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Preface

¢CKAA NBLRNI Aa GKS NBadzZ G 2F Yé al adSNI dKSarxao !
quality, | also hve a large interest in social science. Therefore, | followed several courses on
(environmental) communication, innovation and education. My intention was to combine these two

aspects in one thesis. This report is the result of this quest for combiningptalty different

scientific disciplines.

Currently air quality and climater@ important topics of research and both subjects are treated in
my study One important message throughout the study is that many environmental topics are
interrelated. Thisg also true for climate and air glity at both the globaand the boundary layeiBL)
scale.Yet, their interactionis rather uncertain anthere are many gaps in our knowledge about the
feedbacks betweeair pollutants and the climate or Blynamics. Thsiraised my interest to model
the impact of ozone, amriportant air pollutant, on theBL dynamics through interaction with
vegetation anchow CQinfluences thosdeedbacks.

In social science the interaction between scientists and the public, differénéeterpretation of
scientific knowledge and differences in how issues are constructed are mentiocbd@steristics

of manyconflicts. In climate change and air quality research these interactions also take place and
this stimulated my interest to exaine how conflicts in this field of research are caused. Moreover,
models are increasingly used in scientific research and deaisaiing, while it is still uncertain how
the public interprets model calculationghus, the second part of this researchntdéed causes for
conflict from oneparticularcase study in order to formulate recommendations for more effective
dialogue and decisiemaking.

Although the two parts of this research are related, they contain completely different theories and
methodolagies. Thereforethey are treated separately in this report. First, theodellingstudy is
explained, including methodologies and results. Then, the aisabf the conflict is outlined~or

those only interested in one of the two studies, they can be reghrately The report concludes

with a reflection orthe relation between the studies and their implications

| want to thank my supervisorgdordi VilaGuerau de Arellano and Hedwig the Molder, for their
SyiKdzAaAAlI &Y | YR & dzLJLJ2 Ndiagree! tieynéti2atdirie todd8 myRianRog et | £ & | @
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sister, Sabina, for listening to my complaismulatingme and helping me with the outline of the

interview analysisFinally | want to acknowledge Huug Ouwersloot for explaining me how to do

multiple runs and providing meith the scripts, Anne Marike Lokhorst for filling in for Hedwig during

a problem situation anéRoel van Veen for sending me some inteirggliterature.

Ingrid Super,
26-08-2013




Summary
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Air quality and climate change are important topics for research andwlisknown that they are

related, e.gthe impact of C@on global warming. Also on smaller scales air pollaain have an

impact on the dynamicfkecently research has shown that elevated £0ncentrations can

influence theatmospheric boundary layer (ABlynamics significantly by increasing the stomatal
resistanceYet, other pollutants are ks well studiedYet, i has been argued that ozone has an

impact on the stomatal resistance, similar to£kyy damaging vegetation. This also affects carbon
fixation and is as such important for climate change prtals. However, its impact onBA

dynamics has not @1 examined yet. Therefore, the first part of this research examines the impact

of increased ozone (and ©@nixing ratios on processes in the ABL through interaction with
vegetation in order to improve climate change predictions. The MXLCH model isruséich the

diurnal evolution of variables related to surface, chemistry and vegetation can be studied. This is the
first time all of these processes are combined in this particular model. The case study encompasses
observatiors of the surface and atmoshic variables and this results in a strong validation. The

model is able tajive a reliableepresenation of the vegetationdynamicschemistry interactions.

The impact of ozone on atmospheric dynamics is not visible on a diurnal scale. However, the damag
caused to vegetation is made visible by plotting the deposition flux. Atieviiareshold of 0.11 ppb

m s' this deposition flux causes damage to the vegetatifime flux reaches values of ~0.14 and 0.17
ppb m §' for normal and high ozone mixing ratioespectively, and the threshold is exceediding

4-6 hours for this particular daymportant determining factorare the ozonemixing ratio andhe

stomatal resistance. GAOmits the damage by increasing the stomatal resistance and the deposition
fluxis barely exceeded when the €@ixing ratio is increased to 750 ppithus the ABL dynamics

are not affected significantly by ozone damage on a diurnal scale. Nevertheless, damage does occur,
as illustrated by the deposition flux, and this damage is cedwnder elevated G@nixing ratios.

Part 11

Air quality is an important issue for the public and polingkersand the conflicts surrounding it
change due to the increasing use of scier@ensequently, interaction between stakeholders in air
guality isues becomes more frequent. Moreover, models are increasingly used in research and
decisionmaking and therefore the public is increasingly exposed to model oufjngse
developmentscan be potential sources for conflidtherefore, the second part of thresearch
improvesinsight in how conflicts arise in order itmprove the dialogue andnhance the quality of

and support for environmental decisions. One specific case stuhalgsed. Several stakeholders

are interviewed to geain impression of thaature of the conflict, the problems that exist and to
identify important factors that play a role in the conflict. The interviews show that stakeholders use
different problem definitions of air qualityyet, all respondents make use of science bec#lse

often treated as something’ | 0 & 2YetdiisSuleout other issues, which are dismissed as being
Wa2F0Q | yR adz 2 felihadtfsdslificylt & refatedirdctjttoSir poliution and
thereforeno one feels responsibl&et, it isarguedby several respondenthat the EU air quality

norm does not say much about healt@onsequently, the discussion is mainly about norms and
uncertaintieswhich are seen as scientifinstead ofwhen the air is (un)healthyA discussion about

the norms, how they were realized and which important concerns are (not) included, could help to
Y20S gl & FTNRY GKAA AO0OASYGAFTAO RA&OdzAaAZ2Y YR ON
all stakeholders in improving the air quality can also imprdwedffectiveness of policies and can
NBadzZ 0 Ay Y2NB ONBIGAGS azfdziAz2yad leasiyKk2dzZaK Waz¥
attributable to air quality, it is important to include them in the evaluation of the air quality. How this
could be done aaalso be debated among stakeholders.
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Part I: Modelling ozone damage to vegetation, its impact on processes in the ABL
and interaction with CQ

1. Introduction

In the field of meteorology and air quality many studies are carried out to examine climate
change and air quality issueslthoughhundredsof articles can be found on such topics, still
knowledge on several important processes and feedbacks is missing, mainly on the interface
between the two topics. It has been suggested that air pollution plays an important role in climate
change througlboth direct and indirect feedback®f which somestill need to be examined in
depth. One examplef such an interaction which has been examimethe impact of C£on cloud
formation (VildGuerau de Arellano et al., 2012)

A pollutant that requires careful examination is 0zong)(®ecause backgroundO
concentrations are expected to increase in the fut@dshmore, 2005)0zone is an important
pollutant, becausdét damages vegetatigrwhich reduces plarproductivity and limits the land
carbon sinkSitch et al., 2007)The result is less carbon fixation and this affects the clinBdsides
ozonethreatens human healtllAtkinson ¢ al., 2012; WHO, 2006Yet, there are large uncertainties
in future emissions of ozone precursors, which complicates the examination of future ozone effects
(Meir et al., 2006)Moreover, the direct impact of ozone on atmospheric dynamics has not been
examined yet.

Where most research on the impacts of ozone focuses on the global scale related to global
climate change, this research will focus on smallelespeocesses in the atmospheric boundary layer
(ABL). Much is already known about the effect of ozone on plants, but the coupling between
vegetation responses to elevated-Goncentrations and processes in the ABL is largely unexamined.
Also, the combinee@ffect of increased £and C@-concentrationshas not been quantified at this
scale Therefore, the research question is:

How does ozone affect the magnitude and diurnal variability of processes in the ABL throug
interaction with vegetatiorand what effect does Gave on thi®

Many processes in the ABL might be affected by oa@ggetation ineractions, which can be
related toatmospheric dynamics, chemistry and vegetation. All these processes are (in)directly
important for climate change predictions.

As stated before, both air quality issues and climate change are major topics of research at
this moment, but there is still @tk of knowledge on the interaction between ozone and climate
variables. This knowledge is not only relevant for improving climate forecasts, but also for climate
change policyYoung et al., 2009)t has beersuggested by Sitch et #2007)that carbon fixation is
reduced by increaseds@oncentrations In that caseeither emissions of ozone precursors should be
reduced or C@emissions should be reduced even further than assumed so far to satisfy the
agreements and this will probably be at higher qéstlzer et al., 2005)

In the nextchapteran overview will be presented of existing research on the interface
between air quality and climate, in which ozone is explored more in depth, and the importance of
land use Chapter3 explores the model and case study used in thisaegeand a description of the
parameterisation of the ozone effect amdsearchdesign is given. The results are summarised in
Chapter4, followed by a discussion of these results and the model performance.




2. Theoretical background

Thischapterwill elaborate on existing knowledge on the relation between air quality and
climate (change), with a special focus on ozone. The relevance of land use change for the
development of @concentrations and the climate will be examined. Also, several processes and
feedbacks between ozone, vegetation and climate are discussed.

2.1 Feedbacks between air quality and climate

As air qualityand climate change amaajor concersfor policy makers, the effects of air
guality on climate are increasingly examined. Fomepi, the presence of small particles (or
aerosols) in the atmosphere, generated by e.g. &@ NQ, can diffuse or absorb radiatigdnav et
al., 2012; Unger & Pan, 2012he result is that less photosynthetigadictive radiation reaches the
canopy and this is unfavourable for photosynthesis. Another example is the impact of high CO
concentrations on the development of clouds and the hydrological cycle by increasing the stomatal
resistancgVilaGuerau de Arellano et al., 2012he net result isn increase of plant productivity in
spite of the increased stomatal resistance and due to the enhanced-ptardsphere C@gradient.
Thisillustratesthat not only the existence of a feedback is important, but also its magnitude as
several feedbacks can reinforce or counteract each other.

The feedbacks mentioned above are just a few examples of the research done on tlanrelati
between air quality and climate. It should be noted that numerous feedbacks exist that can be either
direct or indirect. Moreover, they can vary in magnitude and direction. Additionally, one pollutant
can have several effects which might inhibit or agéhen each otherThus there are many (known
and unknown) feedbacks that need to be taken into consideration anagsaty scales. Therefore,
much research is required to gain insighhimw developments in air quality waffectour climate
(see for exarple Felzer et a(2005).

2.2 Land use and land cover

When talking about indirect feedbacks, vegetation plays a very important role in air quality
research. Vegetation emits volatile organic compounds (VOCsh wateqrecursors of secondary
organic aerosols (SOA) and of the important pollutant oZ@stmore, 2005)Moreover, vegetation
affects the amount of dry deposition of several pollutafiéu et al., 2012)Though, vegetation does
not only influence air quality; it is also important in climate change predictions because of its
function as carbossink(Sitch et al., 2007nd its influence on the hydrological cycle. Also on a daily
scale these processes are visible. At the same time, the climate influences the amount and
composition of vegetatiomas well(Sanderson et al., 2003; Wuat, 2012)

Several factors are important in relation to vegetation, namely the type of vegetation, the
vegetation cover and the density of the vegetation. Vegetation types differ in the amount of
emissions (e.g. agricultural crops emit little isoprenenpared to other plant typeéWu et al., 2012)
and the sensitivity to pollutants (e.¢Sitch et al., 2007)and consequently the vegetation type
influences the air quality. Vegetation types also differ in their ability to adapt to the changing climate.
For examplea distinction between C3 and C4 plants can be made, @4tiplants having a better
water use efficiency. Therefore, C4 plants are expected to compete with the more common C3 plants
under future global warmin¢Cullen et al., 2012; Powell et al., 204ty under drier coditions. It
has been suggested that C4 plants are also less sensitive to ozone d@tielget al., 2007)The
vegetation cover and density are both important in determining the magnitude of the processes
describedabove, but especially the carbon fixation.

Land use is expected to change in the future due to climate change and anthropogenic
processes, such as the need for more cropland. However, scientists do not agree on the exact
consequences. For example, thevélopment of the vegetation cover is not yet clear. Whereas
Sanderson et a(2003)found that the Amazon forest decreases in area, leading to a smaller increase
in isoprene emissions compared to future scenarios without reduced Amazon forest, W{2e1a)
claim that this is not the case. Instead, they found a large net increase in isoprene emissions. On the
other hand, Young et al2009)argue that future elevated G&oncentrations limit isoprene




emissions, leading to decreaseg-€ncentrations, though there is a large spatial heterogeneity.
Although the neeffect on ozone differs per region, which makes an assessment of the global effects
difficult, this feedback makes climate an important factor in determinigg@centrations. This
illustrates the importance of research on the feedbacks between vegetathemistry and climate.

