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Abstract: Biogenic emission can have significant impact on atmospheric chemistry. Isoprene (CsHs)
is known as the most predominant volatile organic compound and its emission is highly dependent
on temperature and light (solar radiation). This study aims to investigate future changes of isoprene
emission under climate change scenario. The Southeast Asia (SEA) region is home to 15% of the
world’s tropical forest, and the biogenic emission from this region can have significant effect on the
global climate chemistry. Three climate change scenarios (RCP4.5, RCP6.0 and RCP8.5) were used
to drive climate change simulation in 2013 (baseline), 2030 (near-future), 2050 (mid-century), 2070
(post-mid) and 2100 (end of century) using the Weather Research Forecasting (WRF v3.9.1) model.
The Model Emission of Gases and Aerosol from Nature (MEGAN v2.1) was then used to simulate
isoprene fluxes using climate output datasets from the WRF model. This study highlights that the
projected mean surface temperature and PAR (photosynthetic active radiation) were higher in July
than in January. Towards the end of the century, the overall surface temperature and PAR over the
SEA region is expected to increase by 0.9°C - 2.1°C, and 7.6 W m? — 12 W m2 under all RCPs. The
all-time high isoprene emitters are Borneo and Papua Island. Meanwhile, the projected increment
of isoprene emission over this region is between 10 — 14%, 15-30% and 29 — 53% for RCP4.5, RCP6.0
and RCP8.5, respectively. Our result concludes that the total isoprene emission was higher during
July, consistent with the high surface temperature and PAR. The results also agreed with the hy-
pothesis of high isoprene emission over the region that has oil palm plantation. Thus, challenges in
dealing with future emissions of isoprene in SEA are closely tied to future climate policies to limit
the warming of the atmosphere over this region and the land-use conversion of palm oil plantations.
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1. Introduction

Biogenic volatile organic compounds (BVOCs) refer to all low boiling compounds
which are stored in, synthesized, and emitted by secondary metabolic pathways in plants
and vegetations. Volatile organic compounds (VOCs) emitted from plants and vegetations
constitute the largest BVOC emission released into the atmosphere [1]. The primary
source of BVOCs emission is the forest which contributes 70% of the total emission from
vegetation. It was estimated that the total global annual BVOC emission was about 10¢ Gg
C year! [2]. At least 90% of the total annual emission are non-methane volatile organic
compounds (NMVOC); therefore, the rest of the NMVOC was emitted from the anthro-
pogenic source [3]. The NMVOCs species (such as benzene, xylene, propane, and butane)
are important Os and SOA precursors, playing key roles in controlling the tropospheric
chemistry budget [4]. The high concentration of Os particularly in the lower atmosphere
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is widely known to pose adverse impacts on human health [5], vegetation [6], and the
surrounding built infrastructure [7].

Isoprene (CsHs) is the simplest carbon isoprenoid and represents the highest emission
component from the total annual BVOCs emission followed by monoterpene (CioHis). It
was estimated that the emission of both species can produce 400 — 600 Tg C year! for
isoprene and 30 — 150 Tg C year! for monoterpene [2-3]. Furthermore, it was speculated
that the emission tends to vary year by year due to climatic and environmental factors [8-
10]. Both isoprene and monoterpene were synthesized and formed either constitutively or
after stress induction was produced [11-12]. The emission is important in regulating the
growth and reproduction of plants while improving the plants’” tolerance against environ-
mental stressors and preventing harm from animals and insects [13-14].

Much of BVOCs emission is controlled by environmental factors such as humidity
[15-16], temperature [17-18], solar radiation [19]. These environmental factors act as phys-
iological factors that influence the availability of plant substrate and limit the rate of en-
zyme activity within the plant stomata. The physiochemical constraints can enhance the
synthase of the volatile molecules under the conditions at which isoprene emissions are
highly optimum, i.e., at air temperature between 25-35°C, relative humidity between 50-
60%, and photosynthetic photon flux between 800 and 1000 pmol m=2 s [20-21]. Isoprene
emission is expected to increase with global warming, particularly in the temperate and
boreal regions [20]. Global warming will not just increase the overall surface air tempera-
ture, but also the atmospheric properties such as kinetic processes, chemistry reaction and
rate, and the emission source of pollutants [22-23]. Therefore, warmer temperature will
stimulate higher leaf emission promptly by enhancing cellular production rate and pro-
moting higher LAI (leaf area index) [24-25], thus enhancing biogenic emission rate.

