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Sources Phenology Transport & Dispersion  Transformation  New Directions

Background

* Hayfever: alargeimpacton ...
] Austria 19.4 8.5

I Ife Belgium 17.6 3
Denmark 57.4 17.1

— Affects life quality [ E— 376 144

— Is expensive [2! ) N s
— Interacts with asthma (3] oy o oy
Italy 9.4 3.5
* Exposure to birch and "
Netherlands 26.9 18.6
ragweed pollen is important: o
Portugal 6.8 12.4
— Europe/USA - YES [4] |
Switzerland 50.3 18.6
— All major continents - Maybe o= = =

Standard Sensitization Rates from
allergy centres in different European

Countries(4
"e University
of Worcester

[1] de Monchy et al, 2003; [2] Petersen et al, 2008; [3]; Molfino et al, 1991; [4] Burbach et al, 2009



Background Sources Phenology Transport & Dispersion  Transformation  New Directions

— Common in forests [2]

— Very common at
northern latitudes [3:4.°]

Percentage birch tree cover in broad leaved forest

[ o0-50 [ 51-100 [ ]10.40-200 ] 2041 -400 [T 40.1 - 600 [ 60.1 - 500 [l 201 - 1000
Birch tree density extracted from global data set
from the Nordic Top Researcher Initiativel!
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[1] Skjoth et al, 2011; [2] Skjoth et al, 2008a; [3] Simpson et al, 1999; [4] Skjoth et al, 2008b; [5]Siljamo et al ,2013 Df Worcester



Background Sources Phenology Transport & Dispersion  Transformation  New Directions

Density of Betula (%) in broadleaved forests

B oo-29 1 76-145 238-36.7 || 526-66.2 [l 78.8-90.0
P s0-75]  146-237 36.8-52.5 [ 66.3-78.7 [ 20.1 - 100.0

Birch tree density in European forests [1

0 50 100 200 300 400

Fraction of birch (Betula sp) tree coverage [%] per grid cell using CLC2000 Fraction of birch (Betula sp) tree coverage [%] per grid cell using LCM2007
<0.0s [ 00502 [N 02-05 05-10 10-20 [ 20-50 [N s0- 100 [N > 100 <005 [ 00502 N 02-05 05-10 10-2.0 [ 20- 50 [ 50- 100 [N > 100

Birch tree coverage, only forests (left) and forests+small
woodlands(right)
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[1] Skjoth et al, 2008a; [2] Siljamo et al, 2013; [3]; Pauling et al 2012; [4] Skjoth et al, 2008; [5] Skjoth et al, 2014
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M. Smith et el / Envionment Intenasional 61 (2013) 115-126

China, Australia e AL |

Average pollen index of Ambrosia

= o WS v p -20 50-100 [ ] 200-5c0 [ +.000-2.000 [ 5.000-10.000

e

— Appear to have e
. (left) Ragweed density based on plant observationstreel?.
centres Wlth Ia rge (right Ragweed density based on pollen index[3
Total emission ave i0
abundancel?:34] Pe o o T

— Disagreement on
abundance outside
main centres

0.0000 0.0001 0.0010 0.0030 0.0100 0.0200 0.0500 0.1000 0.3000 1.0000
Ragweed emission potential used by the SILAM model
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[1] Smith et al, 2013; [2] Bullock et al, 2013; [3] Skjoth et al, 2013; [4] Prank et al, 2013
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occupy marginal and
disturbed land!?

— |solated populations

in urban areas!3! SRR M i s S
— S p rea d th ro ugh . Detailed ragweed inventory for France [

ES

Natural methods,
Bird seeds, Fodder,
Machinery .. [4.5]

DISTANT SOURCES

LOCAL SOURC
Vs

Identifying isolated urban sources in Denmark [l

/ ) University
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[1] Thibaudon et al, 2014; [2] Skjoth et al, 2010; [3]; Skjoth et al, 2014; [4] Smith et al, 2013; [5] Vitalos & Karrer, 2009



Sources — lessons learnt

* Birches: e Future research directions:
— Found almost — Birch: Improve quality and
everywhere (forests, resolution of inventories

woodlands, gardens),
but abundance vary a
lot depending on
location

 Ragweed:

— prefer lowlands, not
present in mountains

— Occupy marginal terrain

— Small isolated
populations outside
main centres

— Birch: Include the urban
fraction

— Ragweed: Include major
centres as well as local
populations

— Ragweed: Focus on all
major continents

IB\ Universit
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Background Sources Phenology Transport & Dispersion  Transformation  New Directions

— Depends on
temperature, e.g.
earlier season!!-2]

— Climate change
effect not triviall2:3l

[1]Emberlin et al, 2002; [2] Smith et al, 2014; [3] Newnham et al, 2013

(Non-linear releationship between mean march
temperatures and the beginning of the birch season in
Worcester!3]

R

Significant trends in a more intense season (Betulaceae) Significant trends in a earlier season (Betulaceae)
@ Ns @ Significant @ NS @ Significant

(left) Birch intensity of the season. (right birch, earlier start
of the season. Maps based on published datal?

