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Sammanfattning

Vi har lagt till berakningar av PODY for bjork, graete och potatis i MATCH
Sverigesystemet. Rapporten gar igenom de foranairioch uppdateringar som har
inforts i berdkningarna sedan den ursprungligaémgnteringen 2016.

Resultat for receptorerrgeneric cropgPOD3n.ch, generic deciduous tre¢POD ke
ot), birch (POD Lpecbirc), SPruce(POD Lpec.sprucy Wheat(PODGpec.whe), POtato(PODG e
potatg» Presenteras for aren 2013-2017.

En jamforelse med resultat fran EMEP-modellengi@neric cropoch forgeneric
deciduous treeger en battre éverensstammelse an tidigare. Givettdel i berakningen
av solstralningen har identifierats i EMEP-modeB@rframstar resultaten fran MATCH-
Sverige och EMEP nu som mer konsistenta.

Variationen fran ar till &r i PODY for bjork ochagr ar av samma storleksordning som
den som beréknas feneric deciduous treesien numeriska varden for PODY skiljer
sig, framfor allt for bjork beroende pa skillnadele parametrar som ingar i berékningen
och pé anvandning av langre vegetationsperiodarads pa svenska och skandinaviska
data. Kritiska nivaer motsvarande 4 % reduktidghvigixten av bjork och gran 6verskrids

i stort sett i hela landet for alla ar som har etatk.

Variationen fran ar till &r i PODY for vete och ptis ar storre an faeneric croppa
grund av att ett hogre troskelvarde anvands i menglken av PODY for de specifika
grodorna. Kritiska nivaer motsvarande skordefodupl 5 % uppnas i sodra delen av
Sverige for fyra av de fem studerade aren for wetefor tva av aren for potatis.

Det uppdaterade programpaketet fér PODY-berakniskpalfe kunna anvandas for
berakningar av PODY for olika typer av vegetationgerioden 1990-2013 baserat pa
ateranalyserade ozonkoncentrationer. Programpataateticksa utvecklas for
berakningar av PODY for hela Europa baserat paaiger av utslapps- och
klimatsscenarier.

PODY presenteras tillsammans med 6vriga ozonmZsipidl:s miljoovervakningssida
(www.smhi.se/klimatdata/miljo/atmosfarskemi) mearsfran miljoovervakningsaret
2013.

Summary

We have added calculations of PODY for birch, spraeheat and potato to the
MATCH-Sweden system. Several important updates emetpto the previous
implementation for generic crops and generic demidurees have been made including
improved calculations of canopy level ozone conegians, updated calculations of
quasi-laminar and surface resistance and inclusieoil moisture dependence for
specific vegetation species.

A comparison to results from the EMEP model foregencrops and generic deciduous
trees shows a better agreement than previouslysi@ening also that an error in the
EMEP calculations has been identified, affectirigharily the PODY calculations for
generic deciduous trees, MATCH-Sweden and EMEP fredalts now appear to be
more consistent.

Year to year variability of PODY for birch and speuare similar to that for generic
deciduous trees while numerical values are differespecially for birch, due to different
parameters in the PODY calculation and longer \aget periods. Critical levels
corresponding to a 4 % growth reduction are exadéoleboth birch and spruce in major
parts of Sweden for all years in the period 2018720

Year to year variability of PODY for wheat and gotare larger than for generic crops
due to the higher threshold for PODY used in tHeutations. Critical levels



corresponding to a 5 % reduction in crop yieldrageched in four of five years in
southern Sweden for wheat and for two in five ydargotato.

The updated program package for PODY calculationtdcbe used to calculate
consistent time series of PODY for different typésegetation for the period 1990-2013
based on reanalyzed ozone concentrations. Thegmogackage could also be developed
to calculate PODY for the whole of Europe for diffiet emission- or climate scenarios.

The results presented in this report are alsoadailin digital form at the SMHI home
page for environmental monitoring of air quality
(www.smhi.se/klimatdata/miljo/atmosfarskgmi
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1 Introduction

Mapping of surface ozone using MATCH-Sweden wa®thiced as part of Swedish
environmental monitoring in 2013 (Alpfjord and Amdgson, 2015). The data is used for
studies where spatial information about surfaceneis needed as well as for national
and international reporting e.g. for the EU NECediive. Initially 10 different indicators
of ozone were included (Fig. 1). Two of these iatlics linked to effects on vegetation:
AOT40 (Accumulated Ozone dose above threshold &#Qw)pfor the period May-July
(effects on crops) and for the period April-Septemeffects on forests).

In 2016 indicators for Phytotoxic Ozone Dose aba¥kix threshold of Y, PODY, were
introduced in MATCH-Sweden and in the Swedish emvinental monitoring (Engardt et
al., 2016). PODY is used in CLRTAE@nvention on Long-range Transboundary Air
Pollution) to identify where ozone induced damage on vegetan occur (CLRTAP,
2017). PODY is determined not only by the surfazene concentration but also by
physical and meteorological parameters such asiggoseason, solar radiation,
temperature, and humidity. In contrast to AOT40 O®an indicator based on the
uptake of ozone by the vegetation rather than dicator based on just the ozone
concentration. PODY has been shown to be betteelated to ozone induced damages
on vegetation (Mills et al., 2011). In 2016 mappaid®ODY togeneric cropsand

generic deciduous forestere first introduced in the annual assessmengttbie
MATCH-Sweden system including the year 2013 andama.

With support from the Swedish Environmental PratecAgency (agreement 211-18-
001, errand no NV-03411-18) SMHI has extended tAd WIH-Sweden system with
mapping of ozone fluxes to four additional typevedetation of specific relevance to
Swedish conditionsbirch, spruce, wheandpotata This report describes the
implementation for the new species and reportdtsefar the years 2013-2017. This
means that results also for these four new indisate available from the year when
mapping of ozone indicators were introduced inNHer CH-Sweden system in 2013.

