of people or policy makers. 
• Evaluation of the programs which are already effective in the community such as 

technology. 
• Data gaps which address fundamental questions about which technology should be 

promoted such as the use of LPG or electricity. Understanding the public health 
ramifications and GHG emissions of these projects and the ways to address these issues 
should be considered before recommending these projects to the National Governments.  

2. Comprehensive package of interventions to reduce emissions in LMIC cities  
Background: The world’s highest levels of air pollution are found in large LMIC cities. While the 
situation in cities in India, China and other Asian countries has been the subject of much recent 
coverage in the news media, levels of emissions in African cities are rapidly catching up (26). 
Cities offer the opportunity to develop and implement the entire package of Primary Air Care 
(PAC) consisting of governance of air quality, reduction in sources of outdoor and indoor 
emissions, and preparedness and response for poor air quality and extreme temperature 
events.  

Engagement with larger geographic scales is likely to be necessary, given, for example, the 
importance of agricultural and biomass burning and interregional pollutant transport, and 
controversy over the relative contribution of urban (local) industry, transport and residential 
versus rural (regional) biomass sources. Nevertheless, most current efforts to control sources or 
respond to air quality events focus on one source of pollution at a time, are episodic, and are 
not well evaluated. 

Options for JHU engagement:  

• Establish partnerships in selected LMIC cities to develop, implement and evaluate 
components of the PAC package, or the entire PAC package. 

• Exchange of experiences and lessons learned between US and LMIC cities. 
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• Development, testing and introduction of new technologies to reduce important 
sources of emissions. 

• Build a global network of cities working on reduction of emissions. 

Summary of Discussion:  

To create and implement a comprehensive package of interventions to reduce emissions in 
LMIC cities, different groups with different expertise from throughout JHU need to work 
together, but different campus cultures make that difficult. Mapping out the sectors that are 
needed could help in identifying who is necessary to make this successful. Community driven, 
policy/government driven, and technology driven interventions will be needed to address air 
pollution in a city like Delhi. Local partnerships will be necessary with groups that Hopkins 
already has built relationships with.  

• There is significant interest and urgency throughout Hopkins to work with faculty across 
campuses, but there are major barriers that make it difficult and need to be addressed 
variation in administrative structures, dependence on soft money and ways of working in 
different university divisions, and challenges with scheduling meetings with faculty and 
competing demands on faculty time. 

• How do we bring faculty and people together? We need to map out the skill sets and types 
of specialized knowledge needed for successful implementation and figure out how Hopkins 
can respond to the needs (i.e. emissions measurements, health impact assessment, cost-
effectiveness analysis etc.) 

• Need to set priorities for intervention: 
o EPS faculty can help determine which pollutants and emission sources should be 

prioritized in different settings to have the greatest impact. 
o Funders have difficulty comparing or identifying the tradeoffs between different 

interventions, making it challenging to determine which projects to fund. JHU should 
consider identifying the tradeoffs between interventions. For example: 
 What are the tradeoffs of prioritizing emissions reductions from vehicles vs. 

coal plants? 
 How can we better understand opportunities to leapfrog straight from fossil 

fuels to clean energy, rather than integrating “bridge fuels” like natural gas? 
• Need to identify the operational challenges in implementation of complex interventions. 

How can JHU help local partners to overcome these challenges? 
o Partnerships are necessary to better understand community dynamics, stakeholders, 

researchers, and government organizations when planning interventions. 
• How do we design interventions that are most effective in reducing emissions? 

o New technologies in transportation, agriculture, and energy provide opportunities 
 Shifting energy sources (e.g. fossil fuels to renewable sources) 
 Electrification of vehicles (e.g. India’s $1.4B in electric vehicle subsidies) 

o Consider policies that take into consideration the need for behavior change, and 
provide support for behavior change interventions 
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• Level of intervention:  
o At what level do we consider intervening: household or community-level, 

municipality-level, state or national-level? 
o Need to consider cooperation amongst multiple jurisdictions and government levels 

to address emissions. 
• Household and community-level interventions 

o You get community buy-in and expand from there and build culture around reducing 
emissions. 

o Local efforts and a bottom-up approach hasn’t translated well in Mexico City 
• Emissions inventories: Need to get or develop robust inventories of pollutants and sources 

to develop a menu of intervention items. 
• Case or Scenario example: Assessing/developing intervention strategies for trash burning in 