IR\ University
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Phenology

e Birch: trends

— Increased long term
pollen production
and annual
variationsl1:2]

— Recent trends
unclear!s]

— Spatial variation in
productivityl4!

— Daily flowering cause

roof top cyclic
concentrations!®

Seasonal pollen index of

[1]Hansen (ed) 2014; [2] Grewling et al, 2012; [3] Smith et al, 2014; [4] Brostrom et al 2008 [5]Skjoth et al, 2009
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Seasonal Pollen Index, suggesting bi=annual rhythm in
pollen production [

q
.

Estimated pollen productivity (relative scale) at 6 European sites
® 36-46 @ 47-58 @ 59-69 @ 70-81

Mean annual birch tree pollen productivity. Maps based on

published datal“
@

® 23-35
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Phenology

AMBROSIA

 Ragweed: Season T
— Depends on photoperiod LI W
and temperature - > North- 1.0 ="
South gradient [1.2:34] P

/)

L L LA L

0000 TOSOOIEOO 1800 2400 0 0600 1200 1800 2400
. TIME (EST)

— Cllmate Cha nge effeCt[S] Hour.ly ragweed concentrations, averaged

annually, from a circular experimental plot of
the surfacel’]

— Daily flowering depends on
T and RH[34l cause rooftop
cyclic concentrations!®

Im?)

150
100

[\~ v ]

[=2+)]

[ = -]
\
/
’

o

Ambrosia pollen
concentration (grains
o
[=]

—Novi Sad Ruma = == Negotin

Averaged bi-hourly ragweed concentrations,,
from three rooftops in Serbia in 2007 (2]

University

' \
[1]Smith et al, 2013; [2] Ziska et al 2003; [3] Bianchi et al, 1959; [4] Allard et al, 1945; [5] Ziska et al, 2011; Q .
[6] Sikoparija et al, 2009; [7] Ogden et al, 1969 i Df Worcester



Background Sources Transport & Dispersion  Transformation  New Directions

Phenology

Legnano (Mi)

8000 - T 800
7000 - 1 700
6000 - 1 600
2 5000 1 1 500
2 4000 + 400
£ 3000 1 300

2000 - 4 200
1000 - 1 100

Ragweed: trends

Seasonal pollen index,
i
Daily maxima,
grainsi/m3

— Invasive: Expands in
coveragell-2l

_ Affe Cte d by U r b a n [ == seasonal pollen index  —e— daily maxima |

Seasonal pollen index in the Po-Valley with severe pest

C||mate a nd COZ [3,4] attackin 2013 (pelrs‘. Clomm: M.Bonini, in prep)

— Affected by
“accidental
mitigation” !

iller-S -. ‘

©P. Téth
Severe defollatlon of ragweed in the Po-Valley in 2013 due

hraell 5l
to Ophraella Communa UanEI’SIt}‘

of Worcester

[1]Smith et al 2013; [2] Thibaudon et al, 2014; [3] Ziska et al 2002; [4] Rogers et al, 2006; [5] Muller-Scharer et al., 2014 Q



Phenology — lessons learnt

e Birches: * Future research directions:
— Effect by the — Birch: Spatial variations in trends

env:ronment — Birch: Effects on the environment
unciear (soil, nutrients, climate,
urbanisation...)

* Ragweed:

— Expansion appear to
continue — Ragweed: Effect of mitigation and

) est attacks
— Biocontrol a P

p055|ble mitigation — Both: Use of process based vegetation
method models (e.g. focus on competition,
pests, climate change ....)

— Ragweed: Effect as invasive species

IB\ Universit

of Worcester



Background Sources Phenology

Transformation

Transport & Dispersion

e Birches

— Beginning of season
often due to LDT!

— Transport &
dispersion can be
simulated with
regional scale

atmospheric
modelsl2:3:4.5]

— Local scale (0-20km)
simulations rarely
addressed!