Med stod frin
Naturvardsverkets
miljéévervakning
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Figure 1. Screen shot showing the original suitedicators available in the environmental
monitoring using the MATCH-Sweden system. (www.sisdnklimatdata/miljo/atmosfarskemi,
"0zonmatt").
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2 Objectives

This report describes the implementation of PODibiech, spruce, wheat and potato in
the MATCH-Sweden system. The implementation is»daresion of the work reported by
Engardt et al. (2016) and follows the algorithmd escommendations given in the
"Mapping Manudl (CLRTAP, 2017). TheMapping Manuals regularly updated and we
have therefore created a program package thatecandily modified as updated versions
of the manual become official.

We report results for the years 2013-2017 and focusnportant updates to the
implementation reported by Engardt et al. (2018 Tesults have been produced using
the MATCH-Sweden system but the updated prograrkgegecis general and can be
modified to be used in applications with the MAT @tédel also outside the MATCH-
Sweden system.

3 Methods

Mapping of PODY using MATCH-Sweden for generic g@nmd generic deciduous trees
were first implemented in 2016 and documented byakit et al. (2016). Here we focus
on the modifications and updates that were neededder to include PODY for birch,
spruce, wheat and potato as well as updates faitpttie most recent version of the
Mapping ManualCLRTAP, 2017).

Ozone concentrations used in the PODY calculafiotisis report are hourly, spatially
analyzed concentrations provided by the MATCH-Sweslestem. These are based on a
two-dimensional variational analysis of surfacer@ooncentrations using hourly surface
ozone observations from Swedish and Norwegian ackg monitoring stations
combined with a European scale simulation of ozmmeentrations using the MATCH
chemistry transport model (Andersson et al., 2@&1pfjord Wylde et al., 2019). The
meteorological data needed for the PODY calculateme taken from the operational
numerical weather prediction model HIRLAM at SMHticefrom the IFS model at the
European Centre for Medium Range Weather Foreda8&]WF. Solar radiation data
are taken from the solar radiation mapping modé&SNG at SMHI
(http://strang.smhi.se). All data is interpolatecat0.2 by 0.2 degree rotated latitude-
longitude grid before use in the PODY calculationMATCH-Sweden.

PODY values are reported as annual values (acctedulitpse over one year) without
regard to the area covered by different recepEosquantification of actual effects this
information need to be combined with actual vegatatover of different receptors.

3.1 Ozone flux to stomata, Fg

The general equation defining the ozone flux tonstia,F,, is given by [brackets
indicating equation number Mapping ManuaCLRTAP, 2017)]:

Fs = Gsebist 7= [MM2017 111.12b]

Where/ is the ozone concentration at canopy height inlmm gy is the stomata
conductance in m’sr. is the leaf surface resistance (3)mandr, is the quasi-laminar
resistance (s ). Calculation of follows the formulation in th&lapping manuaivhile
for r, we use the following standard formula:

n= ()" @
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Wherek is von Karmans constant, the friction velocity, Scthe Schmidt number for
ozone andPr the Prandtl numbeu. is calculated individually for the different vegébn
types using different roughness lengths.

The complete definition dfs; follows the multiplicative algorithm suggested by
Emberson et al. (2000a,b):

Ist = IYmax X min(fphen:f03) X flight X max(fmin: (ftemp X fVPD X fSW))-
[MM2017 111.1]

The different-functions are governed by physical and meteoro&gionditions and can
have values between 0 and 1. Therefprean reach the maximum valgg,, but will
always become zero if at least one of the functigas(growing seasonjes
(accumulated ozone stress)figk: (day/night) is zero. The multiplicative algoritratiows
for extensions and as an example in studies ofdudmone uptake a functidgo,
simulating the effect of "C@fertilization” can be considered (e.g. Klingbetgé,

2011).

The max operator in the equation means there tilbe a flux to the stomata defined by
fmin €Ven if the temperature functidp,,, the vapor pressure deficit functidpp, or the
soil water functionfsy, should be zero.

The PODY value is given by time integration of fhex Fs above a threshold Y
representing the susceptibility of the receptavzone:

PODY = Y max(0,F;; — Y) X At 2)

WhereF is calculated on an hourly basis followirid 12017 111.12b] andAt is 3600 s.
Summation is done for all hours in a year and tiiefar PODY is mmol rif. The
numerical values of canopy height, gnas, fnin, @nd Y for the different types of
vegetation considered in this report are givenablé 1.

Table 1. Numerical values of canopy height, kg, and Y for the different types of
vegetation considered in this report (data from Miag Manual Tables 111.9

and 111.11).
Receptor h Omax Ui Y
[meter] | [mmol O; m?s'] | [0-1] | [nmol m? s7]
Generic crops 1 500 0.01 3
Potato 1 750 0.01 6
Wheat 1 500 0.01 6
Generic deciduoustree 20 150 0.1 1
Norway spruce 20 125 0.1 1
Silver birch 20 240 0.1 1

3 METEOROLOGI Nr 166, 2019



3.2 Ozone concentrations at canopy level, pg

As mentioned above hourly analyzed fields of s@fazone concentrations
representative for three meters height is provigdethe MATCH-Sweden system. The
analysis is derived by combining model simulatedasie 0zone concentrations
(geographically and temporally complete data) witkserved hourly ozone
concentrations at discrete locations (point measeangs with high precision) in order to
arrive at a best estimate of surface ozone corat@ris with optimal spatial and temporal
coverage. Measurements and model simulations aneined using a two-dimensional
variational data assimilation, or data fusion téghe, to produce spatial fields of high
quality (Robertson and Kahnert, 2007).

