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We thank the reviewer for his/her valuable comments and suggestions.  Below are our 

responses to each comment in blue text. 

 

General comments: 

This study presents some interesting data and a potentially useful analysis but, in my opinion, it 

is not publishable in its current form. 

First of all the authors should take a clear decision whether they will focus this paper on the 

exposure issues only or whether they want to discuss it also in relation to applying the new 

instrument in future epidemiological research. I suggest focusing the paper on the exposure 

issues only.  

We agree with this suggestion and clarify this intent in the revised paper.  The 

paper’s original objective is to explore how a mobile lab equipped with multiple 

instruments to measure a large number of pollutants can be used to gain new 

insights about spatial patterns of long term exposure within cities.  For this purpose, 

however, there are two fundamental challenges of using a mobile lab.  The first 

challenge, which is obvious and one reason mobile labs have not frequently been 

used for long-term exposure studies, is that a mobile lab cannot be measuring at 

more than one location at a time.  The second is that only a limited number of days 

can be studied because it is costly and demanding to conduct mobile measurements 

of multiple pollutants with the demanding suite of instruments we employ for a 

relatively long time period.  Thus, the main objectives of this paper are to evaluate 

an approach to address these challenges and then to explore features of spatial 

variations in multipollutant concentrations based upon the data acquired through 

this approach.  We have modified the text in the introduction and elsewhere as 

needed to make the objectives much clearer to readers.  Specifically, we 

hypothesized that a deployment strategy could be developed to reduce the impact 

of these challenges and implemented and evaluated this strategy in this paper.  The 

strategy we proposed is to systematically repeat a driving route through a wide 

range of urban micro-environments, and critically to cover this route in multiple 

seasons and randomly varying the times that the lab visits all the different locations 

on the route, but limited to daytime periods.  We previously conducted a simulation 

study using hourly monitoring data in multiple Canadian cities to assess the 

relationship between the number of visits and the error in estimating long term 

averages.  This study suggested that our deployment strategy could work and thus 

we conducted the study presented in this paper to assess this issue.   

 



So far, I didn’t learn from this paper how to use the data in an epidemiological study. In my 

opinion the only way for using the data in epidemiological research is the estimation of the long 

term average for specific locations (such as annual averages) and using the estimates for 

further modelling, for example LUR modelling. However, the estimation of annual averages for 

this approach could be also done by satellite monitoring sites (as already done in the past) and 

there is only a limited necessity to change the methodology. Thus, the exchange of the satellite 

monitoring sites by CRUISER would by nice, but it is not really crucial.  

The objective of this paper is not to demonstrate use of the data directly in 

assigning exposures in epidemiological studies.  In addition to evaluating the 

hypothesis we highlight above another purpose of this paper is to introduce the 

dataset and how it was obtained and how well it represents long term averages 

laying the foundation for further studies.  We have published one of these studies 

using our unprecedented multipollutant measurements to learn more about spatial 

correlations among pollutants and how NO2, a commonly used indicator of spatial 

patterns in long-term exposure, relates to other pollutants.  That knowledge helps 

inform interpretation of epidemiological studies relating long term intra-urban 

exposure patterns using selected indicator pollutants in univariate models.  We are 

also currently developing Land-Use Regression models from our dataset and 

because of the number of pollutants measured at all the same locations we can 

develop, evaluate and may be able apply models for more pollutants than 

previously possible.  We have modified the text in the introduction and elsewhere 

as needed to better insure that readers are not expecting that the spatial data we 

present are to be used directly in epidemiological studies. 

 

Moreover, the estimation of the annual averages could be conducted by CRUISER only in near-

road environments and not in urban background locations (where the study population may also 

live).  

