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Abstract. We evaluate the effect of varying the tempo- et al, 1995, but it is also one of the most reactive, with an
ral resolution of the input climate data on isoprene emis-atmospheric lifetime of around 1.5 h with respect to the OH
sion estimates generated by the community emissions modelind NG; radicals Atkinson and Arey2007).

MEGAN (Model of Emissions of Gases and Aerosols from Isoprene emissions are predominantly of biogenic origin
Nature). The estimated total global annual emissions of iso{e.g. Guenther et a].1995 Laothawornkitkul et al.2009),
prene is reduced from 766 Tg¥y when using hourly input  leading to high mixing ratios of isoprene in the lower tropo-
data to 746 Tgy! (a reduction of 3%) for daily average in- sphere over vegetated land. For example, mixing ratios of
put data and 711 Tgy* (down 7%) for monthly average in- isoprene of up to 3.9 ppbv have been observed in the bound-
put data. The impact on a local scale can be more significanary layer above an oil palm plantation in Malayske(vitt

with reductions of up to 55% at some locations when us-et al, 2009. Once released into the boundary layer, isoprene
ing monthly average data compared with using hourly datarapidly undergoes a series of photochemically initiated reac-
If the daily and monthly average temperature data are usetions culminating in the production and destruction of tropo-
without the imposition of a diurnal cycle the global emis- spheric ozoneRehsenfeld et 811992, a key atmospheric
sions estimates fall by 27-32%, and local annual emissiongollutant as well as a long-lived greenhouse gas.

by up to 77%. A similar pattern emerges if hourly isoprene In order to fully understand and predict the occurrence of
fluxes are considered. In order to better simulate and predicground-level ozone, it is necessary to reliably quantify emis-
isoprene emission rates using MEGAN, we show it is nec-sions of all volatile organic compounds, and particularly of
essary to use temperature and radiation data resolved to origoprene (e.gChameides et al1988, on both global and
hour. Given the importance of land-atmosphere interactiondighly-resolved local scales. Estimates of global and re-
in the Earth system and the low computational cost of thegional isoprene emissions have been generated since the mid-
MEGAN algorithms, we recommend that chemistry-climate 1990s (e.gGuenther et al1995 Simpson et a).1999. Both
models and the new generation of Earth system models inpute algorithms and the input datasets have been improved
biogenic emissions at the highest temporal resolution possisince then and global emissions are thought to be around
ble. 450-600 Tgy*. There is still a considerable degree of un-
certainty in these figuresA¢neth et al, 2008 and work is
ongoing to validate these estimates against observations and
constrain them using satellite data (eShim et al, 2005.

The next goal is to incorporate these emission models into
Isoprene, Hs, is one of a class of chemicals known col- atmos.pheric and Earth system mpdels to al!ow the impact of
lectively as volatile organic compounds. It is not only the €Missions on atmospheric chemistry and climate to be prop-

most abundant of these in the atmosphere, with total annug@'ly evaluated.

emissions believed to be equal to that of metha®eenther Although research is underway to develop global-scale
process-based models of isoprene emissions Ggae and

Niinemets 2008, the majority of studies into emissions
Correspondence ta<. Ashworth are carried out with the empirical algorithms developed
m (k-ashworthl@Ilancaster.ac.uk) by Guenther et al(19995, and subsequently refined into
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MEGAN, the Model of Emissions of Gases and Aerosols2 Method
from Nature Guenther et a]2006. The algorithms estimate

the flux of isoprene, F, imgm—2h~1, using The study was conducted using the latest community version
of the Model of Emissions of Gases and Aerosols from Na-
F=e-D-y (1) ture, MEGAN v2.04, (NCAR 2007). MEGAN v2.04 imple-

wheree is the base emission rate of isoprene from a par_ments the empirical isoprene emissions algorithms described
ticular plant species at standard conditions of°G0and as the PC.EEA approqch l@uenther et al(2009, bUt ne-

1000umolm~2s~1 of photosynthetically active radiation glects the impact of soil moisture and any loss of isoprene in
(PAR), D is the foliar density or leaf area index ir2m~2, the canopy. This is achieved by setting both of these factors

andy represents a dimensionless activity factor that adjust§O 1in MEGAN v2.04.
the emission rate according to the current growth environ—2 1 Inout dat
ment of the planty reflects the effect of current and histor- = put data
ical temperature and PAR, the leaf age and the soil moisturel_ . : .