The analyzed fields of ozone concentrations anrenasd to be valid at three meters
height (the same height as the surface ozone afigmrs). According to thMapping
ManualPODY should be calculated based on ozone contiemsaat canopy leveh.
We therefore need to adjust the analyzed ozonesotrations to the correct canopy
level. This adjustment is done assuming a consizarte flux through the atmospheric
surface layer and neutral stability:

Hse = Hym/(1+572) In(3/h) (3)

Uy

Whereus, is the analyzed ozone concentration at three syéies the height of the
canopy andyy, the deposition velocity for ozone is given by tokkowing formula:

vg=1/0.+m,) 4)

Values for the canopy heigltit, are given in Table 1. This procedure is more etaiieo
than that used by Engardt et al. (2016) who usestifscaling factors to convert ozone
concentrations at three meter to values at careys.|

3.3 Growing season, fpnen

Growing seasons differ for different crop and tpecies. Equations describing the
phenology functiorfy,e, are detailed for a number of crop and tree spacittseMapping
Manual For crops the timing of the flowering, mid antisess the critical parameter,
while for trees the start and end of the growirgsse is the basic information needed.
For the PODY calculations presented here the egtimaf vegetation periods are based
on local Swedish and Scandinavian data as desdojo&@risson et al. (2018). They
provide estimates of mid anthesis for wheat andtpadn different regions of Sweden
based on agricultural statistics as well as formfda the starts and ends of growing
seasons for birch and spruce in terms of daily tgatpre sums based on phenological
data for birch and on data for net primary produigstifor spruce. We use the same dates
for mid anthesis for wheat and potato in Swederafloyears, but regional variation. For
areas outside of Sweden we use the equations ébantihesis, start and end of growing
season as given in tivapping Manual.

As an example Fig. 2 shows plots of mid anthegisviteat and potato and start of
growing seasons for birch and spruce as used iR@1RY calculations for 2016. Timing
of mid anthesis is given as degree days usinglp gigian base temperature of 0°C. The
growing season is then defined as a temperaturébsfone and after mid anthesis as
specified in theMlapping Manualwhile for birch and spruce the start of the growing
season is given as day of year (Karlsson et al8R0
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Mid anthesis POTATO Mid anthesis WHEAT Start vegetation period BIRCH Start vegetation period SPRUCE
T IR s
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Figure 2. Timing of mid anthesis for potato and atrend start of growing season for birch and
spruce. Units: degree days and day of year (depedively.

3.4 Soil moisture, fgy

The effect of soil moisture is included fyyin equation [MM2017 111.1] foigy.
Following Simpson et al. (2012) we use the soilshok index, @, to calculatdsy

fow=1 for $u>0.5 )
fsw=2 Su Jfor Sy <0.5

We useSy, values calculated using soil water from the ECMIWE model. This is an
extension compared Engardt et al. (2016) who dichawe to include effects of soil
moisture since their PODY calculations were foregencrops and deciduous trees where
this effect is not considered.
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4 Results

4.1 PODY for generic crops, POD3gen-cr

POD3gen CROPS 2013 POD3gen CROPS 2014 POD3gen CROPS 2015 POD3gen CROPS 2016 POD3gen CROPS 2017

[ ] m
0 4 8 12 16 20 24 28 32 36 40 44 48
mmol/m2

Figure 3. PODgn.crfor the years 2013 (left) to 2017 (right). Unitsmol m2.

Figure 3 shows PODY for generic crops, P@QR3r calculated using the MATCH-
Sweden system for the years 2013-2017. For alkytbare is a strong gradient from
higher values in the southern part of the courdwatrds 5 — 10 times lower values in the
mountain areas in the north west. A substantial iegear variability is evident with
particularly lower levels for 2015. The spatial eage value over Sweden for PQRZr

is twice as high in 2014 compared to 2015 (Tablé&Rpilar inter annual and spatial
variations are also seen in the maps of ozone otrati®ns and AOT40 available on the
SMHI environmental monitoring home page
(www.smhi.se/klimatdata/miljo/atmosfarskemi

These new calculations show substantially loweneslthan presented by Engardt et al.
(2016) due to updated formulations of the flux aitions and improved calculations of

canopy level ozone concentrations. Comparisonsgalts from the EMEP model show a
better agreement (see Section 4.7).
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4.2 PODY for generic deciduous trees, POD14enpr

POD1gen DEC. TREE 2014 POD1gen DEC. TREE 2015 POD1gen DEC. TREE 2016 POD1gen DEC. TREE 2017

POD1gen DEC. TREE 2013

mmol/m2

Figure 4. POD{en.pr for the years 2013 (left) to 2017 (right). Unitsmol mZ.

Figure 4 shows PODY for generic deciduous tree) BQ.or, calculated with the
MATCH-Sweden system for the years 2013 — 2017.0A¥OD3c.crthere is a strong
gradient from the mountain range in the north-westards the southern part of the
country. For both POQY, prand for PODg..crthis gradient is mainly related to a
gradient in the stomata conductangg) rather than to gradients in the surface ozone
concentrations. Ozone concentrations are in gefwval in the northern part of Sweden
averaged over April-September, but the relativéediice is smaller than for PODY.
Also there is not a minimum in ozone concentratiorthie mountain range while
POD3en-crand POD{e..orshow the lowest values there due to unfavorabhelitions

for vegetation due to low temperatures.

As for POD3en.crvalues of PODg,.prare lower in 2015 compared to other years, but
the differences are smaller than for PQIp3r PODZenorhas a lower threshold value
than PODgun.ca (Y=1 nmol n¥ s* compared to Y=3 nmol fs?). This leads to a lower
variability in POD1en.pr- Statistics based on a higher threshold show leehigariability
from year to year since the number of episodes gh ozone and the corresponding
levels of surface ozone are highly variable froranye year.

These new calculations show marginally lower vathes presented by Engardt et al.
(2016). The effects of updated formulations offthe calculations and improved
calculations of canopy level ozone concentratioedess important for trees.
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4.3 PODY for birch, POD1spec-birch

POD1SPEC BIRCH 2013 POD1SPEC BIRCH 2014 POD1SPEC BIRCH 2015 POD1SPEC BIRCH 2016 POD1SPEC BIRCH 2017

mmol/m2

Figure 5. PODgcc.irchfor the years 2013 (left) to 2017 (right). Unitsmol m2.

