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Abstract. Knowledge about isoprene emissions and concenthe African savannah; the effect is up to 10 % more than that
tration distribution is important for chemistry transport mod- obtained using GEIA. In contrast, the impact of using GEIA
els (CTMs), because isoprene acts as a precursor for tropas higher in the Amazon region with more than 8 % higher
spheric ozone and subsequently affects the atmospheric comzone concentrations compared to that of using MEGAN.
centrations of many other atmospheric compounds. Isopren€omparing the ozone concentrations obtained by DEHM us-
has a short lifetime, and hence it is very difficult to evaluateing the two different isoprene models with measurements
its emission estimates against measurements. For this refcom Europe and North America, show an agreement on the
son, we coupled two isoprene emission models with the Danhourly, mean daily and daily maximum values. However, the
ish Eulerian Hemispheric Model (DEHM), and evaluated the average of ozone daily maximum value simulated by using
simulated background ozone concentrations based on diffetEGAN is slightly closer to the measured value for the av-
ent models for isoprene emissions. In this research, resultsrage of all measuring sites in Europe.

of using the two global biogenic emission models; GEIA
(Global Emissions Inventory Activity) and MEGAN (the
global Model of Emissions of Gases and Aerosols from Na-
ture) are compared and evaluated. The total annual emissiors Introduction

of isoprene for the year 2006 estimated by using MEGAN

is 592 Tgyr?! for an extended area of the Northern Hemi- \olatile organic compounds (VOCs) are important air pol-
sphere, which is 21 % higher than that estimated by usindutants that play a central role in the atmospheric chem-
GEIA. The overall feature of the emissions from the two IStry from urban to the global scale. On a global scale, natu-
models is quite similar, but differences are found mainly in ral emissions of non-methane VOCs (NMVOCs) largely ex-
Africa’s savannah and in the southern part of North Amer- ceed anthropogenic emissions (Guenther et al., 1995; Olivier
ica. Differences in spatial distribution of emission factors €t al., 1996). Guenther et al. (1995) estimated the annual
are found to be a key source of these discrepancies. In spitglobal emissions of biogenic non-methane VOCs (BVOCs)
of the short life-time of isoprene, a direct evaluation of iso- t0 be 1150 TgC. This value represents about 90% of to-
prene concentrations using the two biogenic emission modial NMVOC emissions (Latlgre et al., 2006). BVOCs re-
els in DEHM has been made against available measuremen@€t With oxides of nitrogen (N© in the presence of so-

in Europe. Results show an agreement between two modar radiation to form various secondary air pollutants, such
els simulations and the measurements in general and th&s 0zone. Ozone is not only a pollutant, toxic for human
the CTM is able to simulate isoprene concentrations. Addi-eings and agricultural crops, but also a potent short-lived
tionally, investigation of 0zone concentrations resulting from 9reenhouse gas in the troposphere. In addition, formation
the two biogenic emission models show that isoprene sim®©f secondary organic aerosols (SOA) is a process in which

