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Table 1. Plant function al types and isoprene emission factors considered in this study

Introduction
Volatile organic compounds (VOCs) in the atmosphere
are important for air quality and climate. Biogenic VOCs
are major precursors of tropospheric ozone, and species
such as isoprene and monoterpenes participate in the
formation of secondary organic aerosols. Biogenic
emissions of VOCs have been estimated to be equal to
or exceed anthropogenic emissions on a global scale[1].
The main objective of this work is to use the GEOSChem model to examine the interannual variations of
biogenic emissions resulted from the changes in land
cover and meteorology.

Methodology
 Model Description


We use the GEOS-Chem model (v8-03-02 with a horizontal
resolution of 2x 2.5) and the MEGAN (Model of emissions of
Gases and Aerosols from Nature) module embedded within
the GEOS-Chem. Biogenic emissions are estimated based on
temperature, sun light, types of vegetation (PFTs), leaf area
index (LAI), and leaf age.

 Model Input Data and the Simulations


Land cover

• We develop the land cover datasets of China using the MODIS 500
m land cover products (2001-2008), which were derived from
observations from Terra and Aqua. (MCD12Q1,
https://lpdaac.usgs.gov/lpdaac/products/modis_products_table/).

• The model is updated to consider 21 types of vegetation in China.
The MODIS scheme can identify 12 plant functional types, including
9 types of natural vegetation (evergreen needleleaf trees,
evergreen broadleaf trees, deciduous needleleaf trees, deciduous
broadleaf trees, shrub, grass, cereal crops, broadleaf crops, barren
and sparse vegetation) and 3 non-vegetated land types (water,
urban and built-up, snow and ice). We classify land cover further
according to typical climatological conditions in China (coldtemperate zone, temperate zone, tropical zone, plateau temperate
zone, plateau sub-cold temperate zone) (Fig.1a). Fig.1b shows the
distribution of our newly classified PFTs over China in 2003.


The base emission factor for each plant functional types

• In each grid cell, the annual emission factor (AEF) is the weighted
average of the AEFs of 21 PFTs. The isoprene emission factors
prescribed for 21 PFTs are shown in Table 1 based on the values
found in the literature.

Fig.1a. Typical climatological conditions in China; b. The distribution of
vegetation types over China in 2003.



NO.

Plant functional types(PFTs)

Abbrev.

Emission factor
(μgC/gdm/h)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Cold-temperate Evergreen Needleleaf trees
Cold-temperate Deciduous Needleleaf trees
Cold-temperate Deciduous Broadleaf trees
Temperate Evergreen Needleleaf trees
Temperate Deciduous Needlelead trees
Temperate Deciduous Broadleaf trees
Tropical Evergreen Needleleaf trees
Tropical Deciduous Needleleaf trees
Tropical Deciduous Broadleaf trees
Tropical Evergreen Broadleaf trees
Plateau Temperate Evergreen Needleleaf trees
Plateau Temperate Evergreen Broadleaf trees
Plateau Temperate Deciduous Needleleaf trees
Plateau Temperate Deciduous Broadleaf trees
Plateau sub-cold Temperate Evergreen Needleleaf trees
Plateau sub-cold Temperate Deciduous Broadleaf trees
Shrub
C3 grass
C3 & C4 grass(50%)
Creal Crops
Broadleaf Crops

CoTeEN
CoTeDN
CoTeDB
TeEN
TeDN
TeDB
TrEN
TrDN
TrDB
TrEB
PlTeEN
PlTeEB
PlTeDN
PlTeDB
PlCoTeEN
PlCoTeDB
Shrub
C3Gra
C3C4Gra
CreCrop
BroCrop

8
8
8
16
8
45
24
24
24
24
16
16
8
45
8
8
20
5
5
5
5

150
150
150
150
150
100
125
125
125
125
150
125
150
100
150
125
125
125
125
125
125

Leaf area index

• Monthly LAI datasets for China are
obtained from the MODIS
observations with resolutions of 8
day and 1 km (Fig.2). (MOD15A2,
version C5, 2000-2009). For each
grid cell, the average of LAI over the
vegetation area (LAIv) is estimated
by dividing the LAI by the fraction of
the cell covered by vegetation
following the approach of Guenther
and Muller [2]. The fraction of
vegetation of each grid cell is
determined by summing the MODIS
land cover products (PFT scheme)
using ArcGIS from 2001 to 2008.


SLW
(gdm/m2)



Meteorology fields

•

All the simulations are driven by GEOS-4 meteorological fields with a
horizontal resolution of 2×2.5 degree (lat×lon) and 30 vertical
layers covering from the surface to 0.01 hPa.