This is a potential concern with mobile lab deployment and we have already 

acknowledged this in the paper and point out why it is not an issue.  Our driving 

route routinely took CRUISER to the middle of neighbourhoods where there was 

no other traffic around and thus, we are confident that among our population of 

points we have excellent representativeness of urban background locations.  In 

Levy et al. (2013) we presented our observed distributions of NO2, UFP, BC, OM 

and HOA average concentrations among measurement locations (road segments) 

and in Brook et al (2013) we present histograms of NO2, BC and UFP.  These 

clearly show that we have data covering from the lowest levels in Montreal (the 

cleanest neighbourhoods mostly experiencing levels similar to the regional, rural 

background) to the peak concentration areas (near the port and highways) and that 

the mode of the distribution is near the typical urban background reported from the 

city’s monitoring network which includes sites located to be population-

representative. 

 



This problem doesn’t exist for the satellite monitoring sites, which could be located at almost all 

relevant locations. Furthermore, I have severe doubts whether the described design really 

allows the estimation of annual averages as concluded in this study (see specific comments). 

Satellite sites or saturation monitoring has been quite successful for producing 

exposure models (LUR), in fact a model exists for Montreal for NO2.  Attempting 

to characterize average concentrations at multiple points for subsequent LUR 

model development using a mobile lab represents a different approach and one we 

are exploring, not as an alternative, but as a complement.  In terms of cost, satellite 

sites are generally much more attractive.  However, our mobile lab has the 

advantage of being able to reliably measure many more pollutants than can be 

deployed simultaneously with the satellite site or saturation monitoring approach.  

For example, while this approach has been able to operate at a relatively large 

number of sites for passively measured pollutants (e.g., NO2, NOx, VOC) they 

have not been able to cover as many sites with active samplers for PM2.5, for 

example.  As a result, those studies have had to make temporal adjustments to 

harmonize the sets of measurements taken in different time windows and that step 

adds a variable amount of uncertainty which is likely one of the reasons that 

ESCAPE PM models, for example, have considerable variations in R2 among cities 

(Eeftens et al., 2012).  While our mobile lab approach presents different challenges, 

such as discussed above, one unique aspect is that we are able to consider the 

complex mixture thus asking more in depth questions about what the limited 

number of pollutants considered in the satellite site approach might represent.  In 

addition, preliminary results indicate that these data are promising for LUR model 

development.  We have modified the text in the introduction to try to make these 

different strengths and weaknesses clearer to readers. 

Testing whether our design can estimate annual averages is one of the primary 

objectives of the paper.  We have made this clearer in the introduction in the 

revised paper.  We prefer to present the data and allow readers to judge whether the 

design is successful based upon the facts provided. 

 

 
With respect to short-term epidemiological studies, I don’t see any possibility for application of 

the data in such studies. If the authors really want to postulate the using of CRUISER in 

epidemiological studies, a clear description of how to use the date in which studies is needed. In 

this case, also a deeper discussion of the current stage of exposure assessment in 

epidemiological research is needed.  

Please see our response to the comment above.  Indeed the data are not likely to be 

directly useful for an epidemiological study.  The richness of the multipollutant 

data we have obtained can help inform epidemiological studies based upon intra-

urban variations and, as with the satellite or saturation monitoring data, the 

CRUISER data can potentially be used to develop exposure models. 

We have expanded the Introduction to give some more information about the 

different epidemiological study designs, but mainly just to clarify the points we 

have raised above and the context with which readers should interpret our findings.  



Going too deeply would add length and the reviewer had also suggested that this 

paper is too long. 

 

The problem of air pollutant variability between and within a city is well known in the 

epidemiology and it was evaluated in many studies (Jerret et al., 2005, Marshall et al., 2008, 

Brauer 2010, Boogaard et al., 2011, Cyrys et al., 2012, Eeftens et al., 2012). While the small 

scale variability is well characterized for some pollutants (especially for PM10 or PM2.5), it is not 

for ultrafine particles. This is the reason that no long-term studies on UFP and heath were 

conducted until now. It shows clearly that the epidemiologists are aware about the necessity of 

sufficient characterization of large and small scale temporal and spatial variability for all air 

pollutants under study. However, some sentences in the manuscript suggest rather the 

opposite: “Nearby microenvironments may have a wide range in average pollution levels varying 

by up to 300 %, which may cause large misclassification errors in estimating chronic exposures 

in epidemiological studies”. Without any further evaluation and discussion such sentences are 

misleading and should be deleted. 