Q)
[1]Skjoth et al, 2007; [2] Skjoth, 2009; [3] Zink et al, 2013; [4] Siljamo et al, 2013; [5] Zhang et al, 2014; [6]Skjoth et al, 2008b

New Directions

Bi-hourly pollen concentration, Copenhagen April 2006

‘ = Polleni Kbh === DEHM-Pollen with forest trees

NENNNENN |

s00-
260 -

University
of Worcester
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PARTICLE CROSS-SECTIONS \ " Y S | PARTICLE CROSS-SECTIONS
PARTICLE POSITIONS AT 09 UTC 18 Apr 04 - R PARTICLE POSITIONS AT 09 UTC 23 Apr 04
T m Y & - g ; T - 3 % -

LAYER(m): <1000 <2000 <3000 < < 0 T LAYER (m): < 500

Height AGL (m)

E
o
a
<
z
=
o
T

NUMBER OF PARTICLES ON GRID: 1320

o
NUMBER OF PARTICLES ON GRID: 1320
This is not a NOAA prochicl, | was produced by a web user. This & not a NOAA product. 1t was produced by a web user,
Release: lat:51 lon.:-0.5 Hgt:30to 100 m Releass: lat:51 lon.:-0.5 Hgt:30to 100 m
Pollutant: utant;
Release Quantity: 1 mass Start:0404 188 Duration: & hrs, 0 min Release Guanily: 1 mass Start: 0404238 Duration: 6 hrs, 0 min
Pollutant Averaging/Integration Period: 1 hrs and 0 min Pollutan! Averagng/Integralion Period: 1 hrs i
Dry Deposition rate: 0 cms Wt Removal: Nane s -
Metsorology: 0000Z 01 Apr 2004 - reanalysis
Job 1D: 215041 Job Start: Tue Sep 11 18:39:04 UTC 2012 Job 1D: 215039

A typical day — handled well by . ' : The episode — very difficult to
many models — here shown by Identified episodes from handle well by manv models

particle dispersion model birch tress outside London!!!

min
Dry Deposition rate: 0 Wet Removal: None #Part: 7800
Metearology: 0000Z D1 Apr 2004 - reanalysis

15 Job Start: Tue Sep 11 18:15:24 UTC 2012

‘#Part: 7800

of Worcester

[1]Skjoth et al, 2009; [2] Skjoth et al, 2013; [3] Baklanov et al, 2014; [4] Skjoth, 2009
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Transport & Dlsper5|on

e e w
2B EERBREREEE

 Ragweed

Ambrosia pollen grains/m®)

— LDT episodes are T
inte rmitte nt[l] Atmospheric trans-b;rztmshc;\;/n by a atmospheflé-.trajectory
model!
— Related to — =
atmospheric = ZE U
physicsl?! WD - £ e

nnnnnnnnnnnnn

A physical mechanlsm prowdmg LDT of ragweed pollen

— LDT episodes from - from the Pannonian Plain
Pannonian Plainand | =~.. @l S

A C (forward trajectories 26th)
T ; !
$ - b o O e
- >3
5. e 393 B

Ukraine repeatedly et
Observed[3’4’5] ﬁ HUNGARY ROMAN'AFW., e

— Poznan — Krakow —— Rze

LDT transsport of ragweed poIIen from Ukralne (Ieft)[31

middle [B1 and PannonianPlain[®!
[6 University
of Worcester

[1]Smith et al, 2008; [2] Sikoparija, 2013; [3] Kasprzyk et al, 2013; [4] Zemmer et al, 2012; [5] Sikoparija et al , 2009
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13. SEP 2006
T
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— Local scale simulations S o -

i i i Simulation of ragweed concentrations with the regional
%053;?2?4}/\/'th Gaussian scale atmospheric transport model COSMO-ART 2

— Combined local and
regional scale
approaches can be
combined with
observations!*! N A AL A AL A AN

Distance from source [m]

w
]
3

250

above surface [Pm™]
.o
5003
g 38

=
S
3

Concentration (plume centre) at 20 m
g

)

= Release from 1 m (weeds, grasses)

Simulation of ragweed concentrations with the local scale
atmospheric transport model OML [4

IR\ Universi
[1]Smith et al, 2008; [2] Zink et al, 2012; [2] Prank et al, 2013; [3] Zink et al, 2013; [4] Skjoth et al 2014 Df Worcester




Transport and Dispersion — lessons learnt

Birches:

— Atm. physics in regional
scale transport well
understood, e.g. LDT

— Micro-scale dispersion
rarely addressed and
challenging to detect

Ragweed:

— Atm. physics in regional
scale transport well
understood, e.g. LDT

— Micro-scale rarely
addressed but possible
to detect

e Future research directions:

Birch: Importance of the urban source

Ragweed: Understanding both the regional
scale and local scale

Both: Combining local scale & regional
scale detection and modelling. Focus on
PBL processes, micro and meso-scales (0-
2km,2-20km,20-200km)

Both: Detecting pollen along their
trajectory (thus in the free atmosphere and
along their flight!)

