Supplementary material S1. Surface pollutants and their impact on health: AS-asthma, PD=pulmonary diseases, LI=lungs inflammation and asthma, CV=cardio-vascular problems, EI: eyes, nose and throat irritation, CA=cancer, MM=morbidity and mortality. (Source: Adapted from NEGTAP (2001), Tamburlini (2002), Wichmann et al. (2009), Poitevin (2013), D’Amato et al. (2015). 
	Pollutant
	Chemical symbol
	Units
	Health impact

	Ozone
	O3
	ppbv
	PD,LI,EI,MM,AS

	Fine aerosols
	PM2.5
	μg/m3
	PD,LI,CV,EI,CA,MM,AS

	Coarse aerosols
	PM2.5-10
	μg/m3
	EI

	Nitrogen dioxide
	NO2
	ppbv
	LI,EI

	Nitrogen monoxide
	NO
	ppbv
	LI,EI

	Sulphur dioxide
	SO2
	ppbv
	LI,EI

	Formaldehyde
	HOCO
	pppt
	EI,LI,CA

	Volatile organic compounds
	VOC’s (aromatics, benzene, toluene, etc.)
	pppt
	LI,CA,EI



Supplementary material S2:  A detailed study of two cases 
To illustrate and support the result found in Figure 4, we briefly described below two cases associated with group A: 1) a classical warm front situation (weather type 12 in Table 2), and 2) a warm occluded front situation (trowal): i.e. trough of warm air aloft (weather type 9). These two cases analysed here suggest that pollen rupture may have occurred since pollen concentration diminished during system passage (warm front or trowal), and simultaneously the asthma hospitalization rate has increased.  Both cases occurred during the spring 2006 which was characterized by very high birch pollen production (a very long pollen season and a seasonal pollen index of almost 10000, the second highest during the period 1996-2012, see Robichaud and Comtois, 2017). Day-adjusted asthma hospitalization rate for asthma in Montreal is also considered and was available and binned into different days of the week to examine the impact of confounding factors not related to outdoor environment.  Table S2 shows averaged daily hospitalization for each day of the week (based on data for spring 2006-2008). A weekly cycle can be observed which is believed to be due to socioeconomic factors (different exposure to indoor air quality, personal stress, etc. which all vary during the course of the week).  Socioeconomic factors could act as confounding factor in the analysis of the case study and a correction for the day of the week is needed to reduce their impact. This is necessary since according to Table S2, the number of daily hospitalization tends to be maximum at the beginning of the week (above 3 counts per day on Monday’s and Tuesday’s as an average) and lower the rest of the week (especially Saturday’s with a mean less than 2 per day). Table S2 (right column) provides a simple correction factor (FCi) which varies according to the day of the week. 
The following equation is used:
FCi  =  (2.49/nbhospi)							                          (S1)
where FCi gives the correction factor for a given day of the week (i=1: Monday’s, 2: Tuesday’s…7:Sunday’s), nbhospi is the raw average number of hospitalization for a given day of the week (i.e. third column of Table 3) and 2.49 is the global weekly average of daily hospitalizations during the spring period.
Table S2. Statistics of hospitalization (spring season 2006-2008) versus day of the week and correction factor for day-adjusted hospitalization. The correction factor is evaluated by Equation S1. The total number of hospitalization is 605 during the study period.
	Day of the
   Week
	Total number of hospitalizations
	Mean 

	Correction factor (Fci)

	
	
	
	