ulated by MEGAN strongly affects the ozone production in BVOCS play a key role (Tsigaridis and Kanakidou, 2003).
Besides causing impacts on human health, SOA act as cloud
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condensation nuclei and influence the radiation balance o$tance, Pouliot and Pierce (2009) demonstrated substantial
the Earth. Among BVOCs, isoprene is the most importantdifferences in all components of the isoprene algorithms of
species. It is one of the most reactive species with a short aBEIS3 and MEGAN, which resulted in 53 % difference in the
mospheric lifetime of around minutes to hours (Atkinson andannual estimates of isoprene emissions over North America.
Arey, 2003). Moreover, it is the most abundant of BVOCsin  The main objective is still to implement the emission
the atmosphere (with global annual emissions equal to thamodels into the CTMs to allow the different isoprene emis-
of methane around 500 TgC) (Guenther et al., 1995). sion estimations to be properly evaluated against the mea-
Three dimensional chemistry transport models (CTMs)surements while the other parts of CTMs are retained. A
are used to predict ozone concentrations based on emissiomsimber of studies have also been conducted to evaluate re-
of VOCs and NQ. These models can also be used to studysults of the integrated MEGAN in air quality models with
the impact of BVOC emissions on atmospheric chemistry.satellite and/or ground-based observations on the very lo-
BVOC emissions have been incorporated as off-line staticcal scale (Geng et al., 2011; Steiner et al., 2008184 et
emission inventories into CTMs since the mid-1980s. How-al., 2008). Using MEGAN in different CTMs has provided
ever, coupling of biogenic emission models with CTMs is re- different results on regional scales against measurements.
quired in order to study the interactions between CTMs andBaker (2007), for example, shows that using isoprene emis-
surface fluxes of BVOCs. Because BVOC emissions are insions from MEGAN improves CAMx4 simulation of high
fluenced by the surface conditions and weather, generally thezone episodes in the Midwest of the United States. In con-
coupled system ensures that the BVOC models are forcettast, Warneke et al. (2010) find that MEGAN emissions us-
by the same land-use type and weather as those used in tlieg the transport model FLEXPART are in most cases higher
CTMs. than those determined from the measurements (using iso-
Guenther et al. (1995) developed the global model GEIAprene airborne data of the eastern United States). Such stud-
on a 1 degree by 1 degree grid for use in global CTMs. Onies allow a detailed comparison and evaluation of MEGAN
a regional scale, the Biogenic Emissions Inventory Systenmversus observations, but on specific regions.
(BEIS/ BEIS2/ BEIS3) was developed by Pierce et al. (1998). In the present work, we focus our attention on the com-
In recent years, a few global-scale models (e.g. LPJ-GUES®arison and evaluation of GEIA and MEGAN with back-
by Arneth et al., 2007 and BVOCEM by Lathe etal., 2010) ground ozone measurements, using a long-range air pollution
have been introduced to estimate the isoprene emissions wittmodel covering the Northern Hemisphere. Because these two
different vegetation and emission algorithms. Among recentglobal models have been widely used in air quality models,
models, the new global Model of Emissions of Gases andhe importance of evaluating these biogenic algorithms used
Aerosols from Nature (MEGAN) was developed as the nextin CTMs has been recognised.
generation emission model for biogenic emissions of gases Over Europe, an algorithm developed based on the GEIA
and aerosols. It is suitable for regional modeling as well; dueparameterization was compared with a specific model de-
to the high spatial resolution (30 s latitude by 30 s longitudescribed by Steinbrecher et al. (2009), and evaluated using the
corresponding to 1 k&) database for emission factors (EF) CHIMERE CTM model with ground-level ozone observa-
and land cover distribution (Guenther et al., 2006). tions (Curci et al., 2009). Moreover, Curci et al. (2010) eval-
During the last decade, several studies have been carriedated the performance of MEGAN using CHIMERE for sur-
out to investigate the impact of isoprene on troposphericface concentrations of formaldehyde (HCHO) and isoprene
ozone concentrations by incorporating BVOC models intoat limited stations in Europe.
CTMs (Steiner et al., 2008; Pfister et al., 2008; Bao et al., Since the CTM model used in this study is a hemispheric
2010; Souza et al., 2010). Uncertainties in the isoprene emismodel, the emission models can be compared and evaluated
sion inventories, modeling of chemical pathways and ambi-on a larger scale, focusing on ground-based ozone in both Eu-
ent NQ, abundance accompany the modeling studies of isorope and North America. We also evaluate our results against
prene impacts on atmospheric chemistry. For better predicavailable isoprene measurements from some stations in Eu-
tion of the occurrence of atmospheric chemical compoundsope. Furthermore, this paper compares the different parts of
due to isoprene, particularly of ground-level ozone, it is nec-MEGAN and GEIA algorithms, and focuses on sources of
essary to implement more accurately calculated emissiondifference as a first step to implement into CTMs.
from BVOC models in CTMs. Section 2 describes the biogenic models and the CTM used
A number of studies have compared the isoprene modin this study. Results of simulations, comparisons and evalu-
els before incorporating the modules into CTMs on both ations are presented and discussed in Sect. 3. Section 4 high-
global (Arneth et al., 2011) and regional (Wiedinmyer et al., lights the concluding remarks and an outlook for future stud-
2008; Lam et al., 2011; Poupkou et al., 2010) scales. Ar-ies.
neth et al. (2011) found agreement in the spatial distribution,
interannual variability and total emissions as simulated by
the three global isoprene emission models of MEGAN, LPJ-
GUESS and BVOCEM. However, on regional scale, for in-
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2 Model descriptions goals of Global Emissions Inventory Activity and described
by Guenther et al. (1995). The algorithm simulates the light
2.1 The DEHM chemistry-transport model and temperature dependency of isoprene emissions and esti-