. L . - he model requires input datasets of vegetation and climate
on isoprene flux. These activity factors and their derivations

are fully described bysuenther et ak1995 2006 so no fur- yanables. MEGAN V2'(.)4 can be, run on any spatial resolu--
. . tion over any geographical domain. For the purposes of this
ther details are given here.

Numerous studies have been conducted to evaluate thSeIUdy’ the model was run globally on a Dl 0.5’ regular

sensitivity of the MEGAN emissions estimates to variationsgrld over the_ course of a year. _For each_grld cell within the
in, for example, land cover (e.gViedinmyer et al. 2008 model domain the total flux of isoprene is calculated as the

climate (e.g. Lathiere et al. 2006 Muller et al, 2008, sum of the emissions from each plant functional type (PFT)

and leaf area index (e.@miatek and BogackR005. The W't_lt_]r']n t\r/]at C?"t'i n dataset morise land cover. b mi
most comprehensive analysis was reported in the original . € vegetation datasels comprise 1and cover, base emis-

MEGAN paper Guenther et al2008 in which total annual sion rates and leaf area index. These input files, as described
global isoprene emissions were computed for different cIi-by Guenther et a200, were all supplied by the National

mate and vegetation data sets. This demonstrated that is(g;enter for Atmospheric Researdtttp://cdp.ucar.ed}/thus

prene emissions estimates from the MEGAN model CouldaIIowing comparisons to be made between the results of this
vary between 500 Tgy* and 750 Tgy! simply due to real- study and emissions estimates previously generated with the

istic variations in input data. full ?]ﬂElGAg algorltr(;ms.f_I _ _ s
To date, none of these studies have addressed the fact thatT e land cover datafile, version 220' gives the distribu-
many of the climate data sources have different temporapon of vegetation in terms of the fra_lcuon of a grid cell cov-
resolutions. For example, in the MEGAN pap&ugenther ered by egch of t'he six plant functional types u;ed for iso-
et al, 2006, half of the weather datasets used provided 6-Pf€ne €MISSIONs in MEGAN v2.04. The global gridded map

hourly values of temperature and PAR, while the others gawapf base emission rates of isoprene by plant functional type,

monthly mean values. While the values were all used to genyersion 2.0, is currently the best resolved data for isoprene,

erate hourly data to drive the model, there are inherent asyvith the emission factors varying with both plant functional

sumptions in any method of interpolating between availableYP€ and geographical location. The map glves emission
rates at standard conditions of 30 and 100Q:molm~<s

data points which, given the non-linearity of the response NGAR. 2 NCAR's leaf index datab .
of isoprene emissions to temperature and PAR (danson ( » 2007. NCAR's leaf area index database, version

et al, 1992 Guenther et a).1991 1993, will have an im- 20 contains a gridded map giving the average leaf ar_ea per
pact on the results. Indeed/ang et al(1998 suggested that un;ltfvegetart]ed grohunfd Harea tper 1000) for each grid
their method of interpolating input temperature data resulted®®"! for €ach month of the ygaNQAR, 2009). )

in a 20% increase in total global annual isoprene emissions. MEGAN v2.04 also requires input values of the air tem-

In the case of the monthly averaged data there is a loss gperature at 1.5 m above the surface and the short-wave radi-
extreme values which will affect studies on the impacts of&tion flux reaching the surfac®lCAR, 2007). We used the
isoprene on climate. UK Meteorological Office Unified Model, the UM, as the

Here, we evaluate the effect that the use of averaged clil"Put climate model as this forms the basis of the UK com-

mate data has on estimates of isoprene emissions generat8/Nity Earth system model, QESM. The values of tempera-
by MEGAN, as well as the impact of altering the time in- ture and short-wave radiation were generated by the UM for

terval at which the model is called within an atmospheric ora year at current climatic conditions following a three month

Earth system model, by using the same climate data for eachPIN UP period. UM output is provided at one hour intervals

model run but varying the temporal resolution of that data as2n @ 2-3 by 3.75 global grid so the data were regridded to a
supplied to the model. 0.5° by 0.5 grid. However, owing to the computational cost

of the radiation scheme within the UM, short wave radiation
is only sampled every three hours. This has implications for
running MEGAN within a fully coupled Earth system model.
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Table 1. Total global annual isoprene emissions, in Tghyfor each run performed together with full description of input data used. Where
daily and monthly average data have been converted to hourly data, this has been done by applying a diurnal cycle. The percentage differenc

shown is in relation to Run 1, which uses the original UM output temperature and radiation data, and is used as a baseline case.

