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Pollen and Respiratory Disease:
What little is known2

March 
2008

2 Bert Brunekreef, Gerard Hoek, Paul Fischer, Frits Th M Spieksma. Relation between airborne pollen concentrations and 
daily cardiovascular and respiratory-disease mortality. Lancet Vol 355 (2000): 1517-8.

• High concentrations of pollen allergens have also been shown to occur in thoracic particles (<10 
microns in diameter) and respirable particles (<2∙5 microns and these correlated well in  time with 
airborne pollen concentrations.  … airborne pollen results in exposure of the lower airways  and 
lung to pollen allergens. 

• The association between air  pollution and the number of daily deaths may be related to the  
inflammatory potential of very small particles 

• …suggests that high airborne pollen concentrations, which  nowadays are mainly seen as triggers 
of allergic symptoms,  may have far more serious effects than previously thought.”

Increase in mortality of 
these disorders:



Continental transport

27 Jan 99, Jim Anderson in 
London, Ontario reported 
atmospheric Juniperus pollen -
58 pollen grains/m3 

Trajectories show that the 
source of this pollen was Texas 
population of Juniperus ashei
Our Jan 26 forecast indicated 
that the “pollen has the potential 
to travel very long distances.” 

Van de Water et. al 2003 



Burkard Spore Trap





Limitations of Pollen Sampling

• Lack of stations
• Count frequency & reporting lag time
• Different sampling instruments Rotorod Sampler/Burkard 

Spore Trap
• Only indentifiable pollen “grains”
• Expertise in counting/indentification
• Refusal to release sampling information-”We do not 

reveal the sources for our data for privacy and 
proprietary, competitive reasons. Some pollen counts are 
conducted privately, and are not meant to be broadcast 
to the public” 



Pollen Timing

• Growing Degree Days - the average of the daily 
maximum and minimum temperatures compared to a 
base temperature, Tbase, (usually 10 °C)

• Response to length of day
• Species differences
• Climate – Variability in Precipatation 
• Weather



Juniper species

Juniperus ashei (TX, OK)
Juniperus monosperma (NM)
Juniperus scopulorum (NM)
Juniperus pinchotii (TX, OK)



Juniper density* distribution over USA
(1 km grid resolution)

    Juniper density (fraction of 30 m juniper cells in a 1 km grid)
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Juniperus ashei

http://www.conifers.org/cu/ju/ashei.htm
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http://www.conifers.org/cu/Juniperus_monosperma.php

Juniperus monosperma
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Pollen production
• Size of tree, cones per unit area, %veg.
• Cones per tree
• Pollen per cone

– Preliminary pollen count for J. ashei = 381,000 
pollen grains/cone



LCP Representative Trees
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HCP Representative Trees

Slope=3.73

Y intercept = 1.76
10^b = 57.5 = k
n=kh^b
n = 57.5(3^3.39)
n*8 = 19,060 cones
n = 57.5(4^3.39)
n*8 = 50,550 cones

Y intercept=2.71
10^b = 513.2 = k
n=kh^b
n = 513.2(3^3.73)
n*8 = 247,200 cones
n = 513.2(4^3.73)
n*8 = 722,870 cones



Mean Daily Concentration* of Airborne Juniperus
ashei Pollen at Sonora, TX

*Concentration for each day is the mean of 12 bihourly concentrations
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2003 Los Alamos daily pollen 
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2006 Los Alamos daily pollen
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Spectral characteristics of male juniper 
canopies at different bud density levels



Relationships between spectral indices 
and juniper bud density levels



MODIS Juniper Time Series
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Juniper Site 2
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Many challenges
• Residual signals and reference baselines
• Landscape vs species level phenology & signals 

(disaggregate woody from herbaceous)
• Surface heterogeneity and spatial 
characterization of landscape

• Future sensors & fusion (Lidar, VIIRS, HyspIRI)
• BRDF & surface aerodynamics
• Modeling (vegetation dynamics, phenology)



Airborne Dust Simulations and Forecasts 
University of Arizona 
With NASA Earth System Science & University of New Mexico

Department of Atmospheric 
Sciences

http://www.atmo.arizona.edu/faculty/research/dust/dust.html

Phoenix dust storm – 7 June 2006
Photo by Robb Schumacher Arizona Republic



Weather - DREAM
Dust REgional Atmospheric 

Modeling (DREAM) 
system

MM5
WRF

S. Nickovic et al.,  A model for prediction of desert dust cycle 
in the atmosphere, JGR 106, 18113–18129  (2001) .

Yin et al., Modeling wind-blown desert dust in the 
southwestern United States for public health warning: A case 
study, Atmos. Environ. 39, 6243-6254 (2005).