mates the flux of isoprene from vegetation given by

The model used in this study is the Danish Eulerian Hemi-
spheric Model (DEHM), which is a 3-D large-scale Eulerian F = EDy Q)
atmospheric chemistry transport model. The model has been
applied in several long-range transport air pollution studieswhere E is an ecosystem dependent emission factor
covering most of the Northern Hemisphere from 10°S to(ugC g dry mass h'), which represents the rate of iso-
90°N (see e.g. Christensen, 1997; Hedegaard et al., 201%rene emission at standard conditiofsis the foliar density
Brandt et al., 2012), with a two-way nesting capability to ob- (g dry mass m? ground);y is a non-dimensional activity
tain higher resolution over limited areas (Frohn et al., 2002).factor that takes into account the effects of temperature and
The model is defined on a polar stereographic projection trugphoto-synthetically active radiation (PAR) (Guenther et al.,
at 60° N and is here applied with two domains — a mother1995). For each grid cell within the model domain, the total
domain with a resolution of 150k 150 km and a nested flux of isoprene is calculated as the sum of emissions from
domain covering Europe with a resolution of 50 knd0 km. each ecosystem within that cell. Each area of the Earth’s land
The model includes 29 irregular vertical layers extending tosurface is assigned by one of 59 different ecosystem types
the 100 hPa pressure level in a sigma-coordinate system. It iwith a resolution of 0.5% 0.5° that are compiled by Olson
designed to simulate both the gaseous and the aerosol phasé$992).
presently including 67 different species with 122 chemical Alternatively, isoprene emissions have been calculated
reactions. with the empirical algorithm MEGAN v2.04 that presented

Most of emissions are derived from a combined datasetby Guenther et al. (2006). MEGAN simulates isoprene emis-
which includes (1) EDGAR2000 Fast track and GEIA with a sion based on empirical relationships between key drivers
1° x 1° resolution for the Northern Hemispheric domain; and and emission as in GEIA, while the model is extended to
(2) EMEP with a 50 kmx 50 km resolution for Europe. In include more processes that control emissions. The standard
DEHM, natural emissions from wildfires are included basedconditions for the emission factors in MEGAN include not
on Schultz et al. (2008). Natural emissions of N&dm soil only air temperature and radiation (as in GEIA), but also
and lightning and Black Carbon, mainly from biomass burn- leaf area index (LAl), foliage age, solar angle, relative hu-
ing, are based on the GEIA database. Biogenic emissions ahidity, wind speed, soil moisture, and past weather con-
isoprene are described in the following subsection. ditions (Guenther et al., 2006). MEGAN includes, for in-

The chemical scheme used in DEHM is based on the exstance, short- to long-term weather history to account for
plicit approach of Strand and Hov (1994). The scheme hashe seasonal cycle of the emissions. It has also several sig-
been extended by updating several original photolysis as welhificant improvements to account for the influences of leaf
as the inorganic and organic chemistry rates. Furthermoreage, CQ concentration, soil moisture, and within-canopy
several reactions concerning particulate sulphate and a deariation in light and temperature. Moreover, the model es-
tailed description of the ammonia chemistry have been in-timates the net emission to the atmosphere and includes a
cluded to improve the origin chemical scheme in the model.term to account for variations in canopy production and loss
The chemical scheme of isoprene oxidation with OH andof isoprene. This study considers most of these effects (in-
NOg3 in DEHM is described by Frohn (2004). cluding the impact of soil moisture), but ignores those from

The required meteorological inputs are provided by theCO, concentrations and loss of isoprene within the canopy.
mesoscale meteorological model MM5v3.7 (Grell et al., One of the differences between MEGAN and GEIA model
1994) and defined on the same domains and resolutions ds in the treatment of plant species area coverage. In GEIA,
in DEHM. The National Centers for Environmental Predic- plant species are mostly treated explicitly and grouped into
tion (NCEP) Final Analyses (FNL) data (¥°1° spatial and 59 different ecosystems, whereas MEGAN uses a suite of
6 h temporal resolution) have been used to provide the inissix plant functional types (PFTs): broadleaf tree, needle leaf
tial and boundary conditions required by the MM&itp: evergreen tree, needle leaf deciduous tree, shrub, crop and

/ldss.ucar.edu/datasets/ds083.2/ grass. In this study, we use the MEGAN v2.04 dataset, which
comprises the geographical distribution of both the frac-
2.2 Isoprene emission models tional cover and the standard emission factor of the six PFTs.

