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Emissions for Chemical Transport Models

• Point
• Area
• Mobile

– On-road
– Off-road

• Fire
• Biogenic



Biogenic Emissions Modeling: MEGAN

• MEGAN:
Model of Emissions of Gases and Aerosols from Nature
– Guenther et. al., Atmospheric Chemistry and Physics, 2006

• Other papers forthcoming
– 134 emitted chemical species

• Isoprene
• Monoterpenes
• Oxygenated compounds
• Sesquiterpenes
• Nitrogen oxide

– 1 km2 resolution
– Input files available at: http://cdp.ucar.edu

Online version of MEGAN in WRF-CHEM currently same as offline version 2.04
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EM: Emission (µg m-2 hr-1)
ε: Emission Factor (µg m-2 hr-1)
γCE: Canopy Factor
γage: Leaf Age Factor
γSM : Soil Moisture Factor
ρ: Loss and Production within plant canopy
γLAI : Leaf Area Index Factor
γP : PPFD Emission Activity  Factor (light-dependence)
γT:  Temperature Response Factor

MEGAN Framework:
Calculation of emissions

(Guenther et al., 2006)



Current MEGAN Code in WRF-CHEM

• The algorithm and data for γSM and  ρ are not yet ready. They are assigned to 1.0

• The light dependent factor is only applied to fractions of emission factors based
on biological function of plants.

• Only maps of isoprene emission factors are used
– All other species are assigned an emission factor by PFT

• No explicit canopy model
– Xuemei Wang has implemented canopy model in one version

!"""# ••••= SMageCEEM

TPLAICE
!!!! ••=

1 1



MEGAN Framework:
Canopy Factor calculations
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For isoprene:
Follow equation 14 of
Guenther et al. (2006):

Where 

Thr = hourly air temperature (K)
Tdaily = daily average air temperature (K) representative of 

model simulation period
CT1  = 80
CT2 = 200

For Monoterpenes:
From Guenther et al., 1995



MEGAN Framework:
Canopy Factor calculations
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γP = the dependence of emissions on light
This is based on equations 11-13 of Guenther et al. (2006).

Where: 
γP = 0  when 

and

Where φ = above canopy PPFD transmission (non-dimensional)
Pdaily = daily average above canopy PPFD (µmol m-2 s-1)
a = solar angle (degree)

where 
Pac  = above canopy PPFD (µmol m-2 s-1)                 
Ptoa = PPFD at the top of atmosphere (µmol m-2 s-1)

where DOY = day of year



MEGAN Framework:
Canopy Factor calculations

γLAI  = the dependence of the emissions on Leaf Area
Index.

γLAI  = 0.49 * LAIc /[(1+0.2* LAIc2)0.5]
`

Where:
LAIc = leaf area index of the current month

(or the month that is being simulated)



Emission Factors for Isoprene



Table 1: Input parameters for MEGANv2.0, including class of compound (1-20), base emission factors (mg m-2 hr-1) for
broadleaf trees (EFBT), Needleaf Trees (EFNT), Shrubs (EFSHR), and Crops/Grasses (EFCG). β is the dimensionless parameter
used to calculate γT for compounds other than isoprene. The light dependent fraction (LDF) is the fraction of the total
emissions that should have a light dependency assigned.

0.7510.09969.2969.2969.2969.220other VC

0.830.151.83104.4125.4107.719other sesquiterpenes

0.120.094.81108.2180.487.218other monoterpenes

010.07200415517nitrogen gases: NO, NH3, N2O

0.7510.0530030030030016methane

010.097070707015
formic acid, formaldehyde, acetic
acid

010.1312012012012014Acetaldehyde and ethanol

010.1110010010010013Acetone

040.0940040040040012Methanol

0.830.151.265756011caryophyllene <beta->

0.830.150.950306010farnescene  <alpha->

0.120.0922004501809pinene  <alpha->

0.120.091.5100300908pinene <beta->

0.820.0918560907ocimene <trans beta>

0.0520.090.325160186carene <3->

0.0520.090.752100455limonene

0.120.090.75070454Sabinene

0.0520.090.32275203Myrcene

150.090.1810052MBO

150.09400110002000130001Isoprene

LDF
Leaf Age

CaseβEFGCEFSHREFNTEFBT

Class
IDClassName

Values can be edited in module_data_megan.F



MEGAN Input file
Includes emission factors, LAI, plant functional type fractions, and climatological temperature and solar

radiation for each model grid cell
Preprocessed prior to WRF-chem simulation*

Process 1: 
Calculation of Gamma Values

Read into 
WRF-chem 
simulationTemp @ 2m

Downward Solar Radiation

Read in from model

Process 2: 
Calculation of explicit emissions

Process 3:
Speciation of Emissions to pre-determined Mechanism:

Current Options include:
CBMZ, SAPRC99, SAPRCII, RADM2, RACM

Return emissions to model



MEGAN INPUT FILE

• MEGAN input file needs to be preprocessed before model simulation
– Documentation being developed
– Currently requires geographic processing software

• File must include:
– Model Grid information
– Normalized Isoprene Emission factor*

• From NCAR Community Data Portal
• Values from downloaded grid converted from g/km2/hr  to mole/km2/hr

– Monthly LAI
• From NCAR Community Data Portal

– Plant Functional Type (PFT)
• From NCAR Community Data Portal

– Average monthly temperature and downward solar radiation

•Currently only uses grid-specific isoprene emission factors
•User may edit variables in module_data_megan2.F



Monthly Temperature and Solar Radiation

• NCEP NARR (NCEP North American Regional Reanalysis)
http://www.cdc.noaa.gov/cdc/data.narr.html

• Temperature and Solar Radiation data:
http://www.cdc.noaa.gov/PublicData/tables/monthly.html

• For Downward Solar Radiation:
http://gswp2.tkl.iis.u-tokyo.ac.jp/gswp2/free/ddc.html



MEGAN vs. BEIS3.11



BEIS 3.0

MEGAN



Still Working on MEGAN implementation
-Input processing and documentation
-Evaluation of code/output
-WRF-Chem v3 – being validated

Christine Wiedinmyer
christin@ucar.edu
*Limited support available



Preparing MEGAN Input file

• MEGAN file is space-delimited
• File contains:

– Grid information (i,j)
– Isoprene Emission Factor for each grid cell
– PFT percentage (broadleaf trees, needleleaf trees, shrubs, herbaceous)
– Monthly LAI
– Monthly air temperature
– Monthly downward solar radiation



Preparing MEGAN input file

Right now, methods use ArcGIS software

• Download raster files from http://cdp.ucar.edu
• Create polygon file of model domain/grid

– Include i,j cell numbers
• Perform zonal statistics on rasters from cdp

– Use mean value of isoprene EF, PFTs, monthly LAI
•  Find monthly-averaged air temperature and downward solar radiation

– Interpret mean of each grid cell for each month
• Combine all information into one file
• Format for input to model





Preparing MEGAN input file

Fields of file:
COL,ROW,EF_ISO2,LAI1,LAI2,LAI3,LAI4,LAI5,LAI6_1,LAI7_1,LAI8,LAI9,

LAI10,LAI11,LAI12,pft_bt,pft_nt,pft_shr,pft_gc,T1,T2,T3,T4,T5,T6,T7,T
8,T9,T10,T11,T12,DSW1,DSW2,DSW3,DSW4,DSW5,DSW6,DSW7,D
SW8,DSW9,DSW10,DSW11,DSW12

Format:
'(2(I5," "),41(E11.2E2," "))'