The reviewer is correct and there is no argument that epidemiologists are aware of 

the spatial and temporal variability in pollution levels and that large contrasts were 

already shown in other studies. One of the messages that the manuscript is trying to 

convey is that existing monitoring networks and even saturation campaigns (i.e., 

use of tens or even over a hundred passive samplers for developing Land Use 

Regression models) in a complex urban region cannot capture the full complexity 

that exists in pollution levels within a large city with multiple emission sources. 

Even the use of Land Use Regression models at a spatial resolution of 5 meters 

only characterize exposure levels uncovered from the initial saturation campaigns 

based upon the sites selected and then utilize the correlations found between those 

data and the available predictors (i.e., available GIS data for the specific city) to 

approximate the true exposure variability.  

We feel it is instructive to point out the magnitude of the concentration differences 

we have observed and certainly do not dwell on it in the paper.  The existence of 

such differences is obviously not surprising, but pointing some of them out does 

help exemplify what is seen with our deployment approach of CRUISER and the 

advantage of using a mobile campaign over saturation measurements.  However, 

we agree that is not necessary or appropriate to imply that this translates into 

exposure errors in epidemiological studies and so have deleted such statements. 

 

The manuscript is very long and it is difficult for the reader to catch the main massages. The 

whole manuscript should be definitely shortened. Some parts of the results section should be 

moved to the method section (see specific comments). 

We have done our best to streamline the manuscript and improve its organization 

while clarifying its key points. We have moved several paragraphs from the results 

to the Methods section and to a Supplemental Material along with Figure 2.  

 



The authors state that in this study a number of hypotheses can be explored, for example:  

(1) measurements taken by a monitoring network are not representative of all areas within a city 

and underestimate maximum exposures; 

(2) predictions from numerical air quality models at fine grid resolution cannot account for the 

variability in pollution levels existing within a neighbourhood scale. Both hypotheses are trivial 

and don’t need any further exploration. 

We agree that these hypotheses are obvious and testing them is of limited interest.  

They were intended to be general, but have clearly not served the paper well.  Thus, 

we have replaced them with the more important, we feel, hypothesis and objectives 

described in our responses to the comments above. 

 

Specific comments: 

Abstract: 

Page 31586, line 10: it is not true that 23 pollutants were measured: 20 pollutants were 

measured, 3 were calculated (please correct) 

To make the Abstract easier to read, the sentence in the Abstract was only changed 

so as to avoid the word “measurements”: 

“Mobile data of 23 air pollutants was analyzed at high resolution in Montreal” 

  

In the Measurements section the wording was changed to: 

“Measurements of 20 different species were taken simultaneously from the 

CRUISER platform throughout the campaign at time resolutions ranging from 0.5 

second to 2 minutes.  Three additional species were derived from the 

measurements.“ 

 
Page 31586, lines 14 -17: “This approach allowed linkage of the mobile measurements to the 

network observations and to generate average maps that provide reliable information on the 

typical, annual average spatial pattern” this sentence is not true (see comments below) 

Please see our comments below 

 
Page 31586, lines 19 -23: “Nearby microenvironments may have a wide range in average 

pollution levels varying by up to 300 %, which may cause large misclassification errors in 

estimating chronic exposures in epidemiological studies” this sentence is not true (see general 

comments) 

As mentioned above, the second part of the statement was deleted. 

  

2.2 Measurements 



Speed correction: apart from the vehicle speed also wind speed should influence the airflow in 

the inlet. How did the authors adjust for it? What was the R2 for the linear regression between 

PM (corrected) and PM (original) as stated in the equation?  

Measurements of wind speed and direction were not taken while the vehicle was 

moving, so its effect on PM cannot be estimated.  It is assumed, however, that since 

CRUISER is always changing direction while driving in the city, the wind speed 

would sometimes be subtracted from the driving speed and sometimes added to it, 

so that on average it should have a small net effect. 