Both: Atmospheric models can be
improved by improving the emission flux

IB\ Universit

of Worcester
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a 5
—-—HDE_rCIa
E _a_HDz /.
£ 1 A
?j 0.5 | '
g
— Allergens modified : F /”
by air pollutionl?] ——
10 20 30 40 50

Exposura Tima [h]

— Humidity increase
. Change of proteins in birch pollen during exposure of air
the reaction rate of roiutants @

tyrosine with the
environment [3]

IR\ Universi
[1]Buters et al, 2010; [2] Franze et al, 2005; [3] Reinmuth-Selze et al, 2014 Df Worcester
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233.  30.3. 6.4. 134, 204. 274. 4.5. 11.5.

Daily pollen count for birch and allergens in the air for two
sites in the HIALINE project [2

pollen — but not

always 1.2 -
— Allergens modified )

by the =

environmentl?] BB/ A=

R97viIN/Tin <« [
Daily pollen count for birch and allergens for
Munich during a three year period [

IR\ University
[1]Buters et al, 2010; [2] Buters et al, 2012 Df WDI'CEStEI'




Transformation

 Ragweed

— First study on
ragweed allergens:
can follow pollen
count

— Little is known about
potential
mechanisms
between allergens
and the environment

[1] Grewling et al, 2013

Amb a 1 concentration [pg/m?]

600,0
500,0
400,0
300,0
200,0
100,0

0,0

M XL stage M stage —Pollen grains
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Ambrosia pollen concnetration [P/m3]

0
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mmmmmmmmmmmmmmmmm
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Daily measured pollen concentration and allergen

content at Poznan for 2011 [
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Transformation — lessons learnt

e Birches: * Future research directions:
— Birch: Description of
— Ozone, NO, and biological mechanisms on

humidity important the host
— Birch: Description of

in transformation atmospheric physic &
— Allergenic potential chemistry and allergens — at

, the aerosol stage
connected with — Ragweed: Basic research is

source needed in all major aspects
of transformation
* Ragweed: — Both: Explore potential

feedback mechanisms
— 270000 between pollen and the
environment

IB\ Universit

of Worcester



Future research directions

NEW PROJECTS(EU), TOPICS, FUNDER, YEARS, CONTACT

SMARTER, ragweed, COST, 2012-16, contact: heinz.mueller@unifr.ch
*  EUNetAir, detection-modelling, COST 2012-16, contact: michele.penza@enea.it
*  POLEMIC, ragweed-emission, SCOPES, 2014-16 contact: sikoparijabranko@gmail.com
*  SUPREMIE, birch-modelling-detection, FP7, 2014-18, contact: c.skjoth@worc.ac.uk

RECENT PROJECTS(EU), TOPICS, FUNDER, YEARS, CONTACT

* EUPOL, pollen, COST, 2008-12, contact: mikhail.sofiev@fmi.fi

* ATOPICA, ragweed-birch, FP7, 2011-14, contact: secretariat@atopica.eu

« ENV.B2/ETU/2010/0037, ragweed, EU-Commision, 2010-12, contact jmbul@ceh.ac.uk

NEW OPPORTUNITIES, TOPICS, FUNDER, YEARS, CONTACT
* UKRESEARCH COUNCIL, aeroallergens and detection, 2015-18, two consortia £1.2mio each, to be
decided
* HORIZON2020 ERC (Excellent Science, free topic)
— ERC Starting grant, Consolidator grant and advanced grant, typically €1.5 mio
* HORIZON2020 Marie Sktodowska-Curie (Excellent Science, free topic)

— Initial Training Networks (PhD Students and Post Docs)
— Individual Fellowships (two years+ training)
—  Cofund (requires match funding, typical €2.3 mio

IR\ Universit
@ v

of Worcester
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Thank you for your attention

contact: Carsten Ambelas Skjoth

email: c.skjoth@worc.ac.dk

Reference list:

sepearate sheet after this slide:

@\ University

of Worcester


mailto:c.skjoth@worc.ac.dk

© 0 N OROIE NN Ry

References

Allard, HA (1945) Flowering behaviour and natural distribution of the eastern ragweeds (Ambrosia) as affected by length of day. Ecology 26(4): 387-394.