Improved understanding of BVOCs emission is important in the air chemistry and
climate system. There is no observation of past BVOCs emission, and their pre-industrial
baseline emission does not exist; thus, their estimations (and to extend their forcing) rely
upon simulations based on pre-industrial conditions [25]. Further, the future changes in
atmospheric BVOCs potentially counteract air pollutants and climate effects through an-
thropogenic emission controls [26]. Thus, the previous modelled present-day and future-
day BVOCs studies have large uncertainties in the derived values, and more studies are
required to further understand the emission characteristic and the relationship with air
pollution and climate [27]. However, most studies on regional or global modelling in
BVOC emission had only focused on dominant global sources, vegetation foliage, and
other components that contribute to above-canopy fluxes [28].

Moreover, most isoprene emission rate measurement studies had focused on trees,
and there is a relatively large database for assigning tree emission factors [29]. Vegetative
emission has large inter-species variability, as well regional, temporal and seasonal vari-
ability [30]. Thus, the reported global values from diverse investigation methods used of-
ten differ from one another. Available literature and investigation on BVOCs in most
Asian regions were generally limited because of the experimental and analytical difficul-
ties [14]. Furthermore, most of the studies that investigated the climate change impact on
biogenic emissions were largely focused on China [31-32] and the European region [33-
34] while the recent study on SEA region only covered mainland SEA, such as Thailand
[35] for only a specific period of time. Hence, the characteristics and behavior of the bio-
genic emission over the SEA region under changing climate conditions are not yet fully
investigated.

2. Materials and Methods

2.1 Study Area

This study is limited to Southeast Asia, as it is a sub-region which lies between the
tropics; therefore, there are similarities in climate as well as plant and animal life through-
out the region. The climate condition in the SEA region can be categorized into two sea-
sons namely the winter season during the northeast monsoon and the summer season
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during the southeast monsoon [36]. The climate is modulated by the Asian-Australian
monsoon system [37] and the El~Nifio-Southern Oscillation (ENSO) which has a critical
factor in influencing the precipitation and temperature [38]. It is therefore important to
model the emission of BVOC especially over the monsoon season so as to increase com-
prehensive understanding of the seasonal emission rate and the effect of changing climatic
condition, hence enriching the existing research literature and method on atmospheric
environment studies. Briefly, the relationship between BVOC emission and climate (espe-
cially temperature) is unclear in a prior study [39]. With the inclusion of climate change
scenarios, this current study will highlight the relationship between future temperature
and light / PAR (photosynthetic active radiation) with biogenic emiss

2.2. Model Setup and Configuration
2.2.1. WRF Model

This study used Weather Research Forecast version 3.9.1.1 (WRF V 3.9.1.1) as a re-
gional climate modelling system. The domain, simulations and parameterization of the
WRF model used under this study is similar to the study of [40]. The simulation was car-
ried out in one nested horizontal domain (Figure 2.1). We used time-dependent meteoro-
logical fiend obtained from the global model of Operational Global Analysis at 0.25 degree
by 0.25-degree grids (NCEP FNL) which is available at https://rda.ucar.edu/da-
tasets/ds083.2. The NCEP FNL dataset consists of surface information with 26 mandatory
levels (reaching from 1000 millibars to 10 millibars) of the surface boundary level. The
meteorological parameters included temperature, sea surface temperature, sea level pres-
sure, geopotential height, relative humidity, ice cover, vertical motion, vorticity, ozone,
meridional, and zonal winds (NCEP, 2015). The surface layer scheme used for this study
was the Revised MM5 Monin-Obukhov Scheme, while the Noah Land Surface Model
(LSM) was used for land surface scheme, and the Thompson Aerosol-Aware Scheme for
microphysics parameterization. Meanwhile, the Rapid Radiative Transfer Model (RRTM)
and Dudhia Shortwave radiation were both used for longwave and shortwave radiation
physics. To better simulate the climate over this region, we also used the Mellor-Yamada
Janji Scheme as boundary layer for the WRF model setup and the Urban surface canopy
model.

30°N

20°N

10°N

10°S

100°E 110°E 120°E 130°E 140°E

Figure 1. Research domain of Southeast Asia from the WRF model.