Run No. Temperature input data Radiation input data Isoprene % diff

Hourly input:

1 Hourly 3-hourly—hourly by sampling 766 0

2 Hourly 3-hourly—hourly by interpolation 773 +1

3 Daily— hourly Daily— hourly 746 -3

4 Monthly— hourly Monthly—hourly 711 -7
3-hourly input:

5 Hourly— 3-hourly by sampling 3-hourly 744 -3

6 Hourly— 3-hourly by averaging 3 hourly 737 -4
Average temperature input:

7 Daily average Daily>hourly 557 -27

8 Monthly average Monthlyhourly 536 -30
Hourly input sensitivity study:

9 Daily— hourly 3-hourly—hourly by sampling 741 -3

10 Daily— hourly 3-hourly—hourly via interpolation 749 -2

11 Hourly Daily— hourly 770 0

12 Monthly—hourly 3-hourly—hourly by sampling 706 -8

13 Monthly—hourly 3-hourly—hourly by interpolation 712 -7

14 Hourly Daily— hourly 740 -3
Average temp sensitivity study:

15 Daily average 3-hourhyhourly by sampling 547 —-29

16 Daily average 3-hourlyhourly by interpolation 555 —-27

17 Monthly average 3-hourhy hourly by sampling 524 -32

18 Monthly average 3-hourdy hourly by interpolation 532 -31

This study is therefore also designed to determine the impadture the times for minimum and maximum values were set to
on estimates of isoprene emissions of driving MEGAN at 3-06:00 LT and 14:00 LT respectively with a sine curve fitted

hourly, as opposed to hourly, intervals.

resolution of the data.

2.2 Model runs

between. For the radiation cycle, the local times of dawn and
The UM output was also used to generate daily anddusk were calculated for each grid cell and a positive sine
monthly average values of temperature and short-wave racurve fitted between these time with the radiation set to zero
diation, to allow the study to be conducted using exactly theat other times. Full details of the functions used are given
same original data for each run. Hence any differences in rein the supplementary materiaitp://www.atmos-chem-phys.
sults can be entirely attributed to the difference in temporalnet/10/1193/2010/acp-10-1193-2010-supplement.pihe
MEGAN algorithms were then used at hourly intervals to
generate emissions estimates using these values either to-
gether or in conjunction with the original temperature or ra-
diation input data as described above. This simple sensitivity

The only difference between the model runs is the temporafnalysis allowed us to determine the goodness of fit between
resolution of the input climate data. The original hourly and the applied diurnal cycle and the original data. The daily
3-hourly data from the UM were combined to drive MEGAN average temperature data were also used without the appli-
on an hourly time step, in which case the radiation data wagation of a diurnal cycle by repeat sampling of the average
converted to provide hourly values either by repeat sampling’@/ué- The monthly average data were used in the same way.

of the 3-hourly data or by interpolation between successive Table 1 shows the combinations of input data for each
values, or a 3-hourly time step, in which case the hourly tem-run performed, together with the global annual total isoprene
perature data was either averaged over the time step or saremissions estimate. In addition hourly (or 3-hourly where
pled at the time of the radiation data. appropriate) fluxes were also calculated for each run to al-
The daily average temperature and radiation data weréow an evaluation of the effect of varying the temporal reso-
converted to hourly data values by imposing a diurnal cyclelution of the input data on instantaneous flux estimates that
in the form of a sinusoidal function. In the case of tempera-would be required for use with chemistry and climate models
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to simulate changes in air quality and atmospheric composi- s
tion caused by the emissions of isoprene. The fluxes for each -
hour were also averaged over a month to generate an “aver- ™ >
age” 24 h period for each month to allow comparison with B
the hourly flux estimates obtained from monthly average in- V[
put data. B

Latitude
o
I

3 Results s

The estimates of total global annual isoprene emissions are °*°°
reduced, in some cases markedly, as the temporal resolution

of the input data decreases. Table 1 shows the estimates ob- *“&ew 20w eow o soe  1aoe 1soe
tained by driving MEGAN at hourly time steps with input rongitude
. . . " . . Percentage difference in total annual jsoprene emissions:
climate data with different resolutions. Using daily aver- 3=hourly temperatyre and rediggion”input doto,
un ave = —

aged data with a diurnal cycle applied, Run 3, results in a
reduction of around 3% in the estimate of total global annual 9o
emissions; using monthly averaged data, Run 4, decreases
the estimate by 7%. Reducing the number of times MEGAN s
is called over a 24 h period by switching from an hourly to B
a 3-hourly time step also reduces the calculated total global *"
annual emissions by about 3-4%. This has implications for B
how MEGAN should be used within a coupled Earth system ’
model.