Results

Results
 The temporal and spatial variations of isoprene
emissions
• The estimated isoprene emissions are the maximum in June-August,
because of the largest LAI, the strongest sunlight, and the highest
temperature in summer) (Fig.3). Averaged over 2000-2006, the
maximum emission in China in July is 2.21 TgC and the minimum in
January is 0.12 TgC.
a

b

Fig.7. Correlation between regional isoprene emission and
the regionally averaged temperature for northeastern,
northwestern, southeastern, and southwestern China.

Fig.6a. Trend of isoprene
emission during 1991 to 2006
over China; b. Trend of annual
average temperature during the
same time period over China

 Sensitivity of isoprene emission to changes in vegetation
a

• Fig.8 shows that LAI and vegetation
cover over China also increase from
2000 to 2006, which also contribute
to the increases in isoprene
emissions (Fig.8c) over 2000-2006.
c

b

Fig.2. The average of leaf area
index (LAI) over 2000-2009.

The simulations

• We perform 4 simulations to examine
the key factors that influence isoprene
emissions in China.
(1) VMET: The GEOS-Chem simulation for
1991-2006. We keep the LAIv and AEF
the same using the land cover data
averaged over 2000-2009, but allow
meteorological fields to change from
1991 to 2006.
(2) VLAIv: Sensitivity simulation for 20002006 to examine the sensitivity of
isoprene emissions to changes in LAIv.
Meteorological fields are taken from
year 2003, and the land areas covered
by different PFTs are fixed as the
averages over 2000-2006.
(3) VVEGAREA: Sensitive simulation for
2000-2006 to examine the sensitivity of
isoprene emissions to changes in areas
covered by different types of vegetation.
Meteorological fields are taken from
year 2003, and LAIv for each grid cell is
fixed as the average over 2000-2006.
(4) VALL: Simulation for 2000-2006 to see
the combined effects of changes in
meteorological parameters and
vegetation (including changes in both
LAIv and areas covered by different
Fig.3. Seasonal variation of biogenic
PFTs) .
isoprene emission over China in 2003

Fig.4a. The regions of northeast(NE), northwest(NW), southeast(SE), southwest(SW) and
Plateau in China; b. Simulated isoprene emissions in different regions

• Fig.4b shows that isoprene emission is the largest over southeastern
China (2.71 TgC yr-1). Northeastern and southwestern China have
about same emissions of 1.24 TgC yr-1 and 1.40 TgC yr-1,
respectively. Emissions over the plateau region and northwestern
China are 0.18 TgC yr-1 and 0.31 TgC yr-1, respectively.
• Averaged over 2000-2006, the annual emission of isoprene over
China is 6.37 TgC yr-1, which is close to the result in Klinger[3].

 Sensitivity of isoprene emissions to meteorological
parameters
• Over China, the averaged
emissions of isoprene,
monoterpenes, and total
BVOCs over 1991-2006 are
5.64 TgC yr-1, 3.62 TgC yr-1,
and 9.34 TgC yr-1, respectively.
On a global scale, the annual
emission during the same
period is estimated to be
480.71 TgC yr-1 for isoprene,
93.15 TgC yr-1 for
monoterpenes and 575.08 TgC
yr-1 for total BVOCs.

Fig.8a. Trend of LAI change during 2000-2006 over China; b. Trend of vegetation cover
during 2001-2006; c. Trend of Isoprene emission in simulation VLAIv.

• With fixed meteorological fields of 2003 and AEF, the changes in LAIv
are found to lead to a large difference (7.1%) in total isoprene
emission in China between 2003 and 2005 [(2003-2005)/2005], but
the change between 2000 and 2006 is small (+1.4% relative to 2000).
• Over 2000-2006, the total effect of changes in vegetation (including
changes in LAIv and vegetation cover) is estimated to lead to an
increase in isoprene emission at a trend of 0.57 TgC yr-1 over China
(or a 9% increase in isoprene emission over 2000-2006).

Conclusion
• Total biogenic emission in China is simulated to be about 10.12 TgC
yr-1, which accounts for about 1.85% of the global total emission.
Biogenic emissions in China show significant interannual variations.
Sensitivity studies found that interannual changes in meteorological
parameters and vegetation can influence isoprene emission over
China by about 11.8% and 9%, respectively.
Fig.5. Variations of biogenic VOC emissions
in 1991-2006

• The variations in biogenic emissions simulated in VMET are shown in
Fig.5 for China. The minimum emissions of isoprene, monoterpenes,
and total BVOCs are found in year 1993 (5.06 TgC yr-1, 3.48 TgC yr-1,
8.61 TgC yr-1, respectively), and the maximum values are found in
2006 (6.34 TgC yr-1, 3.82 TgC yr-1, 10.25 TgC yr-1, respectively). The
emissions have an overall trend of increasing over 1991-2006;The
relative change in isoprene emission in China between 1991 and 2006
is 11.8%.
• In simulation VMET, biogenic isoprene emissions are found to
correlate positively with temperatures, no matter the annual mean
(Fig.6) or monthly mean (Fig.7) temperatures are examined.
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