Delhi 
o There are existing low tech and simple solutions to address trash burning – how can 

we take lessons learned in other settings to identify ways to better manage trash in 
Delhi? 

o Partnership with Indian Institute for Health Management Research (IIHMR) can help 
identify problems in Delhi such as disputes about major pollution sources, the 
quality of air pollution sensors, barriers to policymaking, community dynamics, and 
stakeholders to build community movements. 

o Consider testing interventions in a smaller city (instead of Delhi). Delhi government 
may be less likely to be responsive to Hopkins intervening and there are challenges 
to going after the major cities like Delhi. 

Summary (presented to reconvened group) 
What do we need to develop comprehensive intervention package: 

1. Start with developing or compiling robust emissions inventories and identifying sources 
so we can develop a targeted menu of interventions 

2. Look at what was successful in U.S. to dramatically reduce air pollution starting in the 
1950’s. 

3. Research the tradeoffs between different interventions to identify priorities, like 
reducing emissions from vehicles or coal plants 

4. Utilize established partnerships in LMICs to better understand community context, 
stakeholders, researchers, etc. to build community movements 

5. Identify opportunities to leapfrog from fossil fuels to clean energy (rather than cleaner 
fuels) 

6. Consider developing and testing household-level interventions in smaller cities that may 
be responsive to Hopkins. Example: household trash burning. 
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3. Community mobilization / participation to address local sources of emissions 
Background: Communities should be a driver of decisions about interventions that will impact 
them, whether at the local, regional or national levels. Ideas for engagement with local 
residents include measuring fine particulate matter (PM2.5) and other pollutants, translating 
the results, taking action to address sources of emissions impacting the community, and 
pressuring governments to regulate larger sources of emissions that affect air quality in cities 
(incinerators, brick kilns, cement factories, transport terminals, ports, land clearing, etc.).  

Barriers include the sometimes invisibility or lack of smell associated with air pollution, and lack 
of appreciation of the broad range of health effects of air pollution. This work is highly relevant 
in Baltimore, with on-going work in Curtis Bay, and urban and rural areas of low and middle-
income countries. Nevertheless, the evidence base for how to best engage communities, and 
the effectiveness of community interventions, is extremely limited. 

Options for JHU engagement:  

• Development and evaluation of community-level interventions, through a community-
based participatory research model (27) 

• Build a global network on community-level interventions to share lessons learned and 
build evidence for effective intervention models 

Summary of Discussion:  

Overall thoughts: There are many localized sources of pollution that could be addressed 
through community mobilization and participation, such as trash burning, crop burning and the 
garment industry. Interventions could be both technical or could come about through 
engagement and collaborative approaches.  

• Common sources of emissions: trash burning, crop burning, garment industry, incinerators, 
power plants 

• Technical Interventions: 
o Trash:  

 Composting, recycling, reduction 
o Monitoring of emissions 
o Identification and documentation of sources 
o Supply chain accountability – Holding corporations that produce and sell products 

accountable for the solid and liquid waste produced at different stages of the 
manufacturing and distribution process. For example, in Germany automobile 
manufacturers are responsible for taking back the vehicle and recycling it when it is 
no longer functional. Why should community members be responsible for ultimate 
waste management, when they were not the ones to produce the products that 
resulted in the waste? 
 Contractors and subcontractors 

o Filtering air in schools and daycares to remove particulate matter and other 
pollutants. 

o Car emission filters 
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 Repair/ maintenance  
o Greening: urban and rural 

 Assess if appropriate, best tree types, get community input 
• Engagement / collaboration approaches 

o Entrepreneurial training/support 
o Linkage to grassroots social movements 

 Grassroots global justice 
 Via Campesina, MST, Movement Against Dams 
 World Social Forum 
 Global Alliance for Incinerator Alternatives—GAIA 

o Protection of confidentiality during assessments so employers can’t retaliate 
 Build technical protocol 
 Aggregation, data masking 

o Community advocacy/pressure  
o Education on resiliency and adaptation – Best practices for solar power, specifically 

those which survive storms? 
o Community land trusts – How to get community ownership over lands? 
o Cleaning up neighborhoods, removing waste and reducing pollution can be a 

stimulus to gentrification. Thus the community members’ hard work is rewarded by 
them being priced out of the rental market. Appropriate counter-gentrification 
efforts may be needed to prevent this from happening, or at least to preserve some 
affordable housing for communities that have worked to clean up their 
surroundings. 