The speed correction is now described in more detail in the Supplemental Material 

and in our response to the other reviewer’s comments.  We now present the scatter 

plots from which the correction factors were calculated along with further statistical 

analysis. 

 

2.3  Mobile measurement strategy 

Page 31592, lines 19-20: The number of measurements per km of road (more than 2000) is 

really very impressive. But what does it mean? Given that the CRUISER travelled with an 

average speed of 25 km h-1, it needed about 144 seconds per km and consequently 144 every 

second measurements were conducted. It means that for achieving of the (apparently) huge 

number of 2000 observation, only 14 measurement days (or trips) were needed 

(2000/144=13.9). The authors should consider how to express the number of observations per 

point or per route in a more common way, for example how many times the route (including the 

specific road segment) was completed. 

The number of measurement days on which each road segment was sampled is 

indeed an important measure which could aid the readers evaluate the amount of 

information imbedded in the results.  However given the limitations of the length 

and trying not to burden the readers we chose to report this only in the text.  In the 

Methods section we report: 

“There were 11, 17 and 6 mobile measurement days in the winter, summer and 

autumn, respectively, with 2-13 hours on each day (median of 9 hours).”   

 

In another part of the Methods we also mention that the entire east or west route 

was covered on each day. This should give the readers a clear view of the number 

of times each road segment was covered in each of the seasons.  

 
I assume that the huge number of observation was achieved only for pollutants measured every 

second. The number of observation for pollutants measured every 2 minutes is much smaller. It 

should be indicated in the manuscript. 

For instruments with a time resolution longer than 1 second, the value was repeated 

over the entire measurement period and then joined with the 1second GPS data so 

as to allocate the measurement to its spatial reference.  Therefore, we indeed have 

fewer unique measurements than the 2000+ measurements per segment displayed 

in Figure 1c and 1d for the best case scenario.  For example, for the GRIMM Dust 



monitor reporting PM every 6 seconds, each 6-seconds value was repeated for the 

six 1-second GPS locations.  In the worst case of the AMS, the 120 second 

measurement was repeated 120 times. However, as the six second and even the 120 

second resolution measurements overlap with the road segments differently each 

time the route is driven we still have good potential to spatially resolve the 

concentration patterns to finer scales than the distance typically covered by 120 

seconds would imply.  However, the number of unique measurements and the 

spatial resolution is clearly expected to be better as the time resolution of the 

measurements improves from 120 seconds to 1 second, although the magnitude of 

this improvement is dependent upon many factors that are difficult to characterize 

and were beyond the scope of this paper. These issues are briefly described in the 

paper in the third paragraph of the Measurements section: 

“The data were then combined to one dataset with the time increment set to one 

second, and instruments with greater time intervals were given repeating values to 

reflect the more-integrated sampling.  Although the spatial allocation of the 

measurements with longer time intervals is not as refined as for those with the one 

second time resolution, the road segments are sampled differently each time the 

route is driven and therefore the multiple repetitions of the route have good 

potential to spatially resolve the concentration patterns to finer scales than the 

distance traveled at these times would imply. “ 

 

2.4 Spatial analysis 

I have doubts whether a spatial analysis for a given study area could be done based on 

measurements done not simultaneously and without any adjustment on the temporal variation. 

First of all, if the measurements are conducted at different times of the day, the results should 

be different even for the same site, due to the diurnal pattern of air pollutant concentrations. 

Furthermore, the day-to-day variation of all air pollutants is (in almost all areas around the 

world) very strongly influenced by meteorological conditions. I assume that this is the case also 

for Montreal. Therefore measurements conducted at different days and different times of the 

day are not comparable without any adjustment for the temporal correlation. This adjustment 

could be done by using a reference site operated continuously during the whole study period. 

This approach was already very often used and it is described sufficiently in the literature. 