	Monday     
	82
	3.15
	0.79

	Tuesday
	76
	3.04
	0.82

	Wednesday
	63
	2.52
	0.99

	Thursday
	53
	2.04
	1.22

	Friday
	67
	2.58
	0.97

	Saturday
	49
	1.96
	1.27

	Sunday
	52
	2.17
	1.23









A comprehensive summary related to the two cases are provided below in Tables S3a,b respectively with observations of Betula pollen count, PM2.5 and ozone afternoon maximum concentration, maximum afternoon temperature, precipitation amount, dominant back-trajectory (from HYSPLIT website https://ready.arl.noaa.gov/HYSPLIT.php), weather type and number of hospitalizations. 
Warm front passage (May 26-31 2006)
The weather maps associated with this case can be viewed on the following website http://www.wpc.ncep.noaa.gov/dailywxmap/index_200605DD.html with DD represents the day (from 26 to 31 May). On May 26th, a weak low pressure system (weather type 8) affected the region of Montreal which delivered less than 0.1 inch of rain (i.e. 2.5 mm).  Table S3a describes the evolution of the situation. The following day, an inactive cold front (no precipitation and very minor temperature drop) went through the region. Associated with the front, a decrease of pollution (ozone and PM2.5) and pollen load was recorded. This is consistent with a small decrease of the number of hospitalization (a non-active front is not likely to exacerbate asthma since no synergy mechanism are present according to our hypothesis here). On May 28th a ridge of high pressure (type 7) dominated the weather pattern. A very high level of Betula pollen (432 grains/m3) was then recorded but with no hospitalization on that day. Then a slow moving warm front poked into the region on May 29-30th (weather type 12).  During the warm frontal passage over Montreal, the number of day-adjusted hospitalizations has shown an increase from 0 (May 28th) to 5 (May 30th) while the amount of pollen grains strongly diminished from 432 to about 34 grains/m3 during the same time. Note that the back-trajectory (obtained from HYSPLIT, figures not shown) for May 26th and 31st are from the southwest (SW), i.e. coming from a region with low birch density population (i.e., low pollen sources) whereas for the other days (May 27th through May 29th), wind blows from regions with large known sources of Betula (located to the north, west and east of Montreal, i.e. regions 04,07,14,15, see Figure 1).  The strong decrease of pollen concentration (from May 28 to 29th) cannot be totally explained by the washout from precipitation which is not strong and rather intermittent during the two days period (i.e. daily precipitation accumulation less than 0.6 inch (15 mm) of rain in total for May 28th and 29th) nor by a change of atmospheric flow direction (which is persistent from NW or WNW for the two days). Moreover, the sedimentation of birch pollen grain (about 1.2 cm/s according to Sofiev et al., 2006) is much weaker than the mean upward vertical motion within a synoptic front (i.e. from 10 cm/s and up to 30-40 cm/s associated to precipitation bands occasionally reaching few m/s in warm front or trowal, see Schultz and Vaughan, 2011).  All these factors will tend to keep airborne the pollen grain within the warm frontal system. It is suggested that the decrease of pollen is due in part to the pollen rupture (releasing Bet ν1 a powerful allergen) since it is known that rain humidifies the pollen grain which could rupture and release allergenic bio-allergens (Schappi et al., 1997). Hence, warm front may provide a good incubator for pollen synergy with other environmental factors. First, PM2.5 concentration slightly increased from the range 7-11 µg/m3 to concentrations in the range 16-21 likely due to the surface frontal convergence of atmospheric particles caused by the warm front itself (on May 29th). Similarly, ozone concentrations also increased with the warm front passage. Second, light precipitation which provides a source of high humidity are present and third, possibly an increase of the electrical field in embedded in localized stronger precipitation (it is known that abrupt change of precipitation is associated with change of the local electrical field, e.g., Bennett and Harrison, 2007). As discussed before and shown in several laboratory studies, these ambient conditions are recognized to be favorable for pollen rupture (releasing tiny allergens as form of respirable bio-aerosols). Since the flow remained from NW or WNW (as given by HYSPLIT back-trajectories), the source of Betula pollen being similar (period May 27-29th) the pollen count should also remain similar since pollen counts positively correlates with wind persistence if there is medium/long range transport involved (Damialis et al., 2005). Surprisingly, the number of pollen grains was observed to strongly diminish dramatically from May 28th to 29th but having high allergens (particularly Bet ν1) while pollen count is low has been observed for birch (Rantio-Lehtimäka, 1994) and is likely since ruptured pollen is no longer airborne. The impact of pollen rupture is a release of large quantities of tiny allergenic and hydrophobic bio-aerosols which can penetrate deeper into the respiratory system. This is plausible with an increase of day-adjusted hospitalization during the warm front passage (from 0 on May 28th to 5 by May 30th). As the warm front moved away (May 31st), the temperature increased to 29.8oC and the pollen concentration has increased as well even though the flow has turned to the south-west (SW), a direction not favorable for pollen increase (since a low density of birch population are found to the south of Montreal, see Robichaud and Comtois 2017; their Figure 1). Moreover, although PM2.5 and ozone stayed relatively high, but the number of hospitalization dropped substantially on May 31st. In that case, it seems that the synergy conditions (associated with the warm front) is over because Montreal now lies in the warm sector (not prone to asthma, see Figure 3a for weather type 1). This points toward the strong influence of weather type and to the fact that the warm front (weather type 12) has provided a favorable environment (likely associated with optimal conditions for pollen rupture) and an enhanced health risk for patients suffering of asthma. These results are somehow in agreement with study of 1) Buters et al. (2010; 2012) which demonstrated that pollen potency greatly varies with atmospheric conditions, 2) Schappi et al. (1997) which associates rain and allergen release of Bet v1 and 3) Mireku et al. (2009) who found that an increase of asthma in children after a sudden increase of humidity and temperature (usually found in warm front) and, finally, to 4) Rantio-Lehtimäka et al. (1994) who measured high allergens while low pollen counts for birch are measured (which is the situation of warm fronts, see Fig. 3 for weather type 12). 