The percentage differences shown in Table 1 are for the
total annual global emissions and are thus averaged across
the world. Figure 1 shows that on a regional basis, there
is large variability in the impact, with the percentage differ- s -
ences for monthly averaged input data, Run 4, ranging from g 120w 60°W
—55% in Northern and Eastern Asia to +5% along the west Percentage difference in total onnuol isoprene emissions:
coast of South America. It can be seen that while the differ- monihly average temperature ond radiqiion input data
ences are far smaller if MEGAN is run 3-hourly, Run 5, the
largest changes in estimated emissions in this case occur iF]ig. 1. The percentage difference in global total annual isoprene emissions in com-
the tropics where emissions of isoprene are highest.  Parionuihestmates o haury temperatre andvepest sampled it o3 oy

If a diurnal cycle is not applied to daily or monthly average The figure below each plot indicates the average percentage difference in total global
input data, the calculated flux of isoprene is reduced to suclf""@ seprene emissions.
an extent that the results cannot be considered robust. The
estimates obtained from this method are given in Table 1,
which shows that isoprene emissions are under-estimated bijaose in the Amazon. The figures show the discrepancies
27-32% when Compared with estimates from hour|y data_between the emissions calculated for that location and time
This represents estimates between 20 and 25% lower thafiom original hourly data for one day in the middle of Jan-
using averaged data with a diurnal cycle imposed. On a locabary and July respectively, as well as for an average day for
basis, the reduction is as great as 77% for the boreal forestgach month.
of Northern Europe in Runs 17 and 18 which use monthly For the Amazon, the 3-hourly emissions show a relatively
averaged data. uniform increase of about 5% over the hourly emissions. By

Instantaneous isoprene fluxes also vary more than theontrast, using daily average data results in an average per-
global average percentage differences for each model ruoentage decrease of around 20% with individual grid cells
shown in Table 1. This variation does not show a consis-varying between-10% and—40%. The January monthly
tent pattern in either space or time, and this is illustrated inaverage emissions for this time of day generated from the
Figs. 2 and 3, which show the isoprene fluxes estimated fooriginal hourly emissions are very close to those shown for
two different locations. Figure 2 shows an area of the Ama-15 January, both in terms of spatial distribution and magni-
zon during mid-afternoon local time in January when iso-tude, although the average emissions are for the most part
prene emissions are very high. By contrast, Fig. 3 features alightly lower. The monthly average emissions estimated
region of temperate forest in the northwest USA during earlyfrom monthly average input data are lower still. The av-
afternoon in July, when the emissions are around a third ofrage percentage reduction is around 20% compared with
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Fig. 2. Analysis of the estimated hourly isoprene emissions for a high emitting region of the Amazon (58 to 53W and 0 to 5N) at 19:30 UTC in January. The first column shows
the instantaneous fluxes (in mg‘l"rlh*l) on 15 January at this time estimated using hourly temperature data and repeat sampled radiatio(ediéte feorld andb) the selected

region; pane(c) shows regional emissions for an average January day. The second column shows the percentage difference in the instantaneous fluxes for key runs compared with
those generated using hourly data. Pai@)sand (e) show differences for the 15 January, for comparison with (b); péhehows differences for an average January day, for
comparison with (c). The figure below each panel indicates the average percentage difference for the selected region.

the average day generated from hourly data but the spatiatrating clearly the fluctuations that are missed through the
variation is lower than for the daily average data on 15 Jan-use of monthly average data. Furthermore, the emissions
uary. Note that if monthly average emissions are generatedor this representative day are an average of 15% lower us-
from the daily data, the average percentage reduction is onljng monthly average data, with individual grid cells showing
16.6%, varying between 5% and 25%. decreases of between 5% and 30%. This is due to the non-
For the northwest USA 3-hourly emissions show a rela-linearity of isoprene emissions to changes in temperature and
tively uniform decrease of about 2.5%. The daily averageradiation; averaging the input data removes very high and
data suggests little overall difference for this area with anvery low emissions in a way that is not reproduced by av-
average decrease of less than 2% Compared with the origpraging the emissions calculated from the Original data. In
nal hourly data. However, this masks significant variationsthis case, the monthly average emissions derived from daily
between grid cells with maximum changes ©80% and  average data show an average increase of 1.5%, varying be-
+10%. The average July day has significantly higher emistween—5% and +5%.
sions, by a factor of approximately two, than the 15th demon-
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Fig. 3. Analysis of the estimated hourly isoprene emissions for a region of the northwest USA (122 to 117 W and 42.5 to 47.5N) at 19:30 UTC in July. The first column shows

the instantaneous fluxes (in mg‘r%h*l) on 15 July at this time estimated using hourly temperature data and repeat sampled radiation(dptadarorid andb) the selected

region; pane(c) shows regional emisisons for an average July day. The second column shows the percentage difference in the instantaneous fluxes for key runs compared with those
generated using hourly data. Pan@lsand(e) show differences for the 15 July, for comparison with (b); pgfjeshows differences for an average July day, for comparison with