Temporal variability during the mobile measurements is an important issue and one 

that we recognized as we developed our deployment strategy (described above and 

below).  Clearly these stem from the basic fact that a mobile lab cannot take 

simultaneous measurements at multiple locations. However, the nature of the 

temporal variations that our mobile lab deployment is potentially impacted by in 

estimating longer term average concentrations is much different than that being 

adjusted for with the “approaches already very often used” pointed out by this 

reviewer.  In those studies they are attempting to combine multiple saturation or 

satellite measurement campaigns taken in the same city but during completely 

different time periods (often sequentially).  In such cases they are reasonably 

justified in using a reference site to account for larger scale temporal differences 



between these periods mainly due to meteorology and/or seasonality.  Clearly, in 

those cases such an adjustment is necessary.  We do not have this same issue 

because by design the mobile lab data from every location came from the same 

days.   

However, there are limitations arising from temporal mis-matching because a 

mobile lab like CRUISER can only be operated in a specific study region (due to 

operational costs) and it cannot take simultaneous measurements at more than one 

location.  As we discussed above, evaluating whether or not this issue can be 

accounted for is one of the key goals of this paper and motivated our deployment 

strategy (described below).  Our revisions to the manuscript in the Introduction and 

Methods were intended to make these points clearer to the readers. 

Expanding upon the temporal adjustment issue further, we point out that in our 

study the mobile measurements covered a wide and heterogeneous region while 

measuring multiple pollutants.  Each pollutant, as we show in our results, has 

different emission sources such as roads for TRAP (e.g., nitrogen species, UFP, 

HOA) or oil refineries for Benzene and SO2. Moreover, each source has its own 

distinct temporal variability, with roads having a well-documented morning and 

afternoon peaks and the refineries having multiple processes within the plant (e.g., 

transportation of oil products to and from the harbor by trucks or stacks emitting 

pollutants at different elevations above ground), each with a different temporal 

behavior.  As a result, a realistic temporal adjustment that would truly accounts for 

nature of CRUISER’s data is not feasible.  This is because a reference site for 

temporal adjustment, if this is the approach taken, should be representative of the 

temporal variability over the entire domain at the scale relevant to our data.  For 

example, if we chose an urban background site (i.e., a site distant from main roads 

and traffic sources) for the diurnal variability in TRAP it would not be 

representative of the diurnal emissions near busy traffic or for sources that vary 

differently, while if we chose a road-side site, it would not be representative of the 

conditions in the residential neighborhoods or of area impacted by different 

sources.  Instead, we hypothesized that we could account for the complex temporal 

factors and other sources of variability that affect mobile lab data by establishing 

three main criteria for the deployment approach. (1) To cover the entire route on 

each day to minimize the impact of meteorological variability from synoptic scale 

systems. (2) Randomize the times when CRUISER visited the different parts of the 

route to minimize the impact of diurnal variability related to local scale 

meteorology (e.g., mixing heights) and emission rates (e.g., rush hour).  (3) 

Maximize the number of times the entire route is covered over multiple time 

periods spread throughout the year, including some weekends.   

We hypothesized that our criteria listed above would yield a set of location-specific 

averages that were not biased by temporal factors and as best as is realistically 

feasible we evaluated these averages against the actual annual averages to test this 

hypothesis.  As indicated above, a simple reference site adjustment is not 

applicable to our type of data.  We also point out that central site temporal 

adjustment used for correcting sequential satellite site datasets also involves 

considerable assumptions about this approaches’ effectiveness, which likely varies 



by city and time period of the study and which should be evaluated in greater 

detail.   

. 

 

 
3.1 Representativeness of the mobile measurements 

Obviously different measurement methods were used by CRUISER and VdM. If so, a direct 

comparison of the measurement (side by side) is needed before and after the study period. A 

strong correlation is needed for any further comparison. Without such site by site comparison 

the interpretation of the results is somewhat crucial, as the authors stated on page 31595, lines 

18-19 or page 312596, lines 16-17. 