While for future day simulation, the NCAR’s Community Earth System Model
(CESM) from global bias-corrected climate model output files dataset was used as
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obtained from https://rda.ucar.edu/datasets/ds316.1 [41]. This future day initial and
boundary condition information is spaced at 1° x 1° resolution. In the support of Coupled
Model Intercomparison Experiment Phase 5 (CMIP5) [42] and the Intergovernmental on
Climate Change Fifth Assessment Report [43], the CESM simulations, therefore, were uti-
lized to produce future-day simulation which has a better agreement in simulating tem-
perature and precipitation globally compared to real-time observation [44]. The future
simulation carried out under the three climate change scenarios is also known as Repre-
sentative Concentration Pathways (RCPs) from AR5 IPCC [43]. The first future scenario
of RCP4.5 is a low-to-moderate emission scenario, where the greenhouse gases (GHGs)
radioactive forcing will reach 4.5 Wm-2 by the year 2100 [45]. It represents a scenario where
a variety of adaptive policies has been applied to limit the radiative forcing. Besides that,
the medium-range RCP6.0 will be stabilizing without overshoot pathway to 6 Wm= at
stabilization after 2100 [46]. RCP8.5 indicates a high emission scenario with GHGs radia-
tive forcing that will reach 8.5 Wm= by the year 2100 [47].

2.2.2. Biogenic Model

In this research, the Model of Emission Gases and Aerosols from Nature Version 2.1
(MEGAN V2.1) which was originally written by Guenther [48-49] and available at
https://bai.ess.uci.edu/megan was used to quantify the net emission rate of biogenic emis-
sion between the atmosphere and terrestrial ecosystem. The model simulates the total bi-
ogenic emission at a specific location and time, while considering the impact meteorology
(e.g., hourly temperature, solar radiation, humidity, wind speed and soil moisture), land
cover and plant functional type. Details of the biogenic emission process is calculated us-
ing the following equation.

Biogenic Emission = [¢][ y][p], 1)

MEGAN is designed to simulate the net emissions of gases and aerosols into the at-
mosphere from terrestrial ecosystems [48]. It is primarily designed for both global and
regional emissions modelling with a spatial spaced up to 1 km resolution. MEGAN is a
semi-mechanistic model that takes into account the major known processes that control
biogenic emissions. MEGAN only estimates emissions of known compounds which in-
cludes 150 chemical species. These 150 compounds are lumped into 20 categories based
on how emissions vary in response to changes of driving variables such as land cover,
weather, and atmospheric chemical composition.

Emission Factor at the Canopy-Scale (€) or emission rate is a weighted average of the
canopy emission factor for each vegetation type. y is a normalized emission activity factor
to explain changes caused by deviations from standard conditions in environmental var-
iables. Meanwhile, o is the standardized factor for explaining variations in chemical pro-
duction and loss in plant canopies compared to standard conditions that is equal to 1.
While y is dependent on the environmental and climatic factors as described by [48] in the
following equation.

Y = YcE X Yage X Ysm )

Where, y¢g describes variation due to Leaf Area Index (LAI) and light, temperature,
humidity, and wind conditions within the canopy environment, y,4, makes adjustments
for effects of leafage, and ysy accounts for the direct change in y due to changes in soil
moisture. The calculation of each of these factors is described in the study of [48]. Local
climatic conditions, which affect the incident PPFD and leaf temperature, are known to
control the biogenic emission such as isoprene from short periods (seconds to minutes) to
longer periods (hours to weeks) of time scales [50-51].

The driving data for MEGANv2.1 includes vegetation and meteorological infor-
mation. Vegetation data includes PFT and LAI. This study used the CLMv4 dataset avail-
able at https://svn-ccsm-inputdata.cgd.ucar.edu/trunk/inputdata/ for PFT and MODIS
LAI collection 5 product [52] to simulate the biogenic emission over SEA region. There are


https://doi.org/10.20944/preprints202303.0394.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 March 2023 d0i:10.20944/preprints202303.0394.v1

16 plant functional types under CLM4 namely 3 Needleleaf, 8 Broadleaf, 3 grass, and 2
corps which were then mapped under MEGAN v2.1. The LAI dataset has a time interval
of 8-day. Thus, there are 4 LAI datasets for each period of the study (i.e., July 4t, 12t 20t
and 28%). Both PFT and LAI data have a spatial resolution of 500 m. Before being used in
this study, we first resampled them to a resolution of 0.04°. The meteorological data as
parameterized input that affects the emission environment (e.g., solar radiation, temper-
ature, relative humidity, and soil moisture) [53] for this study is provided by the WRF
model.

