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Aims
1. Effects of tropospheric ozone (O;) on forests health conditions;
- 2. What are the most relevant factors affecting forests health conditions?
Gross Primary Production (GPP) _ Crown Defoliation

Some insiqhts:

- Framework of mesoscale models at hrgh spatral
~resolution (12 km) VS. EMEP model in the ICP
Forests plots;

- Soil water I|m|tat|ons mfluence on ozone risk
assessment to forests

. Ozone impacts on forest’s productivity and health in Euro'pe :






1 I\/Iethodology bUIldlng of the startlng database (I)

Effects of troposphenc ozone (Os) on GPP

Dominant Vegetation

GOG N RobiniaSpp
QuercusRoburPetraea
QuercusMisc
PseudotsugaMenziesii
PopulusSpp
PinusSylvestris
PinusPinaster

50" N PinesMisc
PiceaSpp
LarixSpp
FraxinusSpp
FagusSpp
EucalyptusSpp
Conifers
CastaneaSpp
Broadleaves

CarpinusSpp

BetulaSpp
AlnusSpp

AbiesSpp

10 W 0 10 E 20 E 30 E

~ Tree species maps for European Forests (Brus et al., 2011; Tréltzsch et al., 2009)
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_Methodology bqumg of the startlng database (1) (2000 2010)
”  Effects of tropospherlc ozone (O;) on GPP | i
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) _) European EnwronmentAgency (EEA)
A el : |
Meteorological | i Eu_ropeans-C_entre_ for Medl_um-Range 5-
[ parameters - Weather Forecasts (ECMWEF)
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by Zhao et aI (2005)
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Gross Primary Production data

\, _:: :

Land cover Emax — > €
FPAR = @ [ TminveD |
A ! APAR
IPAR

PP was estimated by a light use efficienc_y md,dell

Land cover 3 MODIS Land Cover CIa55|f|cat|on (MOD12Q1)

FPAR Fractlon of mC|dent PAR absorbed by the surface (MODls)

IPAR 1 PAR mcrdent on the vegetatlve surface (DAO)
Emax | ..:.;The maximum radiatIOn conversien effic_.iency (BI(E)iI\/IE_-B(;C) |
:rmin, VPD-:I: | ;NASA Data Assrmrlatlon Offlce (DA.O)
| A_PAR _:_::Absorbed PAR
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. ~ Ozone metrics .
| AOT40 = J‘ max((C o 40),,0)dt C is hourly ozone concentration (O,)

Dt is day of the year during the growing season

AOT40 was estimated as sum of the exceedances above 40 ppb over the daylight hours
during the growing season, according to the methodology for ozone risk assessment

(UNECE, 2010)

gsto 7 gmax X 1:Iight X maX( fmin’ 1:terﬁp % 1:VPD A 1:SWC‘;) . DO3SE model

PODO=X [gsto* [03]*0.663]

The stomatal flux-based model is based on the Jarvis’ (1976) algorithm and describes
species-specific effects of soil water availability (fswc), vapour pressure deficit (fvpd), air

temperature (ftemp), radiation (flight) and O, concentration on stomatal functioning.
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 Partial correlation coefficients (controlling for: Photosynthetically Active Radiation (PAR) and
~ air temperature (T)) and p-value (ns=not significant, p=0.001***, 0.01**, 0.05*) for
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_ Correlation coefficients and p-value (ns=not significant, p=0.001*** 0.01%*,0.05%) for

. correlation between Gross Primary Production (GPP) and ozone fluxes (Fyy).
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What are the most relevant factors affectlng GPP’?

Random Forests Analys_ls (RFA)

(Breiman et al. 1984, 2001)

RFA is a collection of simple tree predrctors each capable of producmg a
_ response when evaluated in relation to a set of predictor values.

The final predictor importance values are computed by normalizing those

averages so that to the highest average is assigned the value of 1, and the

importance of all other predictors is expressed In terms of the relative
magnltudes (Svetnlk etal, 2003)

REA was performed mcludlng and not mcludrng the Photosynthetlcally Active
Radlat|on (PAR) - - -

To test the ability of the RFA to discern the predrctor S |mportance

" _To select the r_host important_ predictors aff_ecting GPP

Ozone impacts on forest’s productivity and health in Europe



S Altendeich 0.56 0.39 1.00 0.35 0.56 0.38
0.31 0.38 1.00 0.63 0.37 0.66
0.52 0.44 1.00 0.85 0.46 0.73
' | Barcarrota 0.33 0.87 0.66 0.63 0.75 1.00
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Zugspitze 0.29 0.69 0.46 0.85 0.44 1.00
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SHEE o | IKrvavee ] 0.20 1.00 0.81 0.23 0.84 X
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DEFOLIATION-OZONE
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Methodology: buildi'ng of the starting database (1D