A side-by-side comparison before and after each of the measurement periods in 

each of the three seasons would be ideal for having a reliable reference between 

CRUISER and the VdM AQ sites.  Clearly, this was not physically possible.  There 

are too many instruments on CRUISER, which could not be moved into a VdM site 

to be all operating on the same inlet.  However, such a comparison was not 

necessary and the approach we took was different, based upon the reality of 

monitoring networks and mobile lab designs and constraints.  This approach met 

our study’s intended needs of documenting that, as is prudent, the mobile data are 

“ground-truthed” to the long term network.  This serves two purposes.  First and 

most importantly, when we compare the annual average estimates from the 

CRUISER data with the actual annual averages, which are only available from the 

VdM network, to evaluate how well our deployment approach works for obtaining 

representative, we have some understanding of what magnitude of difference could 

be due to the different measurement systems utilized and more importantly if there 

is a bias.  Second, so when we report concentrations in other locations any future 

comparisons of those values to what the monitoring network has traditionally 

reported can be considered in light of differences potentially arising from the 

different measurement systems used.  Ideally, such data would come from long 

term comparisons using the same sample inlets, but in practice this is rarely, if ever 

feasible for multipollutant mobile lab measurement efforts.  This is because a side-

by-side comparison of the type suggested by this reviewer would have to be done at 

multiple monitoring sites and over weeks per site to be fully representative of the 

variability in meteorological and emission conditions, covering, for example, 

weekdays vs. weekends, windy days vs. stagnant winds, etc.  Such a procedure will 

take a long time, add to the costs of study and, as mentioned above, is not 

physically possible.  Another important physical constraint, if CRUISER were 

actually able to park extremely close to the VdM sample inlet, is power supply for 

CRUISER when it is parked for long periods which is not available at the AQ 

monitoring sites.  Last, there is also a concern about leaving the lab parked 

overnight in an unprotected location.  Nonetheless, we believe our approach to 

side-by-side comparison for shorter independent time periods (10-30 minutes for 

each “visit”) is representative of the conditions during the measurement days and 

serves our intended purpose of providing the necessary context for subsequent 

comparisons.   



We have briefly mentioned some of these issues in the revised manuscript.  More 

importantly, to reduce the manuscript’s length and to avoid distracting readers from 

the key points we have moved Figure 2 to the Supplemental Material (now Figure 

SM-D1). 

 

 
In Figure 2 some scatter plots of CRUISER’s vs. VdM measurements are shown. Some scatter 

plots are showing surprising low correlation between the measurements. For example, the R2 

for PM2.5 measurements is 0.60. Given that the CRUISER was operated in close proximity to 

the AQ sites, it is very low. In our network we observed R2 of 0.90 for both traffic and urban 

background sites located 3-4 km apart from each other. I wonder that in the scatter plot for SO2 

also values below the limit of detection (1 ppb?) are displayed. 

The reviewer is correct that these correlations are not perfect, even though for some 

pollutants (NO, NOx and O3) they are fairly high (0.81< R
2
 <0.85).  We address 

this issue in detail in Section 3.1 and some potential causes for the lower 

correlations are given, such as differences in the instruments, different elevations 

above ground, etc.  A larger number of such co-measurements may yield higher 

correlations, but the more important purpose of the plots is to demonstrate if there 

are systematic differences or bias as in subsequent figures and tables we compare 

CRUISER averages, which are hypothesized to represent long-term (e.g., annual) 

averages, to the actual annual averages, which are only available at multiple sites 

from the VdM monitoring network.  As noted above, to save space and keep 

readers focused on the main points in the paper we have moved Figure 2 into the 

Supplemental Material.   

The detection limit in Table 1 refers to the original 10 seconds data measured by 

the instrument. In the scatter plot, however, each point is the mean of multiple 

measurements taken over a longer time period of 10-30 minutes.  Detection limits 

are much lower for these averaging times and the data shown are above these 

values. 

 

Page 31597, lines 13-26: The whole paragraph should be moved to the method section. 

This section was moved to the Methods as suggested (Section 2.4). 