2.2.3. Model Simulation

The WRF and MEGAN model under this study was run with one-hour temporal res-
olution and 25 km x 25 km spatial resolution. The year 2013 was selected as the baseline
year of the present-day simulation, and the future projection is in the years 2030, 2050,
2070, and 2100. The simulation was carried out in January (representing winter monsoon)
and July (representing summer monsoon) of the selected time slice. For January, the pro-
jection time began at 0000 UTC of first January and ended at 0000 UTC first February.
While for July, the projection time began at 0000 UTC of first July and ended at 0000 UTC
first August.

2.2.4. Climate Change Impact on Biogenic Emission

Changes of temperature might be the main driver of biogenic emissions [54]. In gen-
eral, the BVOC emission profile increases gradually with the increase of temperature as it
increases the plant’s synthase activity [14]. Plant synthase volatile compound to stabilize
cell membrane during high temperature as a thermotolerance mechanism [55]. An in-
crease of temperature above 30 °C leads to an increase of BVOCs emission by two to eight
times [56-58]. The exponential dependence of BVOC emissions on increasing temperature
has also been well documented in the prior work of Guenther [48]. Besides temperature,
one of the most regarded factors impacting plant photosynthesis, and thus BVOC emis-
sion, is light availability. PAR (photosynthetic active radiation) is the part of the visible
spectrum (0.4-0.7 pm) that stimulates photosynthesis by activating chlorophyll in plants.
Isoprene particularly is very sensitive to the changes in PAR [2] and was reported to in-
crease the emission rate by 50% for some species when the PAR level was double at a
temperature above 30 °C [59].

Higher temperature will lead to an increase in enzyme activity, transcriptional levels,
and synthetase rate. PAR is more effective at increasing plants’ photosynthesis than direct
light [60]. In this study, we highlight the effect of both temperature and PAR under climate
change scenario of RCP4.5 and RCP8.5 on biogenic emission during both the January and
July period.

3. Results
3.1 Climate change simulation
3.1.1 Surface temperature

The regional climate simulations over the SEA region during January and July for the
baseline period of 2013, future period years 2030 (near mid-century), 2050 (mid-century),
2070 (post-mid-century), and 2100 (end of the century) under the three RCPs are shown
in the Figure 2 (RCP4.5), Figure 3 (RCP4.5) and Figure 4 (RCP8.5). Based on the projected

simulation by the WRF model, the mean surface temperature for the projected period
(2013, 2030, 2050, 2070, and 2100) was projected at average of 22.9°C, 22.5°C, 23.5°C, 23.3°C
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Figure 2. Mean surface temperature for SEA region under RCP4.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070
(i), and 2100 (j).
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Figure 3. Mean surface temperature for SEA region under RCP6.0 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070
(i), and 2100 (j).
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Figure 4. Mean surface temperature for SEA region under RCP8.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070
(i), and 2100 (j).
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and 23.7°C throughout January. Whereas in July RCP4.5, the mean temperatures are
26.7°C, 26.9°C, 27.4°C, 27.2°C, and 27.7°C. Overall, there is an average increment of 0.6°C
in January and 0.7°C in July, during mid of century which is pronounced (with >1.5°C)
over the mainland SEA (MSEA) region of Cambodia, Laos, Myanmar, Thailand, and Vi-
etnam relative to the baseline period (2013). Towards the end of the century, the increment
is more significant at an average of 0.8°C and 1.0°C for both January and July. However,
the temperature increment over the MSEA region is projected to become less pronounced
at the end of the century despite a steady increase simulated for the insular region (Ma-
laysia, Indonesia, and the Philippines).

