Questions Specific to Dr. Jensen:

· Having worked as a consultant for the Danish EPA, what is the current level of concern for UFPs within the environmental sector of government? 
There are concerns about UFPs within the EPA. They are aware and have funded a project for 15 years now, but there isn’t enough data to fix it. Have noticed a 50% decrease in UFP numbers over the years. 2 approaches to fix this. Measurements are the first strategy as they will solve the lack of data issue. Modeling is the other solution because rough calculations can be made from it. They have a project now with our US EPA and health agency to model UFPs and the health correlations associated with them. UFPs are extremely dynamic so it is also important to note how difficult it is to model them. Definitely not something we will know tomorrow. Hopefully within a couple years there will be a valid model from this project but data will become invalid quickly due to how dynamic UFP distribution can be. Not a simple science to model considering reactions that can occur that throw off the modeling completely.
· What research have you done on the health effects of different sizes of particulate pollution - especially ultrafine particles? 
· AirGIS is a great tool for visually mapping where there are high levels of air pollution, however we do have some questions about the software:
· Have you created modeled data for more recent years (the software only shows modeled data for 2012)?
· In 2016, the annual mean on H.C. Andersens Boulevard was 30 μg/m3 for PM10 and 15 μg/m3 for PM2.5, the source of these calculations are the environmental department at Aarhus University. In AirGIS why is 24.6 μg/m3 the maximum for PM10 and 16.2 μg/m3 the maximum for PM2.5?
The data on AirGIS is old at the moment. He believes from 2012. The data will be updated this year however. Will update regional & background levels.
· Do you ever plan to add UFP concentrations to AirGIS?
Once enough data exists for this to be possible, yes. At the moment however, without too much extrapolation, it isn’t possible to accurately model UFPs on a large geographic scale. Ideally it will only 2 to 3 years before PM0.1 is modeled at this scale. 
· In the report titled “High resolution multi-scale air quality modelling for all streets in Denmark” that you sent us, it stated that NO2 as annual mean is the only indicator in Denmark that exceeds the EU limit, and this is observed at one air quality monitoring station at a busy street in Copenhagen. The PM10 and PM2.5 data from Aarhus University is reported above the WHO limit in on HC Andersens Blvd. What are your thoughts about the significant difference between the limit values? 
Air Quality monitoring programs has an annual report. It’s on their website. In 2017 & 2018, there were no exceedances of NO2. Have to go back to 2016 to find exceedances for these particles. Its been a very long time since there have been exceedances. Also important to remember that limits don’t safeguard your health. While supported by data, these limits are ultimately political with regards to what is practical on a daily basis. These limits historically have been tightened. Even at 10 ug/cm3, there are still health effects that will affect people. Just because we don’t have exceedances, doesn’t mean we should stop working on it. It looks like by 2030, if everything goes as planned they will actually drop below the limits for good.
· In the report you sent to us titled “Udvikling I Luftkvalitet for 2030 I Relation Til Nationalt Program for Reduktion af Luftforurening (NAPCP)” you conclude that the difference in road levels of PM10 and PM2.5 will only be marginally different after switching all buses and taxis to electric, and 1 million cars to electric. What would you suggest is a better solution? Is anything being done to address high levels of particle pollution from non-exhaust sources?
· In your report titled “Road Pricing, Luftforurening Og Eksternalitetsomkostninger”, what was the evidence that determined road pricing would be an ineffective strategy for reducing street level particle pollution? 
Pricing is effective for passenger cars. For commercial vehicles, not so much. From a congestion point of view, less cars is obviously good, however from an environmental point of view, larger vehicles will remain the same if not increase making no significant reduction in air pollution. Usually technology is most effect strategy of reduction but that is not to say that introducing these policies and practices aren’t helping a great deal. They still have a huge impact.
CPH has been discussing road pricing for a long time. Has also been discussed to have congestion charging years ago. Road pricing is now working in germany for trucks. Thus it is possible and maybe for other vehicles but it is extremely costly to be the first to do something large like this. From a political point of view, it is also a huge risk especially if it doesn’t work.
· Can you explain how you got all the data for the EVA in your 2013 report “Health Effects and Related External Costs of Air Pollution in Copenhagen” and how this report was used?	