These parameters as well as the leaf area index were all

In this section, a brief description of the two BVOC models supplied by the National Center for Atmospheric Research
used in this study is presented and the differences betweethttp://cdp.ucar.edl/ These monthly LAl datasets are used
these isoprene algorithms are summarized. as the driving land cover variables for MEGAN to estimate

First, the model that we call GEIA, in this paper, is a the response of emissions to temporal variations in leaf age
NMVOC global emission inventory provided as one of the and LAI. Monthly LAI data, averaged over the fraction of
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land area covered by vegetation, is needed for the months gfrene emissions increase with the temporal resolution of the
the model simulation and the preceding month. input weather data. Since in this study MEGAN uses hourly
In this study we have implemented the empirical algo- weather data derived from original 6-hourly NCEP/FNL
rithm PCEEA (the parameterized canopy environment emis-dataset, the estimated isoprene emission is close to the higher
sion activity) into MEGAN to simulate the response of iso- end of previously reported values.
prene emission to changes in environmental conditions. The The spatial distribution of total annual isoprene emissions
PCEEA algorithm utilizes a different set of equations to calculated with MEGAN and GEIA are shown in Fig. 1, to-
estimate the canopy-level of environment emission activitygether with their absolute differences. Both models estimate
factor. However, the standard detailed canopy environmenthe largest isoprene emissions in the tropics. These are ob-
model calculates leaf-level photosynthetic photon flux den-tained from a combination of warm temperatures, high levels
sity (PPFD) and temperature of sun and shade leaves at eadf radiation and higher foliar density (Arneth et al., 2011).
canopy depths. Temperate regions in the south-eastern United States have
We have applied the MEGAN and GEIA models with tem- high fluxes throughout the summertime. As shown in the
perature and cloud cover variables generated by MM5v3.7 offigure, the largest difference is around 10g4yr—1 that
the same domain and grid configuration, i.e. the projectionemerges clearly over tropical regions. MEGAN shows larger
and grid size as in DEHM. In order to compare the results ofisoprene emissions in Africa, while GEIA estimates higher
these two BVOC models, the isoprene emissions have beewalues on South America.
calculated for the last decade (1999-2009). However, here In Fig. 2, daily isoprene emissions are displayed for 2006.

we focus on the year 2006 as an example. Peak emission rates occur in the summer months when the
_ two driving forces, i.e. temperature and solar radiation, are
2.3 Measuring networks highest. The temporal variations of the simulated emission

. by the two models follow each other; MEGAN shows the
In order to evaluate the DEHM model performance with dif- igher values. In summer, the largest discrepancy reaches
ferent isoprene emission inventories, comparisons have beefg o, pifterent parameterizations, different land cover data,
made using observations of isoprene concentrations in Eusnq/or different emission factors might have contributed to
rope and of ozone concentrations in both Europe and Northy,q yitferences observed between the MEGAN and GEIA
America. For Europe, the measurements used for this evalusgiimations. Figure 3 shows the GEIA and MEGAN emis-
ation originates from the EMEP measuring network, which gjon tactors; emission rates at standard conditions of 303 K
includes a large number of chemical components. Details;q 1500 umol m2 s~ at the top of the canopy. In GEIA, all
about the measurement period and the location of the measqqsystem types were assigned with one of the five values of

suring sites are presented in Hedegaard et al. (2008). For themission factors given in Guenther et al. (1995) and summed
North American domain, the monitoring data of the hourly 1, estimate the total emission for a location, while MEGAN

o0zone concentrations are provided by the US Environmenta|,ses an approach that accounts for geographic variations in
Protection Agency (EPA). The database provides air qualityyye emission factors attributed to each PFT. Comparison of
data collected at outdoor monitors across the United Stateg,ese maps with corresponding emission rates in Fig. 1 in-
(http:/lwww.epa.gov/airdata/We selected some of the field jjcates that the differences between GEIA and MEGAN are
campaigns, which have data for each hour in the entire yeag, 51y from the use of different base emission factors, espe-

2006. cially at lower latitudes. To test this hypothesis, we carried
out MEGAN simulations with an alternative emission fac-
3 Results tor scheme. This alternative assigns a single isoprene EF for
each PFT based on the approach used in GEIA (Fig. 4). This
3.1 Evaluation of isoprene emissions and driving scheme introduces different distributions for both emission
factors factors (Fig. 4a) and emission rates (Fig. 4b) compared to