Under RCP6.0, the projected mean temperature over the SEA region for January of
2013, 2030, 2050, 2070, and 2100 are 22.4°C, 23.2°C, 24.1°C, 23.5°C, and 24.1°C, respectively.
Whereas in July, the regional mean surface temperatures are 26.5°C, 26.8°C, 27.4°C, 27.7°C,
and 28.2°C (Figure 3). Towards the mid of century, the mean surface temperature is pro-
jected to increase by 1.7°C in January and 0.9 in July relative to the baseline period. While
for January and July at the end of century, both projected surface temperatures are pro-
jected to remain at the rate of 1.7°C. Despite the significant increase of temperature in
January over MSEA until the mid-century under this RCP, the insular region is expected
to experience less significant temperature increment towards the end of century similar
to RCP4.5.

The RCP8.5 scenario suggests a higher mean temperature in both January and July
throughout the projected periods. The average mean surface temperature for January for
the years 2013, 2030, 2050, 2070, and 2100 are 23.3°C, 23.0°C, 23.1°C, 24.7°C, and 25.4°C.
While for the same time slice in July, the mean surface temperatures are 26.6°C, 27.4°C,
27.6°C, 28.1°C, and 29.1°C, respectively (Figure 4). There is a decrement in regional aver-
age temperature by -0.20°C in January; however, the average temperature increased by
0.99°C in the mid of century. At the end of the century, a higher increment of temperature
is noticeable by 2.1°C in January and 2.50°C in July. Though the MSEA has a lower mean
temperature in January but higher in July, the mean temperature in the insular region for
both January and July gradually increase towards the end of the century.

Despite the discrepancy in surface temperature projection under the different RCPs,
there is an agreement between climate scenarios that at the mid of century, the maritime
region of SEA will experience a warmer climate at 0.4°C — 1.2°C under RCP4.5, 0.8°C —
1.4°C under RCP6.0, and 0.4°C — 1.0°C under RCP8.5. Similarly, the result of simulation
for all the RCPs agrees that there is additional warming over the MSEA between 1.3°C —
1.5°C under RCP4.5, 1.1°C - 2.1°C under RCP6.0, and 2.0°C — 2.5°C under RCP8.5 subse-
quently. The result is almost similar to the finding of Supharatid [61] which used
CORDEX-SEA, and projected warming that is more pronounced in the boreal summer
season over MSEA with an increment of about 1.2°C - 2.0°C during mid of century, and
1.2°C - 2.0°C at the end of century. However, the work based on CORDEX-SEA was unable
to resolve a more precise simulation with a bias of 2.5°C and coarser grid resolution. More-
over, the difference between the results arises from the variance scaling method, simula-
tion periods, and the model’s internal forcing [62]. Likewise, Thirumalai [63] stated that
the warming in SEA is higher than the global average especially during the El Nino event.
Meanwhile, Raghavan [64] and Gasparrini [65] suggested that the mean surface tempera-
ture is likely to further increase by more than 3.5°C during the end of the century for this
region.

3.1.2 PAR

Figures 5, 6, and 7 show the average PAR from the WRF model during both the Jan-
uary and July periods for the years 2013, 2030, 2050, 2070, and 2100 under all three RCPs.
Overall, the mean simulated PAR for the January period of 2013, 2030, 2050, 2070, and
2100 are 303.76 W m2, 305.34 W m2, 307.31 W m<2, 308.93 W m?2, and 308.21 W m, respec-
tively. While in July, the simulated average PAR value was higher with values of 330.78
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Figure 5. Mean PAR for SEA region under RCP4.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i), and 2100 (j).
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Figure 6. Mean PAR for SEA region under RCP6.0 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i), and 2100 (j).
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Figure 7. Mean PAR for SEA region under RCP8.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i), and 2100 (j).


https://doi.org/10.20944/preprints202303.0394.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 March 2023 d0i:10.20944/preprints202303.0394.v1

W m-2, 333.34 W m-2, 335.67 W m-2, 334.01 W m-2, and 334.30 W m-2, respectively (Figure
5). The RCP4.5 result depicts that there is an increment of PAR during both periods of
study with an average of 3.55 W m-2 and 4.89 W m-2 towards the mid of century, and 4.45
W m-2 and 3.52 W m-2 at the end of century.