· We noticed a statistic in your Multi-scale air modeling report stating that an estimated 432,000 premature deaths in the EU resulted from long term exposure to PM2.5. Do you know how statistics such as this are determined? How do you know other factors weren’t involved?

	This information is based on modeling of particulate concentrations combined with public health and demographic records of people in these areas. By no means are these statements saying that particulates are the sole factor involved in many of these premature deaths. It is however saying that it plays a factor. This method of determination is known as the EVA system. 





General Questions:

· What cities have emerged as global leaders for reduction of ultrafine particles?
· What distinguishes them as a leader?
· How have they managed the challenges and complications that have arisen?
· How have they covered the technological, political, and social facets of the problem?
· What insight can you provide on the various technological solutions for particle mitigation from vehicles? (particulate filters, automatic engine shut-off, SCR/Adblue, electric vehicles, etc.)
· What issues can you identify with the various available technologies?
· Are there any disconnects between how the technology was intended to be utilized and the reality of how it is used in practice?
· Do you know of any opportunities that exist for improvement?
· In your opinion what technology seems to be the most effective way to reduce UFP emissions from vehicles?
· What has emerged as the most cost-effective solution?
Ask DTU about effectiveness of DPFs. They conduct measurements and he can direct us to a person to speak with. Regulations are mass and number based. If it was true that UFP concentrations have gone down on HC Andersons Boulevard, the filters must be working. He will send us data supporting this.
 
· How effective do you believe the Euro standards on vehicle emissions have been in curbing the pollution from diesel vehicles? 
· Are they widely implemented in cities across the EU?
· If so, how have they been implemented/enforced?
· What avenues of research are currently most relevant to combat particle pollution in cities? 
· In what areas (social practice, technology, policy) does the most advancement need to be made? 
· As a group we have spent a lot of time researching traffic pollution to find information specifically about UFPs, but have observed that there has not been nearly as much research around UFPs compared to other pollutants. Do you have any insight about why UFPs seem to have been overlooked in many cases? 
Part of EU directive and while clean air is important, nothing is mandatory surrounding UFP pollution. There is also no data & no limit value. WHO also has no recommendations on this topic. We should really look into what the WHO says about this problem. They had a project funded by the Danish EPA for almost 15 years where they have measured particle numbers on HC Boulevard. Part of report he sent us where there is a decrease by 15% of particulates within that time frame. We basically don’t know anything true about health because we just don’t have enough information about it. Google car is actually parked at Aarhus center every night. Problem with google car is that there is too much generalization made from the 5 or so points total from each street segment. There is a significant number of other variables that aren’t taken into account well enough to allow for the data to be understood fully. Very different conditions for each data point. Thinks CPH will be disappointed by data because of this variation.

· Is there any other information you could tell us that could be helpful to our project?
· Are there any other contacts you recommend that we reach out to, notably in the Danish EPA?
Yes, will send you contacts of their names.

· Given your experience with modeling particulate concentrations, are there any areas worth investigating manually? (We will be collecting some of our own field data with P-Trak devices at some troublesome/questionable locations around the city)
No specific areas that I would recommend. Would suggest looking at areas with high concentrations of vehicles. 

Miscellaneous Notes (From Interview):

DTU makes a model of traffic and hasn’t made a representation of heavy duty vehicles. It was a better choice though to use a standard vehicle distribution to avoid the uncertainty. There is a very fast turn over of trucks now (faster than passenger vehicles). They had the retrofitting project of the 300 urban busses which has more or less been solved. The low emission zone will also be tightened. They passed a law this summer (national gov’t) to tighten restrictions on these zones. Required by Euro 6 by 2022 for heavy vehicles to be in compliance, and will go step by step until all vehicles are following it. Right now Euro 4 is in place but enforcement isn’t working. However they now have a new gov’t that is more interested in making emission zones more ambitious.
 
EU regulation of cars has been very effective with DPFs. These filters are extremely effective. Very soon, there will be little exhaust levels and significant amounts of “non-exhaust” such as road wear, brake wear, etc. Creating better tires and roads in terms of materials to reduce these particulates at this point will be crucial. Only exhaust is regulated which is a problem because you have all of these other sources of particulates that aren’t regulated. Very different to control. He’s seen studies that say brake wear will be reduced by electric cars but then in reverse increase the amount of road wear. Electric cars are definitely a better solution but it doesn’t solve the problem of all sources.
 