Figs. 3 (top right) and 1 (top right), respectively. It is appar-
The MEGAN and GEIA platforms have been used to esti-ent that even in the same model (MEGAN), the differences
mate grid-based emissions on an hourly time step for an exbetween emission rate distributions are mainly due to dif-
tended area of the Northern Hemispheric for the year 2006ferent corresponding emission factor maps. As Guenther et
The total annual isoprene emission in the study area (fromal. (2006) pointed out, the estimated emissions using a con-
10°S to 90°N) estimated using MEGAN is 592 Tgyr stant emission factor for each PFT (like the approach used in
which is higher than the 487 Tgyt isoprene emission es- Fig. 4) lead to significant errors; we have used the standard
timated by GEIA. Our estimated emissions are within the MEGAN emission factor scheme in the following.
range of global values of about 460-770 Tgymreported To better understand the reason of difference between the
in previous studies (Guenther et al., 2006; Arneth et al.,two model simulations, Fig. 5 shows the mean annual envi-
2008; Ashworth et al., 2010). Ashworth et al. (2010) have ronment emission activity factor in the study area. The non-
pointed out that the MEGAN estimates of total annual iso- dimensional emission activity factor estimates the response
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Emission Rate

GEIA

(g/m?/y)

20.0 - 25.0

NOERCCEN

MEGAN-GEIA

(g/m’ly)

EEE N

Fig. 1. Spatial distribution of the annual isoprene emission rates (g isopréﬁ@rﬁl) calculated with GEIA and MEGAN, together with
their difference for 2006.

25 Daily Isoprene Emissions shading effect is parameterized by Egs. (12) through (16)
as a canopy radiative transfer model. As seen in Fig. 5,
MEGAN generally shows a larger environment emission ac-
15 tivity factor. Considering Figs. 1 and 3, the source of dif-
ference in emission rates (Fig. 1) over, for example, tropical
1 —oEa Africa originates from the effect of environment activity fac-
T MEoAN tor (Fig. 5).
In general, the effects of leaf age and soil moisture on iso-
0 prene emission (not shown) are not dominant near the regions
0 8 160 240 320 where the isoprene emission is high, because leaf age and
Time [day] soil moisture activity factors have high values close to unity.
Therefore, the major reason of difference in emission rates
from the two models might be due to the emission factors and
environment activity factors, respectively. Figure 6 shows the
distribution of average isoprene emission rates calculated by

. L . : ... the models for summer (JJA) and winter (DJF) in 2006. The
of isoprene emission to changes in environmental conditions

. o discrepancy of the emission rate distributions in the tropical
that are equall to unity at_ standard conditions. The MEGANarea is more apparent in summer than in winter. MEGAN has
PCEEA algorithm described by Eqgs. (10) through (15) in _ . o . o
Guenther et al. (2006) requires monthly LAI, hourly and a higher sensitivity of isoprene emission to the temperature

: ; q y =AL y Dcompared to GEIA (not shown). Figure 7 shows the tem-
daily average air temperature, solar transmission, and PPF

! . perat ivi iable in th issi
In Guenther et al. (1995) the light and temperature effects wPera ure pattern, used as a driving variable in the emission

GEIA are parameterized by Egs. (9) and (10), and canopymOdeIS’ for 2006. The highest temperatures are found over

Emission rate [Tg/Day]

0.5

Fig. 2. Daily total isoprene emissions calculated by both GEIA and
MEGAN in the study area for 2006.
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Emission Factor

GEIA
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3.0 - 4.0
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1.0 - 20

1.0

HERERRNT | |

Fig. 3. Spatial variability of isoprene emission factors (mg isoprené 1) used in the simulations with the MEGAN and GEIA models,
together with their difference.

Eimission Factor Eimission Rate
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YO ] e0-70 ] 150-200
[] s0-60 | 100- 150
] 40-50 ) '
B so0.40 = [ s0-100
L] 20-30 20- 50
C 1 10-20 L] 10-20
] 10 ] 10

Fig. 4. Distributions of emission rate and its corresponding emission factor as a standard alternative method in MEGAN simulation. The total
emission of each location is calculated from sum of a single isoprene EF for each PFT.
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Environment emission activity factor

GEIA

03
02-03
01-02
01-01
00-01

0.0

(ECEEm

Fig. 5. Non-dimensional environment emission activity factor, calculated for each grid cell based on the equations described by Guenther et
al. (1995, 2006) for GEIA and MEGAN models, respectively.