2.3 Environmental impacts of ozone

Ozone is a gas that is produced by reactions between nitrogen oxidgsniidily from
anthropogenic sourcesand volatile organic compounds (VOCs, mainly from biogenic sources)
(Ashmore, 2005)Whereas stratospheric ozone protects life on earth framhful U\fradiation,
tropospheric ozone poses a threatttee environment anchuman health(WHO, 2006)In western
countries measures are taken teslsen emissions of N&nd VOCs. This results in reduced peak
concentrations of ozonAshmore, 2005)On the other hand, the global background concentration
seems to increase due to enhanced global BidissionsMoreover, he chemical reactions between
NQ,and VOCs (such as isoprene) depend on the ratio in vitnés® compounds are present.
Therefore, @concentrations do not only depend on Némissions, but also on the amount of VOCs.
This is regulated by the amount of vegetation, which is affected by climate change.

The environmental impact of ozone can bengigant. Plants respond to high#
concentrations by changing their stomatal behavi@dnav et al., 2012; Felzer et al., 2005)
Therefore, igh Q-concentrations reduce crop yields, both by visible injury ancebycing
photosynthesigAshmore, 2005; Felzer et al., 2005his has a large economic impact all over the
world (Ashmore, 2005)However, the degree of damage depends on several variables, such as sail
moisture and vapour pressure deficit (VRB3hmore, 2005)but also on the type of vegetation
Sme vegetation types are more setigé to ozone than others. An increase in stomatal resistance
reduces the amount of ozone that is taken up by the plant and thus limits the damage. This is
comparable with the effect of elevated g€oncentrations on the stomatal resistance found by Vila
Guerau de Arellano et a{2012) After chronic exposure to ozone, the stomatal conductance is found
to decrease by ~11%, corresponding to a deseda the photosynthesis of ~21#ombardozzi et al.,
2013)
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There is an additional indirect effect of ozone on the climataictv has recently become a
major topic for research, namely thieteraction betweerelevated @ and C@-concentrations.
Elevated C&concentrations fuel CGOfartilization and plant growth. On the other hand, ozone limits
plant growth, resulting in decread photosynthesis and higher sensitivity to pg#tarnosky et al.,
2003) Sitch et al(2007)explored the interplay between ozone and &t resulted in two
hypothesesFrst, elevated C&concentrations reduce stomatal conductancehieh limits the
damaging impacdf ozone. This means that plant productivity still increases in the future and climate




warming can be mitigated. Second, an increasestaddcentrations damagevegetation and limits

carbon fixation and C&ertilization, with a negative impact on global warming. They found that in

case of elevated GOand Q- concentrations the gross primary productivity (GPP) will increase,
although not as much as it wouldtwout high Q-concentrations (se€igurel). So ozone limits

carbon fixation, even though the reverse effects ot @@ dominant. These results are supported by
Figure2, although for some species a decreased growth is found, especially hardwood trees.
Apparently, these species are more sensitive to ozone. This demonstrates once more that land cover
plays an important role in climate change.
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Figure2: Relative effects of elevated ¢@rey) and elevated G@nd Q (black) compared to normal GOoncentratiors
for several species. Adopted from Karnosky et2903)

While research has been done on this [gphe magnitude of the combined effect of
elevated C@ and Q-concentrations is still uncertain. There are many variables that influence the
processes, such as the plant sensitivity to oz(Bitch et al., 2007gxternal environmental variables
such as soil moisture, carbon allocati@gshmore, 2005and in case of crops also the agricultural
practices (e.g. fertilizatior(Felzer et al., 2005Many of these variables are uncertain, especially in a
world with a changing climate. Nertheless, this is a very important issue because of it impacts on
climate policy.

2.4 This study

The main feedbacks mentioned in the previous sections are summarigéguire3. The
chemistry, surface and vegsion compartments are clearly visible and their connections are
identified. The boundary layer heights also displayed, but its effect on the temperature, humidity
and chemical composition through entrainment has not been depicted. It can be conchated
much is already known about these feedbacks. Especially the direct connection between air
pollutants (here @and CQ) and the temperature, as this is an important aspect of research on
climate change, and the impact of air pollutants on plant grofetig.(Anav et al., 2012; Ashmore,
2005; VilaGuerau de Arellano et al., 20)2Also the interaction between GQozone and BVOCs
(Biogenic Volatile Organic Compounds) has been examinedKelger et al., 2005; Karnosky et al.,
2003; Young et al., 2009nd the dependency of ozone on the ratio of BVOCs andAtditionally,
several variables have been identified that mediate the feedbacks betwgandxthe stomatal
resistance/NEENet Ecosystem Exchangelich as soil moisture, VRPBshmore, 2005)fertilization
(Felzer et al., 200%)nd plant sensitivityKarnosky et al., 2003\though many feedbacks and their
directions are known, they are noll guantified. Yet, quantification is important to calculate the
net effect.

10



Surface/dynamics

BVOC iy

Figure3: Main feedbacks in the boundalgyer between variables related to chemistry (squares), vegetation
(parallelogram) and dynamics (diamonddsjiive feedbacks (green arrows), negative feedbacks (red arrows), feedbacks
which can be in both directions or are unknown (blue arrows), mediating effects (yellow arrows).

This research is inspired by a study that focused on the impact of vegetatiooumalary
layer cloud formation under elevated gRixing ratiogVilaGuerau de Arellano et al., 201Z)-
concentrations will probably continue to rise as waild its impact on vegetation and climate will
become important in climate mitigation and reduction of emissiéhshmore, 2005; Felzer et al.,
2005) Although theimpactof ozoneon stomatal resistance and NEE hagsib examined, how this
affects atmospheric variables is uncleliis assumed that ozone will impact tdgnamicsn a
similar way as C{as they both increase the stomatal resistance, yet a quantification of these
impacts is necessary. Also, most of firevious research has been done on a global scale for
timescales ofears, whilehis study quantifies the strengths of the feedbacks on a diurnal
scaleAnother study that inspire@figure3 is a study about the iportance of biogeochemical
feedbackqgArneth et al., 2010)However, in their research, the authors use temperature change to
force the system to simulate the impact of/on climate change. In this study, the dfadtay is the
Os;-concentration.

Thus this study will add to the existing research by looking at the impact of ozone on the

diurnal evolution of several variables related to atmospheric dynamics, chemistry and vegetation.

Also the combined impact of eleteal 0zone and CQwill be examined. The advantage of doing this
research on a diurnal scale is the ability to identify sreadlle processes that influence the
interaction between ozone and GO
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3. Methods

In thischapterthe research methods will bexplained, including a description of the model, the data
and theresearchdesign. In addition, several parameterisations for the effect of ozone on plant
growth and their use in this research will be discussed.

3.1 Model explanation

In modelling air quatly several factors play a role, such as the land surface, chemical
interactions and exchanges of amongst others enéfmav et al., 2012)Therefore, the MiXed Layer
CHemistry (MXLCH) model is used, which includes processes in the belaygargnd at the
surface, but also interactions between the different compartments. It solve®tiolution of the
potential temperature, specific humidity, wind and several chemical species over time in-a well
mixed, convective atmospheric boundary layer (ABL). This means that all variables mentioned before
are assumed to be constant throughout tA8L (se&igured). The conditions in the free
troposphere (FT) are determined by the jump of the variable at the entrainment zone and the lapse
rate (VilaGuerau de Arellano et al., 2012)

The main equation in the model describes the evolution of a varighlever time:

o0 &

WwQu WwQL (Eql)

This equation incorporates processes at the surface (surface #ierse), in the ABL (the
boundary layer height), between the ABL and the free troposphere (entrainment fiwand the
jump of the variable at the entrainment zo ) and adwection (adv). In addition, there is an
equation that represents the development of the boundary layer height over time dependent on the
wind shear. Moreover, for each variable an equation is incorporated that calculates the jump at the
troposphere(VilaGuerau de Arellano et al., 2012)
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Figure4: Main components and variables in the atmbsphee@etationsoil system. Adopted from Vilaueau de Arellano
et al.(2012)

Soitplant dynamics are included in the model as well, represented by the radiation budget,
the surface energy bahce and the Plant Physiological Model. The latter calculates the gross primary
productivity as a function of PAR (photosynthetically active radiation), skin temperature, water
vapour deficit and the internal G@ixing ratio and accounts for the stomatanductance. This A
gsapproach is scaled up from leaf to canopy level by integrating the leaf resistance over the canopy
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(rs= 1/g) and inserting the dependence on LAI (Leaf Area In@ogda et al., 2001Pthe
important variables related to these processes are soil temperature, soil humidity and wind.

To summarize, the model can be seen as a box, that shows a diurnal cycle and the evolution
of the variables are determined by surface fluxes, deposition, emtrant, chemical reactions and
advection.In the boxchemical species are watlixed due to convective turbulence.

For the chemical part, the MXLCHbdel includes a chemical scherased on 27 reactions
that control ozone formation. The two most importargactions are:

606 QOG0 O (R. 1)
60 0°006 O (R.2)

However, also other species besides NO; &lfd Q are included, with the most important
ones being hydroxyl (OH) and isoprene (ISO). OH is important because it isdagtilierAs stated
before, isoprene is a precursor for ozone and its main source is vegetation. Therefore, OH and
isoprene are both very important species to consider when looking at ozone, especially in relation to
vegetation. Other species that are oténest are H@and HO,. The main reactions that determine
the evolution of ozone and its precursors are showRigureb.

03|
'o' { h(t) —
Wwo, ... N e ()

s

0 w0 —NO;
\ NO

W'iso’s wno.
Figure5: Main processes, chemical species and reactions thata O; mixing ratios. Adopted from Jac§b999)

The chemistry model calculates the mixing ratio of a chemical species by calculating its
sources and sinks. Sources consist of chemicaluction and emission. Sinks can be deposition or
chemical loss. Other factors that affect the mixing ratio are advection and entrainment of air with
higher or lower mixing ratios. The production or loss of chemical species by chemical reactions
dependson the reaction rates, which can be dependent on temperature, energy availability (for
photolysis) or presence of other chemical spe¢\étxGuerau De Arellano & Van Heerwaarden,
2012). For an overview of all the reactions in the chemical schemeAppendix |

3.2 Parameterisation of ozone effects on vegetation

In the current model the effect of ozone on vegetation growth is not included. Several
parameterisations have been propesin scientific literature and they all suggest that ozone
indirectly affects photosynthesis through the stomatal conductance. Three options that are
mentioned in the literature are discussed here.

The first parameterisation is the Jar8tewart approak, adapted to model ozone uptake
(see e.g(Anav et al., 2012; Ronda et al., 2001 this approach the stomatal conductargés a
function of the parameters phenologyy:), photosynthetic photon flux densitfPPFD)dign), air
temperature Qemp), Vapour pressure deficig(rg and soil moisturegswg. The conductance needs to
be calculated for every land cover type separately using this equation:




M N Q AOGQ hQ Q M N jtpnnmn (Eg.2)

where gnaxis the maximum stomatal conductance to 0zoggi, is the minimum daytime stomatal

conductance and 41000 is a conversion factor. The other variables take a value between 0 and 1
Second, Sitch et gR007)propose to adjust the net photosynthetic rafg by an uptake

factor F, which represents the reduction of the photosynthesis by the uptake of ozone. As the leaf

conductance is giverotbe a linear function of the photosynthetic ratg,is also reduced by a factor

F

5 6 "cand’Q QO (Eq. 3, 4)

where A, andgs are the photosynthetic rate and the conductance in absence of damaging ozone
effects, respectively, ang is the leaf conductance for,B (m §). However, theohotosynthesis and
leaf conductance are only reduceglhenthe ozone uptakexceeds a certain threshold for damage,
the flux Foseit (NMol mi” %), which is specific for a plant type. Also, the fractional reduction of the
photosynthesisd) due to ozone uptake is plant type spegifiecause some plants are more
sensitive to ozone than others. So the authors arrive at

O p O A & st (EQ.5)

whereO (nmol m?s?) is the flux of ozone into the stomata:

0 — (Eq. 6)

Here, 0 isthe O;-concentration at reference level (nmol ) R, is the aerodynamic and boundary
layer resistance between leaf surface and reference level'jsamdll P& Xs the ratio of leaf
resistance for ozone to leaf resistance feOHThe values @& and Fosqirare estimated from open

top chamber expgments for several plant functional types (broadleaved trees, conifgrs, C
grasses,ggrasses and shrubs) and for high and low sensitivity to ozone.

The last parameterisation is similar to the previous one, assuming that the stomatal
conductance and ngthotosynthetic rate are strongly related. Hence, the impact of ozone is a
function of the Q-uptake above a certain threshold and a plant type specific response coefficient
(Anav et al., 2011However, not only an instantaneous impaet (.s) is calculated, but also
persistent damage from earlier exposure to ozone by using a monthly mgarpgosure ks mont)-
Then the total impact of ozone on vegetatidsy is expressed as

O (Eq. 7)
which results in a GPP of
OO0 00 (p O (Eq. 8)

where GPHs the original value without gdamage. The ratio in Eq. 7 is based on w1 impacts
of high Q-levels This indicates that persistent damage is an important factor in calculating the
adverse effects of ozone on plant growfttombardozzi et al., 2013)

Although the JarviStewart goproach is widely used in hydrological models, Ronda et al.
(2001)argue that it is less appropriate for atmospheric models as the variables change as a function
of the conductance. Moreover, sevegmrameters need to be determined for each case specifically
and it is unclear whether these will change as a result of climate change. Therefore, this approach
will not be suitable for this research. The last parameterisation option is also out, becagss it
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monthly mean @exposures. The model used in this study examines the diurnal variability and there
is no information on @concentrations during an entire month. Therefore, the persistent damage
cannot be calculated. The second parameterisation esl@zone to changes in the photosynthetic

rate and is therefore very suitable for examining the interactions between ozone, vegetation and
meteorology(Anav et al., 2012)t can be used for any time step and therefore it fits well within the
MXLCH model.