(c). The figure below each plot indicates the average percentage difference for the selected region.

These two examples illustrate the problems associatedmples of the profiles generated are given in the sup-
with the use of averaged input climate data. The use of dailyplementary materialhttp://www.atmos-chem-phys.net/10/
average data leads to discrepancies in emissions estimates fbt 93/2010/acp-10-1193-2010-supplement.i@imparison
individual grid cells that may be both high and also highly of Runs 9 and 10 with Run 3 or Run 11 with Run 1 suggests
variable over a small area. While the monthly average re-that over the course of a year, the difference in emissions
sults appear more consistent across a given region, it must b@hen using global average radiation data is smaller than that
remembered that they are an average, and as such miss thsing an average temperature profile. However, this global
day-to-day fluctuations shown clearly in Fig. 3. average flux again masks large variations in instantaneous

oy . local radiation which is substantially altered by the presence
The sensitivity studies conducted to assess the effec y y P

: ; T . E‘;f clouds, a feature that is not reproduced in a simple diur-
of using different temperature and radiation input files P b

demonsirate that the diurnal cvele has been effective innaI profile. In the case of temperature, this issue is further
. Y . compounded by the process of averaging the original data
capturing the general shape of the original data. Ex-

Atmos. Chem. Phys., 10, 1198201, 2010 www.atmos-chem-phys.net/10/1193/2010/
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Table 2. The effect of the temporal resolution of the input data on the estimate of total global annual isoprene emissiongin Tgy

Study Input climatology Isoprene % Bias Adjusted Isoprene
Guenther et al(1999 Monthly— hourly 570 -7 613

Wang and Shallcrog2000 ECMWEF 6 hourly 601 -4 626

Potter et al(2001)2 Monthly average 634 —7t0-32 682 to 925

Naik et al.(20042 CRU monthly average 515 —7t0-32 554 to 752

Tao and Jair{20052 Monthly average 681 —7to—-32 732 to 994
Lathiere et al(2006 ISLSCP-II 3 hourly 521 -3 537

Muller et al.(2008P ERA 6 hourly—hourly 410 —3t00 410 to 423
Guenther et al(2006)b NCEP-DOE-~ hourly 600 —-3t00 600 to 619
Guenther et al(2006 HadCM1 monthly-hourly 690 -7 742

2t is not clear from this study how the monthly average data were used to drive the emissions algorithms. This is reflected in the ranges
given for the bias of the results and the adjusted total emissions.

b The effect of driving the algorithms with hourly data derived from original 6 hourly data is assumed to lie between using original hourly
data and hourly data derived from original daily average data. This is reflected in the ranges given for the bias of the results and the adjusted
total emissions.

removing the hour-to-hour, and in the case of monthly aver-4 Conclusions

aged data the day-to-day, variability of the temperature and

radiation data. Even with the application of a diurnal cycle, Our analysis shows that the previously published estimates
this variability is not perfectly reproduced by the diurnal cy- for total global annual isoprene emissions, shown in Table 2,
cle which tends to produce smooth profiles for the data. Theobtained from the empirical algorithms describedGyen-
temperature cycle appears less accurate because the full 24ter et al. (1995 2006 are too low by up to 32% due to the
period must be recreated while emissions only occur duringcoarse temporal resolution of the input data that was used.
daylight hours. Hence while the average temperature may-rom this we conclude that the highest possible temporal res-
be maintained, the balance between daytime and night timelution of input climate data should be used when calculating
temperatures may not be. The loss of variability is more pro-isoprene emissions using the MEGAN model. If hourly data
nounced when monthly data is used with emissions reducedre not available, for example when performing studies of
by a further 3—4% in both cases. historical emissions or to investigate future scenarios when