Effects of tropospheric ozone (O;) on Crown Defoliation

Abies alba
Fagus sylvatica
- Pinus sylvestris

Quercus ilex

Total number of plots= 1511

Ozone impacts on forest’s productivity and health in Europe



Methodology buddlng of the startlng database (1D (zooo 2005)

Effects of troposphenc ozone (03) on Crown Defollatlon

Defoliation data | 7 j ICP Forests __ :

a

Ozone data

~N s European Monitoring and Evaluation Programme
(EMEP) |

Weather Research and Forecastlng (WRF) 3.6

S model (atmospheric module)’ coupled with
Y - CHIMERE 2013b modeI (atmospherlc chemlstry

\

module)

Oxidized and

reduced nitrogen |——> European Monltorlng and Evaluatlon Programme

| deposition data

(EMEP)

. Ozone impacts on forest’s produ_ctivity' and health in Euro'pe :
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WRF/CHIMERE - EMEP (%), O, CONCENTRATION (ppb), ABIES ALBA PLOTS
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WRF/CHIMERE - EMEP (%), O, CONCENTRATION (ppb), PINUS SYLVESTRIS PLOTS

2005
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WRF/CHIMERE - EMEP (%), AOT40 (ppb*h), FAGUS SYLVATICA PLOTS
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WRF/CHIMERE - EMEP (%), AOT40 (ppb*h), PINUS SYLVESTRIS PLOTS
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WRF/CHIMERE - EMEP. (%), POD1 (mmol m2 PLA s!) FAGUS SYLVATICA PLOTS
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WRF/CHIMERE - EMEP (%), POD1 (mmol m? PLA s*'), PINUS SYLVESTRIS
PLOTS
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WRF/CHIMERE - EMEP (%), POD1 (mmol m2 PLA s''), QUERCUS ILEX PLOTS
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: Some conside(ati'ons:
Strong inconsistency between WRF-Chimere model and EMEP model in the ICP Forests plots;

The mean annual 0zone concentration simulated by CHIMERE is higher than EMEP ;itis -
| remarkable and unexpected how this latter shows a higher AOT40 than CHIMERE

Large difference in POD1 magnltude when mcIudmg soil water content function (espeually in
Med|terranean area) |

‘Analyse the effect of ozone simulated by WRF-CHIMERE and EMEP model on crown defoliation

e | ~ where [0,] is the hourl O, concentration (ppb), t is the
& max([0,]—40,0)dt: g.. >0 0] Y Pt il
AOT40 =4 .7 ., = integration time (1 hour) and e is the stomatal
- gs 0;9,,=0 i conductance _ -
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Correlation analysis

Defoliation 2000

AOT40 AOT40 GS POD1 (with fswc) POD1 (without fswc) O3 concentration
Abies alba 0.279808 0.334400 -0.251635 -0.289300
Fagus sylvatica -0.200479
" Pinus sylvestris -0.125706 -0.080439
Quercus ilex 0.252089
Oxidized POD1 (without fswc)
AOT40 EMEP  nitrogen Reduced nitrogen EMEP O3 concentration EMEP
Abies alba 0.229943
Fagus sylvatica 0.266086 0.160539 -0.169762
' Pinus sylvestris 0.110171 -0.138628
Quercus ilex
p<0.05
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Defoliation 2003

AOT40
Abies alba

Fagus sylvatica
Pinus sylvestris
Quercus ilex
AOT40 EMEP
_Abies alba
Fagus sylvatica
Pinus sylvestris

Quercus ilex

AOT40
Abies alba

Fagus sylvatica
Pinus sylvestris
Quercus ilex
AOT40 EMEP
Abies alba
Fagus sylvatica
~ Pinus sylvestris

Quercus ilex

0.243579

0.154131

0.254592

0.109094

Correlation analysis

AOT40 GS

Oxidized nitrogen

AOT40 GS

Oxidized nitrogen

2002 data

POD1 (with fswc)
-0.302851

POD1 (without fswc)
-0.399549

03 concentration
0.216510

0.285641 0.099715 0.110922 0.120642

Reduced nitrogen POD1 (without fswc) EMEP 03 concentration EMEP

0.219017
0.145795 0.104713 0.159485 -0.062849
0.245729 0.204544 0.299978 0.073472
0.173950 0.151180
2003 data
POD1 (with fswc) POD1 (without fswc) 03 concentration
-0.282501 -0.364972
0.291686 0.097503 0.149163