Emission Rate JIA

R LN . L TN
GEIA B X -y ol MEGAN-GEIA . ﬁi%?“ 3
oy ) F ~ g
(mg/m?/h)
] 3.0 (mg/m?/h)
] 25-30
[ =20-25 | 5
] 15-20 ] 10- 15
i1 10-15 4[] o5- 10
] o8-10 |1 o00-05
1] o4-o08 i ] -05-00
] o1-04 [ -10--05
= [ 0.1 (] -1.0
Emission Rate  DJF
N ERCI%
GEIA e
(mg/m?/h)
[ 3.0 (mg/m*/h)
[ 25-30 [ 15
[ 20-25 3 10- 15
] 15 - 2.0 ] o05- 10
(| 10 - 15 3 ] o0-o0s
| 08 - 1.0 O 0'5 0-0
] oa4-o08 . -
[ ] ot1-o04 10 - -05
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Fig. 6. Seasonal isoprene emission rates, estimated by MEGAN and GEIA together with their differences, for summer (JJA) and winter
(DJF), 2006.

the subtropics (e.g. east of the USA) and African Savannah Figure 8 shows the spatial distributions of the annual iso-
in the summer. This is why MEGAN estimates considerableprene concentrations in the lowest model layer (around 12 m)
emissions in the region in the summer. using MEGAN and GEIA for the year 2006. Due to the

short atmospheric lifetime (around 0.5-2 h), isoprene cannot
be transported far from its sources. Therefore, it is reason-
able to assume that the spatial distribution of isoprene con-
, , . . centrations is similar to that of the corresponding emissions.
In this subsection, we present results of implementingrhe highest concentrations, with values up to 4 ppbV, occur
MEGAN and GEIA into DEHM for online calculation of the  gjmijarly in the tropics, where the largest isoprene emissions

isoprene emissions and evaluation the DEHM simulations,aye heen obtained by both models. However, the additional
with measurements.

3.2 Evaluation of isoprene concentrations

www.atmos-chem-phys.net/12/7399/2012/ Atmos. Chem. Phys., 12, 73382 2012
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Temperature (K)
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- 2950
0 - 2000
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0 - 2800
- 2750
- 2700

2650

Fig. 7. Mean temperature pattern of the lowest model layer provided by MM5v3.7 in 2006; the entire year, summer (JJA) and winter (DJF).

Concentrations of Isoprene for 2006

GEIA MEGAN

Units: ppbv

> 400
3.00 - 4.00
2.00 -3.00
150 - 2.00
100 - 150
050 - 1.00
0.10 - 0.50
0.08 -0.10
0.05 -0.08

< 005

]

Fig. 8. Annual isoprene concentrations (ppbV) simulated by DEHM in the lowest model layer (with thickness of 12 m) using the MEGAN
and GEIA biogenic emission models.

isoprene emissions in MEGAN affect the concentrations in,html). The available observed data for year 2006 are obtained
e.g. the African savannah and the south-eastern part of thifom 9 stations in Europe located in Germany, France, Czech
United States. It is apparent that the discrepancies of th&kepublic and Switzerland. The number of stations with avail-
emission distributions result in differences between the iso-able isoprene measurements is quite small and cannot con-
prene concentration simulations of the two models. stitute the basis for a full scale evaluation. In addition, the
Hourly isoprene concentrations simulated using DEHM data are infrequent, making an accurate analysis and compar-
are compared with isoprene measurements from theson of measurements from the different sites difficult. How-
EMEP network [ttp://www.nilu.no/projects/ccc/emepdata. ever, the results can give an indication of whether the model

Atmos. Chem. Phys., 12, 7399412 2012 www.atmos-chem-phys.net/12/7399/2012/
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Table 1. Comparison of the mean (M) isoprene concentrations between observed and calculated data by DEHM using both biogenic models
in 2006. The performance of DEHM based on both GEIA and MEGAN are evaluated using the correlation coefficient and the fractional bias

(FB). H is the height of the station above sea-level.

Country/ Lat/ Mobs MMEGAN M_GEIA Correlation/FB  Correlation/FB No. H
Station Lon (ppbv)  (ppbv) (ppbv) (MEGAN) (GEIA) data (m)
Germany/Langenbrugge 5248/10.45%E 0.039  0.122 0.090 0.68/1.03 0.72/0.79 79 74
Germany/Schauinsland  47%M/7.5#E  0.065 0.446 0.217 0.59/1.49 0.57/1.08 74 1205
Germany/Neuglobsow 53.10l/13.02E 0.104 0.113 0.096 0.79/0.09 0.79.07 78 65
Germany/Schriicke 50.39N/10.46E 0.025 0.220 0.200 0.77/1.59 0.88/1.56 80 937
Germany/Zingst 54.ZeN/12.4%E 0.124 0.153 0.056 0.70/0.21 0.6®.74 79 1
France/Donon 48.3IN/7.0° E 0.468 0.236 0.129 0.850.65 0.84+1.13 85 775
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Fig. 10. Validation of the DEHM model results of isoprene con-
. . . . . centrations using the MEGAN and GEIA biogenic models in 2006
simulations are in the right order of magnitude. Also, for one ygainst measurements for the background station Rigi in Switzer-
of the stations (Rigi, Switzerland), the time variation can be|gng.