 

Page 31598, lines 1-10: It is difficult for me to believe that the annual averages could be 

estimated based on very few and rather short term measurements – some studies on this issue 

were already published and support this finding. Cyrys et al. (2006) showed that “monthly 

means” based on 6-7 measurements distributed over a two week measurement period for each 

month substantially over- or underestimate the “true” monthly mean values. 

Although it is true that Cyrys et al (2006) found the monthly means of a small 

sample to over/ under predict the reference measurement, they also report that the 

annual mean of the samples was within 10% of the annual mean of the reference. 

Given the differences in sample sizes between the two measurements (83 vs. 342 



for the sampled and daily measurements, respectively), this result is rather 

encouraging.  We also previously examined this issue (Xu et al, 2007), highlighted 

this work in the original manuscript and developed our deployment approach on 

those concepts.   

The issue of the representativeness of sampling methods for evaluating chronic 

exposures can be viewed in context of sample theory – the greater the sample the 

better the accuracy. However in the context of real life, a greater sample has its 

costs, whether financial, in labor or others. This balance between accuracy and 

costs is eventually determined according to the abilities and needs of every 

research. In this paper we are reporting our findings about the accuracy of the 

sampling strategy we applied, in the hope that other studies will be better informed 

to make the decision for themselves whether to aim for greater accuracy at greater 

costs.  It is also worth pointing out that much longer time windows can be covered 

cost-effectively with passive samplers for some pollutants (e.g., NO2, NOx) and 

this has served as the basis for much of the previous work on characterizing and 

modeling spatial patterns within cities.  However, other trade-offs are an issue and 

this case, it is the accuracy of the passive measurement technique.  So a greater 

portion of the year could be covered, but the underlying measurement error is 

greater than what can be obtained with the instrumentation on board CRUISER or 

other similar mobile labs.   

 

The requirement in this study is that “typical days” should be chosen for the measurements 

(page 31597, lines 28-29). How to find it? What is the definition of the “typical days”. What is 

“typical” for winter and what for summer season, which days are “typical”: rainy, sunny, with low 

wind speed or rather stormy? I see that the differences between the estimated annual means 

and the “true” annual means in Montreal are not very big. However, what is the reason for it and 

could it be expected also in other cities around the world. May be the rather low concentrations 

(and probably low day-to-day or season-to-season variation) make it possible for Montreal, but 

in this case the authors should discuss the unique situation in their study region. It might be also 

helpful to see the time series of the pollutant under study for the whole year 2009 (with indicated 

time periods of CRUISER measurements). 

The measurement days were not selected a-priori based on any conditions so that 

they will be representative of typical conditions, except the selection of three 

seasons during which the measurements were done.  As stated above, one of our 

criteria was to maximize the number of times the entire route was covered over 

multiple time periods spread throughout the year, including some weekends.  We 

expect that during these days it is likely we capture a range of days, some typical, 

other atypical, if ‘typical’ can actually be defined. 

What we present in Section 3.1 is an analysis of the measurement days to see 

whether they may be considered “representative” of the annual averages in 2009.  

We have changed the text to make this clearer: 

 

“The VdM average among all the driving days was calculated to determine if, 

collectively, the driving days in each season were atypical of the annual averages 



(ratios C/D and B/D in Table 2).  Table 2 shows that on the selected driving days 

NOx tended to be higher on average by 18%, compared to the 2009 daily averages.  

However, the overall ranking among the sites during these days was similar to the 

annual pattern (Figure 2).  For the other pollutants (CO, PM2.5, SO2, O3, NO and 

NO2) the average difference between the study period VdM observations and the 

annual average among the sites with measurements were 9%, 16%, -1%, -23%, 

28% and 12%, respectively (Table 2).  The fact that this comparison is between 

VdM data (i.e., there are no methodological differences in the measurements) 

implies that the measurement days when CRUISER was driving in Montreal were 

somewhat representative of the long term averages.  They tended to be biased high, 

except O3, which was biased low.  However, in terms of combustion pollutant 

levels (NOx), the average high bias was 18% for the period, while for NO2, which 

is often of most interest as an exposure indicator, the bias was smaller, at 12%.  