So the calculation of the ozone effect is based on Egj(s2eAppendix Ifor the code). The
value of the reduction factdFcan be calculated by combining these equations into a quadratic.
When theFoz exceeds thdos iy Fis used to calculate the photosynthesis and the stomatal
resistance. Otherwise, the photosynthesis andwsétal resistance are not affected by ozone.

The deposition flux of a gas X is calculated according to the following equations:

0 O (Eq. 9)
wherewg is the deposition velocity in m's

L — (Eq. 10)

When combining Eqg. 9 and 10 the equationfebecomes similar to Eq. 6. So in f&sg§is the
deposition flux of ozone (though with reversed signs).

3.3 Case study

The MXLCH model requires the input of initial and boundary conditions for nubteyy,
surface layer and chemical species. This data is collected from a meteorological site in Cabauw (51.91
°N, 4.93°E), the Netherlands, on #5eptember 2003, which is a wetudied case (e.gVan
Heerwaarden et al., 2010)The area consists mainly of grassland, with little influence from urban
areas. The data sets include surface and upper air measurements. The Cabauw sidas tany
research purposes and therefore the data sets are very extensive. They provide all the input data
required for this model. As also upper air measurements are collected at about 200m, a good
indication can be given of the mixdayer conditionsrather than the surface conditions from screen
height measurements.

This specific date is chosen because of its calm conditions, with little influence of advection
and clouds, which results in a welkveloped mixedayer.The case is characterised byglhipressure:
clearsky conditions (10.2 hours of sunshine), no precipitation and low wind spe&iBff2average
direction of 115°) in De BilKoninklijk Nederlands Meteorologisch Instituut, 20I3)erefore, it is
representative for a typical boundary layer over welltered grassland with C3 photosynthesis and
low deposition rates due to the relatively small leaf area of grass. famieof) soil moisture can
affect vegetation, these wellatered conditions assure that the effect of drought stress duats
influence the results. In addition, the most common land use in the Netherlands is agriculture
(almost 70%¢AgriHolland B.V., 2013)f which 53% consists of grassld@dBsS et al., 2012)0
grassland represents Dutch conditions quite well.

Data on initial conditions for chemical species are collected from the RIVM, from the
measurement site at the Zijdeweg, CabaWis is the same location as the meteorological site, so
the meteorological conditions do hareate difficulties in representing the chemistry. Unfortunately,
only the mixing ratios of YQNO and N@are known. There is no information on their emissions
the emissions and mixingtios of other chemical species. Therefore, the net surface flux had to be
estimated, in which the advection term is also included.

3.4 Research design

The aim of this research is to examine several processes that detern@rezdime mixing
ratio and to examine the impact of increased ozone (ang) @fixing ratios on processes in the ABL
through interaction with vegetation on a daily basis. The sensitivity of variables related to the
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atmosphere, vegetation and chemistiy ozore will be explored by studying a range of variables. To
reach this aim several steps need to be taken.

1) Run the model for 28 September 2003 and validate dynamics, chemistry and vegetation.

2) Implementation of the parameterisation described in Sectaa

3) Examine the relative importance of chemistry and dynamics to ozone. Both chemistry and
dynamics are expected to play a role.

4) Examine the ability of the model to represent the rlimearity of the NQVOC dependency
of ozone. This is an important procesdhe ozone chemistry system and therefore a good
representation is important.

5) Sensitivity analysis on the initial @@ixing ratio to simulate future scenarios with global
warming and see what happens to variables of interest. It is expected to give caiohgpa
results to the study of Vil&uerau de Arellano et g2012)

6) Sensitivity analysis on the initial ozone mixing ratio and see what happesssiables of
interest. It is assumed that an increased ozone mixing ratio results in less evaporation, higher
sensible heat flux, increased stomatal resistance and decreased plant productivity.

7) Change the vegetation type to explore how sensitivity tonezaffects the variables of
interest. This sensitivity analysis examines the importance of land cover. More sensitive
vegetation should show a further increase of the stomatal resistance and decrease of plant
productivity.

8) Sensitivity analysis on the comiaid effect of initial ozone and G@ixing ratio and see what
happens to variables of interest. According to Sitch et28l07)the combined effect of CO
and ozone can be either that stomatal closure caused pyli@fds damage by ozone or that
damage caused by ozone limits gextilization.

As stated before, the MXLCH model will only simulate one single day simild? 8epfember 2003,

but the system will be perturbed by changing the initial conditions. Tloeeefeach run will be

similar to the previous one, except for the changes mentioned in these step3 ébdel for an

overview of the runs). In addition, several graphs are made by doing multiple runs. For dableya

16 different initial conditions are used as input, such that 256 runs are performed. The advantage of
this method is that nodinear relationships can be identifiedlhe exact initial and boundary

conditions for each run can be foundAppendicedll and IV

Tablel: Overview of runs and which processes/conditions are represented.

2003 X
O3effect X
NO/ISO X
high_CO2 X
high_0O3 X
high_sens X
high_03+C0O2 x
03+C0O2_comb X

X X X X X X X

X X X X

The high_O3 run is characterised by an increased ozone mixing ratio. This is reached by
increasng theemissionsof its precursorsThe emissions of N@nd ISO are based on the IPCC
scenarios Al and ARlakicenovic et al., 2000)
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Since ozone is expected to have an impact on the stomatal resistance and on the
photosynthesis, the evolution of the land surface is analysed by the stomatal resistgraoel(the
carbon fluxegphotosynthesis, respiration and net ecosystem exchahdej. Moreover, the CO
mixing ratio is affected by these fluxes, but also influences the stomatal resistance itself. Therefore,
this variable is also examinetlhe deposition flux is also examindgcause this represents the
amount of damage that ozone causes to vegetation.

The dynamics are evaluated by the h#laxes, temperature, humidity anboundary layer
height. These variables are able to quantify how the boundary layer develops and timekgons
influence chemistry as well. Therefore, a satisfactory representation of dynamics is a precondition to
model the chemistry.

Mixing ratios of pollutants are, however, not only determined by the vegetation and
dynamical variables. Yet, chemical cBans are also very important. So even though the focus is on
ozone, several other pollutants are calculated as well. Therefore, the evolutios) MCD NG
isoprene, OH, H{and HO; are examined. These pollutants are the most important reactants that
determine the ozone mixing ratio. The variables of interest are summariZeahiie?2.

Table2: Variables of interest per compartment.

Temperature (T) rs [CQ]

Humidity (q) photosynthesis [O4]

Latent heat flux (LE) respiration [NO]

Sensible heat flux (SH) NEE [NOJ]

Boundary layer height (h) Fos reactants/precursor$OH, 1SO,
HOG, HO,)
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4. Results

In thischapteran overviav of the results is given. First, the ability of the model to represent
the case study is explored. Then the importance of dynamics, chemistry and vegetation in
determining the ozone mixing ratio is demonstratedSkectiord.3 it is shown that the modes iable
to represent the nodinear NQ/ISO dependency of ozone quite well. In the next two sections the
model is forced with higher G@nd ozone mixing ratios and their impact on dynamics, chemistry
and vegetation is discussed. Then, the combined effeetavated C@and ozone mixing ratios is
examined. Finall\§ectiord.7 tries to identify the implications of these results for climate change
predictions.

4.1 Representation of the case study

The model is able to represent the variables related to serfaegetation and chemistry
satisfactory (sedppendix V. This is the first time that all these aspects are combined for one case
study and that the land surface is coupled with the atmosphere.

As discussed before, high Q@ixing ratios increase the stmatal resistance and this results
in higher values forsin the morning. In the afternoorrsincreases due to changes in dynamics that
limit photosynthesis, such as the PAR (Photosynthetically Active Radiation) which starts decreasing
from about 12h UTCrhe photosynthesis flux follows the evolutionrgfwhereas the respiration is
determined by soil characteristics and the friction velocity. The net ecosystem exchange is the sum of
the photosynthesis and respiration, representing the net carbon flug.riEt flux has a negative
value during daytime and this indicates that it is directed downwards, thus more carbon is taken up
by the vegetation than is lost through transpiration. This causes then®ng ratio to decrease
during the day. Moreover, airith low CQ content is entrained in the early morning. During the
night it is the other way around; there is only plant and soil respiration andGi@ds up, resulting in
a higher mixing ratio in the early morning.

The latent heat flux, which is notrited by water stress, is higher than the sensible heat
flux. This limits the growth of the boundary layer (which can grow up to 1500m under convective
conditions). The impact on the chemistry is therefore less dilution of pollutants in the #ayed
The air is quite dry and these dry conditions favour clear skies, which is supported by the observation
that the LCL is about 800m higher than the boundary layer height.

With respect to chemistry, Nuilds up over night in the stable boundary layer, which
causes high mixing ratios in the early morning. Although NO is depleted during night seemnis to
build up quickly in the early morningrobablydue to emissions by traffic or the soil. During daytime,
NG is mostly lost through photolysis (R. 1hish produces ozone. NO is mainly lost through the
reaction with ozone (R. 2), which is at the same time the largest production term 0flTN®largest
production term for NO is the photolysis of N@n important reaction in the formation of ozone (R.
1) requires the sun, so this reaction does not take place at night. Ozone loss does happen though,
which results in very low ozone mixing ratios at night. When the sun rises, ozone formation starts
and the mixing ratio increases.

The mixing ratios for isspne, OH, HEand HO, (Figure6) are compared with research from
Van Stratum et al2012)conducted in Spain. Although chemistry is location dependent, this gives
some veification of the order of magnitude. OH is mainly produced by the reaction of water vapour
with O¢D), which is a product of the photolysis of 0zone. This causes the OH mixing ratio to have a
peak during daytime. Isoprene is not produced via chemical i@@stso its only source is the
emission. Since the emission is zero during night (as is the mixing ratio), the ISO mixing ratio should
be low in the early morning, increasing to ~Jf around 1& UTC. However, the results show a
large value at RUTC. fie cause of this peak is not clear, as ISO startppt @t 6h UTC. The
evolution of HQand HO, compare well to Van Stratum et §2012)
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Figure6: Diurnal evolution of hydroxyl ming ratio (OH); isoprene mixing ratio (ISO); hydroperoxy! radical mixing ratio

(HQ); hydrogen peroxide mixing ratio {&). Lines represent model calculations.

4.2 Relative importance of chemistry and dynamics
As was illustrated irigure3, many feedbacks between chemistry and dynamics exist.
Therefore, they are both important in determining the atmospheric composition. This can be further

examined by looking at the tendency of the ozone mixing ratio for eattnest processes:
O 0O 6 0o

(Eq. 11)

whereF;is the surface flux (in this case deposition, which is <0 and thus aRirskdhe entrainment

flux, G is chemical production an@ is chemical los$z andF, are the dynamical tens that

determine the mixing ratios an@, andG are the chemical contribution®/an Stratum et al., 2012)

The land surface is included in the surface flux, as vegetation influences the deposition flux. All these
terms are depicted ifrigure?.
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Figure7: Ozone mixing ratio tendency (green) and individual contributions of entrainment (red), chemical production and

loss (blue) and deposition (cyaThe deposition is given for the constant deposition velocity used in the initial run (dashed
line) and as &z (solid line). For the run O3effect (left graph) and run high_O3 (right graph).
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The deposition is represented two times in these graphs. Thbeathline is calculated from a
constant deposition velocity that is initially included in the model . The solid line is calculated from
the parameterisation of the ozone effect (Eq. 6), which is discusseddtion3.2. The latter
representation is usedtcalculate the deposition and the ozone mixing ratio for adlrins, except
for the run 2003 (which uses the constanct deposition velocity).

A few things can be noticed when these graphs are analysed. First of all, entrainment has the
largest contribuion. This is due to the large jump in ozone mixing ratio at the top of the boundary
layer (32 ppb). The cause is that the ozone mixing ratio is near to zero in the early morning according
to the observations. Therefore, when the boundary layer starts grgwthe mixing ratio in the
boundary layer will increase fast. The largest value is reached arolmdT©, when the boundary
layer grows fastest. At the same tinthe ozone mixing ratio starts to increase, which limits the
contribution of entrainment atr 1th UTC. In case of a higher ozone mixing ratio in the rxgef,
the entrainment is lower, because the jump is smaller. In the afternoon the boundary layer reaches
its maximum height and the entrainment goes to zero.