evaluated. The Rigi station is the only station for which con-
tinuous measurements (2 hourly) are available whereas the
samples were acquired twice a week in other stations.

Table 1 shows the comparison between mean observefbr the Rigi station are compared with those calculated us-
and mean simulated isoprene concentrations using GEIA anthg MEGAN and GEIA. Both models overestimate the ob-
MEGAN. The statistical comparison for the stations with served data, and MEGAN results have a larger difference in
coarser time resolutions together with the numbers of validthis station. Nevertheless, the results are in agreement with
measurements for each station during the study period ioupkou et al. (2010) concluding an average level of uncer-
shown in the table. The mean isoprene concentrations ofainty within a factor of 4 for isoprene estimations in Europe.
the stations based on MEGAN simulations tend to be moren addition, it should also be emphasized that the relatively
consistent with in situ measurements than those based oooarse spatial resolution applied in DEHM in these simula-
GEIA. The reported comparison of CHIMERE simulations tions is not able to well represent the high spatio-temporal
(using MEGAN) and measurements represents similar tenvariation in the isoprene concentrations. Due to the coarse
dency for the stations located in France and Czech Republicesolution, the model cannot take into account effects from
(Curci et al., 2010). Figure 9 displays location of the stationslocal sources. The isoprene concentrations can easily vary by
on a background total LAI activity factor map for summer. a factor of 4 or more within the individual grid cells. How-

In Fig. 10, the measured 2-hourly isoprene concentrationgver, the purpose of evaluation of isoprene concentrations in
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Fig. 11.0zone concentration (ppbV) simulated by DEHM for the study area using the @Ebkd MEGAN(b) isoprene models, and for

the biogenic isoprene emissions set to zero (No-Isopr@)é) the lowest model layer. Ozone changes due to isoprene estimated by GEIA
against No-Isoprene in DEHNH) and by MEGAN against No-Isoprene in DEH@) for 2006. (f) Differences of ozone concentration
simulated by DEHM based on the biogenic models of MEGAN and GEIA for 2006.

the present study is to examine whether the model results argiogenic emission or biomass burning regions with high iso-

in the right order of magnitude. prene emissions. This can explain the higher ozone concen-
trations in south-eastern USA, African savannah, and large

3.3 Evaluation of ozone concentrations parts of Asia (e.g. tropical regions) with a maximum annual

value of more than 55 ppbV over the densely populated areas.
Due to the scarcity of isoprene measurements and its short The comparison of the results based on the two BVOC
lifetime, we have also evaluated the DEHM simulations of models with the model results where the biogenic isoprene
0zone concentrations, in order to check possible benefits iemissions are set to zero (No-Isoprene) demonstrates that
using the newly developed MEGAN compared to GEIA. We isoprene has a significant impact on the ozone concentra-
first study the simulated impact of isoprene on ozone con<ions over land. The isoprene contribution to ozone formation
centrations in the lowest model layer, and then evaluate backis more than 40 % in the tropics close to isoprene sources.
ground ozone values against the measurements in Europe addiding biogenic isoprene with MEGAN also leads to an en-
North America. hancement of ozone production by up to 15 % in Europe and

Biogenic isoprene is one of the key ozone precursors dug0 % in the south-eastern USA, respectively (Fig. 11d).
to the oxidation by hydroxyl radical and nitrate radical in ~ As mentioned earlier, compared to GEIA, MEGAN es-
the areas of high anthropogenic emissions (Paulson and S&imates higher isoprene emission in the African Savannah,
infeld, 1992). The gas phase chemistry of isoprene and its bywhere the additional isoprene increases the ozone production
products in the DEHM model are presented by Frohn (2004) by up to 10 %. In contrast, the isoprene emission by GEIA is
Hedegaard et al. (2011) discussed the main photochemicdligher than that of MEGAN in the Amazon region and some
processes involved in the formation of tropospheric ozone. locations in East Asia. This results in a higher ozone con-
Figure 11 shows the contributions of isoprene to the ozonecentration of around 8 % by GEIA compared to MEGAN in