Yin et al.,The impact of using different land cover data on 
wind-blown desert dust modeling results in the southwestern 
United States Atmos. Environ., 41, 2214-2224 (2007).

UA WRF 10-m wind forecast

W.A.Sprigg for MSFC June ‘08
Adapted from Betterton ppt



VERSATILE DREAM 

Applications Have Included:
Dust Storms & Airborne Mineral Dust 
Concentrations in the Middle East, Africa and the 
Southwest US
Pollen in Colorado, New Mexico & Texas
Volcanic Ash in the Mediterranean 
Soybean Rust in South America

A new test: Forest fire ash and smoke plumes
A proposed test: mold spores



DREAM 4-8 particle bins

Model predictions (72-h):
Horizontal distribution 
• Surface concentration 
• Total column mass (dust load)
• Wet, dry, total deposition
• Meteorological variables
Vertical distribution
• Concentration
• Cross sections
• Fixed point/time profiles
Fixed point (selected sites/cities)



Pollen Strategy

Select Pollen of Interest
Map Pollen Source 
Estimate Emission on Test Date
Prepare Model
• Insert Terrain & Pollen Aerodynamic Characteristics 
• Insert Source Emission 
• Insert Meteorology

Simulate Downwind Pollen Dispersal
Evaluate 



Juniper Pollen

Good News for Modeling
Pollination Dec-March, 
little confusion with 
other pollinating plants
Juniperus pollens are 
(mostly) spherical, 18-30 
υm size





Phenology and Pollen Transport

Pollen sources derived from 
phenological maps

DREAM – UofA numerical 
meteorological particulate 
transport model 

NASA MODIS data

Final Product – predicted concentrations of 
pollen in time and space

http://www.atmo.arizona.edu/research/dust/dust.html



Pre-PREAM Test

Single-particle (size) Pre-PREAM
Simultaneous transport from 4 sources
Result: sum of transported particles 
coming from the 4 sources



Preparing Source for Model 

Model requires juniper density (pixel fraction): 
percent juniper pixels (30m resolution) present 
in 2-km cell

Each 2km cell has 66 x 66 (4,356) pixels 
Count juniper pixels
(#Juniper Pixels)/4,356 = juniper pixel fraction = 
juniper density 



Juniper Type Filter
CO Piñon-
Juniper



Juniper Density
Class S039, Colorado Plateau, Piñon-Juniper 
Woodland



Juniper Pollen
Near-surface concentration (Nm3) 

11 March 20069 March 20066 March 2006

PREAM



Los Alamos: 
Pollen concentration:  24 Feb – 19 March 2006
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Status of Transitioning 
Pollen Data Into NM 

EPHT

• Progress in year 1 
(green oval):

• Prepare interface for 
health client server

• Prepare server for 
pollen data output

• Test server functions: 
(yellow oval):

• Dependent upon 
receiving sample 
data from modeling 
team

• Activities for out 
years: (blue boxes)





ephtracking.cdc.gov





The SYRIS system provides:

• Real-time, Syndrome-Based Reporting Tool
• 2-Way Real-time Communication System - 24/7
• Automated, Immediate 'Alerts' to Public Health Officials (PHO's)
• Health 'Alerts' to Vets, Doctors, Hospitals, & Schools
• Web-Based Tool for Easy Syndrome Entry and Communication
• Geographic Mapping of Disease Outbreaks
• Connects All Health Care Providers to a Common Database
• Instantaneous Geographic Mapping of Disease Outbreaks
• Full compliance with the requirements of Public Law 109-417 (the 

Pandemic and All-Hazards Preparedness Act)





Conclusions

The residual signal indicates that the pollen event may influence the seasonal 
signal to an extent that would allow detection, given accurate QA filtering and 
BRDF corrections. MODIS daily reflectances increased during the pollen season.

The DREAM model (PREAM) was sucessfully modified for use with pollen and 
may provide 24-36 hour running pollen forcasts.

Publicly available pollen forecasts are linked to general weather patterns and 
roughly-known species’ phenologies. These are too coarse for timely health 
interventions. PREAM addresses this key data gap so that targeting intervention 
measures can be determined temporally and geospatially. 

The New Mexico Department of Health (NMDOH)  as part of its Environmental 
Public Health Tracking Network (EPHTN) would use PREAM a tool for alerting the 
public in advance of pollen bursts to intervene and reduce the health impact on 
asthma populations at risk. 

SYRIS provides direct feedback from and to the health community.