4. Emissions from production, refining and distribution of fossil fuels 
As economies develop, and efforts to control indoor and local air pollution emphasize switching 
from combustion at the end use (e.g., biomass-fueled stoves and gasoline-based transport) to 
electric appliances and vehicles, attention will need to be paid to emissions from power 
generation facilities upstream. Natural gas and especially coal combustion in generation are 
important sources of regional NOx and (in the case of coal) PM and SOx emissions, and these 
emissions contribute to high background ambient concentrations that are an important 
contributor local air quality risk. Thus, development of electricity-based substitutes for end use 
combustion must recognize the potential for exacerbating problems from upstream sources.  

The full effects of energy decisions include the fuel supply chain. Life Cycle Assessment (LCA) is 
a cradle-to-grave (or even cradle-to-cradle) approach to quantifying environmental burdens of 
products and processes from materials extraction to waste disposal. For the energy sector, LCA 
maps environmental impacts from energy extraction (e.g. mining and well production), through 
midstream infrastructure that includes transportation (e.g. via pipeline, tanker, or truck) and 
processing (e.g. natural gas processing, petroleum refining) through distribution to end use (e.g. 
use in a car or via power lines for electricity in a home).  

While LCA is a well-established, internationally-standardized tool, robust global datasets have 
yet to be developed that comprehensively track energy production, trade, and use across the 
world (28, 29). Further, air pollution and greenhouse gas emissions from energy and other 
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related anthropogenic activities are poorly known, particularly across the developing world. In 
addition, globally aggregated and standardized life cycle impact characterization methods are 
limited in capturing many of the subtle but important differences in end use (30) (e.g. capturing 
the spatially-differentiated health effects of PM2.5 emissions, such inside a home compared to 
release at a power plant stack and including existing concentrations) (31). As a result, many 
impact categories should be further improved to better capture the health and environmental 
outcomes of energy decisions.  

A comprehensive PAC approach must account for all sources of air quality risks, and options 
throughout the electricity supply chain to limit the amount and impacts of fossil fuel 
consumption. The proposed research stemming from this theme would involve interdisciplinary 
scholars collaborating on improving the characterization of environmental and health impacts 
across the life cycle stages of selected energy technologies. Research projects could be focused 
on specific regions, countries, or macro-scale global assessments.  

Critical to facilitating the use of renewable sources is the development of technologies to 
manage renewable variability, including grid controls, responsive demand, and storage. 
Analyses of alternative systems to supply new electric end uses should consider the potential 
roles, economics, and effectiveness of emerging technologies throughout the electric supply 
chain. 

Options for JHU engagement:  

• Systems analyses of the efficiencies and life cycle effects of power production including 
fuel production, transport, combustion, electricity transmission, and local distribution, 
accounting for locations and timing of emissions relative to vulnerable populations. 
These could then compare the effects of policies aimed at end uses as well as further up 
the supply chain. 

• Source-attribution studies using widespread deployment of stationary and personal 
monitors together with emissions inventories in order to identify sources of air quality 
risks to health and their spatial and temporal variations.  

Summary of Discussion:  

Much of the discussion in this session focused on current research in this area by people in the 
group and the status of work being done in this area.  There was much talk about future 
potential collaborations.  

• Methane measurements via satellite 
o How accurate are satellite measurements? 

 Measures radiation, can be biased due to presence of other pollutants, 
diagonal lines across data. 

• Striping could be related to the launch/orbit, spatial pixel 
variation. Validate using ground measurements. 

 How do you know where its coming from? 
• You have to take out what you know and look at what’s left 

• Discussion of uncertainty about methane emissions estimates from coal mines. 
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• Discussion of Scot Miller’s article, China wanting to diversify energy portfolio, (~2% 
natural gas), national gov wants to change energy source, provincial gov doesn’t enforce 

 Hesitancy to build without knowing if any of the money will be made 
back. 

• In 2010, China’s fossil fuel plant fleet was more efficient than the US’s 
• NRDC agenda? 
• Concern about “stranded assets”. Companies count reserves of fossil fuels among their 

assets. The valuation of the companies is based on these assets. While in theory it is 
profitable for society to move away from fossil fuels, the prospect of stranded assets 
may prevent companies from taking action to reduce dependence on fossil fuels. 