These differences indicate that collectively the days selected for driving were 

reasonably representative of what Montreal typically experiences.” 

 

3.2 Intra-urban variability observed by CRUISER 

We know very well that the concentrations of air pollutants in the vicinity of strong local sources 

are elevated. The whole section is showing that and could be significantly shortened. 

In the revised version of the paper the main objective is to present a methodology 

for taking mobile measurements that will be representative of long term exposures.  

Although some of the things we show in Section 3.2 are not new for the research 

community, they demonstrate how a mobile lab can be used for this purpose.  

However addressing this comment and a comment by the other reviewer we have 

shortened Section 3.2, removing the more anecdotal findings and keeping only the 

main results.   

 
Table 2: A/B and A/C might be more interesting for the reader as C/D and B/D (those 

relationship could be calculated for any monitoring network, without CRUISER). 

As stated above, one of the main objectives of the revised manuscript is to evaluate 

the ability of a mobile laboratory to take highly resolved measurements in an urban 

environment that are representative of the long term exposures.  For this purpose 

we first evaluate in section 3.1 how well the specific days on which the 

measurements were performed are representative of the 2009 annual averages at the 

different sites, comparing VdM daytime and daily averages to VdM’s 2009 

averages (i.e., ratios C/D and B/D in Table 2).  We then compare CRUISER’s 

measurement days to the VdM 2009 annual averages (ratio A/D).  CRUISER’s 

measurements are also compared to the VdM’s concurrent measurements in Figure 

SM-D1.  We therefore chose not to add the A/B and A/C ratios trying not to burden 

the readers with too many details, making the paper harder to follow.  

 



Figure 3: The differences between the “daytime averages” and “daily averages” are really very 

small. Taking into consideration the mostly common diurnal pattern of air pollutants, it is 

somewhat surprising. Are there any explanations for it? 

The “daytime averages” were calculated from the measurements taken between 

09:00 and 20:00, which cover the times CRUISER was driving.  Indeed the 

differences between the “daytime averages” and “daily averages” are small for 

most pollutants with the exception of ozone which has higher values during the 

daytime, as shown in figure SM-A1.  Although we did not investigate this 

thoroughly, one reason for this behavior, we expect, is the fact that most of the 

reference VdM sites are located away from the emission sources and represent the 

urban background.  Therefore they do not have as dramatic daytime peaks in 

pollution levels usually observed next to emission sources (i.e., mainly the morning 

and afternoon peaks near roads) and do not show a significant diurnal pattern that 

might cause differences between the daytime and daily averages.   

 

4 Discussion 

Page 31606, lines 14-16: It might be interesting for readers from other countries to get to know 

the requirements for monitoring site location in other parts of the world. So for example clear 

criteria for siting of the measurement stations are provided by the EU. With respect to the 

protection of human health, all Member States are required to provide data on the areas with 

highest concentrations (hot spots) as well as on those being representative for the exposure of 

the general population (urban background). All parts of the discussion and conclusions related 

to exposure assessment in epidemiological studies should be corrected by any expert working 

on this field. 

The topic of monitoring sites locations is an important one and we agree that some 

of the results presented in this work are relevant for this issue. However discussing 

this is beyond the scope of this paper and would make the paper even longer than it 

already is.  We refer this reviewer and readers of these interactive discussions to 

Craig et al., 2008, where one of the present authors (Brook) has discussed this 

topic.  Readers may also find the series of articles accompanying Brook et al. 

(2013) of interest in the context of North American directions in monitoring air 

quality associated with hot spots due to traffic emissions.   

We believe that the revised manuscript is less focused on stating implications for 

epidemiological studies to avoid controversy.  The results of this paper are intended 

to be informative for those aiming to conduct and interpret the results of 

epidemiological studies assessing the potential impacts of intra-urban air pollution 

gradients as opposed to being directly useable in subsequent epidemiological work.   
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