A case of trowal (occluded front) hanging around (May 8-17th 2006) 
A summary of the observations is presented in Table S3b for this case. Very high daily values of Betula pollen (ranging from 460 to 3744 grains/m3) were recorded in Montreal (site at UdeM) from May 8th to May 11th 2006 before the trowal passage. The total number of pollen grains collected during this 4-day sub-period was 6620 grains/m3 which turns out to be much higher than the total seasonal pollen index for a whole year (i.e. the season average is normally 3630 grains/m3 in Montreal, see Robichaud and Comtois, 2017). The daily weather maps associated with this case study can be viewed at http://www.wpc.ncep.noaa.gov/dailywxmap/index_200605DD.html where DD ranges from 08 through 11 corresponding to each individual day. During this four-day period, the dominating weather patterns were either an approaching low (weather type 10 on May 8th,11th and 12th) or a ridge of high pressure (weather type 7 on May 9th and 10th). The number of hospitalizations shows a daily average of 4.5 daily hospitalizations (as the mean of the 4-days sub-period). Note that this hospitalization rate is rather modest considering the enormous amount of pollen in the air during these days as compared to a normal situation. As a comparison, we now analyze the following sub-period from 12th to 16th May (weather maps available at the same website but with DD from 12 to 16, respectively) where a wrap-around structure (i.e. trowal) affected Montreal. The rain accumulation within this weather system had a strong spatial variability in the region during the period (from 0.05 to 1.85 inches as a 5-days total, i.e. 1.3-48 mm) according to official source (radar and rain gauge combined, see: www.wpc.ncep.noaa.gov/dailywxmap/index.html). Although the daily average airborne pollen was much lower (ranging from 10 to 754 grains/m3 for a sub-total of 1175 grains/m3) during this sub-period, the mean daily-adjusted average number of hospitalizations (4.4) was about the same as compared to the previous sub-period. This points towards more pollen potency (increased allergenicity or ruptured pollen liberating allergens) in weather situation associated with the trowal (weather type 9) than with the ridge of high pressure (weather type 7). For the same pollen amount, if everything else is equal, this trowal situation would potentially be associated with 5.5 more time (i.e. 6620/1175 * 4.4/4.5) hospitalizations than the ridge of high pressure situation based in this particular case study. This is in line with recent study in the literature (e.g., Buters et al. 2010; 2012) which reports that pollen potency[footnoteRef:1] significantly varies with atmospheric conditions. Finally, the last day of the case study period (May 17th) was affected by a low pressure coming from the west which brought up to 0.5 inch (i.e. about 13 mm of rain). But the rain is usually steady within a low pressure system (i.e. little electrical activity according to Bennett and Harrison, 2007) and pollen level very low (due to efficient wet deposition and little pollen emission in this weather type) making the synergy pollen-pollution rather unlikely. This is consistent with the return to normal for daily average of hospitalizations (i.e. about 2 daily counts) since a low pressure is not considered here as a weather system enhancing pollen rupture and asthma hospitalization (as suggested by Figure 3a, weather type 8).  Note that the fact that the pollen concentration during the period under the trowal regime decreases from 754 (May 14th) to about 10 (May 16th) might indicate the presence of some removal mechanism other than the wet or dry scavenging. Again, it is unlikely that all the pollen was removed by the rain given the extremely large initial quantities of pollen and the intermittent nature of precipitation usually associated with a trowal (often convective isolated showery precipitation, see Schultz and Vaughan, 2011 for details). Moreover, the atmospheric flow (given by the HYSPLIT back-trajectories) were persistently from about the same direction (i.e. SE or ESE, see Table S3b) during the period May 11-15th 2006. This situation brings pollen from major source region (birch forests in the region of Eastern Townships, regions 05,16 to the east or south-east of Montreal, see Figure 1 for location). This suggests a constant feed in birch pollen during the period associated with wind direction persistence. Therefore, there must be another strong removal mechanism and we suggest that pollen rupture could be an important one acting here.  Recall that pollen rupture is more likely when the pollen is humidified which is the case during the period from May 12th through May 15th although rainfall and atmospheric conditions vary considerably within a trowal system. At times, higher rainfall occurs within trowal system and the intermittent nature is caused by embedded convection (Environment Canada, 1996, Chap. 9; Schultz and Vaughan, 2011). It is also known that the electrical field could be enhanced in period of convective rainfall (higher rainfall rate) and not just in period of thunderstorms (Bennett and Harrison, 2007). A pollen under an enhanced electrical field would rupture more easily (Vaidyanathan et al. 2006) especially in presence of pollution and precipitation (PM2.5 often exceeding 10 µg/m3 and showers in Montreal during the trowal passage, see Table S3b). Note that the hypothesis of pollen rupture in the trowal environment appears much more likely than in ridge of high pressure situation (where no rain, lower humidity and low electrical field are to be found). The only mode of pollen rupture in a ridge of high pressure is mechanically wind-induced (Visez et al., 2015). Contrary to the pollen grain, the allergens released (mostly Bet ν1) are basically hydrophobic (Radauer et al., 2008) and consequently they are not likely to be easily washed out by precipitation and therefore can become respirable and affect asthma sufferers even in rainy situation. The study of the two cases analysed above suggests a higher pollen potency for frontal (warm or occluded frontal situation) than that of other weather type including the situation of ridge of high pressure despite that the latter situation (ridge) is usually responsible for the maximum pollen emission in the air. Although the case study presented above only applies for two small periods, we have noticed many cases of occurrences of similar increase of hospitalization associated with active fronts (warm and occluded) throughout the rest of the entire study period (April-June of years 2006 through 2008).  [1:  The pollen potency is tentatively evaluated in here by using a rule of three of the ratio of asthma hospitalizations versus the ratio of pollen concentration.] 