Second, in théeft graph the clemical term is negative in the morning, indicating a net loss of
ozone up to 1l UTC. This is caused by the high NO mixing ratio in the early morning, which reacts
with ozone, but also by low production rates. AfterddTC the production exceeds the desgttion
and ozone starts to build up. For higher ozone mixing rdtight graph)Yhe chemical production is
higher in the morning, but also the chemical loss is larger. However, the production exceeds the loss
and the chemical term is positive almost thighout the run. Only after TUTC tle chemical loss
becomes largedue to an increase in the reaction with B&nd less production through R. 1.

The two representations of the deposition flux are in the same order of magnitude and
relatively small compad to the other contributions. In the morning they are limited by the ozone
mixing ratio and the relatively high stomatal resistance. In the afternoon the increase in stomatal
resistance plays a major role again. In tight graph the deposition is largebecause of the higher
ozone mixing ratio. Comparing the two fluxes, it can be argued that both fluxes give a similar
representation of the evolution of theusface flux under these conditions.

The net tendency of the 0zone mixing ratio is the sum Iahal individua contributions. For
the run O%ffect it is low in the early morning, as deposition and chemical loss balance each other.
The maximum is reached somewhat after the maximum contribution of entrainment, as the chemical
production becomes moranportant. So in the morning entrainment plays the largest role, but later
in the morning the chemistry takes over. For the high_O3 run chemistngiie important than for
the O2ffect run, but the contribution of entrainment remains largest. Therefdreah be concluded
that both dynamics and chemistry are important in determining the ozone mixing ratios. This is in
line with Figure3, but this division is influenced by the amount of ozone present in both theahd
the FT. So, for future scenarios with higher emissions of ozone precursors, these changes in
importance need to be taken into account.

4.3 Representation of the NO »/VOC dependency of ozone

Oneimportant feature of the chemistry system is the dependg of the @-concentration on
the presence of NGand VOCSSillman éal., 1990) Figure8 shows this dependency, which is ron
linear. As the (developments of) V@@issions are very uncertain, this graph is very important. A
reduction in N@emissions can increase-€oncentrations, but especially at lower V@&issions.
The thick line represents the boundary between theMl@ited regime under which higher VOC
emissions will no longer increase the ozone concentration (upper part) and theivi{D€d regime
under which an increasinNQ~emissions will have less impact on thgedncentration (lower part).
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Figure8: Dependency of £concentration on emissions of N@nd VOC. Above the think line the regime is-hi@ited;
under the think line the regimis VO@imited. Adapted from Sillman et g1990)

In this graph several areas can be identified. The upper left part of the graph represents a
rural area with lots of VO€missions from vegetation and reduced N&nissions. The lower right
part represents an area with much traffic, for example a stregtyon. Here, N@emissions are high,
but VOGemissions are low. An urban background area is positioned more or less on the thick line,
although its exact position depends on the specific situation. Here, ozone concentrations are high,
because there is nanhitation of either VOC or N&missions. Nevertheless, this is a generalization.

NOx

BVOC > 03

Figure9: Feedbacks of VOCs and,@ ozone feedbacks which can be in both directions or are unknown (blue arrows),
mediating effects (yellow aomws).

The representatiomf this nonlinear dependencypy the MXLCH model (such as illustrated
by the feedbacks iRkigure9) can be found ifrigurel0 (with NO emissionsanging from 0.@ 1.2
ppb m §', comparable to NO emissions of @.6 H i**mnalecules criis?). It showshat the model is
able to reproduce the nofinear response of ozone to NO and ISO emissions. Especially the VOC
limited regime shows the same patterYet, the NQlimited regime is less well represented.
Whereas irFigure8 the O;-concentration does not change at all with increased \é@ssions, the
o0zone mixing ratio ifrigurel0does continue to increase. A possible explanation is the use of NO
instead of NQ The result is that there is no N@mitation and R. 1 can still take place, producing
ozone.Moreover, ISO is used instead of VOCs, which might have ah@ifféte nonlinearity.

The numerical experiment is done for two different initial,@txing ratios to examine how
this pattern develops under future climate conditions, but there is little difference between the two
runs (seeAppendix Vfor high C@run). Only at higher IS@missions elevated G@duces the ozone
mixing ratio by 12 ppb.
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4.4 The impact of CO2

Although the direct impact of G@n the ozone mixing ratio seems to be limited,,@0O
nevertheless important in determining the ozone damage by its influence on the stomatal resistance.
Thestomatal resistance for the initial run and for elevated,@@ displayed ifrigurell. As
expected, the stomatal resistance increases under highem@xing ratios. The photosynthesis gets
larger (dashed lineput the soil respiration is not affected significantly.

260

2401\ — 2003
2200\, high_C02
_200f N\
£ 180 \\(‘

£ 160
140
120
100

80.

14 15

F. (mgCm*s ')

|— Phot — Resp — NEE]

7 8 9 10 11 12 13 14 15
Time (h UTC)

Figurell: Diurnal evolution of stomatal resistancg)(the carbon fluxes photosynthesis (Phot), respiration (Resp) and net
ecosystem exchange (NEE). Lines represenefreadculations for the run 2003 (red line) and for run high2 (cyan) and
black triangles are measurements. In the lower graph the full lines represent the run 2003 and the dashed lines the run
high_CO2.

The consequences of the increased stomatal taste are shown ifrigurel2. The mixed
layer gets drier and warmer, which limits the presence of clouds. These results correspond to the
results of VilaGuerau de Arellano et g2012) The chemistry is also slightly affected by, CO
(Appendix V), mainly through dilution due to the larger AB&ight. However, boundariayer
growth causes entrainment of ome-rich air, counteracting this dilution.
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4.5 The impact of ozone

The effect of ozone on the ABL dynamics and carbon fluxes is not significant, as the changes
in stomatal resistance are very smdlhe reduction factoFreaches values of about 0.999998, which
causes nossignificant changes to the stomatal resistance and photosynth€kerefore, the effect
of ozone is examined by looking at the; fleposition fx) compared to the critical threshold.
Whenever this threshold is exceeded, ozone causes damage to the plants. The diurnal evolution of
Fosis displayed irigurel3for different runs. For simplicity the fluxtaken positive downwards (in
contrast toFigure?).
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Figurel3: Diurnal evolution ofozfor run O3effect (green), high_03 (blue), high_CO2 (cyan) and high_CO2+03 (red). The
critical threshold is represented by the black dashed line.

The implementation of the ozone effect shows that the critical threshold is exceeded from
11h UTC until after 15h UTC. The maxinfggis about 0.14 ppb m’s At this point, the ozone
mixing ratio has almoseached its maximum. Since the stomatal resistance is still relatively small,
the damage is large (séégurel4). For the high_0O3 run, the maximum of over 0.16 ppb'is s
reached a bit earlier and damage als@w for a longer time period, caused by the higher ozone
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mixing ratio. For higher plant sensitivifis; does not change, so this run is not shown in the graph.

Its evolution is exactly the same as high_0O3. However, the reduction factor F is smallghfeeins,
thus theoretically affecting the photosynthesis more. Nevertheless, the reduction is still too small to
be visible on a diurnal scale.

> —Ei i

Figurel4: Feedbacks of ozone and 8D stomatal resistancepositive feedbacks (gen arrows), negative feedbacks (red
arrows)

The other runs, which include a higher @xing ratio, show a lowefoz Both runs barely
even exceed the threshold, which means that almost no damage occurs, due to a reduction of the
stomatal conductance €& Figurel4). The run with higher ozone mixing ratios (high_C0O2+03) shows
a higherFo;compared to the run with only an elevated Q@ixing ratio (high_C0O2). So it can be
concluded that increased G@duces the dmage caused by ozone. This is in agreement with Eq. 6.
Figurel5depicts the bzagainst the ozone mixing ratio. Here it shows that, even though the
evolution of the 0zone mirg ratios are the same for @fed and high_CO2 (with values of"25
September 2003) and for high_0O3 and high_C02+03 (with increased mixing ratiég)jtlcecases
faster when the C@mixing ratio is lower. This supports the claim that a higher 8i®ing ratio
protects vegetation to dmage caused by ozone due to the increase in stomatal resistance.
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Figurel5: Fozas a function of the ozone mixing ratio for run O3effect (green), high_0O3 (blue), high_CO2 (cyan) and
high_C02+03 (red). The critical threshol@resented by the black dashed line.

In Sectiond.3the NQ/ISO dependency of ozone was analysed. To explore the dependency of
the deposition flux and ozone damage to Al ISGemissions and GOsimilar plots are made for
Fos (Figurel6). It shows more or less the same pattern as the ozone dependency, although the effect
of CQis better visible in these graphs. Not only at high-&@ssions, but throughout the graph the
Fosis limited by C@ The range of valiseofFyzis smaller for higher G@nixing ratios and it starts
with lower values. Moreover, there is a larger area where no damage occurs (below the dashed line).
This impact of C{n dry deposition of ozone is important in the future climate.
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4.6 The combined impact of C O, and ozone

The two previous sections have shown the impact of elevateta@@®ozone mixing ratios on
dynamics and vegetation. However, as both mixing ratios are expected to increase, it is more
important to know how they interact-igurel8shows theFyzas a function of COnixing ratio and
ISGemission at two different times. Ozone determines thgthrough two feedbacks (feedbacks 1
and 2+3 irFigurel?). Yet, the scond path is not significant, as stated before, thus only feedback 1 is
of importance. The situation at 10h UTC shows lower ozone mixing ratios and thus lower values of
Fos. The threshold is exceeded only at higher-&@ssions (above the dashed line).18h UTC the
ozone mixing ratio has almost reached its maximum and there is a larger range rofX@{Q ratios
and 1ISO emissions at which the critical threghislexceeded. The implicatiomi®re deposition and
thus more damage to vegetation. Howevtite impact on the ABL and its dynamics remains
unsignificant.

|

Figurel?: Feedbacks of ozone and L€ presenting the hypotheses of Sitch et(aD07) positive feedbacks (green
arrows),negative feedbacks (red arrows)

The flux also depends on the Q@ixing ratio, because of the impact of & the stomatal
resistance (feedback 6 Figurel?7). This is clearly shown in the graphs, where a higl® mixing
ratio reduces the ozone deposition flux. Interestingly, this reduction is larger at higher ozone mixing
ratios. Probably, the absolute reduction is larger in that situatidrhoughthe relative reduction is
equal for all mixing ratios (see ), around 32%, since the stomatal resistance is more or less the
same at constant Gnixing ratio.
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Figurel8: Fozat 10h UTC (left graph) and 13 UTC (right graph) as a function of inifiadixi@y ratio and 1S@mission. Te
full black lines are ozone mixing ratios. The black dashed line indicates the critical threshold.

Moreover, in the lower part of the G@nixing ratio range the effect is larger than in the
upper part of this range. This indicates that an increase yn@xng ratios results in a decrease of
the ozone deposition flux, but in a slower pace as the IBi®ing ratio gets larger. This is because the
relation between the COmixing ratio and stomatal resistance is suggested to belmaar for
certain plantspeciegMaherali et al., 2002and the result is a notinear response of théyzto CQ.

At larger ISO emissions, the 0zone mixing ratios decreas&pmixing ratios increase. This
is due to the larger boundary layer depth, which causes dilution of pollutants. On the other hand, the
opposite is true when the ISO emissi@ml 0zone mixing raticgre lower. Then ozone mixing ratios
are even a bit lgher at higher Cmnixing ratios. This is due to the entrainment of ozaiah air,
which has a larger impact when mixt&er mixing ratios are small. As stated before, the impact of
ozone on the stomatal resistance is not significant. However, it has sleewn in other studies that
at larger scales this feedback does play an important role({@pbardozzi et al., 2013)n that
case, the larger stomatal resistance is, basethendecrease in the deposition flugss, expected to
cause an increase in the ozone mixing ratio (feedbacks 2 diduel7). This will reinforce the
increase of ozone at low ozone mixing ratios and oppose illnéa@h at higher mixing ratios. So, the
o0zone mixing ratio might increase further, causing more damage and thus limiting the damage
reduction by higher CQevels.