Whereas under RCP6.0 (Figure 6) and RCP8.5 (Figure 7), the results of the WRF sim-
ulation of mean PAR over the domain of study are 303.27 W m?, 303.62 W m?2, 308.79 W
m2, 309.25 W m?2 and 310.86 W m2during January, and 331.98 W m?, 334.24 W m, 335.53
W m?,337.20 W m? and 338.51 W m=2during July of the selected time slice. The simulated
PAR under RCP8.5 projection shows an even higher value with an average of 304.72 W
m?, 302.47 W m?2, 308.31 W m=2, 302.08 W m?, and 311.63 W m?2for January, and 332.13 W
m2, 334.70 W m?2, 336.36 W m?2, 341.99 W m, and 340.93 W m for July. Relatively, these
results suggest that the highest increment of PAR in January is observed under RCP6.0
over the domain of study with a value of 5.07 and 7.59 towards the mid and end of cen-
tury, respectively. The highest PAR increment in July towards the mid and end of century
are observed under RCP8.5 with an increment rate of 4.23 W m2 and 8.80 W m=.

Compared to the simulated surface temperature, the changes of PAR are relatively
less visible for both MSEA and insular region, thus scattering all over the region. How-
ever, the MSEA region experienced higher transitions of PAR changes from January to
July. A similar finding over the whole SEA domain was also found in the study of [66]
who also simulated a net increase of projected radiation at the end of century with an
average of 3.1 W m? and 3.8 W m? for winter (January) and summer (July), respectively.
Moreover, this finding particularly over Malaysia and the Borneo Island region, is also in
agreement with the study of Kong [67], who simulated a higher radiation during the Jan-
uary and July period with increments of 7.40 W m2—-12.40 W m-? under RCP4.5 and 26.20
W m?2 - 4570 W m2under RCP8.5. Owing to the difference between climate simulation
techniques, the model’s internal forcing, simulation period, and interpolation method, the
difference in simulation of the net surface temperature and PAR change might also be
hampered by a poor topography precision and land use setting, particularly in areas with
complex topographic and land use distribution [62].

3.2 Isoprene emission under climate change scenario

The projected isoprene emissions in SEA under RCP4.5 for 2013, 2030, 2050, 2070, and
2100 are shown in Figure 8. The projected isoprene emissions in January are found at 0.252
tons/hr in 2013, 0.249 tons/hr in 2030, 0.266 tons/hr in 2050, 0.289 tons/hr in 2070, and 0.288
tons/hr in 2100. In July, the average isoprene emissions are 0.315 tons/hr in 2013, 0.329
tons/hr in 2030, 0.344 tons/hr in 2050, 0.339 tons/hr in 2070, and 0.345 tons/hr in 2100. The
results revealed an increasing trend of projected isoprene emissions rate towards the end
of the century for this region with 1.2% — 14.3% in January and 4.4% — 9.5% in July.

The projected isoprene emissions under RCP6.0 (Figure 9) were higher than the
RCP4.5 scenario, with total projected emission rates in January of 0.252 tons/hr, 0.257
tons/hr, 0.264 tons/hr, 0.294 tons/hr, and 0.291 tons/hr for the years 2013, 2030, 2050, 2070
and 2100. The increment of isoprene emission in SEA was recorded at a range of 1.9% -
15.5% from near-mid and towards the end of century, respectively. In July, the average
isoprene emissions are 0.304 tons/hr in 2013, 0.351 tons/hr in 2030, 0.354 tons/hr in 2050,
0.369 tons/hr in 2070, and 0.396 tons/hr in 2100. Similarly, a higher increment rate was
found under this RCP with 15.5 % — 30.3% from near-mid and towards the end of century,
respectively.

Under the RCP8.5 scenario, the total isoprene emissions are projected with an in-
creasing trend in both January and July (Figure 10). In January, the projected average iso-
prene emissions are 0.229 tons/hr in 2013, 0.252 tons/hr in 2030, 0.274 tons/hr in 2050, 0.333
tons/hr in 2070, and 0.352 tons/hr in 2100. Whereas in July for the same time slice, the
projected average isoprene emissions are 0.336 tons/hr, 0.328 tons/hr, 0.362 tons/hr, 0.413
tons/hr, and 0.433 tons/hr, respectively. The changes in future projections of isoprene
emissions towards the end of century relative to the baseline period were more significant
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Figure 8. Mean isoprene emission for SEA region under RCP4.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i),
and 2100 (j).
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Figure 9. Mean isoprene emission for SEA region under RCP6.0 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i),
and 2100 (j).
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Figure 10. Mean isoprene emission for SEA region under RCP8.5 during January of 2013 (a), 2030 (b), 2050 (c), 2070 (d) and 2100 (e); and on July of 2013 (f), 2030 (g), 2050 (h), 2070 (i),
and 2100 (j).
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than RCP4.5 and RCP6.0 with increments of 10.0% - 53.7% and 7.7% - 28.9% for January
and July, respectively.