Figure 5 shows PODY for birch, PORd.ics Calculated with the MATCH-Sweden
system for the years 2013 — 2017. The spatialmadted year to year variability is rather
similar to PODJen.or but the numerical values are higher due to a longgetation

period and a higher value gf.« (Table 1) used in the calculation for birch. The
vegetation period for Sweden has been specifidacribed using local data as reported
by Karlsson et al. (2018) and the periods are igmitly longer than the periods
assumed for generic deciduous trees.

According to theMiapping Manuacritical levels for a 4 % reduction in whole tree
biomass production of birch is 5.2 mmofnThe results from MATCH-Sweden suggest
that this level is exceeded in almost all of Swefderall years in the period 2013 — 2017.

4.4 PODY for spruce, POD1gpec-spruce

POD1SPEC SPRUCE 2013 POD1SPEC SPRUCE 2014 POD1SPEC SPRUCE 2015 POD1SPEC SPRUCE 2016 POD1SPEC SPRUCE 2017

0 4 8 12 18 20 24 28 32 36 40 44 48
mmol/m2

Figure 6. PODgc-sprucdOr the years 2013 (left) to 2017 (right). Unitsmol m-.
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Figure 6 shows PODY for spruce, PQRdspnce Calculated with the MATCH-Sweden
system for the years 2013 — 2017. The spatialipadired year to year variability is very
similar to PODJen.prand numerical values are also very similar. Thgetation period

for Sweden has been specifically described usiogl ldata as reported by Karlsson et al.
(2018) and vegetation periods are significantlyglemthan the periods assumed for
generic deciduous trees. On the other hand the vy« (Table 1) used in the
calculation for spruce is lower than for genericidaous trees. For spruce we account for
effects of soil moisture as we also do for birabigbo and wheat. In combination these
differences compensates for the longer vegetatioiog.

According to theMapping Manuacritical levels for a 4 % reduction in whole tree
biomass production of spruce is 9.2 mmdl. Mhe results from MATCH-Sweden suggest
that this level is exceeded in large parts of Swedeept for the northern most part and
in the Scandinavian mountain range for all yeathéperiod 2013 — 2017.

4.5 PODY for wheat, POD6¢pec-wheat

POD6SPEC WHEAT 2013 PODBSPEC WHEAT 2014 PODBSPEC WHEAT 2015 POD6SPEC WHEAT 2016 PODBSPEC WHEAT 2017

mmol/m2

Figure 7. PODgec-wheafOr the years 2013 (left) to 2017 (right). Unitsmol m2.

Figure 7 shows PODY for wheat, POR&.wheat Calculated with the MATCH-Sweden
system for the years 2013 — 2017. The spatialmpaigeather similar to PORQ3,.crbut
the numerical values are lower due to the highestiold value (Y=6 nmol ins*
compared to Y=3 nmol fs*). The variability from year to year is also higlier
PODGec-wheadue to the higher threshold.

According to theMapping Manuacritical levels for a 5 % reduction in grain yielth00-
grain weight and protein yield are 1.3, 1.5 andr@fiol ni* respectively. The results
from MATCH-Sweden suggest that these levels areedked in the southern part of
Sweden for four in five years in the period 2012047.
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4.6 PODY for potato, POD6spec-potato

POD6SPEC POTATO 2013 POD6SPEC POTATO 2014 PODeSPEC POTATO 2015 POD6SPEC POTATO 2016 POD6SPEC POTATO 2017

mmol/m2

Figure 8. PODgec-potadOr the years 2013 (left) to 2017 (right). Unitsmol m>.

Figure 8 shows PODY for potato, PO norate Calculated with the MATCH-Sweden
system for the years 2013 — 2017. The spatial madted year to year variability is rather
similar to POD&yec.wheaPUt the numerical values are lower mainly dueifi@i@nces in

the phenology function.

According to thevlapping Manuacritical levels for a 5 % reduction in tuber yie$d3.8
mmol m?. The results from MATCH-Sweden suggest that #nel is exceeded in the
southern part of Sweden for two in five years i pleriod 2013 — 2017.

4.7 Comparisons to PODY from the EMEP model

Engardt et al. (2016) compared their PODY calcafetifor generic crops and generic
deciduous trees to corresponding calculations usiegEMEP model. Here we repeat
these comparisons since we have made updates MAMEH-Sweden calculations as
discussed above. It should be noted here thatfagb@greement between the two
calculations cannot be expected primarily due to factors; firstly the meteorological
and solar radiation data that is used are diffesadtsecondly, that the ozone
concentrations are different. Ozone concentratimm the EMEP model are from a pure
model simulation while the ozone concentrationsiftbe MATCH-Sweden system are
from a model data fusion using a variational teghaias discussed in section 3. We
believe that the ozone fields from the model dasion used in the MATCH-Sweden
system provides a better estimate of the real seidaone concentrations and therefore
more reliable estimates of PODY.
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Table 2. PODg.crand PODJeq.praveraged over Sweden from different studies.

