6. Biogenic Sources

6.1 Introduction

Biogenic emissions have been estimated for the 2008 Periodic Emissions Inventory for carbon
monoxide (CO) in Maricopa County (9,223 square miles) and the CO maintenance area (MA)
(1,814 square miles). The Model of Emissions of Gases and Aerosols from Nature (MEGAN)
has been used to estimate the biogenic emissions. MEGAN is a state-of-the-art biogenic
emissions model developed by the National Center for Atmospheric Research (NCAR). Some
important corrections and improvements were made in the latest version of MEGAN2.04
(Guenther, 2007 and Feng Liu, 2009) compared to previous versions (Guenther, 2006, 2006a and
2006b). MEGANZ2.04 was applied to compute biogenic emissions in Maricopa County and the
CO MA.. Estimated emissions for CO are included in this biogenic emissions inventory. The
MEGAN runs were executed by the Maricopa Association of Governments. The contact person
for the MEGAN emission estimates is Feng Liu (602-254-6300).

6.2 Modeling domain

As a numerical model, the MEGAN inputs and outputs are given in two dimensional grid cells.
To develop biogenic emissions for the 2008 Periodic Emission Inventory for CO, the 4-km and
12-km modeling domains developed for the MAG Eight-Hour Ozone Plans for the Maricopa
Nonattainment Area (MAG, 2007 and 2009), were employed to develop biogenic CO emissions
for the CO MA and Maricopa County, respectively. The definition of the domains in the
Universal Transverse Mercator (UTM) coordinate system is presented in Table 6.2-1. Since
MEGAN estimates biogenic emissions for an entire modeling domain, masking areas covered by
the CO MA and Maricopa County, were developed by applying Geographic Information
Systems (GIS) to those two target areas. For the target area, the masking file assigns 1.0 for the
grid cells fully covered by the target area, a fractional value for grid cells partially covered by the
target area, and 0.0 for grid cells outside the target area. As shown in Figure 6.3-1, biogenic
emissions for the CO MA and Maricopa County were extracted from MEGAN outputs for the
masked grid cells in the 4-km and 12-km modeling domains, respectively.

Table 6.2-1. Two modeling domains defined in the UTM coordinate system.
Grid Hon;ontal Grid Size Domain Range (km) Target Area
Resolution
4-km 50 by 29 (297,3652) to (497,3768) CO Maintenance Area
12-km 111 by 84 (-275,3188) to (1057,4196) Maricopa County

6.3 Input data

To calculate biogenic emissions using MEGAN, the following gridded land-cover and
meteorological input files were prepared:

1) EFMAP_LAI file: This file provides emission factors (EF) for 20 MEGAN species
including NOx, CO and VOC, and monthly average leaf index (LAI) for 12 months for each
grid cell.

2) PFTF file: This input file gives the percentage of four plant function types (PFT) including
broadleaf trees (BT), needle leaf trees (NT), grass and crops (HB) and shrubs (SB) for each
modeling domain grid location.
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3) METCROZ2D file: This file contains meteorological parameters including temperature,
short wave radiation, wind speed, humidity and soil moisture for each grid.
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Figure 6.3-1.  Masked CO maintenance area (blue area) in the 4-km domain (left) and Maricopa County in
the 12-km domain (right). The red star in the left panel denotes the meteorological observation site.

6.3.1 Land cover data

The land cover data, including the monthly LAI, PFT, and EF, are provided by the EFMAP_LAI
and PFTF files. These input data were derived from the MEGAN land cover database available
at a base resolution of 30 seconds latitude by 30 seconds longitude (~ 1x1 km?) in ArcGIS
format (http://acd.ucar.edu/~guenther/MEGAN/MEGAN.htm). For the MEGAN runs, however,
the default land cover data were replaced by local datasets, which were developed by a field
study conducted by Dr. Guenther in June 2006 (ENVIRON, 2006). The substitution was made
because the default database systematically underestimated the LAIs in Maricopa County.

6.3.2 Weather data

The weather data used by MEGAN include temperature, downward short wave radiation, wind
speed, humidity and soil moisture. The Measurement and Instrumentation Data Center (MIDC)
collects irradiance and meteorological data from nation-wide stations, one of which is located in
northern Phoenix (33.83°N, 112.17°W, see the red star in Figure 6.3-1), and is operated by the
Phoenix Federal Correction Institution (PFCI). The archived hourly temperature, wind speed,
humidity and radiation data from this site are available to the public. Monthly mean diurnal
cycles of the weather parameters were calculated based on hourly data for the year 2008 and a
netCDF file representing 24-hour data for each month was prepared for MEGAN inputs.