4. Discussion

As shown in Figure 8, the projected RCP4.5 isoprene simulation in January shows
that the all-time high isoprene emitter is within the Borneo, Sulawesi, and Papua Island
region. Malaysia and Indonesia are the main oil palm producers in SEA [68] with isoprene
emissions of five times greater than the primary tropical forest landscapes [69]. Thus, the
projected emissions of isoprene in Malaysia and Indonesia are consistently higher than
that of other countries. Meanwhile, the lowest emitters are within the mainland of SEA,
such as Myanmar, Laos, and Vietnam with no significant changes of emission throughout
the study. The low emission in MSEA is modulated by low temperature (whereby tem-
peratures become colder towards the end of the century in January) which could suppress
the emission of isoprene [70-71].

The large modulation of total isoprene emission in MSEA during both periods of July
might also be associated with PAR. It is worth mentioning that the isoprene emission,
temperature, and PAR move at the same trend towards the end of the century. This find-
ing is in agreement with the prior study of [72-76] which highlighted that the isoprene
emission had indeed increased due to elevated temperature and total radiation. Therefore,
the increased emission rate in July for the MSEA region and Borneo was due to the in-
crease of temperature and PAR, while the low isoprene emission observed over Papua
Island is aligned with the lower mean simulated PAR and temperature under the RCP4.5
climate scenario projection.

The projected isoprene emission in January under RCP6.0 also showed that the all-
time highest isoprene emitter is also in the region of Borneo, Sulawesi, and Papua Island.
Similar to the RCP4.5 scenario, the mainland SEA region has the lowest emission rate but
with noticeable shift in July especially in Laos, Cambodia, and Vietnam. The noticeable
shift was also marked by a significant shift in mean temperature and PAR observed for
these regions. This finding further supports that the isoprene emission for these regions
may be strongly influenced by the climatic (temperature and PAR) factors. There is corre-
sponding evidence of the isoprene emission distribution among plant species, and it was
generally agreed that the emission increases under high-temperature episodes [17,77-79].

It was observed that both the Borneo and Papua Island region underwent a noticea-
ble shift in isoprene emission from January to July for all the time slices. Likewise, the
increment of isoprene emission in Borneo from January to July was also followed by the
increase in temperature and PAR. Since both temperature and PAR are lower in July than
in January, the projected isoprene emission in July over Papua Island was lower than in
January for the time slices. Thus, it is further expected that the noticeable change in iso-
prene emission under the RCP6.0 simulation is also highly related to the changes of tem-
perature and PAR simulated in the WRF model, though other abiotic stressors such as
water stress and drought could also potentially suppress the photosynthesis rate therefore
buffering the isoprene emission rate [54,56,80-81].

Similarly, the projected isoprene simulations in January and July under RCP8.5 also
showed that the all-time highest isoprene emitter is also distributed in the region of Bor-
neo and Papua Island. Overall, the projected total isoprene emissions for both mainland
and insular regions move on the same trend with the changes of total mean temperature
and PAR, and the increase was more noticeable after mid of century, hence reflecting the
whole point of which plant emits more isoprene emission to sustain a warmer tempera-
ture and higher exposure of sunlight [15,21,35,54,59,82-84].

The projected simulation of isoprene emissions in July revealed a transient increase
of total isoprene emissions, especially over the MSEA region. It is noteworthy that the
significant increase of isoprene emission over MSEA in July was marked by the surface
temperature which persists at 25 — 30 °C during mid-century, 30 — 34 °C afterwards, and
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increased PAR of more than 8 W m2. As mentioned in the literature insertion of Mu [85],
the emission rate of isoprene from plant increases to better tolerate higher steady-state of
temperature and higher cumulative exposure of solar radiation (especially in July or
warmer season) [54,71,79]. Thus, the finding of this study on the relationship between
isoprene and changing climate (temperature and PAR) is similar to the finding of the
aforementioned prior and recent studies.