Concerns about SO2 rising from coal is unrealistic now because govt has new goal of no coal by 2030.
 
To accomplish the 70% greenhouse gas, something has to be done to transport sector. Electric cars. Road pricing. Could solve numerous problems.
 
Huge demand for electricity is going to be an immediate problem with the switch to electric vehicles but it is a solvable problem. It is manageable and there are studies out there to prove that it is possible.
 
Direct Quotes from Interview:

1) [13:30 - 14:50]: “The problem is also then if you want to do health studies you know these epidemiological studies where you follow a large group of people and then monitor their health and then you estimate what they are exposed to and you know you don’t have any ultrafine data, so you can’t correlate health with ultrafine. So that’s another problem, so that’s basically why we don’t know what are the health impacts of these ultrafine particles. Of course there have been some more toxicological studies and there are some indications but basically there is not these studies in the environment that really says ‘this is a big problem’ whereas for PM2.5, NO2, and so on, there is a lot more studies and this is why the World Health Organization bases their recommendations on all the data that’s there, and since we don’t have any data, they can’t come up with any recommendations.”

2) [15:18 - 19:03]: “Yeah actually we are also part of this [CPH Solutions Lab Google Car] project because we do the service for the car… of course it’s a nice project but you know some of the limitations of it okay so this car is going around on all streets in Copenhagen for like a year or even more but if you look at how often it is at one street segment; it will pass like five times during that time, and it measures like every second… so now you get like five observations basically for that street  at different times of the day in different seasons of the year. Basically you really don’t get very much data, I mean how are you going to generalize this, okay? Now what they actually do they take data from one of the monitoring stations and then they try to generalize what they observe based on actually what you measure. So it’s kind of also kind of a model actually… because just taking the five observations and making an average of this you know - if you were there only in the morning or you were there only a day where there were very calm winds, or you were there when it was very windy - I mean air pollution goes like this right, so you can discuss you know how much new things you will actually get out of it. We already have this ‘Air Quality at Your Street’ this map where we have modeled the average concentration and I believe this gives a quite good picture of the geography of air pollution right in Copenhagen, and of course it will be very interesting - I mean we hope to be able to get some money to compare this data set with what Google is doing but of course maybe the measured data could give some indications of some hotspots maybe or something like this but again - to capture this by basically okay even though its billions of data you know  you are just at one spot for a few times in very different conditions. So I mean if you talk to Copenhagen Solutions Lab they probably they think they can get a lot out of this data but um I think that they will be disappointed.”

3) [20:52 - 23:47]: [How long do you think it will be until we can draw concrete conclusions about UFPs] “There’s two approaches. Measurements, as we talked about before, if it was a requirement that you actually have to measure this then we would generate a lot of data. And the other approach is modeling, and we have done a lot of modeling and we have been involved in numerous health studies. These ecological studies where we use our model system to model exposure at any address in Denmark for back in time. This data is then used combined with health data to come up with some dose response relationships. Actually right now, we have a project funded by the Health Affect Institute in the US where we try to incorporate UFPs in the modeling chain. This is a huge task. Once we have this, you would be able to model the exposure to UFPs in principle anywhere of course with some uncertainty. This is exactly what we are doing with the other pollutants so this could come up with some dose response relations. What is characteristic of UFPs is that you have a large gradient from the street from high concentrations in the streets or urban background as we call it. It’s less in the regional and rural backgrounds. It probably acts more like soot or black carbon; it has the same gradient so you have to be close to these sources to have high exposures. It can give a different picture if you were modeling PM2.5 which has a very high regional background. All the health studies are saying you know that this is what is dangerous. It is not something that you will know tomorrow, it takes a long time.”

4) [24:47 - 25:34]: “There are so many sources and also it’s not just dispersion, it’s also a lot of chemistry, reactions, and transformations and so on; it’s not a simple thing as something else may be that isn’t transformed. So it’s not a simple task to model. It will take a very long time before we have good data.”