These graphs support the first hypothesis of Sitch g8l07) i.e. the idea that a rise of the
CQ mixing ratio limits ozone damage, at least at a diurnal scale (feedbacks GimfigBire 1Y.
Their second hypothesis, which consists of feedbacks 2, 4 and 5, cannot be confirmed or rejected.
The verysmallchangein stomatal resistance caused by ozone does not affect photosynthesis and the
CQ mixing ratio significantly, as shown before. Nevertheless, this process might play a role on larger
scales, especially when persistent damage is includeddaleting the stomatal resistand@nav et
al., 2011)

4.7 Implications for climate change predictions

Even though these results do not show a significant impact of ozone on dynamics, it has been
argued by many researchers that the impatbzone on the climate needs to be incorporated in
climate models, as it might have a significant impact on carbon fixation and thus indirectly on how
effective emission reductions will be. However, it has also been argued that the exact impact is
unclear, as there are several processes involved that are uncertain. Ohesé processes is the
dependencyof the ozone mixing ratio on N@nd VO@missions. Especially the future emission of
VOCs is very uncertain, as climate affects the amount and typegetation, but also the impact of
elevated C@concentrations on this notinear process.
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Also other processes, that are influenced by climate change and are not considered in this
research, can have an impact on vegetation and chemistry. For exampighdrstress, which might
occur more or less often due to climate change, can affect the plant sensitivity to ozone. Also clouds,
which are expected to become less abundant under elevatedh@iXing ratios and higher
temperatures(VildGuerau de Arellano et al., 201®)fluence chemistry througtheir impact on
photodissociation processesisitig temperatures can also affect the rate of chemical reactions.
Moreover, the deposition flux of ozone will be affected by climate change. As discussed before, the
stomatal resistance is increased by the rise in @iRINg ratios and this affects the ozone deposition
flux, but also the aerodynamic resistance (see Eq. 6) miglaffected by changes in the wind speed.

All these processes make it difficult to model the future climate and chemical conditions, but
they need to be consideregeverthelesso make a reasonable prediction. As stated before, the
spatial scale of the el is rather small, which means that these laggale impacts of climate
change can only be included by boundary conditions. However, as long as the consequences of
climate change are uncertain, these boundary conditions are difficult to estimate.
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5. Discussion

In this study the impact of ozone on atmospheric dynamics, chemistry and carbon fluxes is
examined. The results indicate that ozone causes damage to vegetation (when the deposition flux
exceeds the critical thréwld of 5.0 nmol i s), but its impact on dynamics is not significant on a
diurnal scale with a reduction factor of 0.999998 for the stomatal resistance. Moreovgis @0Ond
to limit this ozone damage by reducing the stomatal conductance.

This reseech has demonstrated the ability of the MXLCH model to simulate this particular
day very well for carbon fluxes, dynamics and chemistry, while the model is quite simple and
relatively easy to use. Alsthe simple chemical scheme proofs to be sufficiensitnulate the ozone,
NO and N@mixing ratios throughout the day. In addition, the ability to do multiple runs has proven
to be very useful for the sensitivity analyses and can be used to identifimemar responses and
other new insights. Moreover, themodel is able to represent the ndimearity in the NO/ISO
dependency of the ozone mixing ratieasonablywell.

Unique to this study is that the diurnal evolution is used for the sensitivity analysis on how
future (climate and chemical) conditions affettmospheric dynamics and chemistry, rather than a
global longterm model. In fact, the results show how this specific day will look like under changed
ozone and COmixing ratios. This gives unique insights in the interaction gfad® ozone, as small
sale processes are also included and differences throughout the day can be identified.

The damage to vegetation caused by ozone is clearly illustrated in this research, even under
these relatively low ozone mixing ratios. Also, the reduced damage causdeMayed C@mixing
ratios, and how this is influenced by other factors, is demonstrated. This is very important for the
future climate. Finally, the evolution of the dynamics and carbon fluxes under elevatadigiy
ratios are in agreement with the sellts of VilaGuerau de Arellano et g2012)and the ozone
tendency with the results of Van Stratum et @012)

There are also several points for consideration. The lack of data on the emission/deposition
of NO, N@and Q and on mixing ratios and emission/deposition of OH,,HE0, and ISO made
validation difficult.These initial and boundary conditis had to be estimated in order to get a good
fit with the data and, where possible, they were dalied with existing literature, whilehemistry is
locatiornrdependent. Yet, the order of magnitude of these input values are realistic. Additionally,
advecton is not included for simplicity, but it could have an impact on the mixing ratios. Therefore,
the net flux is estimated and adapted to give the best fit with the measured mixing ratios.

Another issue with the validation of the chemistry is the fact tie RIVM measurements
are done in a hut at ground level, while the model uses miagdr mixing ratios. This gives a bias
that is expected to overestimate the mixing ratios, as surface emissions can result in high measured
mixing ratios. However, the dg evolution is more important in this research than the exact mixing
ratios. Therefore, the RIVM measurements are used nevertheless for validation. Thesdayéted
values are also used to calculate the ozone deposition flux, rather than at the lieahersurface
layer. This might result in an underestimation of the flux.

The stomatal resistance calculated by the madedpendixXV) is low compared to a study by
Anav et al(2012) about 110 s Mand 450 s mrespectively in September. Their resistance is not
specified for particular land surface characteristas they use an average over 460N in 2002.
Different plant species have different resistances, also depending on the weather conditions (e.g.
(Brauman et al., 2012; Brimelow et al., 201@nd this might causthese differences. This low
resistance also results in a high deposition velocity: 0.007 used in this study versus 0.0025 i s
found by Anav et a(2012) They argue that a lower stomatal resistance results in more uptake of
ozone by the plant, thus a higher deposition rate.

The NQVOC dependency iRigure8is simulated by the model as NO/ISO dependency. The
NG-emission is used instead of N& the latter is not represented in the model. Also, VOC is
displaced by I1SO for the same reason #reimodel is forced to rezh ozone mixing ratios of more
than 120 ppb. However, this translation into ISO and the use of the net surface flux of NO makes it
difficult to position theparticular case of 25September 2003 iffigure8. The dfficulties of the
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model with representing the N@imited regime can be the result of the simple chemical scheme
used in this research and/or the differences in response to VOC and ISO. Moreoyeill Nt be
present in the N@imited regime (in comist to the NQ-limited regime)and ozone production can
continue atthese lowNO mixing ratios.

The ozone damage is shown by plotting tgand its critical threshold. This is done because
the values for the reduction factdfare so small, that thisfeect is not visible in the graphs of
dynamics and vegetation. This does not mean though that the effect is negligible in climate
forecastingIn this study only one particular day with not particularly high ozone mixing ratios and
only grassland is usedihe results can be quite different for other vegetation types or other
meteorological conditions (such as drought stress). Moreover, persistent damage by ozone is not
included, since this is not possible when looking only at one day, whilmigfg resut in more
damage and thus a larger impact on dynamics.

One of the hypotheses of Sitch et @007) the idea that elevated G@auses stomatal
closure and that this limits the damage caused by oz®igure 17)can be confirmed with this
research. The second hypothesis, that stomatal closure due to ozone limits carbon fixation, cannot
be confirmed. However, this is due to the fact that the reduction factors are small and ozone only
causes a very small redign inthe stomatal resistanceOn a larger scale, this second hypothesis has
shown to be plausible as well (Figudeand 2.

This illustrates how difficult it is to translatiee results of this research into an impact on the
global scale and how this should be considered in climate models. The processes mentioned in
Sectiord.7 also show that the climate system is extremely complex and that a lack of knowledge on
processes anthck of data can affe¢he accuracy oflimate predictions significantly. Nevertheless, it
has been demonstrated that damage does occur and a higher stomatal resistance will have an impact
on dynamics. It has also been shown by other studies that ozam&agde reduces carbon fixation.
Therefore, changes in the ozone mixing ratio need to be taken into account in climate predictions.

Other types of vegetation (e.g. C3 versus C4 plants) and atmospheric conditions need to be
examined to identify how the int@ction between ozone, G@nd vegetation will be influenced by
the changing climate. This incorporates changes in land cover, temperature, precipitation, emissions
of ozone precursorset cetera. Moreover, more research needs to be done on how isoprene
emissions will develop and how they are influenced by the climate andICi@as been argued that
CQreduces isoprene emissiofigoung et al., 200@9)nd this can reduce ozone damage to
vegetation, which can in turn increase isoprene emissions. However, these feedbacks and their net
effectneed to be quantifiedMoreover, for a good representation of these feadks, the
representation of the N@QVOC dependency of ozone needs to be improved, especially the NO
limited regime. This study could also be extended to a larger scale to examine how ozone affects the
climate through interaction with vegetation and wheththis significantly influences the dynamics.

So far, this has only been done for carbon fluxes. It would be interesting to study whether ozone is
able to reinforce the impact of GO
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6. Conclusion

The aim of this research is to examine thesnaction between ozone, GOregetation and
atmospheric dynamics on a diurnal scale. The focus is on the impact of ozone on processes in the ABL
through interaction with vegetation and the combined effect of ozone angddd@hese processes
and interactiors. The sensitivity analyses on a diurnal scale help identify-soadé processes that
influence thesanteractions

The results show that indeed chemistry, dynamics and vegetation are important in
determining the ozone mixing ratios and its diurnal exian. The exact importance depends on
several factors, such as the ozone mixing ratio itself and the boundary layer growth (which can be
influenced by the COnixing ratio). An accurate representation of all these variables and processes is
thus importantto simulate the chemistry. The model has proven to be able to represent the
vegetationdynamicschemistry interactionsufficientlyfor this particular case study, but also the
non-linearity of the NQVOC dependency of ozone can be simulated. HoweverN@-limited
regime is less well represented.

On a diurnal scale, the impact of ozone on the dynamics is not significant, in contrast to the
impact of CQ Therefore ozone damage to vegetation is made visible by plottingRhand it is
shown that ozoe damage does occur during part of the day. The ozone mixing ratio and the
stomatal resistance are the most important factors in determining this damage, whern@® the
damage by increasing the stomatal resistance. However, the strength dédulsackdepends on
the exact value of the G@nixing ratio. The ozone mixing ratio might increase, due to less deposition,
and this can increase the damage. The plant sensitivity does not affeEsghaut a higher sensitivity
couldcause more damage by im@sing the reduction factdr.

To be able to extend this research to the consequences for the global climate, some other
processes need to be examined and included, e.g. persistent ozone damage, land cover changes due
to climate change and the influencé drought stress.
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Part Il: The impact of different problem definitions and the use of science on an
air quality conflict in Utrecht

1. Introduction

Air quality is becoming a major issue in environmaépolicy making, because emissions of
air pollutants have been increasing rapidly over the last decédashosky et al., 2003jigh
concentrations of many air pollutants, such as ozone, fine dust anc&i@ownd to correlate with
respiratory diseases (e.Badyda et al., 2013; WHO, 200&ardiovascular diseases (g4tkinson
et al., 2012; Qiu et al., 20)3nd even a decese in life expectangyVHO, 2006)Also, as has been
concluded in the first part of this report, air polluti@affects the climate. Therefore, the European
Union has set goals for a range of pollutants that all member states need to meet, or at least take
measures to do s(EU, 2008)

In order to monitor the air quality in The Netherlands, the RIVM (National Institute of Public
Health and the Environment) uses a network of measurerstations to determine concentrations
of several air pollutants for the entire countRIVM, 2013)Also, models are increasingly used
monitor the air quality. Whereas a measurement gives the exact concentration at one location over a
certain period of time, a model calculates the concentration based on a large range of input variables
for a larger area. The RIVM publishes a reporth@nDutch air quality on a yearly basis (Jaaroverzicht
Luchtkwaliteit(RIVM 2012).

Models are also used in environmental decisioaking, because running models is cheaper
and easier than doing measurements and models can be used to make future predictions. As the
public increasingly demands for scientific knowledge in sibuatthat are of personal interegPetts
& Brooks, 2006)local residents are increasingly disposed to model calculations. However, their
interpretation of models has not been examined thoroughly. Often, modelsdecseveral
assumptions and uncertainties, such as uniform emission factors or the amouaffaf at a certain
location. Theyan make decisiomaking based on its outputs doubtful, or at least cause conflict
between the decisiomnmakers and local resights that are affected by such decisions (€Byuin,

2012). Yet, these assumptions are necessarsitoplify the model, e.g. because the spatial

variability is too large to capture in the model. Nevertheless, these assumptions do not always match

the local knowledge of residents and that makes them criticize the model o(¥aarley et al.,

20030 Ly (GKA& O2yGSEGEZ NBaARSyida INB wWft20Ft SELISNI
speed of 50 km/h, whereas local residents know thabple often speed in their street.