Table S3. Two cases study:  A) May 26th-May 31st 2016, B) May 8th-May 17th 2016. For the case May 26th-May 31st hospitalizations are given for the centre north and centre south sectors of Montreal (i.e. cn/cs) where the impact was noticeable. Note. The day of the week is indicated in the first column in parentheses (M: Monday, T: Tuesday through Su: Sunday). Day-adjusted hospitalizations are indicated in parentheses.
	a
Date (2006)
	Pollen
(gr/m3)
	PM2.5
(µg/m3)
	Ozone
(ppbv)
	Temp.
(oC)
	Pcpn
(inches)
	Back. Traj.*
	Weather
	Weather
Type
	Hosp.
(cn/cs)

	May 26 (F)
	62
	22-33
	34-67
	22.0
	0.01-0.1
	SW
	Low
	8
	3(2)

	May 27 (S)
	24
	4-9
	9-51
	21.4
	None
	NW
	Cold front
	4
	2(2)

	May 28 (Su)
	432
	7-11
	9-50
	26.3
	None
	NW
	Ridge
	7
	0(0)

	May 29 (M)
	34
	16-21
	6-76
	27.4
	0.01-0.1
	WNW
	Warm front
	12
	2(1)

	May 30 (T)
	35
	10-20
	30-42
	24.8
	0.01-0.5
	Variable
	Warm front
	12
	6 (5)

	May 31 (W)
	81
	27-32
	49-71
	29.8
	0.01-0.4 
	SW
	Warm sector
	3
	2(1)



	b
Date (2006)
	Pollen
(gr/m3)
	PM2.5
(µg/m3)
	Ozone
(ppbv)
	Temp.
(oC)
	Pcpn
(inches)
	Back. Traj.*
	Weather
	Weather Type
	Hosp.

	May 8 (M)
	1355
	4-14
	32-66
	21.4
	None
	NE
	Appr. Low
	10
	3(2)

	May 9 (T)
	3744
	10-27
	51-67
	22.5
	None
	S
	Ridge
	7
	5(4)

	May10 (W)
	460
	6-12
	32-46
	19.9
	None
	E
	Ridge
	7
	8(8)

	May 11 (Th)
	1061
	1-9
	28-44
	23.4
	0.01-0.1
	ESE
	Appr. Low
	7/10
	3(4)

	May 12 (F)
	260
	3-11
	17-35
	17.2
	0.01-0.5
	SE
	Trowal
	10/9
	4(4)

	May 13 (S)
	31
	11-19
	43-65
	11.1
	0.01-0.5
	SE
	Trowal
	9
	2(3)