5. Conclusions

The climate model simulation projected that the average temperatures over SEA are
22.88°C — 26.66°C, 22.4°C — 26.5°C, and 23.3°C - 26.6°C for the baseline period under
RCP4.5, RCP6.0, and RCP8.5, respectively. Towards the mid-century, this region is ex-
pected to experience surface temperature anomaly at an average of 0.6°C — 0.8°C under
RCP4.5, 0.9°C - 1.6°C under RCP6.0, and 0.2°C — 1.0°C under RCP8.5. At the end of the
century, this region is projected to have a warmer climate with temperature increments at
an average of 0.8°C - 0.9°C under RCP4.5, 1.6°C — 1.7°C under RCP6.0, and 2.1°C - 2.5°C
under RCP8.5. The surface temperature anomaly for all the RCPs is more pronounced
over MSEA (Myanmar, Thailand, Cambodia, Laos, and Vietnam) with an average pro-
jected increment of 2.0°C - 6.0°C for both periods towards the end of century. Meanwhile,
the insular region has a lower temperature anomaly ranging from 2.0°C - 4.0°C.

The WRF simulation of mean PAR for RCP4.5, RCP6.0, and RCP8.5 over the domain
of the study ranged from 303.76 W m-- 334.30 W m-, 303.27 W m?2- 338.51 W m?, and
302.47 W m?2 - 340.93 W m?, respectively. Higher transition of PAR from January to July
(with an increment of 15 W m2 - 18 W m) was observed over the MSEA region for all the
time slices. It is hence concluded that in July, the Papua Island experienced a reduction in
PAR (at an average of 7.6 W m?2 — 12 W m?2 for all the RCPs) towards the end of century.
The finding also depicts that there is an increment of PAR during both periods of study
ranging from 3.55 W m2- 7.59 W m2during mid of century and from 3.52 W m2-8.80 W
m-2 towards the end of century.

Both the higher temperature and PAR transition from January to July are contributed
by seasonal monsoon changes as discussed in the study of [86]. During winter monsoon
period (from December to February), the tilting of the Earth allows less solar radiation in
the northern hemisphere hence leading to less radiation over MSEA. This results in rapid
cooling followed by a pressure decrease in the atmosphere. The tilting of the earths and
the ocean-atmosphere interaction can be a source of climate variability and of which
shapes the dynamics of the regional monsoon system, hence influencing the changes in
temperature and PAR over this region.

Based on the projected results from the MEGAN model, the total isoprene emissions
estimated over the SEA region are 0.252 — 0.315 tons/hr, 0.252 — 0.304 tons/hr, and 0.229 —
0.336 tons/hr for the baseline period under RCP4.5, RCP6.0, and RCP8.5, respectively.
During the mid of century, the isoprene emissions during January and July suggest an
increment of about 5 — 9% in RCP4.5, 5 — 16% under RCP6.0, and 8 — 20% under RCP8.5.
At the end of the century, the projected increment of isoprene emissions over this region
are at 10 — 14%, 15-30%, and 29 — 53% for RCP4.5, RCP6.0, and RCP8.5, respectively. The
finding also revealed that the all-time high emission region is Borneo and Papua Island,
with an average emission rate of 2-4 tons/hr under RCP4.5, 2-6 tons/hr under RCP6.0, and
2-8 tons/hr under RCP8.5.

Towards the end of century, all climate-biogenic simulation agrees that in July, the
region emits more isoprene than in January. The finding showed that isoprene emission
will increase due to the increase in temperature and PAR, and the seasonal differences
between the isoprene emission rates are also correlated to the seasonal differences in PAR
and temperature value. Although the entire region showed increasing isoprene emission
rates in July, the emission rate over Papua Island showed a decreasing rate due to a re-
duction of PAR despite the increasing temperature towards the end of century.

However, the whole process of simulation under this study kept the anthropogenic
emission at the present level (2013 period) to isolate the effect of climate change alone. The
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general isoprene emission can be affected by multiple factors due to the complex interac-
tion of meteorological and atmospheric chemistry. Apart from surface temperature and
PAR, the impact of drought, soil moisture, and bio-physiochemical interaction between
isoprene and CO2 as well as between isoprene and land cover changes are needed to gen-
erate better ideas of isoprene changes in the future.
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number CRRP2017-02MY. The authors alone are responsible for the content, which does not reflect
the official viewpoints of the Asia Pacific Network organization.
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