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Objectives
Inves7gate	the	poten7al	role	of	LEO-	GEO	satellite	
observa7ons	for	tracking	plant-induced	pollen	
aeroallergens	for	public	health	applica7ons	and	

forecasts

National Health and Medical 
Research Council

http://pollenforecast.com.au/index.php/about-us



• Grass pollens are the 
most widespread pollen 
source of aeroallergens 
globally inducing allergic 
asthma and rhinitus.  

• Pollen exposure and 
allergenic diseases have 
increased dramatically 
since the 1960’s - yet we 
don’t understand why?

Introduction 

Increasing prevalence of allergic
rhinitis and asthma in men (% of men): 1965-
2003 (reviewed in Rimmer & Davies, 2015).





• Convent ional methods for 
monitoring airborne pollen lack 
adequate sampling sites, and 
based upon s i t e - spec i f i c 
e m p i r i c a l m e t e o r o l o g i c a l 
relationships, 

• There is less attention to land 
cover conditions and allergenic 
species phenology.

Burkard spore traps



• Satellite remote sensing may offer an alternative 
method to overcome the restrictive coverage 
afforded by in situ pollen networks by virtue of its 
synoptic coverage and timely updates of land cover/ 
phenology status.  

• Satellite observations directly inform landscape 
conditions conducive to pollen emissions and 
transport for improved forecasting.



Pollen forecasting



Luvall et al. 

Mapping	potential	pollen	emission	sources



Landcover/	Land	use	analysis

Mapping	potential	pollen	emission	sources



Aerobiology:  intensification of human health - ecosystem 
interactions

Urban aerobiology



Eco-Health 
application  

(grass pollen induced 
aeroallergens)
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Sydney 2011

Melbourne 2011



(2008-2014)	
EVI

Whereas	Lyon	exhibited	short	pollen	
seasons,	Sydney	showed	nearly	year-round	
double	pollen	seasons	due	to	presence	of	
subtropical	and	temperate	grasses		



Inter-annual	comparisons	of	EVI	and	pollen	counts	 for	3	sites	 in	
France	(top)	and	2	sites	in	Australia	(bottom)



Modelling	framework	
Generalized	Additive	Model	(GAM)	
g(m)	=	b0	+	f	(x1)	+	f	(x2)	+	...	+	f	(xp)					
	 	Hastie	and	Tibshirani	(1990)	
m	=	Pollen	concentration	(Running	Maximum),	
g	=link	function,	b0	=	intercept	and	fxi=smooth	
function	of	predictor	variables	(EVI	lag1,	EVI	lag2	
(Effect	of	previous	EVI	observations)	and	Julian	
day	(Seasonality)



Melbourne
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Comparisons	 of	 GAM	 model-generated	 time	 series	 with	
actual	pollen	data	for	the	latest	pollen	season	(2013/2014)

• GAM models were found to be very effective in predicting the 
inter/intra annual variations in pollen count for all the study 

Grey area is 95% confidence interval, and green line is actual pollen count



• Satellite measurements of allergenic grass cover and 
phenology were significantly correlated with in situ airborne 
grass pollen concentrations, including where multiple 
pollen peaks coincide with the presence of subtropical (C4) 
grasses and temperate grasses (C3 species).

Conclusions

• Employing general additive models (GAM), exemplify the 
utility of satellite phenology data as an additional 
component of short term forecasting models of grass pollen 
aerobiology exposure to assist with public health 
management of allergic respiratory diseases globally. 

Much finer temporal resolution of surface 
phenology required