Baklanov et al, 2014, Online coupled regional meteorology chemistry models in Europe: current status and prospects: Atmospheric Chemistry and Physics, 14, 317-398.

Bianchi DE, et al, 1959. Pollen release in the common ragweed (Ambrosia artemisiifolia). Bot Gaz 1959;120:235-43.

Brostrom et al, 2008, Pollen productivity estimates of key European plant taxa for quantitative reconstruction of past vegetation: a review, Veg. Hist. Archaeobot., 17, 461-478, 2008.

Bullock et al, 2013, Assessing and controlling the spread and the effects of common ragweed in Europe — Final report: ENV.B2/ETU/2010/0037, 2013, NERC, 452pp

Burbach et al, 2009, GA2LEN skin test study Il: clinical relevance of inhalant allergen sensitizations in Europe, Allergy, Volume 64, Issue 10, pages 1507-1515, October 2009

Buters, et al, 2010. The allergen Bet v. 1 in fractions of ambient air deviates from birch pollen counts. Allergy 65 (7), 850-858.

Buters, et al, 2012 Release of Bet v 1 from birch pollen from 5 European countries. Results from the HIALINE study. Atmos Environ 55: 496-505.

Emberlin et al, 2002, Responses in the start of Betula (birch) pollen seasons to recent changes in spring temperatures across Europe. Int J Biometeorol 46: 159-170.

Franze et al, 2005, Protein nitration by polluted air, Environmental science & technology 39 (2005) 1673-1678,

Grewling et al, 2012, Variations and trends of birch pollen seasons during 15 years (1996-2010) in relation to weather conditions in Poznan (western Poland), Grana, 2012 Vol 51,Iss 4, 280-292
Grewling et al, 2013, Atmospheric concentrations of ragweed pollen and Amb a 1 recorded in Poznan (Poland), 2010-2012, AACI-WAO World Allergy Congress 2013, At Milan, Italy, Allergy, Vol 68, 686-
686

Hansen, 2014, Climate Change in State of the Environment, chapter 5 by J. Sommer. C.A.Skjoth, P. N. Vangsbo & A.B.Hasling, Hansen (ed).

Kasprzyk et al, 2011. The occurrence of Ambrosia pollen in Rzeszéw, Krakéwand Poznan, Poland: investigation of trends and possible transport of Ambrosia pollen from Ukraine. Int J Biometeorol
2011;55:633-44.

Molfino et al, 1991, Effect of low concentrations of ozone on inhaled allergen responses in asthmatic subjects, The Lancet 338 (1991) 199-203

de Monchy et al, Living & learning with allergy: a European perception study on respiratory allergic disorders, Respiratory Medicine Volume 98, Issue 5, Pages 404-412, May 2004

Muller-Schérer, et al, 2014 Ophraella communa, the ragweed leaf beetle, has successfully landed in Europe: fortunate coincidence or threat? Weed Research 54(2): 109-119

Newnham et al, 2013 Pollen season and climate: Is the timing of birch pollen release in the UK approaching its limit?, International journal of biometeorology 57 (3), 391-40

Ogden et al, 1969 Diurnal patterns of pollen emission in Ambrosia, Phleum, Zea and Ricinus. Am J Bot 1969;56:16-21.

Pauling et al 2012, A method to derive vegetation distribution maps for pollen dispersion models using birch as an example, Int J Biom, 2012, Volume 56, Issue 5, pp 949-958

Petersen et al, 2008, Quality of life in rhinoconjunctivitis assessed with generic and disease-specific questionnaires, Allergy 63 (2008) 284-291

Prank et al, 2013, An operational model for forecasting ragweed pollen release and dispersion in Europe, Agr For Met, Vol 182-183, Pages 43-53

Reinmuth -Selzle et al, 2014Efficiency and Site-Selectivity of Liquid and Gaseous Nitrating Agents, J Proteome Res. Mar 7, 2014; 13(3): 1570-1577.

Rogers C, et al, 2006 Interaction of the onset of spring and elevated atmospheric CO2 on ragweed

(Ambrosia artemisiifolia L.) pollen production. Environ Health Perspect 2006;114:865-9.