For the purposes of atmospheric or Earth system modelshe emissions are to be used in conjunction with datasets of
the differences between the total global annual emissions e@nthropogenic emissionsgmarque et al.2009), then total
timates obtained from calling MEGAN hourly or 3-hourly global annual emissions estimates should be adjusted to an
with the original UM hourly temperature and 3-hourly radi- hourly result to ensure comparability between studies. Ta-
ation data are slight, with total global annual emissions forPle 2 shows the effect of such an adjustment on the estimates
the interpolated hourly run, Run 2, only varying by.3to  from previous studies. It suggests that the impact of factors
+2.2% from the sampled hourly run, Run 1. The discrepan-such as land cover, climate and land use change may be more
cies in total annual emissions estimates obtained from the 3significant than previously thought, as the range of emissions
hourly runs are greater with Run 5 varying 69.7 to +1.7%,  increases markedly.
as shown in Fig. 1, and Run 6 by10.0 and +0.7% in com- Our results clearly indicate that daily or monthly averaged
parison with Run 1. The differences between instantaneouslimate data should not be used without the imposition of a
(hourly) fluxes generated by the two hourly runs are negli-diurnal cycle, even if the purpose of the study is to gener-
gible for most times of day and location with discrepanciesate daily or monthly average emissions estimates. We have
mainly occurring at the start and end of the day when emisfound that the results obtained in this way do not give reliable
sions are low. However, as Fig. 2 shows there are more sigestimates of isoprene emissions with an overall global under-
nificant differences locally when instantaneous fluxes generestimate of 25-30% and results locally varying between an
ated by the 3-hourly runs are considered with Run 5 showingncrease of 5% and a decrease of 77%.
that the fluxes are higher by up to 10% over part of Amazo- For local and regional studies in particular, data of a high
nia during the early afternoon (LT) when emissions are high.temporal resolution should be used as our study shows that
This suggests that MEGAN should be called at every timelocal discrepancies in isoprene flux are much higher than the
step of an Earth system model, hourly in the case of QESMpverall percentage differences on a global scale. These dif-
to improve robustness of results. ferences are more pronounced the coarser the resolution of
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the original data, even with the imposition of a diurnal cycle  using MEGAN (Model of Emissions of Gases and Aerosols from
g p Y

onto averaged data. For example, using hourly data regen- Nature), Atmos. Chem. Phys., 6, 3181-3210, 2006,

erated from daily averaged data under-estimates total global http://www.atmos-chem-phys.net/6/3181/2006/

annual isoprene emissions by 3%, but on a local basis th&uenther, A. B., Monson, R. K., and Fall, R.: Isoprene and

discrepancies range from 15% under-estimate to 9% over- monoterpene emission rate varlr_:lblllty — observations with eu-

estimate when compared with the original data. The fluc- calyptus and emission rate algorithm development, J. Geophys.

. . ) . .- . 9-10808, 1991.
tuations in hourly fluxes are even more pronounced with an Res.-Atmos., 96, 1079 )

. 0 . ia f | Guenther, A. B., Zimmerman, P. R., Harley, P. C., Monson, R. K.,
under-estlmatg of ATOA) for one region of Amazonia for early and Fall, R.: Isoprene and monoterpene emission rate variability
afternoon (LT) in mid-January.

) — model evaluations and sensitivity analyses, J. Geophys. Res.-
For the purposes of atmospheric and Earth system mod- Atmos., 98, 12609-12617, 1993.

elling, these large differences in both instantaneous and toHewitt, C. N., MacKenzie, A. R., Di Carlo, P., Di Marco, C. F.,
tal fluxes on a local scale may have a significant impact on Dorsey, J. R., Evans, M., Fowler, D., Gallagher, M. W., Hop-
both chemistry and climate. Given the low computational kins, J. R., Jones, C. E, Langford, B, Lee, J. D., Lewis, A. C.,
cost of the MEGAN algorithms, together with non-linearity ~ Lim, S. F., McQuaid, J., Misztal, P., Moller, S. J., Monks, P. S.,
of chemistry and climate responses to changes in isoprene Nemitz, E,, Oram, D. E., Owen, S. M., Phillips, G. J.,k_Pugh,
fluxes, we recommend that MEGAN is called as often as is |- A-M- Pyle, J.A, Reeves, C. E., Ryder, J., Siong, J., Skiba, U,
. . S . and Stewart, D. J.: Nitrogen management is essential to prevent

computationally feasible within an atmospheric or Earth sys- . . . ;

. . . tropical oil palm plantations from causing ground-level ozone
tem model, and ideally at a climate time step of not more

pollution, Proc. Natl. Acad. Sci. USA, 106, 44, 18447-18451,
than one hour. 2009.
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