Biogenic emissions of CO are highly dependent on temperature and downward short wave
radiation. Figure 6.3-2 shows annual mean diurnal cycles of temperature and radiation. The
peak temperature around 4:00-5:00 pm lags three hours behind the peak radiation. The delay is
due to the fact that heating of the air occurs not from the sun’s rays, but from heating of the earth
and infrared radiation leaving the ground in the form of heat. As a result, maximum hourly
emission rates take place in the afternoon because the emission rates are positively related to
both temperature and short wave radiation (Guenther, 2006). Data analysis indicates that
temperature and radiation peak values occur in June. The maximum monthly CO biogenic
emission rates would be expected to occur in the same month.
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radiation (right) in 2008.

6.4 Emission estimation
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Annual mean diurnal cycles of measured temperature (left) and downward short wave

MEGAN runs for the 4-km modeling domain provide hourly biogenic emission outputs for the
year 2008. Daily mean emissions for each month in 2008 are derived by using the hourly
outputs for each month. The daily mean emissions for the 12 months in 2008 are shown in Table
6.4-1 for the MA and Maricopa County. Monthly total emissions were obtained by multiplying

the daily mean emissions for each month by the number of days in the month. Monthly CO
emissions for the MA and Maricopa County are presented in Table 6.4-2. Monthly mean

emissions for the MA and Maricopa County are illustrated in Figure 6.4-1. It can be seen that the
maximum monthly biogenic CO emissions took place in June, because monthly mean

temperature and radiation reached the maximum in June.

Table 6.4-1. Daily mean biogenic CO emissions
CO Maintenance Area Maricopa County
Month kg/day Ibs/day kg/day Ibs/day
Jan 1,419.3 3,129.0 6,511.4 14,355.2
Feb 1,900.4 4,189.7 9,092.3 20,045.1
Mar 4,967.9 10,952.3 23,109.3 50,947.3
Apr 7,192.1 15,855.9 33,191.0 73,173.6
May 7,744.2 17,073.0 34,216.2 75,433.8
Jun 17,801.6 39,245.8 77,086.0 169,945.6
Jul 16.420.2 36,200.3 70,985.5 156,496.3
Aug 14,891.7 32,830.5 63,556.3 140,117.7
Sep 12,355.4 27,239.0 58,326.4 128,587.7
Oct 6,675.2 14,716.3 31,1304 68,630.8
Nov 3,408.8 7,515.1 15,432.2 34,022.2
Dec 1,494.1 3,293.9 6,829.6 15,056.7
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Table 6.4-2.

Monthly biogenic CO emissions in MA and Maricopa County

CO Maintenance Area Maricopa County
Month | Metric tons/month Short tons/month Metric tons/month Short tons/month
Jan 44.00 48.50 201.85 222.50
Feb 55.11 60.75 263.68 290.66
Mar 54.01 59.54 716.39 789.68
Apr 215.76 237.83 995.73 1,097.60
May 240.07 264.63 1,060.70 1,169.22
Jun 534.05 588.69 2,312.58 2,549.18
Jul 509.03 561.11 2,200.55 2,425.69
Aug 461.64 508.87 1,970.25 2,171.83
Sep 370.66 408.58 1,749.79 1,928.81
Oct 206.93 228.10 965.04 1,063.77
Nov 102.26 112.72 462.97 510.34
Dec 46.32 51.06 211.72 233.38
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Figure 6.4-1.  Monthly biogenic CO emissions in Maricopa County (pink solid line, “MC”’) and the CO

Maintenance Area (dark blue line, “MA”).
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6.5 Summary of biogenic source emissions

Annual total biogenic CO emissions and daily mean biogenic CO emissions during the winter
season for the MA and Maricopa County in 2008 are shown in Table 6.5-1. Due to the
incorporation of land cover data that are more characteristic of plants located in the southwest
desert area, as well as improvements in the MEGAN model, the 2008 biogenic CO emission
estimates shown in Table 6.5-1 represent a substantial improvement over previous biogenic
emission estimates for Maricopa County and the CO Maintenance Area.

Table 6.5-1. Annual total and winter season daily mean biogenic CO emissions

Annual Total Winter Season Daily Mean

Area Tonnes /yr Tons /yr kg/day Ibs/day
Maricopa County 13,111.25 14,452.68 9,591.1 21,1447
CO Maintenance Area 2,839.84 3,130.39 2,107.4 4,646.0

* tonne denotes metric ton, and ton denotes short (or English) ton, 1 tonne = 1.10231 tons.
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