Wagner(2007)has argued that people are eager to take part in social exchange. However
make a point, scientific knowledge can be seen as useful or even crucial. Therefaents-
especially those in larger cities and nearby other sources of pollutiamneasingly perform their own
measurements, for example together with Milieudetie. But there are also many other
F2dzy RFiA2ya FYR OAGATSyaQ AyAdAldA@Sa GKFG FAIAKDG
Groene Metropool. The formation of such foundations and initiatives indicates that residents are
regularly unsatisfieavith the current situation and how e.g. the municipality deals with it. This
results in little support for prospective measures proposed by the municipality. Creation of more
support and legitimacy can be reached by involving residents in environmenialatemaking. Not
only does participation lead to more legitimacy; Infir®99)also mentions that to attend to lay
LIS2 L SQ& @A S g a-muking rBokie effeétie. ARSEtOMRIE, keBigents have knowledge of
local issues that experts do not possess, so they can lacadd useful knowledge to the decision
making procesflrwin et al., 1999; Petts & Brooks, 2006; Yearley, 2G00kxamplevhichstreets
are used as shoututs

Although much research has been done on puldidipipation, only few projects actually use
local knowledge. Often, projects are aimed at raising public understanding and education rather than
using local knowledge in decisiomaking or research projec{€atlinGroves, 2012) This seems to be
GKS NBadzZ G 2F (62 T O 2 N2t & BrBdkiSNUGH Nat BAsSthat 2y | &
lay knowledge is seen as subjectara thus less reliable, and the discrepancy between the
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perception and interpretation of models and uncertainties by the public and scie(fistsver et al.,
2003; Yearley, 1999)

So, the increasing importancelofA NJ lj dzl £t A& F2NJ Lzt A0 KSIf (K
with the situation indicates that air quality is a potential source for conflicts. This means that the
public will be increasingly exposed to modaisl there will be interaction between many fdifent
stakeholdersYet, there is a lack of knowledge about the public understanding of models. Therefore,
understanding the differences betweetakeholdersn how they interpret scientific knowledge or
model output is essential. Moreover, resideat® thought touse a broader definition adir quality,
including measureas noise, which is deemed unimportant by other actors. This could results in a
discrepancy in the information need oértain stakeholderand the information provided by
scientists. Tis is also true for the provision of uncertainty information, which is required by
residents, but preferably not given by scientifsewer et al., 2003)

Analysis of such differences between several stakeholders in a conflict can give insight in how
conflicts about local environmental issues arise. The main quesdioswered in this research are:

- How b stakeholders construct air quality issues?
- What are the implications for the causes and solutions of air quality conflicts?

Much research is done on the use of public involvement, the acceptance of a new
technology, et cetera, which identified several causes for conflict. However, an air quality conflict has
not been examined yet to identify such causes. Although this research will focus on one particular
caseabout air quality conflicts in Utrechthhis report can serve as a guideline for e.g. decision
makers in improving the dialogue.

The aim of this study is to improve the insight in how conflicts arise, which factors determine
development and how thesdisturb the communication process between the stakeholders. Tl
mightenhance the quality of and support fenvironmental decisions and improve the dialogue¢

In the nextchapter, existing knowledge relevant to this research is discussed. This theoretical
framework contains current research on pukdicientists interaction, public understanding of
scientific knowledge and models, the perception of risk anceutainties and causes of public
concern, including the explanation of important concepts. Finally, the research questions will be
further specified. The research will focus on one specific case study, which will be explored in
Chapter3. Furthermore, themethods used in this research will be explained, including participants
and measures. Sersiructured interviews are used to examine the wider context of the case and the
results from these interviews are analyseddhapter4. Thisstudyends with a disession of the
results and the recommendations that follow from them.
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2. Theoretical framework

In thischaptercurrent research that is relevant for this study is discussed. As this research
focuses on differences between stakeholders, thiapter starts with an analysis of different types of
1y26t SRAS IyR K2¢g GKS Lzt AO IyR aOASydGAada @ASyo
scientific knowledge and models are of importance, so the understanding of this knowledge and how
this differs anong stakeholders is analysed. The same holds for uncertainties, which are inherent to
models and difficult to interpret for many individuals. Moreover, causes for public concern, which
might be causes for conflict, are identified. Finally, the researd@stipns will be further specified.

2.1 Scientific and public knowledge
In order to understand how individuals construct and understand certain issues, it is
important to characterise their knowledge. However, in a debate, also how stakeholders construct
SIFOK 2G0KSNRa (1y2¢fSR3IS A& 2F AYLRNIIFIYyOS:E |a (KAa
information of other parties.

Characteristics of scientific and public knowledgdthough the term layexpert interaction ioften
used, lay knowledge can also eea as expert knowledge, as residents can be experts on local
circumstancegPetts & Brooks, 2006 herefore, the term publiscientist interaction seems more
appropriate. In the remainder of this report these terms will be used. Petts and B@OK®)state
GKIFG aO0OASYGATAO (y2s6fSR3IS Oy 06S O2yaAiARSNBR & Y
ted SR YR dzaAAy3 RAA&GAY (Retts@Brooks PoR6y1A4Ee & othery A G & 3
KFEYyRX Llzot A O 62 NJ 2 Nibedl iff todBoh sehsgrdré caSull, DShaps@ver? © X 8 0
ASNBYRALRAG2dza x> & LIS O @etls & Brébks 72005 dodayewikdowviédgelnid? dz3 K i F dzt
insights are constantly added to this everyday knowle@agner, 2007)

From these definitions one can conclude that scientific knowledgeis wbjective than
public knowledge, with the latter being based on experiences. However, both types of knowledge are
socially constructed through interactigPetts& Brooks, 2006and also the public uses scientific
knowledge in everyday communication. Moreover, environmental issues are socially defined,
because they are a result of negotiation and interpretation. For example, how air pollution is defined
differs, where residents also include noise, dust and odour besides concentrations. Moreover, air
guality norms are developed to protect public health based on scientific research, and with this
decision other issues, such as the environment, are excludethé@social constructions are not
simply wrong or rightthey serve differensocialpurposes

Use of public knowledge and involvemeriixample of theoretical frameworks that relate scientific
and public knowledge are given by Yea2§00) The first framework he explores is one proposed
by Funtowicz and Ravett991)and itsuggestsi K ¢ G KS | Y2dzy i 2F waeaaasSvya
scale of decision stakes influence the way in which policy issues are dealt with. The author stresses
that local knowledgés of great importance and that involvement of the public is beneficial in
creating knowledge of a problem. The public can criticize scientific knowledge and as such enhance
the quality of the claims.

The other framework that Yearley mentions is aboutaymf uncertainty in scientific
knowledge, proposed by Wynir{#992) Wynne argues thatbesides risk, uncertainty and ignorance
whichare related to shortcomings in scientific knowledghere is something called indeterminacy.
This means that some systems are unpredictable because they depend on undetermined social
behaviour. The strength of public involvement is, according to Wyitna the public can be more
knowledgeable about how these systems function than scientists and can thus assist in making more
effective decisions.

So, in fact, local residentsnhave more knowledge of local circumstances and the context
in which solutios have to be implementeflrearley, 2000).e. residents can be local techalic
experts(Petts & Brooks, 2006According to Willett et a{2010)local knowledge consists of
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experiential and cultural context, insights and expertise which is revealed through interaction
between the public and scientists. This can increase the quality of dec{Strisg, 2006)

Additionally, it has often been said that dsiagn-making without consultation with the
peaople affected by those decisiomsnot very effective. People usually object to these decisions, if
even just as a matter of principle. Therefore, public participation can create supfeatley et al.,
2003) Moreover, several authors argue that public participation enhances democracy and defines
new rules and regulations to facilitate effective allocation of resources and coordination of activities.
(Petts & Brooks, 2006; Stirling, 2008he final reason for public involvement is to sustain or restore
trust of the public and justify decisior{Stirling, 2006)

Expert view on public knowledge and lack of public involvemdsased on these frameworks, one
can argue that public knowledge is important and the public should be involved in local
environmental decisioimaking. However, in préice this does not happen very often, or at least not
very actively. Two reasons for this are mentioned by Petts and B{@0k§) First, they found that
air quality oficers construct public knowledge assunderstandingbecause that knowledge is based
2y WYadzo2SOGABSQ SELISNASYOSa NI GKSNI Ky w202S800hA
the public uses a wider definition of air quality and they pretelimit public participation to
information provision. They attribute little value to public knowledge and seem to hold on to the
Yiy26f SRIS RSTFAOAG Y2RSt Q>wapgckmnbicatioNiBrdztiantisiskol (i i K S
the public and that the phlic is unable to take part in scientific debates. When the public does not
respond correctly to the information, this is because they have a poor understanding of science
(Hansen et al., 2003However, when residds are highly affected by a decision, scientists agree that
the public simply has the right to be involved. This does not mean, however, that their knowledge is
deemed important. It rather creates awareness and support and promotes understanding. A second
reason for a lack of public involvement, specifically related to air quality issues, is that the public
takes little responsibility for air pollution problems. They are likely to transfer the responsibility for
action to the government or the industry.
A project which does include public participatiorelsaminedby Yearley et a[2003) In
several cities in the UK, residents were asked to discuss air pollution problems and possible policy
responses and locate higisk areas on a map. This method is ®lle WLJ: NJi A OA LI he2 NB Y2 RS
maps created by this method show overlap with maps crédig a model. They identify the same
areas as highisk. Yet, this research also shows the importance of context. For example, cyclists
riding through standing traffic claim that the air is more polluted than what the models show.
Although it could be arged that the model results are in this case good enough, the maps created by
residents also contain empirical claims that can assist in deeisaking. Besides, the involvement of
residents can increase support for these decisions.

Public view on scientifi knowledge . The public also constructs scientific knowledge in a certain way
but this is not necessarily consisteiwo perceptions of science are identified in the PABE report
(Marris et al., 2001)The first vision is science as neutral and autonomous, which means that it
creates neutral knowledge and scientists are driven by curiosity and passion. The second vision is
science amfluenced by society, which means that scientists are sensitive to profits and other
constraints. Both visions exist, depending on the context. The context is also important in the
valuation of messages, for example the company or organisation behinddélssage and whether it
is trusted or notYearley, 2000Moreover, the pubti can criticise model results that do not have
enough detail to clearly identify small scale variati¢idstts & Brooks, 2006)n another case study
the importanceof construction in publiscientist interaction is also shovw{lrwin et al., 1999)
Thedifference inhow knowledge is produced and evaluatsdexactly what makes
communication between public and scientists so difficult, according to Irwin €399) Whereas
scientists ague that the public finds it difficult to decide what is relevant or not, residents criticise
scientists for their narrow view in which they ignore important aspects of environmental problems in
everyday life.
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2.2 Science, models and public understanding

Petts and Brook&006)claim that the public increasingly demands for scientific knowledge.
Therefore, an analysis of how this knowledge is interpreted is crucial. Moreover, this knowledge is
more and more created by models, which brings along its own difficulties.

Public demand for and understanding of scien€mne reason for this increased demand for scientific
knowledge is the eagerness to be able to participate in social exchange and disewans if the

facts are not scientifically corre@Vagner, 2007)People use metaphors and images to construct a
social representation abouteissue, called vernacular science knowledge. Such knowledge can
contain contradictions, as it depends on the social context, but is used to gain access to the debate.
What is accepted as evidence depends on the context and is rooted in culture and bbhedsl

However, this vernacular science knowledge is not related to more knowledgeable lay people that
have a personal stake, as these people can create local knowledge that is more useful than scientific
knowledge.

Even though people all use scientimowledge, his does not necessarily mean that public
interpret thisin the same way as scientistscan be shaped bgifferent goals and concern$luch
research is done on public understanding of scientific knowledge and uncertaibtes been
shown, for example, that rejection of certain information can be the result of spoidical concerns
or distrust rather than that the information is not corre@flarris et al., 2001)

Models and their increased us@&he increasing use of models is the result of a number of
improvements, e.g. more is getting known about important processes and feedbacks in the system
(e.g.(Bony et al., 2008) increasing computer power makes more detailed models possible (both in
number of processes or time and spatial scales) (8an Jose et aRP00); andmore data is

available to validate the models, e.g. with the development of remote sensing. Besides in scientific
research, models are also increasingly used in environmental decis&img. But what exactly is a
model? Several definitions tie wordmodelexist, e.qg.:

1) W schematic description of a system, theory, or phenomenon that accounts for its known or
inferred properties and may be used for further study of its characterigfeslex Inc., 2013)

2) W simplified description, especially a mathematical one, of a system or process, to assist
calculations and predictiorgOxford University Press, 2013)

3) Wraphical, mathematical (symbolic), physical, or verbal repretientar simplified version
2T I O2yOSLIiI LKSy2YSy2y> NBfIiA2yaKALZ &id NHz
{AYyOS Y2aild 202S8S0Ga IyR LKSy2YSy2y N3 @OSNE O;
be comprehended in their entirety, a model cansonly those features that are of primary
AYLRNI YOS G2 (KS YeM®GihancéInd., 803)a LIdzN1LI2 &S wX8Q

The scale of the model is important, because it determines which processes are explicitly
included, which are parameterised and which are accounted for by boundary \(&8lcieisinzen et al.,
2011) In the complex climate system there is a hierarchy of models based on the level of
simplifications. This makes research on all scales possible, but it also increasesgiexity for the
public to understand the models and their output. Although increasing computer power makes more
complex models possible, scientists also want to make predictions further into thefatwon
smaller spatial scales.