• Current administration not as successful at removing methane restrictions as the public 
perceives, air separation units. 

• Regulation rollback stuck in litigation 
• Keystone Pipeline stopped 
• Debates in Alberta on how to monitor/enforce methane regulations, working on tech to 

monitor leaks, up in the air at this point due to local politics 
• Matching physical flows to estimates, to validate/invalidate estimates as needed 
• Before you connect pipeline there is flaring venting 
• If you drill a well, mixed liquid and gas (“not dry”) if its classified as gas well, liquids 

unloading means the liquids are removed to allow gas to flow but in doing so allows 
another major flaring/venting  

• Not a good way to bring gas to market, so it’s being flared/wasted 
• Russian methane venting? Methane flares can be seen from space, while flaring has 

been reduced, it could still be vented without being caught. 
• Communities near fracking/tar-sands aren’t very willing to talk about the health 

impacts, industry and financial motive to keep quiet 
• Novel pollutants can lead to winter ozone, previously unknown reactions 
• Industry knows but is not required (and doesn’t) release the exact contents of the 

streams, can be checked by what is reported by gas companies (who later in the process 
do have to report it before sale) 

- Design requirements for next generation of satellites 

Next Steps: Development on online modules on air pollution and air 
quality through a DELTA grant 
Based on the academic session, there was a lot of interest in applying for a Digital Education & 
Learning Technology Acceleration (DELTA) grant, see https://provost.jhu.edu/about/digital-
initiatives/delta/rfp/. Several ideas were tossed around. Based on feedback from students 
during the academic session, we decided to propose a course or modules that would help 
students develop marketable skills related to environmental health topics. A proposal was 
submitted with collaboration from SOM, KSAS, WSE, SAIS and SPH for the May 28, 2019 

https://provost.jhu.edu/about/digital-initiatives/delta/rfp/
https://provost.jhu.edu/about/digital-initiatives/delta/rfp/
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deadline. The proposed work is to develop a set of course modules that cover different stages 
of the air pollution research and dissemination process. Modules could be used by faculty at 
any part of JHU to incorporate into classes or to train students or field staff in research 
processes. Modules can be used individually, or in series. The modules will be offered as an 
eBook on leanpub.com, where it can be accessed for free, or for nominal fees. The table below, 
taken from the proposal, shows the proposed modules, the skills that students would gain from 
these modules, and the lead faculty for each module.  

 

Module Skills Faculty lead 

Background on 
Outdoor and Indoor 
Air Pollution 

• Identify sources and severity of air pollution in 
various environmental contexts 

• Understand and communicate the importance of 
air quality research and the impact of air pollution 
on human health 

All 

Data Sources • Identification, accessing, and competent usage of 
publicly available online databases 

• Critical analysis of data quality 
• Understanding the limitations of publicly available 

data 

Scot Miller 

Data Collection • Understanding the strengths and weaknesses of 
high-cost reference and reference-equivalent 
instruments vs. low-cost instruments 

• Understanding and choosing different data 
collection methods  

• Operating various data collection instruments  
• Interpreting and responding to data collected by 

groups or individuals using low-costs sensors 

Ana Rule, 
Kirsten 
Koehler 

Data Analysis • Laboratory analysis of gravimetric and other data 
• Interpretation and analysis of raw data and online 

databases 

Ana Rule, 
Kirsten 
Koehler 

Presentation and 
Recommendations 

• Effective presentation of data to policymakers 
and others 

• Development of figures and tables for 
presentation of data 

• Development of recommendations for awareness 
and prevention when disseminating air quality 
data 

Johannes 
Urpelainen, 
Megan 
Latshaw 

Indoor Air Pollution • Monitoring techniques for personal exposure to 
HAP 

Will Checkley, 
Kendra 
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Module Skills Faculty lead 

• Stove Use Monitoring Systems (SUMS) and 
personal exposure data analysis  

Williams, 
Steve Harvey 

Measurement of 
Emissions from Fossil 
Fuel Production and 
Life Cycle Asessment 

• Accessing and understanding remote sensing data 
from NASA 

• Strengths and weaknesses of different 
approaches for evaluating emissions  

• Understanding principles of life cycle assessment 
(LCA) 

Scot Miller 

Climate Data • Accessing and understanding climate data from 
publicly available sources  

• Interpretation and analysis of climate data  
• Presentation of climate data and linking data to 

health outcomes  

Darryn 
Waugh, Scot 
Miller, Ben 
Hobbs 

Future modules Development and evaluation of interventions and policies, 
community role etc. 