	May 14 (Su)
	754
	6-12
	45-59
	20.6
	0.01-0.25
	ESE
	Trowal
	9
	4(5)

	May 15 (M)
	120
	4-13
	31-49
	17.7
	0.01-0.1
	SE
	Trowal
	9
	6(5)

	May 16 (T)
	10
	5-8
	33-45
	15.1
	0.01-0.5
	S
	Trowal/Low
	9/8
	6(5)

	May 17 (W)
	7
	4-13
	13-31
	14.1
	0.01-0.5
	WSW
	Low
	8
	2(2)


*Obtained from HYSPLIT tool (Stein et al., 2015) https://ready.arl.noaa.gov//hypub-bin/trajtype.pl. Note: Pcpn: precipitation, appr.: approaching.
---------------------------------------------------------------------------------------------------------------------------------
Supplementary material S3. Results of significance tests for interaction from GLM models.
Environmental variables were grouped into classes to facilitate computation and interpretation. For PM2.5 categories (pmclass) range from 1 (concentration less than 10 µg/m3) to 4 (concentrations more than 30 µg/m3) with increments of 10 µg/m3 between each intermediate class. Similarly, for ozone categories (ozoclass), it ranges from 1 (less than 30 ppbv) to 3 (more than 60 ppbv, i.e. increments of 30 ppbv between each ozoclass). For Betula pollen (betclass), the categories are non-linear ranging from Betula concentration less than 20 grains/m3 (betclass=1) to range from 20 to 80 grains/ m3 for the second class (betclass=2), 80 to 200 (betclass=3) and over 200 grains/m3 for the last class respectively (betclass=4). Note that these four bins correspond to specific health outcome (de Weger et al., 2013).  Interactions are statistically non- significant if  p >  0.1 (i.e. statistical significance if  Pr > F is smaller than 0.1). Note. Totcount stands for the total count of asthma hospitalizations.


The GLM Procedure
	Class Level Information

	Class
	Levels
	Values

	betclass
	4
	1 2 3 4  (4 classes; < 20; 20-80; 80-200; >200)

	ozoclass
	3
	1 2 3      (3 classes: <30; 30-60; > 60) 

	classmet
	13
	0 1 2 3 4 5 6 7 8 9 10 11 12

	pmclass
	4
	1 2 3 4 (4 classes; < 10; 10-20; 20-30; > 30)

	lclassmet
	14
	0 1 2 3 4 5 6 7 8 9 10 11 12 13 (lag1 for classmet)

	lbetclass
	4
	1 2 3 4 (lag1 for betclass)

	lozoclass
	3
	1 2 3 (lag1 for ozone)

	lpmclass
	4
	1 2 3 4 (lag1 for PM2.5)

	
	

	













	



Dependent Variable: totcount 
	Source
	DF
	Sum of Squares
	Mean Square
	F Value
	Pr > F

	Model
	144
	423.0940695
	2.9381533
	2.06
	0.0390

	Error
	18
	25.6666667
	1.4259259
	 
	 

	Corrected Total
	162
	448.7607362
	 
	 
	 



	R-Square
	Coeff Var
	Root MSE
	totcount Mean

	0.942805
	44.95191
	1.194121
	2.656442



	Source
	DF
	Type I SS
	Mean Square
	F Value
	Pr > F

	Betclass
	3
	25.41951679
	8.47317226
	5.94
	0.0053

	Classmet
	12
	62.54418886
	5.21201574
	3.66
	0.0066

	ozoclass*classmet
	12
	34.91742428
	2.90978536
	2.04
	0.0832

	betclass*lozoclass
	1
	7.80104582
	7.80104582
	5.47
	0.0311

	ozoclass*lozoclass
	4
	15.64160217
	3.91040054
	2.74
	0.0608

	classmet*lozoclass
	10
	36.79543965
	3.67954397
	2.58
	0.0385

	lclassmet
	13
	51.99295201
	3.99945785
	2.80
	0.0222

	classmet*lclassmet
	14
	54.70391999
	3.90742286
	2.74
	0.0232

	pmclass*lclassmet
	2
	11.2500000
	5.6250000
	2.62
	0.0898

	lclassmet*lpmclass
	1
	13.0000000
	13.0000000
	6.06
	0.0200

	lbetclass
	3
	22.39646592
	7.46548864
	2.73
	0.0487

	lbetclass*lozoclass
	2
	16.35444948
	8.17722474
	2.99
	0.0555

	betclass*lpmclass
	4
	28.37133676
	7.09283419
	2.59
	0.0419
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