Public understandig of models Most research done on the public understanding of models is
related to the characteristics of models, which can be deduced from the defindiomge Although
those definitions have different sources, they are all quite similar. One impoaeement is that a
model is a simplified representation of reality. This means that assumptions and parameterizations
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are an inherent part of models, because processes are unknown or unspecified and there is restricted
computer power. This leads to comos among the public about the amount of measurements

related to the resolution of the model and the assumptions made in the m@tits & Brooks,

2006; Yearley et al., 2003)

A second interesting aspect is thevioer of the model. The third definition touches on this by
mentioning that only those features that are important to the owner are incorporated in the model.
This shows that the argument that knowledge serves a purpose is also true for models. They are not
simply wrong or right, but they are not complete. This can also be related to the input data, for which
assumptions and simplifications have to be made as well. Choices have to be made and these are
steered by the purpose of the model and its owner. Hogrewhen the owner is not trusted, the
model results will be perceived as less trustworthy. It has been argued that in case of personally
NEf SOyl AdadzSaz Lzt A0 dzyRSNAGFYRAY3I A& SaLISOAL
scientists or scierfic institutions behind the moddlYearley, 199%nd the communicator@irwin et
al., 1999) For example when other issues, such as mobility, are deemed so important that it
overrules the output of the mod€lrearley et al., 2003)

Thirdly, the definitions above all describe a model as something that stands on its own and is
only influenced by scientific knowledge, i.e. what is or is not known about the system. Yet, for a
model to be effectivelysed in reaworld situationsand policymaking the context is important as
well. This means that local knowledge about the situation, for example the presence of public
GNF yaLRNIG a FEOGSNYFGAGS F2N 2y SQatoaprgble®l NE OF y
(Petts & Brooks, 2006Moreover, use of local knowledge can increase support as residents are
concerned about input data that does not correspond with what they believe is(¥faarley, 1999)

At the same time, scientists need to consider the implicit assumptions they make about the social
context in which the model will be us€dearley, 1999 or exampleassumptions can be made

about the about the compliance of car drivers with spdiedts. This also relates to the term
indeterminacy discussed before, because the results are affected by undetermined social behaviour.

In everyday conversations, people make use of both experiential and scientific knowledge
and they value the contribitins of science to improve the quality of life by generating knowledge
that are useful in daily life, e.g. about health iss(i¢ara,2009) Sqthey use scientific knowledge
when it is useful to them. However, knowledge that is useful in daily life is different from knowledge
that is useful in science. Nevertheless, both types of knowledge are important in interaction and
policy-makirng.

2.3 Perception of risk and uncertainty

As stated before, assumptions and parameterizations are included in models and they result
in uncertainties. Though, debate is going one about whether to provide uncertainty information or
not. Moreover, the intepretation of uncertainties differs widely among individuals.

Qupplying uncertainty information.On the one handthere are the supporters of thiglea of sharing
dzy OSNI FAydeé AyF2NXIGA2yd ¢KSe& OftlFAY GKIF hofO2YYdzyA
the trustworthiness of the parties concerned and of the quality of the informatienewer et al.,
2002) Moreover, it gives the public the opportunity to make infard choices. It has been argued
that the public is aware that scientific research always involves some uncertainty and they accept
GKAAT GKS&@ R2 y2i RSYIFYR &l SN N aFenveretadzi o+ yia
2003; Marris et al., 2001)n addition, the public wants institutions to admit that they do not know all
the consequences at forehand and to think about how to monitor and rectify unforeseen impacts. So
not only the known uncertainties ar&iLJ2 NI I yG (2 (GKS Lzt A O o6dzi | £ &2
irreducible uncertainties)the consequences that cannot be anticipated.

On the other hangthere are opponents of this view. They argue that the public is unable to
conceptualize uncertaintiesnd that providing this information will stimulate distrust in science and
result in panic, because the public is irratio(falewer et al., 2003Moreover, scientists think that
GKS LJzf A0 NBIljdZANBa WFHaadzaNIyOSaQ Fo2dzi 6KSGKSNI &
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knowledge and understanding to conceptizal uncertaintiesand this is the cause for a lack of

acceptance of that knowledgg¢lansenetal.,2008) ¢ KA & NBf Il iSa (2 GKS Wiyz2s
has also been argued that withholding information createmp between scientist elites and the

public(Frewer et al., 2003)

Factors that determine perception of uncertainty and rigkithough individuals interpret
uncertainties differently dependent on e.g. social factors (identification with a certain group) and
education level, some factors can be identified that influetiie more generally. One factor
important for this research is that communicating small risks is seen as more credible than
communicating that there is no risk at @ansen et al., 2003)

Another interesting fiding of Frewer et a(2002)is that the acceptability of uncertainties
depends on the causes. Uncertainties related to science are generally acceptedeasinties are
more or less inherent to the ongoing process of science. However, uncertainties related to passivity
of the government or the concealing of information is unacceptable.

2.4 Technologies and public concern

lf 0K2dAK (KS @1Y2R66RAS R&EEISNESRSR Ay a20Al f
starting point held among other scientists and decisioakers. They often argue that rejection of a
technology or policy stems from this lack of knowledge. However, other explanationsssible.

Wider issuesBesides lack dfnowledge local residents have othaociopolitical concerns that

shape their opinion about a technology or policy, such as the quality of provided information, hiding
uncertainty information, whether a technology really needed, who benefits, how benefits are
distributed and lack of contr@Matrris et al., 2001)From this it becomes cledndt the public

I RRNBaasSa 20KSNJ WgARSND AaadzSa GKIy 2dzi QKS

OA
YAIKG 6S 2F Llzoft A0 O2y OSNYWynne,@f6) A & RAAaALIZASR 2 |

- Qx

Soft impactsWhen focussing on culturahoral concerns, which ateuched by local residentspub

rejected by scientistscientists talk aboutthg 2 G A 2y 2F Waz2TFiQ AnpacisBai a & W{ 2

aretreated assubjective and emotional, including social and ethical issues, anaftaredeemed

important by the publi¢Swierstra & Te Molder, 2012Yet they are overlooked by other

a0l 1SK2t RSNARX adzOK I a & ORA Sr¢afed aabjgctive ang ratd@al’ G NI 4 G = Y

including risks, and receive much attention from polegkers and technologists. The problem is

that the public often dismissds (§ SOKy 2f 23& 0SSOl dzaS 2F 6Kl G asSSy

WK NRQ AYLI OGavs: 6KAES Ay ®mwiddiradiTeddlder202B8A Y | (S
Swierstra & Te Moldg2012) NHdzS GKI G A&aadzSa I NB RA&AYA

[j
a3
reasons. Firstb | £ £ & LIS2LX § aK2dZ R KI S WINBSR2Y 27

KFENY 20KSNAR oLIKeaAlOlftftesr FAYIYyOAlLftex Si OSi J
end user is made responsible. Second, issues that are nofigiaf A 6t S I NB Ol f f SR W3&:
environmental damage is difficult to translate into harm to society. Finally, actors do not feel
responsible or accountable, because there is no clearly established link between the cause and the
A YLI OG & canéels idedtifed i Qis research are mostly related to culture and personal
identity.

Additionally, Wynng€2006)identifies two major causes for public mistrust, related to the
scientific institutional culture. The first one is the denial of limits and unanticipatederjuences
OWdzy1y26y dzyly26yaQu 2F AyailAailddzianzyaQ aO0OASY(dATFAC
make assumptions about public meaning and use them to interpret rejection, rather than examine
public meaning and revise their opinion.

Importance of information provisionAnother cause for concern is the information provision and
especially the quality of the informatigiMarris et al., 2001)The public prefers information provided
by a trusted person, adapted to the target group and from a neutral objective source. It requires
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information about uncertainties, pros and cons (to give a sense of control) and how an institaton
reached a conclusion or decision. Absence of this information gives the idea that information is
hidden from the public. Therefore, questions that follow from public concerns need to be answered
to prevent a negative opinion. Finally, it is concludeat it is not particularly distrust in institutions

that leads to public concern. Rather scepticism towards their behaviour, for example no
communication about how a decision is reached, lack of participation, unclear interests and motives,
or maybe a lac of resources.

This shows that, also in environmental decisinaking, information provision about how a
decision is reached becomes important. Past behaviour plays a major role in the scepticism of local
residents towards the decisiemakers, especiallwhen previous mistakes and uncertainties are not
admitted and when other views (e.g. from the public itself) are not respected and taken into account.
Moreover, it is illustrated that the main question is not whether the public is able to interpret
sciertific information, but how they interpret information. Whereas scientists think that the public
does not understand scientific information, in fact the pulphight not get the required information.

2.5 Specification of research questions

To conclude, thee are currently several developments that increase the exposure of the
public to scientific knowledge and model output. This knowledge is often used in degiaking,
which affects the public. This can lead to conflicts between scientists, deaisikas and the
public, for which many possible causes have been identified, some of them specifically related to
models.

An important aspect in this study is the difference in how air quality is constructed by the
stakeholders. For example, it has been sthtieat the public also incorporates noise and dust in its
RSTAYAGAZY 2F FANI LRffdziAz2zys odzi SELISNI A | NHdS
decisionmaking(Petts & Brooks, 2006Dietz et al(1989)have identified several types of
environmental conflict. One thing thall these types of conflicts have in common is that they
O2NNBalLRyR 2yfe gAGK OSNIFAYy aidl | M@2dRENBERQ @A Sga
stakeholders holdiifferent positions which are mainly steered by their purpoddwerefore, the
focus will mainly be on:

1) GKS RSTFAYAGAZ2Y 2F WIANI ljdzr f Ade@QY I NB-aidl1SK2f
condition for an effective debate, but depends on their social background and personal
experiencegAarts & Van Woerkum, 2010)

2) the importance of the issue to stakeholders: if they are not interested, they will not engage
in debate. If they are interested, they will require certain information anditifarmation
need might also reflect wider concerns about the issue;

3) uncertainties: the collected information contains uncertainties and the interpretation and
role of these uncertainties can differ between stakeholders.

4) purpose: stakeholders might have fdifent purposes for collecting and using air quality
information, which are the result of their position and the goals they want to reach;

5) role of science: most information is collected and published by science and their role is
important to identify how takeholders value this information;

6) role of residents: their knowledge of the local situation might improve decisiaking, but a
preO2y RAGAZ2Y A& GKFG 20KSNJ adl 1SK2t RSNE @I f dzS

This is illustrated ifrigurel9.
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Figurel9: Overview of important constructions that are potential causes for conflict.

Even though someharacteristics otonflicts have been identified for the use of (air quality)
models(Yearley et al., 2003¢onflicts concerning air quality in general (not only for the use of
models) have not been examined to identify sutlaracteristis. Nevertheless, this can help to make
the communication process between the actors more effective. Therefore, this study aims at
exploring the differences between actors that dafluenceconflicts in the context of air quality. The
guestions are relatetb the constructions ifrigurel9 (numbers correspond to the questions):

1) 1 26 R2 aidl1SK2ft RSNER O2yadNHzOG WFHANI ljdz-rfAdeQ 7

2) With what (unconscious) purposes do stakeholdersaisgualityinformation?

3) What kind of information do stakeholders want from/about air quality models and to what
extent does this reflect wider (political or cultunaloral) concerns? What are causes for
these concerns?

4) Which uncertainties do stakeholders identify antat/role do they play?

5) How do stakeholders construct the role of scientific experts?

6) How do stakeholders construct the role of residents?
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3. Method

In thischapter, first the case study used for this research will be explained. Then theoohet
used to reach the research aim are explored, including procedure, participants, materials and data
analysis.

3.1 Case study

In order to answer the research questions, a practical example of a conflict around air quality
models and knowledge is anaygs The previous research had a focus on climate (i.e. the effects of
air quality on climate variables). Yet, althougimate change is a hot issue at this moment, the
public seems to take some distance from this discussion. The effects of global warenimgt
personally relevant to them, as the effects of climate change will only become visible in the far future
(Lorenzoni et al., 2007 hereforean air quality issue is chosen because of the involverokent
residents.This is a preonditionto reach the study aings residents are expected to interpret
scientific results differently than scientists and they are most affected by decisions that follow from
the model results. Moreover, the climate debate is especially on the trustworthinesgeotists and
not so much on the models and scientific knowledge.

In this research an analysgamade of the discussions going on in the city of Utrecht about air
quality. The municipality performs its own measurements and calculations, in additionde ttone
by the RIVM, and these are published in a regBdons, 2013)However, the residents of Utrecht
and local environmental initiatives are not satisfiedhitthese reports and how the municipality acts.
They argue that the municipality is not strict enough, while harsh measures are needed to satisfy the
norms. Examples are given in Box 1, which illustrate how certain information can be framed
differently ard how this can resultinconflidt. & | NXB adz X Ylye OAGAT SyaQ A
have been established that do their own measurements or try to improve the air quality in their
neighbourhood or the entire city of Utrecht.

Based on these confii; it seems that the municipality hasrtainpriorities (e.gmobility),
which are questioned by other stakeholdefshis could result ia difficult dialogue between
residents andhe municipality Since there are many projects going on in Utrecht latien to air
guality, there are many stakeholders involved. Moreover, these stakeholders are very divers. This
makes this case very suitable for examining differences between stakeholders.