Reduced nitrogen POD1 (without fswc) EMEP 03 concentration EMEP

0.228459
0.138925
0.253401 0.205220 0.228328 0.126090
0.184335

p<0.05
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Defoliation 2005

AOT40
Abies alba
Fagus sylvatica
Pinus sylvestris

Quercus ilex

Oxidized nitrogen
Abies alba
Fagus sylvatica
Pinus sylvestris

Quercus ilex

AOT40
Abies alba
Fagus sylvatica
Pinus sylvestris

Quercus ilex

Oxidized nitrogen
Abies alba
Fagus sylvatica
Pinus sylvestris

Quercus ilex

Correlation analysis

AOT40 GS
0.269528

-0.101052
0.218153

Reduced nitrogen
0.314229

0.255910
0.210579

AOT40 GS
0.258619

0.234271

Reduced nitrogen

0.121227
0.266849
0.217302

2004 data
POD1 (with fswc) POD1 (without fswc) O3 concentration
0.293519 -0.228349 0.207111
-0.101624 -0.108026
0.272580 0.159492 0.155700 0.116056

03 concentration

AOT40 EMEP EMEP POD1 (without fswc) EMEP
-0.115819 -0.110585
0.149633 0.308474 0.077323 0.289296
0.149401 0.121656 0.072327 0.190408
2005 data
POD1 (with fswc)  POD1 (without fswc) O3 concentration
0.269542 -0.198894 -0.258554
0.282363 0.124338 0.153082 0.144075

03 concentration

AOT40 EMEP EMEP POD1 (without fswc) EMEP
0.102801 -0.107306
0.158908 0.308820 0.103882 0.297265
0.157760 0.172487

p<0.05
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Random-_Farests Ahaly5|s (RFA) Iy _Dependent Varlable Defollatlon 2000
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| 'Conclus-iOns

Clrmatrc parameters seem to be generally more |mportant than ozone parameters in
aﬁectrng GPP; |

.GPP is negatively related with O, concentration but positively related with ozone
-~ fluxes; i i i i i

"St'rong inconsistenoy between WRF-Chimere model and EMEP model in the ICP Forests plots;

Large difference in POD1 magnrtude when rncludlng 50|I water content functlon (espec1a|ly in
i Medlterranean area) '

"Correlatron analysrs between crown defollatlon and ozone (and reIated metrics) are
extremely low and often not 5|gn|frcant

‘RFAis able to discern the most important factor affecting crown defoliation, aIthough

“climatic parameters were not included in the RFA and consequently, further mvestlgatlons
_are needed. i

. Ozone impacts on forest’s productivity and health in Euro'pe :






| WRF:
RESOLUTION: 12 Km, 400x300 points (lon/lat)

BOUNDARY CONDITIONS: ERA-INTERIM
(~75km)

LSM: NOAH

Other (land-ice)
Bedrock
Water

Organic Material =~~~
Clay | CHIMERE
Silty Clay
Sandy Clay RESOLUTION 12 Km 295x270 pomts (Ion/Iat)

Clay Loam !
SityCiayLoam | METEO FORCIN“G. WRF (Offline)

Sandy Oy Loam | EMISSIONS: EMEP

73D Meteo Forcing

Loam
Silt _ 7 . i kit : i
SltLoa g S el I oM DA BARY Shibis O
Sandy Loam SR A S R e e AR T U v e A R AT U P
Loamy Sand
Sand
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Dominant Vegetation

60N | :
60 N Mediterranean Generic Evergreen
Mediterranean Generic Deciduous ©
f Mediterranean Beech
] ; ;
. Mediterranean Aleppo Pine
50 N »
Mediterranean Holm Oak RobiniaSpp
Continental Generic Evergreen ~ QuersFoburPetiaea
QuercusMisc
50“ N Continental Generic Deciduous  pseydotsugabenziesi
. Continental Beech PopulusSpp
40 N . PinusSylvestris
Continental Norway spruce PinusPinaster
Altlantic Generic Evergreen PinesMisc
. . . PiceaSpp
Altlantic Generic Deciduous )
LarixSpp
30° NG Altlantic Beech FraxinusSpp
0 . FagusS|
40 N Altlantic Temperate Oak gusSpp
EucalyptusSpp
Altlantic Scots pine Conifers
Northern Generic Evergreen Castaneaspp
. ) Broadleaves
Northern Generic Deciduous CarpinusSpp
Northern Silver birch BetulaSpp
i eV Northern N AlnusSpp
30 N . = orthern Norway spruce AbesSpp

| 10°W 0 10 E 20 E 30 E
".E.Cllmate region from European Environmental Agency

Vegetation data at 1 km resolution from EFI
- “Tree species maps for European forests”G J. Nabuurs D J Brus G M Hengeveld D 23 J
‘Walvoort, P. W. Goedhart, A. H. Heldema K..Gunia (2011) - '