Research Agenda for Future Collaboration 
Several symposium participants expressed the desire to create new collaborations with other 
faculty at the symposium. Below are some ideas proposed by various groups, organized by 
topic area.  

Research topics submitted by Sarah Jordaan from SAIS 
• A comparative Life Cycle Assessment (LCA) of different cookstove alternatives for the 

developing world, accounting for the influence of variable concentrations of indoor and 
outdoor air pollutants across the life cycle. 

• An LCA project that would engage health scholars in developing more robust analyses of 
the health impacts of electronics and the associated e-waste. The use of a cell phone in 
the developed world could result in poor management of hazardous materials in 
developing countries.  As noted by the United Nations Environment Programme (UNEP): 
“up to 90 per cent of the world's electronic waste, worth nearly US $19 billion, is illegally 
traded or dumped each year.”    Results could lead to new solutions, from phone 
recycling to improved education for impoverished people involved with risky 
disassembly. 

• Climate and health benefits of switching to solar powered LED lights from kerosene 
lanterns (so far, scoping work looking at greenhouse gas emissions and PM2.5) or even 
trade-offs related to electrification. 

• An expansion of present global research by Jordaan et al on the power sector and the 
life cycle benefits of reducing inefficiencies in the transportation of electricity via power 
lines to examine the air pollutants emitted by compensatory emissions. 
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• More refined spatiotemporal analyses of the life cycle air pollution impacts of the power 
sector for LMIC, which could later be expanded to include electric vehicles. 

Ambient Air Pollution Intervention Analysis based on results of AHW Scoping Review on air 
pollution interventions: 

• Review of categories from the global outdoor air pollution scoping review being done by 
the AHW Healthy Environments Team, to include:  

o Solid waste 
o Residential and commercial buildings 
o Technological innovations and engineering controls 
o Urban planning/changes in the built environment 
o Carbon storage and sequestration  
o Cap and trade/Emissions taxes/Market (dis)incentives 
o Emissions standards and regulations 
o Efficiency standards and regulations 
o Policies 

Food System and Air Pollution Research: 
• Collaboration between CLF and atmospheric scientists to assess methane production 

from agricultural activities  

Household Air Pollution (HAP) Research:  
• Development and testing of new zero-emission cooking technologies, in order to 

characterize their cost, acceptance, emissions, and market potential. 
• Socio-economic analysis of different options for HAP energy transitions, including 

acceptance, marketing, and supply chain analysis. 
• Policy analysis and dialogue with national and global stakeholders on options for HAP 

energy transitions. 
• Design and evaluation of large-scale programs to promote HAP energy transitions, 

including leapfrogging LPG directly to renewable energy sources in LMICs. Measures to 
address stove stacking and effective monitoring and evaluation systems should be 
included in the design of these programs. 

LMIC City Air Pollution Intervention Research using PAC: 
• Establish partnerships in selected LMIC cities to develop, implement and evaluate 

components of the PAC package, or the entire PAC package. 
• Exchange of experiences and lessons learned between US and LMIC cities. 
• Development, testing and introduction of new technologies to reduce important 

sources of emissions. 
• Build a global network of cities working on reduction of emissions. 
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Community-Level Air Pollution Intervention Research: 
• Development and evaluation of community-level interventions, through a community-

based participatory research model (27) 
• Build a global network on community-level interventions to share lessons learned and 

build evidence for effective intervention models 

Fossil Fuel Production Cycle Research: 
• Systems analyses of the efficiencies and life cycle effects of power production including 

fuel production, transport, combustion, electricity transmission, and local distribution, 
accounting for locations and timing of emissions relative to vulnerable populations. 
These could then compare the effects of policies aimed at end uses as well as further up 
the supply chain. 

• Source-attribution studies using widespread deployment of stationary and personal 
monitors together with emissions inventories in order to identify sources of air quality 
risks to health and their spatial and temporal variations.  
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