Box 1. Conflicts in Utrecht

Conflict 1: Research from TNO showed that cars in Utrecht poilute than the average Dutch cd&ijk
& Obdeijn, 2012)So the municipality claimed that a daee zone would help a lot. Howeveitjzens say
that this shows that emission factors, and consequently the pollutant concentrations, have been
underestimated all that time and that the air quality is even worse than exp€diau Oosten, 2013c)

Conflict 2: The municipality has done research on the development of the amountioftbarsity. The
conclusion is that the amount of traffic will almost double between 2010 and 2020. Nevertheless,-the
monitor shows completely different figures, where for most streets the intensity even dediéaises
Oosten, 2013a)The calculations performed by the RIVM are ads®ld on these figures delivered by the
municipality. So the municipality is accused of downiey bookkeeping and forge($tadsblad Utrecht,
2012)and there is doubt about the objectivity of the RI\{kan Oosten, 2013b)

Conflict 3: The monitoring tool shows some remarkable discrepancies, according to the foukdatidn
van Utrecht It seems that at certain locations vehicles disappear,visiattributed to errors in the
database. In addition, some bottlenecks have disappeared as well, which causes a bias in the result
according to the RIViKracht van Utrecht, 2013)
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3.2 Semi-structured interviews

Theresearch ainwasreached by the use of seratructured interviews. These interviews
were used to explore the differences between actors that are potential causes for conflicts. The
semistructured interview gives enough room for participants to share ttr@ughts, without being
steeredtoo muchinto a certain direction. It also provides the possibility to go further into the
motivation behind certain ideas or actions or to explore unexpected situations. On the other hand
this method gives enough struceito gather all relevant information and makes sure that all
concepts are touchet Hart & Boeije, 2005However, it should be noted that the views of a
participant from a certain stakeholder category are not by definition a representation of the general
opinion within that particular category.

The intervéewswere done faceto-face to ensure that the responsesere interpreted
correctly, which is easier when facial expressions and body language can be observed. At the same
time, the interviewswererecorded to make transcription possible. The intervievese guided by a
list of concepts (based on the theoretical framework) that need to be discussed, but this list is not
binding. This means that the order and the exact questions can vary according to the insights of the
interviewer.

3.3 Patrticipants

The stakholders involved in the case study are divided in groups, which all have their own
characteristics (se€able 3. For the interviews participantsere from these groups, such thaach
group was represented at least once. An important criteria is thatpleticipant at present needs to
be involved with air quality in Utrecht (or more in general, depending on the group). Moreover, the
participant needs to have some experience with air quality data, either for personal use, research or
policy-making or as idtributor of air quality information. Participantgere chosen based on these
criteria, but also on their availability and willingness to cooperate. Although this might give a bias,
there is not enough time to use a random selection procedure.

The firstcontact was by enail or telephone to make inquiries about their willingness to
cooperate with this research. They received sufficient information about the subject of the research,
but no information that might steer them. The cooperation was completelystary. Due to the
limited amount of time available five interviews were performed.

Table3: Categorisation of respondents in this research and their characteristics.
Group Stakeholder Background information
(Regional) government - - Certain amount of knowledge about (air
quality) models
- Policymaking
- Information distribution
- No resident of the city of Utrecht
Knowledge institutes Air quality expert, RIVM - Expert in air quality modelling
- Measurements and calculations
- Information distribution
- No resident of the city of Utrecht

I AGAT SyaQ 7 Model expert, Kracht van Utrecht - Knowledge about (air quality) models
- Research
- Resident of the city of Utrecht
/| AGAT Sy aQ A Cofounder, Stichting ®p - Certain amount of knowledge about (air
Luchtverontreiniging quality) models
Utrecht a2y AG2NRAyYy 3z Ol yOI &
- Resident of the city of Utrecht
Local media Reporter, RTV Utrecht - Little knowledge about (air quality)
models

- Makesitems for radio and television
- Doesinterviews
- Resident of the city of Utrecht
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The first interview was with an air quality expert to gain better insight in the situation. Then
the interview was adapted to these new insights to make sure that all retemformation is
collected. Respondents were asked whether they want to remain anonymous and only the
respondent from theegionalgovernment gave an affirmative answer. However, it had to remain
possible to identify all respondents as belonging to onthefgroups.

3.4 Materials and measures

This study used a sersiructured interview, which can be found Appendix VIIIThe
interview starts with a general introduction into the case and the aim of the interview and questions
about the personal and pfessional background of the participant. The interview questions
correspond to concepts of the theoretical framework and aim to answer the questions listed in
Section2.5.

3.5 Data analysis

Before the interviewsvere analysed theyvere written out. Transribingwasdone by using
literal transcription. This implies that the transcription is as complete as possible, buttewant
passages are left out and grammatical errors are corrected. Both questions and ansxers
written out. From these transcrifmns, relevant fragmentaere selected to be used as an example of
existing relevant concepts.

The analysis begins with coding. Since the interviews are rather opasdifficult to make
a list with detailed codes in advance. Therefore, text fragmesstie first categorised by general
codes based on the themes, such as information needs. In this case, everything that is said about
what kind of information the respondent would like to hawascoded in the same way.
Subsequently, the text fragments withthis codewere divided over more detailed codes, for
example about the provision of uncertainty information. Afterwards, the transcriptieere checked
for non-labelled passages that might be relevant, bid not fit under any code. Thesgere be
cluskered into new codes.

After the coding wa finished the fragments belonging to the same caae analysed for
consistent and conflicting opinions. In this wthe potential causes for confligtere be identified.
The analysis is thus an iterative proggestarting with general (sensitizing) concepts and then
zooming in to find more specific consistencies or conflicts for this particular case study. For example,
I aSyaAridAl Ay3 O02yO0OSLIi A& K2g ail | SKz2ft Réai® O2yaiN
issues and another respondent about concentrations. The causes of such difference and the
consequences for debate need to be identified. Then it becomes apparent that there are several
measures for air quality, which are used by different stakehwal@ad thus different opinions about
the air quality are formed. The cause is that quantifiable measures are needed to prove the air
guality satisfies European norms, whereas these are not tangiblehemefore less useful for
residents. The goal is toaeh a point where nothing new can be added (theoretical saturation).
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4. Results

In thischapterthe factors inFigurel9are discussed and illustrated with examples from the
interviews(for originaltranscripts, see Appendix ) CANE (X (GKS O2yaiNUHzOlAzy 2
discussed, showindifferent problem definitions This is followed by the identification different
uses of air qualitynformation and wider concerns, in whiahformation provison plays an important
role. Then the role of uncertainties is analysed, identifying different types of uncertainties. Finally,
the (limited) role of scientific experts and the existing view of residentsaasg little knowledge
about the issuare exammed.

18p #1171 OOOOAO0ETT 1T £ OAEO KdAl EOU8 ET AOAOUAAU AI
Stakeholders use different measures of the air quality, dependent on gloaiisand access
to measurement equipmentConcentrations are mostly used by tfiegional)government to
guantifythe air quality and compare this to the European norassthey are obliged to satisfiyese
norms. Rit also theother respondentsnainlytalk about concentrationsHoweverall respondents
argue thatconcentrations are not visible to residents and theredégesidents tend taisemore
tangible measures testimate theair quality. Though, these measures are not (easily) quantifiable
and thus of limited useaccordingo the regionalgovernment. As a result, such measuagsseen as
more subjectiveby theregionalgovernment and the local medidhis is illustratech fragment 1
explaining the contents afewsitems about air pollutionlt should be noted that residents without
technical knowledge of air quality are not included in the interviews, so atgraents about
residents represent the opinions of other stakeholders.

Fragment 1

Interviewer 1 What role could the residents play in the entire process from
2 measurementgo decision making?

Local media 3 wX8 wSa 7\ RSy Ga dza&rowninterefitdzt £ A G G2 &S
4 wX86 2KI Aa Fftyzad ltglea AyOfdzRSR
5 GdKS NBéAﬁéyﬂ 32Sa wxXxe6 2 Ada 6AYyR2%
6 GAYR2gaAfET YR aléa Wwiz2213 GKAA A&
7 noomwX8 ! YR AT &2dz O2yiGAydzsS G2 Fai |
8 GKFG (GKSe& GKAY]l GKSANI adNBSO Aa NI
9 L e 2y GKS adNBSG:zT ddkKIFidG GKSe OF yQi

Lines 5 and 6 (fragment &liggestust is seen asmethod to show how poor the aguality
is, although the respondents do not use such measures themselVes s in line with the notion of
Petts & Brook$2006)that residents use other measurdsan experts, such as odour, dust and noise.
However because ofhe unquantfiable nature ofsome ofthese measureand the fact that there
may be other causes for dust or odotiney can be dismissed 83 2 T (i Q (SWi2rgtr@ & T/ &
Molder, 2012) The variety in measugecan result in different opinions of the air quality, as
concentrations might show that the norm is satisfied, while residents still experience problems with
e.g. their healthlt is important to notice that the existence of different opiniansglicatesthat there
is no agreement on when the air quality is poor or goatich points to different problem
definitions However, this citation also illustratelist as a measuris taken less seriousby the local
media, asresidentsare supposed taise itonlyto make their point and servether goals

The data seems to suggest that air pollution is constructed mainly as a mobility problem
especially by theegionalgovernmentt y R G K S OA (i wheSeysit@an alsb bdicansidered S &
ahealth problem. For exampl@ A (i A T Sy & @entioysthat thé caldul@t®ns ef concentration
levels and whether new building plans will comply with regulations are performed by the department
responsible for spatial developme(ftagment 2) Moreover this repondentarguestraffic is the
most important source of pollution and, in order to improve the air quality, the mobility in the city
needs to be decreased.
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Fragment 2

Interviewer What kind of information do you require about air qualj¥] and
decisionmaking?

I know those decisions, but the foundation of those decisions is
lacking[X]. City development is the central proble][ Calculaing
the airquality and testing [building]lpns against regulatioris
controlled by the Department of City DevelopmenX]. It@ always
the departments that areesponsible for spatialevelopment of the
city. And theirprimaryinterest is to K] make sure that a lot iken

down andextended[X].

CitizenS$initiative 2

O©oO~NOOULS WNBE

This suggests no one takes responsibility for health is&wen though all respondents know
that air pollution causes health problem®ne possible explanation is that, ewiough research has
provedthe relation betweerpoor air qualityandhealthissuesthe causality betweeone individuals
asthma and air pollution can be debated. So, even thougtithean be measured and quantified,
there is an accountability problem. Another possible explanation isrdgtlents might use
unquantifiable measures of health, fekample how fit they feel, althougtespondents mention
asthma anda shorterlife expetancy as most important health issues. Nevertheless, in both cases
healthis in danger of beingharacterizedand dismissetl & | Wa #SWiér€ira & T IMbldi
2012) The consequence is that stakeholdarstalking aboutmobility, which is tangiblevhile
healthisneglectedd SOl dz&a S A (i A & ThisAldedhbtanaad Rat health ¥ Bopifpo@ant
2NJ AYLINR@SYSyYy(G 2F KSIFtGK O yy amightooSbetakerdsgriodsly A y A G &
and therefore it does not make a good argent to improvethe air quality.

4.2 Use of air quality information

Two main (possibly unconscious) purposes forubeof air quality informationcan be
identified: gaining access to the debate amatt of personal interestThe first purpose is related to
the O A (i Aifiti&tiyed. @lthough their exact rois not clearly defined by other stakeholders, a few
remarksOFy 6S YIRS oFaSR 2y GKS AyGSNWBASga oAGK GKS
themselves as citizen experts with more scientifically relekaoivledge than the people they
represent (i.e. the residentsThis means they use scientific knowledge and language to make their
point. This relates to the previous sectiagmwhichit is concluded health is not used as an argument
toimprovetheairqt f A G &3 I & A Secdndly, tifey talk aBdudsifahts ds Tghotat d
people (line 6, fragmer®) that are unable to understand the complex matter and need to be-well
informed. In that sense, they show similar attitudes towards the public tharair quality officers
from the case study of Petts & Broog@006p a 2 NBE2 3SNE OA G Al S)/a Q A w\ ¥ 7\ I G A
are narrowminded, as they are only interested in their own situationdZh A G &aSSya GKI i
initiatives do not take the residents too seriously. However, at the same time they accuse the
I2PSNYYSyild 2F y2i0 tAaGtaSyAaAy3a (2 (GKS NBaAARSyiGaqQ 02
claims are subjective (linesld, fragment3). The thirdobservatiomh & G KI 4 GKS OAGAT Sy a
NBLINS&ASY(l G(GKS NBaARSyidazr odzi Fd GKS alryYyS GAYS (K
difficult to mobilize them. This indicates that residents are possiblyaratoncened about air
L2t f dzil A 2y | ifativeskvBulddike than tSbatakdziAsy G KS SEGSYyd G2 6KAO
initiatives are actually representative for the local residents is questionable.
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