POD3gecr  [mmol ni?] POD1gnpor [mmol m?]
2013 2014 2015 2013 2014 2015

Engardt et al. 2016 14 20 10 17 17 14
Thiswork 10 12 7 16 16 13
EMEP mode 7 9 4 20 19 17

Table 2 shows PODY results for the area of Swedan three different calculations,
Engardt et al. (2016), the present work and frommBNMEP model. The EMEP data are
taken from Gauss et al. (2015). Results for germdps from the MATCH-Sweden
system using the updated version of the PODY catiiculs presented here are much
closer to the values calculated by the EMEP maalteihfe years 2013-2015 than the
results presented by Engardt et al. (2016). Thitiesto a combination of factors
including the more detailed calculation of canaopyell concentrations and updates of the
calculations of quasi-laminar and surface resigan€or generic deciduous trees these
changes have a smaller impact and the new MATCHd8wesystem results are just
marginally lower than those presented by Engaredt. €2016). It should be noted here
that an error was discovered in the radiation ¢atmns in the EMEP model affecting
primarily the PODY calculations for generic decidadrees (Fagerli et al., 2018).
Results given for EMEP in Table 2 includes thimerCorrection of the error results in
about 30 % lower values of PORAprin the EMEP model which means that MATCH-
Sweden now probably gives higher values than EMEBdth POD{e,.orand for
POD3en-crfor the area of Sweden. This remaining differeincesults can most likely
mainly be attributed to differences in the surfazene concentrations used in the
different calculations.

POD3,,, cp 2013

" POD3,,, 2014 ~ POD3,,, , 2015

2

MATCH [mmol m™2]
MATCH [mmol m™]
MATCH [mmol m™%]

a e s

s x i i 1 A | i B § i L J
0 H 10 15 20 25 30 35 0 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
EMEP-madel [mmol m~2] EMEP-model [mmol m™?] EMEP-model (mmol m™]

Figure 9. Comparison between PQRZrcalculated using MATCH-Sweden and the EMEP-
model for 2013, 2014 and 2015. EMEP results arerbaforrection of radiation calculations.
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Figure 10. Comparison between PQRbr calculated using the MATCH-Sweden system and the
EMEP-model for 2013, 2014 and 2015. EMEP resuttsbafore correction of radiation
calculations.

Figure 9 and 10 show a more detailed comparis@hpgint by grid point between the
MATCH-Sweden system and EMEP-model results for PQRaand POD.or- Data
for the EMEP model is taken from the EMEP home page
(www.emep.int/mscw/mscw_ydata.html#NCdata; collé@e16-09-26) and represent
the values at the center of the 50 km x 50 km gpighres of EMEP model. For PQJa3
cr We can see that MATCH-Sweden gives higher valuiesapily in the higher end of the
frequency distribution while for PORd ot the difference is more uniform between high
and low values. This could be due to that peak @atnations are better captured in the
model data fusion approach used in the MATCH-Swexystem. MATCH-Sweden also
uses a higher horizontal resolution. Given thatineshold Y is higher for crops in the
PODY calculation the high ozone concentrationsnasee important for POQg,.crthan
for PODJgen_DT.

4.8 County average data for Sweden

County and Sweden average data for 2016 are giv&€able 3. These numbers can be
used together with statistics on vegetation comdr@oduction to do a monetary
evaluation of production losses. Tabulated datallgrears are given in Appendix I.

Table 3. PODY values averaged over counties anthowhole of Sweden for year 2016.
Units: mmol rif.

County POD3g). | PODZgen. | PODGpec. | PODGpec. | PODLpec. | PODLpec.
CR DT potato wheat spruce birch
Stockholm 18.7 21.0 3.5 3.1 20.7 27.7
Uppsala 15.0 18.3 2.7 2.2 18.3 24.3
Sodermanland | 16.6 19.4 3.2 2.4 19.2 254
Ostergotland | 14.5 18.6 2.8 1.9 18.7 24.2
Jonkoping 13.0 18.4 2.7 1.7 18.8 23.8
Kronoberg 15.8 20.0 3.5 2.2 20.0 26.2
Kalmar 19.5 21.2 4.3 2.9 21.2 28.0
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Gotland 22.8 24.8 2.9 4.3 24.7 32.5
Blekinge 20.9 23.0 4.9 3.5 22.8 31.1
Skane 20.7 24.1 4.4 3.4 23.3 33.2
Halland 16.9 22.0 3.1 2.4 21.1 29.8
Véstra Gotaland 13.9 18.6 2.5 1.9 18.8 25.3
Véarmland 10.3 15.8 15 1.2 16.1 21.0
Orebro 12.8 16.6 2.5 1.7 16.7 21.9
Véastmanland | 13.1 16.6 2.4 1.7 16.8 22.0
Dalarna 7.8 13.6 1.2 0.9 13.6 17.8
Gavleborg 9.7 15.1 1.7 11 15.4 20.1
Vésternorrland | 7.3 13.2 1.2 0.8 13.7 17.8
Jamtland 4.4 10.7 0.6 0.4 11.4 13.3
Vésterbotten | 5.4 11.5 0.8 0.6 12.5 14.4
Norrbotten 5.0 10.5 0.8 0.6 11.5 12.4
Sweden 9.2 14.4 1.6 1.2 14.8 18.5

5 Conclusions

We have added calculations of PODY for wheat, potstruce and birch to the
MATCH-Sweden system. Several important updates emetpto the previous
implementation for generic crops and generic demidurees by Engardt et al. (2016)
have been made including improved calculationsaabpy level ozone concentrations,
updated calculations of quasi-laminar and surfasetance and inclusion of soll
moisture dependence for specific vegetation spethesse updates affects all PODY
calculations and results for generic crops and gedeciduous trees are therefore
different compared to those reported by Engardt.€2016).

Comparisons to results from the EMEP model for gereops and generic deciduous
trees shows a better agreement compared to Eregaallt(2016). Considering also that
an error in the radiation EMEP calculations affegtprimarily the PODY calculations for
generic deciduous trees has been identified, MATSM¢den and EMEP model results
now appear to be more consistent. We believe llgabzone fields from the model data
fusion used in the MATCH-Sweden system providestteb estimate of the real surface
ozone concentrations and therefore more reliabimates of PODY

Year to year variability of PODY for birch and speuare similar to that for generic
deciduous trees while numerical values are differespecially for birch, due to different
parameters in the PODY calculation and longer \a&get periods. Critical levels
corresponding to a 4 % growth reduction are exadéoleboth birch and spruce in major
parts of Sweden for all years in the period 2018720
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Year to year variability of PODY for wheat and gotare larger than for generic crops
due to the higher threshold for PODY used in tHeutations. Critical levels
corresponding to a 5 % reduction in crop yieldraached in four of five years in
southern Sweden for wheat and for two in five ydarpotato.