formation based on the two different models for biogenic the Amazon. In other parts of the domain, the ozone concen-
emissions. These results are also compared with the case tfations simulated using the two biogenic models are quite
running the model without the biogenic emissions (hereaftersimilar (in the range of 20-35 ppbV). The differences in iso-
referred to as No-Isoprene) to quantify the contributions fromprene impact on ozone concentrations between MEGAN and
isoprene to the ozone levels in general. The model result&GEIA are largely consistent with the differences in their iso-
show that the highest ozone concentrations occur over indugsrene emissions (see Fig. 1). In Europe, the simulated effect
trial or high NG, emission regions where they coincide with
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Fig. 12. Comparison of measured and predicted mean values of the daily maximum ozone concentrations with DEHM-GEIA and DEHM-
MEGAN at 117 rural background stations of EMEP for the year 2006.
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Fig. 13. Evaluation of the DEHM model results for daily mean, hourly and daily maximum ozone concentrations using both the GEIA and
MEGAN isoprene emission models for 2006 against available measurements from the EMEP network in Europe.

of isoprene on ozone by MEGAN is up to 4 % more than thatthat both emission models produce good isoprene estimates
by GEIA and in south-eastern USA, exceeds 10 % where then the European scale. As shown in the scatter plots, the re-
land is covered by some of high isoprene emitting trees suclsults by using the two models are coherent at all stations; for
Oak and Eucalyptus (Steinbrecher et al., 2009). instance, both models slightly overestimate in a few similar
In order to evaluate the indirect effect of using the two dif- measurement sites (e.g. in the United Kingdom, the Nether-
ferent BVOC models, the model simulations of annual meanlands and Bulgaria).
values of daily maximum ozone concentration for the year We now compare the time series of ozone concentrations
2006 are plotted against measurements obtained from 11Zimulated using the two BVOC models with observations.
European rural background monitoring sites in Fig. 12. TheThe comparison is shown as a spatial mean of all sites in the
performance of DEHM is evaluated using the Pearson correregion in order to assess the isoprene emission by the two
lation coefficient and the fractional bias (FB). Results showmodels. In Fig. 13, the results are given for daily means,
that DEHM in general performs slightly better with MEGAN hourly and daily maxima of ozone concentrations for the
(correlation= 0.70; FB= —0.06) than with GEIA (correla- year 2006. DEHM performs well in simulating hourly and
tion = 0.67; FB—0.10). We can conclude from the results daily values of Q (with a correlation up to 0.89 and a small
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Fig. 14.Evaluation of DEHM-GEIA and DEHM-MEGAN results as annual mean values for each measurement station in North America for
2006, compared to available measurements from the Ozone network (taken from the US Environmental Protection Agency database).
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Fig. 15. Evaluation of DEHM results for daily mean, hourly and daily maximum ozone concentrations, using both GEIA and MEGAN for
2006 with available measurements from the Ozone network (taken from the US Environmental Protection Agency database) taken as averag
values in space over all the measurement stations.

fractional bias) using both models. In addition, the resultsunderestimates the average value of all stations, whereas the
show that DEHM is able to capture the day-to-day variability DEHM model based on MEGAN overestimates.
of daily mean and maximum concentration of. ®lowever, The time series of simulated and measured ozone con-
the results with using MEGAN for simulation ozone daily centrations, as averaged over all the measurement stations
maximum over all the sites in Europe show relatively betterin North America for the year 2006, are given in Fig. 15.
agreement with observations. The results of DEHM using both MEGAN and GEIA do

In Fig. 14, the DEHM model results using both MEGAN not capture the day-to-day variability of ozone daily mean
and GEIA are evaluated for North America as daily maxi- and maximum concentrations as good as they do for Europe
mum values of ozone for the year 2006 compared to avail{Fig. 13). This is probably due to the use of a global emis-
able measurements from the Ozone network (taken fronsion inventory for this area with coarser resolution compared
the US Environmental Protection Agency). The evaluationto the EMEP data for Europe. The average values of mean
of DEHM results of the annual mean values for 138 mea-daily and hourly ozone concentrations from DEHM based
surement stations in the United State show a good agreesn both isoprene models are somewhat higher than observa-
ment with observations (with correlation coefficients of up tions. The MEGAN-based simulation shows the mean val-
to 0.83). However, the DEHM model based on GEIA slightly ues slightly higher than those based on GEIA. Compared to
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