Sikoparija B, et al, 2009 The Pannonian Plain as a source of Ambrosia pollen in the Balkans. Int J Biometeorol 2009;53:263-72.

Sikoparija B, Skjgth CA, Alm Kiibler K, Dahl A, Sommer J, Grewling L., et al. A mechanism for long distance transport of Ambrosia pollen from the Pannonian Plain. Agr For Met 2013;180:112-7.
Siljamo et a, 2013, A numerical model of birch pollen emission and dispersion in the atmosphere. Model evaluation and sensitivity analysis, International Journal of Biometeorology, 2013, Volume 57,
Issue 1, pp 125-136

Simpson et al, 1999, Inventorying emissions from nature in Europe. J. Geophys. Res. (Atmos.) 104 (D7), 8113-8152.

Skjoth, et al, 2007, The long-range transport of birch (Betula) pollen from Poland and Germany causes significant pre-season concentrations in Denmark, Clin. Exp. Allergy 37 (2007) 1204-1212
Skjoth et al, 2008a An inventory of tree species in Europe—an essential data input for air pollution modelling. Ecol Modell 217:292-304.

Skjoth et al, 2008b, Copenhagen - a significant source of birch (Betula) pollen?, Int. J. Biometeorol. 52 (2008) 453-462

Skjgth 2009. Integrating measurements, phenological models and atmospheric models in aerobiology. Denmark: PhD Thesis, Copenhagen University and National Environmental Research Institute; 1-
123; 20009.

Skjoth et al, 2009 Are the birch trees in Southern England a source of Betula pollen for North London?, Int. J. Biometeorol. 53 (2009) 75-86

Skjgth et al, 2010 A method for producing airborne pollen source inventories: an example of Ambrosia (ragweed) on the Pannonian Plain. Agr For Met, 2010,V01150,1203-1210.

Skjoth et al, 2011, Towards a global tree specie intentory, poster at the annual meeting in the Nordic Top Researcher Initiative CRAICC , Iceland, 10.-14. October 2011

Skjoth et al, 2013, Identifying urban sources as cause of elevated grass pollen concentrations using GIS and remote sensing. Biogeosciences 2013;10:541-54

Skjoth et al, 2014a, Pollen from alder (Alnus sp), birch (Betula sp) and oak sp (Quercus) in the UK originate from small woodlands, Urban Climate, in press

Skjoth et al, 2014b, The risk of exposure to airborne Ambrosia pollen from local and distant sources — an example from Denmark. 4 th International Symposium on Weeds and Invasive Plants May 18-
23, 2014 in Montpellier, France

Smith et al, 2008 Long-range transport of Ambrosia pollen to Poland. Agr For Met 2008;148:1402-11.

Smith et al, 2013, Common ragweed: A threat to environmental health in Europe, Environment international 61, 115-126

Smith et al, 2014, Geographic and temporal variations in pollen exposure across Europe, Allergy 2014; DOI: 10.1111/all.12419

Thibaudon et al. ,2014, Ragweed pollen source inventory for France-The second largest centre of Ambrosia in Europe, Atm Env, Vol 83, 2014, 62-71

Vitalos M & Karrer G. Dispersal of Ambrosia artemisiifolia seeds along roads: the contribution of traffic and mowing machines. Neobiota 2009;8:53-60

Zemmer et al, 2013. Ragweed pollen observed in Turkey: detection of sources using back trajectory models. Sci Total Environ 2012;430:101-8.

Zhang et al, 2014, Development of a regional-scale pollen emission and transport modeling framework for investigating the impact of climate change on allergic airway disease, Biogeosciences, 11,
1461-1478, 2014

Zink et al. Modeling the dispersion of Ambrosia artemisiifolia L. pollen with the model system COSMO-ART. Int J Biometeorol 2012;56: 669-80.

Zink, et al EMPOL 1.0: a new parameterization of pollen emission in numerical weather prediction models, GMD, 6, 1961-1975, 2013

Ziska LH. Sensitivity of ragweed (Ambrosia artemisiifolia) growth to urban ozone concentrations. Funct Plant Biol 2002;29:1365-9.

Ziska et al, 2003. Cities as harbingers of climate change: common ragweed, urbanization, and public health. J Allergy Clin Immunol 2003;111:290-5.

Ziska L, et al, 2011, Recent warming by latitude associated with increased length of ragweed pollen season in central North America. Proc Natl Acad Sci U S A 2011;108:4248-51.