The updated program package for PODY calculationtdcbe used to calculate
consistent time series of PODY for different typésegetation for the period 1990-2013
based on reanalyzed ozone concentrations predepnt&ddersson et al. (2015). The
program package could also be developed to caticBl@DY for the whole of Europe for
different emission- or climate scenarios.

The results presented in this report are alsoa@wailin digital form at the SMHI home
page for environmental monitoring of air qualitydamill be extended on an annual basis
(www.smhi.se/klimatdata/miljo/atmosfarskgmi
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7 Appendix |

Tabulated county and Sweden average data for s 9813 — 2017.
Table Al. Data for 2013. Units: mmol°m

County POD3en. | PODXen. | PODGec. | PODGec. | PODXspec- | PODLpec.
CR DT potato wheat spruce birch
Stockholm 18.0 20.5 3.8 2.5 17.6 26.6
Uppsala 154 19.2 2.9 1.8 16.5 24.8
Sodermanland | 16.1 18.8 3.3 1.9 15.7 24.0
Ostergétland | 14.8 195 2.6 1.8 16.8 25.0
Jonkdping 14.2 19.0 2.6 1.7 16.5 24.2
Kronoberg 16.7 20.6 3.1 2.3 17.7 26.6
Kalmar 17.2 21.9 2.5 2.5 19.0 28.4
Gotland 20.3 24.1 2.5 3.6 21.3 31.0
Blekinge 19.4 22.6 3.4 2.8 19.7 29.5
Skane 20.0 23.9 3.1 3.0 21.2 31.8
Halland 18.4 22.8 2.6 2.5 19.4 28.0
Véstra Gotaland 14.5 18.8 2.1 1.6 16.3 24.3
Véarmland 10.5 16.1 1.4 0.9 13.9 20.4
Orebro 13.5 17.4 2.3 1.3 15.0 22.3
Vastmanland | 14.5 18.2 2.8 1.4 15.6 23.4
Dalarna 9.0 15.3 15 1.0 13.8 19.4
Gavleborg 10.8 16.7 2.2 1.5 15.3 21.2
Vésternorrland | 8.5 15.2 1.6 1.2 14.7 18.7
Jamtland 51 12.5 0.9 0.7 12.7 15.4
Vésterbotten | 6.2 13.2 0.9 0.7 13.4 16.8
Norrbotten 6.0 12.1 0.9 0.7 12.8 15.3
Sweden 9.9 15.6 1.6 1.2 14.6 19.8
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Table A2. Data for 2014. Units: mmol’m

County POD3en. | PODgen. | POD6pec. | PODGpec. | PODXpec. | PODspec.
CR DT potato wheat spruce birch
Stockholm 17.7 19.8 3.3 2.3 19.8 28.3
Uppsala 15.0 18.6 2.3 1.9 19.1 26.5
Sédermanland | 15.8 18.5 3.4 2.0 18.6 26.7
Ostergétland | 16.4 19.3 3.6 2.1 19.6 27.6
Jonkoping 16.4 19.2 3.3 2.3 19.7 27.3
Kronoberg 19.6 20.5 3.6 2.6 21.1 29.5
Kalmar 21.2 21.7 3.8 3.0 22.1 30.8
Gotland 19.1 22.5 2.3 2.5 23.0 315
Blekinge 24.3 23.2 4.4 3.6 23.7 33.7
Skane 24.6 23.6 3.4 3.5 24.2 35.1
Halland 21.0 22.8 3.5 2.8 22.6 32.3
Véstra Gétaland 17.2 19.9 3.4 2.3 20.2 28.5
Véarmland 12.9 16.9 2.5 15 16.9 23.0
Orebro 14.6 17.8 3.1 2.1 17.8 25.1
Véastmanland | 13.8 17.5 2.6 1.7 17.7 25.1
Dalarna 10.2 154 15 15 15.3 19.6
Gavleborg 11.8 16.9 2.0 1.7 17.8 21.8
Vésternorrland | 9.9 14.9 1.9 1.0 15.6 18.1
Jamtland 7.9 13.1 1.3 1.2 13.6 15.7
Vésterbotten | 8.3 12.6 15 0.7 13.3 15.4
Norrbotten 7.8 11.4 11 0.7 12.1 13.6
Sweden 11.8 155 2.1 1.4 15.9 20.3

17
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Table A3. Data for 2015. Units: mmolin

County POD3en. | PODgen. | POD6pec. | PODGpec. | PODXpec. | PODspec.
CR DT potato wheat spruce birch

Stockholm 14.1 18.3 15 1.2 18.8 26.9
Uppsala 11.5 16.8 0.8 0.8 17.5 24.0
Sédermanland | 12.8 17.4 15 1.0 17.7 25.1
Ostergétland | 11.6 17.8 1.0 1.0 18.3 25.0
Jonkoping 10.8 17.5 0.7 11 18.3 24.1
Kronoberg 12.4 19.2 1.0 15 20.1 26.7
Kalmar 14.6 20.6 15 1.6 21.2 28.2
Gotland 15.1 22.2 0.8 2.0 23.3 31.0
Blekinge 15.1 21.2 14 2.1 22.2 29.6
Skane 14.7 211 0.6 2.0 22.0 29.3
Halland 13.0 21.1 0.6 1.6 21.4 28.8
Vastra Gotaland 11.7 18.1 0.5 11 19.0 25.7
Véarmland 9.4 14.6 0.6 0.6 15.3 19.6
Orebro 10.5 15.6 0.8 0.6 16.6 21.9
Véastmanland | 10.5 154 0.8 0.6 16.2 22.0
Dalarna 6.8 12.3 0.2 0.3 12.9 14.8
Gavleborg 7.6 13.7 0.6 0.4 15.2 17.2
Vésternorrland | 6.1 12.0 0.5 0.3 13.2 14.2
Jamtland 4.0 9.4 0.2 0.2 10.5 9.9

Vasterbotten | 4.7 10.5 0.3 0.2 11.5 11.6
Norrbotten 3.5 9.5 0.1 0.1 10.5 10.0
Sweden 7.3 13.2 0.5 0.5 14.1 16.5
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Table A4. Data for 2016. Units: mmol’m

County POD3g). | PODIgen. | PODGpec. | PODGpec. | PODLpec. | PODLpec.
CR DT potato wheat spruce birch
Stockholm 18.7 21.0 3.5 3.1 20.7 27.7
Uppsala 15.0 18.3 2.7 2.2 18.3 24.3
Sodermanland | 16.6 19.4 3.2 2.4 19.2 254
Ostergétland | 14.5 18.6 2.8 1.9 18.7 24.2
Jonkdping 13.0 18.4 2.7 1.7 18.8 23.8
Kronoberg 15.8 20.0 3.5 2.2 20.0 26.2
Kalmar 19.5 21.2 4.3 2.9 21.2 28.0
Gotland 22.8 24.8 2.9 4.3 24.7 32.5
Blekinge 20.9 23.0 4.9 3.5 22.8 31.1
Skane 20.7 24.1 4.4 3.4 23.3 33.2
Halland 16.9 22.0 3.1 2.4 21.1 29.8
Véstra Gotaland 13.9 18.6 2.5 1.9 18.8 25.3
Véarmland 10.3 15.8 15 1.2 16.1 21.0
Orebro 12.8 16.6 2.5 1.7 16.7 21.9
Vastmanland | 13.1 16.6 2.4 1.7 16.8 22.0
Dalarna 7.8 13.6 1.2 0.9 13.6 17.8
Gavleborg 9.7 15.1 1.7 11 15.4 20.1
Vasternorrland | 7.3 13.2 1.2 0.8 13.7 17.8
Jamtland 4.4 10.7 0.6 0.4 11.4 13.3
Vésterbotten | 5.4 11.5 0.8 0.6 12.5 14.4
Norrbotten 5.0 10.5 0.8 0.6 11.5 12.4
Sweden 9.2 14.4 1.6 1.2 14.8 18.5
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Table A5. Data for 2017. Units: mmol’m

County POD3g). | PODIgen. | PODGpec. | PODGpec. | PODLpec. | PODLpec.
CR DT potato wheat spruce birch
Stockholm 16.7 19.9 2.3 1.7 18.9 26.9
Uppsala 134 17.8 1.8 1.3 16.9 23.5
Sodermanland | 15.8 18.0 2.4 15 17.0 24.4
Ostergétland | 14.6 17.8 2.2 1.4 17.6 24.8
Jonkoping 13.0 17.8 2.2 1.2 17.8 24.0
Kronoberg 154 195 2.8 1.6 20.0 27.3
Kalmar 17.9 20.3 2.9 1.9 20.6 29.3
Gotland 19.9 23.0 1.7 2.7 23.1 294
Blekinge 18.7 21.8 3.6 2.2 22.2 32.0
Skane 18.2 22.1 3.0 2.3 22.5 32.8
Halland 16.8 211 2.4 1.9 20.8 28.8
Vastra Gotaland 15.1 18.6 2.2 1.6 18.5 254
Véarmland 9.6 15.9 1.2 0.8 15.2 20.9
Orebro 11.7 16.1 1.8 1.1 15.3 21.2
Vastmanland | 12.1 16.0 1.6 1.1 15.3 21.4
Dalarna 6.8 13.8 0.7 0.5 13.3 16.8
Gavleborg 8.1 15.1 0.9 0.8 15.0 18.4
Vasternorrland | 6.5 13.2 0.8 0.6 13.0 15.8
Jamtland 3.3 10.4 0.3 0.2 10.8 11.9
Vésterbotten | 4.6 11.1 0.6 0.4 10.4 12.2
Norrbotten 3.6 10.1 0.4 0.3 9.5 9.9
Sweden 8.2 14.0 11 0.8 13.6 17.2
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SMHI Publikationer

SMHI publicerar sju rapportserier. Tre av dessagRerna ar avsedda for internationella

lasare och skrivs oftast pa Engelska. | de dvrggeesia anvands oftast Svenska men

aven Engelska.
Seriernas namn

RMK (Report Meteorology and Climatology)
RH (Report Hydrology)

RO (Report Oceanography)
METEOROLOGI

HYDROLOGI

OCEANOGRAFI

KLIMATOLOGI

| serien METEOROLOGI har tidigar e utgivits:

1985 10

1 Hagmarker, A. (1985)
Satellitmeteorologi 11

2 Fredriksson, U., Persson, Ch., Laurin, S.
(1985)
Helsingborgsluft 12

3 Persson, Ch, Wern, L. (1985)
Spridnings- och depositionsberakningar for
avfallsforbranningsanléggningar i
Sofielund och Hogdalen 13

4  Kindell, S. (1985)
Spridningsberékningar for SUPRAs
anlaggningar i Képin
ggning ping 14
5 Andersson, C., Kvick, T. (1985)
Vindmatningar pa tre platser pa Gotland.
Utvardering nr 1 15

6 Kindell, S. (1985)
Spridningsberakningar for Ericsson,
Ingelstafabriken 16

7  Fredriksson, U. (1985)
Spridningsberakningar for olika plymlyft

vid avfallsvarmeverket Savenas 17

8  Fredriksson, U., Persson, Ch. (1985)
NO,- och NQ-berékningar vid
Vasaterminalen i Stockholm
9  Wern, L. (1985) 18
Spridningsberékningar for ASEA
transformers i Ludvika

21

Publicer as sedan

1974
1990
1986
1985
1985
1985
2009

Axelsson, G., Eklind, R. (1985)
Ovadret pa Ostersjon 23 juli 1985

Laurin, S., Bringfelt, B. (1985)
Spridningsmodell for kvaveoxider i
gatumiljo

Persson, Ch., Wern, L. (1985)
Spridnings- och depositionsberakningar
for avfallsférbranningsanlaggning i
Sofielund

Persson, Ch., Wern, L. (1985)
Spridnings- och depositionsberakningar
for avfallsforbranningsanlaggning i
Hogdalen

Vedin, H., Andersson, C. (1985)
Extrema koéldperioder i Stockholm

Krieg, R., Omstedt, G. (1985)
Spridningsberakningar for Volvos
planerade bilfabrik i Uddevalla

Kindell, S. Wern, L. (1985)
Luftvardsstudie avseende
industrikombinatet i Nynashamn
(koncentrations- och luktberakningar)

Laurin, S., Persson, Ch. (1985)
Beréknad formaldehydspridning och
deposition fran SWEDSPANs
spanskivefabrik

Persson, Ch., Wern, L. (1985)
Luftvardsstudie avseende industri-
kombinatet i Nynashamn — depositions-
berékningar av koldamm
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19

20

21

22

23

24

25

26

27

Fredriksson, U. (1985)
Luktberakningar for Bofors Plast i
Ljungby, 1l

Wern, L., Omstedt, G. (1985)
Spridningsberakningar for Volvos
planerade bilfabrik i Uddevalla - energi-
centralen

Krieg, R., Omstedt, G. (1985)
Spridningsberékningar for Volvos
planerade bilfabrik i Uddevalla -
kompletterande berékningar for fabrikerna

Karlsson, K.-G. (1985)
Information fran Meteosat - forskningsron
och operationell tillAmpning

Fredriksson, U. (1985)
Spridningsberékningar fér AB Akerlund &
Rausings fabrik i Lund

Farnlof, S. (1985)
Radarmeteorologi

Ahlstrém, B., Salomonsson, G. (1985)
Resultat av 5-dygnsprognos till ledning for
isbrytarverksamhet vintern 1984-85

Wern, L. (1985)
Avesta stadsmodell

Hultberg, H. (1985)
Statistisk prognos av yttemperatur

1986

Krieg, R., Johansson, L., Andersson, C.
(1986)

Vindmatningar i héga master, kvartals-
rapport 3/1985

Olsson, L.-E., Kindell, S. (1986)
Air pollution impact assessment for the
SABAH timber, pulp and paper complex

Ivarsson, K.-I. (1986)
Resultat av byggvaderprognoser -
sasongen 1984/85

Persson, Ch., Robertson, L. (1986)
Spridnings- och depositionsberakningar fér
en sopférbranningsanlaggning i Skévde

Laurin, S. (1986)
Bilavgaser vid intagsplan - Eskilstuna

Robertson, L. (1986)
Koncentrations- och depositions-

10

11

12

13

14

15

16

17

18

19

20

berékningar for en sopférbrannings-
anlaggning vid Ryaverken i Boras

Laurin, S. (1986)
Luften i Avesta - fororeningsbidrag fran
trafiken

Robertson, L., Ring, S. (1986)
Spridningsberékningar for bromcyan

Wern, L. (1986)
Extrema byvindar i Orrefors

Robertson, L. (1986)

Koncentrations- och depositions-
berékningar for Halmstads avfalls-
forbréanningsanlaggning vid Kristinehed

Tornevik, H., Ugnell (1986)
Belastningsprognoser

Joelsson, R. (1986)

N&got om anvandningen av numeriska
prognoser pa SMHI (i princip rapporten till
ECMWF)

Krieg, R., Andersson, C. (1986)
Vindmétningar i héga master, kvartals-
rapport 4/1985

Dahlgren, L. (1986)
Solmétning vid SMHI

Wern, L. (1986)
Spridningsberékningar for ett kraftvarme-
verk i Sundbyberg

Kindell, S. (1986)
Spridningsberékningar for Uddevallas
fijarrvarmecentral i Hovhult

Haggkvist, K., Persson, Ch., Robertson, L
(1986)

Spridningsberakningar rérande gasutslapp
fran ett antal kallor inom SSAB Lulea-
verken

Krieg, R., Wern, L. (1986)
En klimatstudie for Arlanda stad

Vedin, H. (1986)
Extrem arealnederbord i Sverige

Wern, L. (1986)
Spridningsberékningar for [6sningsmedel i
Tibro
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22

23

24

25

26

27

28

29

30

31

32

33

34

Krieg, R., Andersson, C. (1986)
Vindmatningar i hdga master - kvartals-
rapport 1/1986

Kvick, T. (1986)
Berakning av vindenergitillgdngen pa
nagra platser i Halland och Bohuslan

Krieg, R., Andersson, C. (1986)
Vindmatningar i hdga master - kvartals-
rapport 2/1986

Persson, Ch. (SMHI), Rodhe, H.
(MISU), De Geer, L.-E. (FOA) (1986)
Tjernobylolyckan - En meteorologisk
analys av hur radioaktivitet spreds till
Sverige

Fredriksson, U. (1986)
Spridningsberakningar fér Spendrups
bryggeri, Grangesberg

Krieg, R. (1986)
Berakningar av vindenergitillgangen pa
nagra platser i Skane

Wern, L., Ring, S. (1986)
Spridningsberékningar, SSAB

Wern, L., Ring, S. (1986)
Spridningsberakningar for ny ugn,
SSAB Il

Wern, L. (1986)
Spridningsberékningar fér Volvo
Hallsbergverken

Fredriksson, U. (1986)
SO,-halter fran Hammarbyverket kring ny
arena vid Johanneshov

Persson, Ch., Robertson, L., Haggkvist, K.
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