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2.2 One-dimensional model description
Future forest composition

Stem density of aspen trees at UMBS and relative proportions of hardwood and pine
species and size were estimated in a 1.4 km® area of the UMBS forest in 2010 by measuring tree
diameter at breast height (DBH, 1.37 m) of all trees with a DBH > 8.0 cm in 101 — 800 m’ plots.
For this exercise, all aspen trees were assumed to be replaced by either northern hardwood or
upland pine assemblages of like DBH and stem density. Dry leaf mass of each of the
replacement species was estimated from biomass equations developed in the Great Lake States
or northeastern U.S. in the form M = an, where M is foliage dry mass, D is DBH, and a and b
are species/site specific parameters (Ribe, 1973; Pastor and Bockheim, 1981; Young et al., 1981;
Crow and Erdmann, 1983; Hocker and Early, 1983; Perala and Alban, 1994; Ter-Michaelian and
Korzukhin, 1997). From the 2010 census at UMBS we found the mean DBH of aspen trees was
25.0 cm at a density of 22300 stems km™ or 32% of the trees in the forest. The proportions of
species in the pine and northern hardwood assemblages were determined from the 2010 census
and foliage biomass estimated assuming a complete replacement of aspen with either pine or
northern hardwood assemblages (Table S1). For scaling emission rates for temperature, average
B-factors for the two future forest scenarios based on the projected forest composition and
associated individual BVOC emissions. For the upland pines future forest scenario,
monoterpene (MT) and sesquiterpene (SQT) B-factors were calculated to be 0.19 K'and 0.14 K
' respectively. For the northern hardwoods future forest scenario, the SQT B-factor was
calculated to be 0.15 K™'; due to uncertainties in the measured aspen MT B-factor, the average

MT B-factor (0.14 ')
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BVOC emissions

Normalized fluxes, measured during branch-enclosure sampling, for the three emission
scenarios (base, maximum, and minimum) are shown in Table S2. For isoprene, emission rates
were scaled by -30% for the base production rate scenario, with no scaling for the maximum
production rate scenario and scaling by -66% for the minimum production rate scenario.
Previously, Pressley et al. (2005) reported an uncertainty in isoprene eddy covariance
measurements at UMBS of £32-66%. However, similar to the modeling study of Ortega et al.
(2007), morning (5:30-10:30 EST) isoprene emissions were overestimated; therefore, for all
production rate scenarios, isoprene emission rates during this time period were also scaled (by -
9% to -83%, with 0.5 h resolution) according to previously documented average overestimations
by Ortega et al. (2007); this adjustment is not reflected in Table S2. For MTs and other BVOC:s,
the base production rate scenario includes scaling emission rates by +107%, with scaling by
+107% and +10% for the maximum and minimum production rate scenarios, respectively.
Ortega et al. (2007; 2008) previously reported a measurement uncertainty of 27% for these
species, as well as reported average sampling losses of ~20-30% [range of 10-80%]. For SQTs,
the base production rate scenario includes scaling emission rates by +130%, with scaling by
+130% and +10% for the maximum and minimum production rate scenarios, respectively.
Ortega et al. (2007; 2008) previously reported a measurement uncertainty of 50% for SQTs, as
well as reported average sampling losses of ~20-30% [range of 10-80%]. For the MTs, SQTs,
and other BVOCs, the maximum and minimum production rate scenarios also account for tree-
to-tree variability during branch enclosure measurements, as well as 95% confidence intervals

associated with the measurements of mean green-leaf dry mass. In addition, for temperature
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dependence scaling of the MTs, SQTs, and other BVOCs, upper and lower quartile pB-factors

were applied for the minimum and maximum production rate scenarios.

Calculated NO3 concentrations
Nitrate radicals are primarily produced by reaction of NO, with O; and generally

removed by photolysis and reaction with NO, as described by reactions 1-3:

NO, + 03 — NO; + 0, (R1)
NO; + NO — 2NO, (R2)
NO; + hv — NO, + OC’P) (R3a)

—NO, + 0, (R3b)

The NO; production and loss reactions included in the box model are described in Table S1 with
their corresponding rate constants. Total sesquiterpene (SQT) concentrations were estimated
using the noontime average [SQT]/[MT] ratio measured by Kim et al. (2009) at the PROPHET
site (July-August 2005) and the measured total MT concentration for July-August 2008 (PTR-
LIT). NOj; photolysis rates were calculated using the National Center for Atmospheric Research
(NCAR) tropospheric ultraviolet and visible (TUV) radiation model
(http://cprm.acd.ucar.edu/Models/TUV/) with total column ozone obtained from the Ozone
Monitoring Instrument (OMI) on the Aura spacecraft
(http://jwocky.gsfc.nasa.gov/teacher/ozone _overhead.html). NO; reached steady state within
~0.5-8 min in the box model calculations, which were repeated to create an average 0.5 hr

resolution NOj; diurnal profile for sunny days in July-August 2008.



97  Table S1. Estimated leaf dry mass and species proportions for replacement of aspen in the
98  future UMBS forest. Values in parentheses are + standard error.

Assemblage/species Leaf dry mass Species
(g-m'z) proportions (%)
Northern Hardwoods
Acer rubrum 102.8 (19.5) 70.5
Acer saccharum 28.3 (1.6) 15.5
Fagus grandifolia 26.1 (1.7) 14.0
Upland Pines
Pinus strobus 233.4 (35.0) 89.0
Pinus resinosa 441 (4.4) 11.0
99
100



101  Table S2. Normalized fluxes (ug C m™~ h") for three emission scenarios (base, maximum, and
102 minimum production). Fluxes were normalized to a standard photosynthetic active radiation flux
103 of 1000 umol m™ s and a standard temperature of 303.15 K.

BVOC Class Base Maximum Minimum

Isoprene 8141 14375 3909
Monoterpenes 667 1357 148
Sesquiterpenes 94 274 7
Other BVOCs 61 119 14

104
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Table S3. NO; production and loss reactions included in the box model with corresponding rate

constants.

Reaction

k (cm® molec™ s™)

Reference

NO; + NO — 2NO,
NO; + NO; — N2Os
NO; + OH — NO; + HO,
NO; + HO, — HNO; + O,
NO; + RO; — RO + NO,

NO; + Isoprene — Products
NO; + MTs — Products

NO; + SQTs — Products
NO; + MACR — Products
NO; + MVK — Products
NO, + O3 —» NO;3 + O,
NO + O3 — NO, + O,
N2Os — NO3; + NO,

NO; — particles

N,Os — particles

NO; + hv - NO, + O
NO; + hv — NO + O,

26x10™"
1.9x10™
2.0x10™"
4.0x10™
4.0x10™
7.0x10™

1.4x10™"

1.7 x10™"
34x10™
(<)6x 10"
3.5x 107"
1.8x10™
6.9x 1025
40x10°s™
9.3x10™s
variable
variable

(Atkinson et al., 2004)
(Atkinson et al., 2004)
(Atkinson et al., 2004)
(Atkinson et al., 2004)
Assumed same as HO, reaction

(Atkinson and Arey, 2003)
Emission weighted average (see
Table 1 for individual kyos)
Emission weighted average (see
Table 1 for individual kyos)

(Atkinson and Arey, 2003)
(Atkinson and Arey, 2003)
(Atkinson et al., 2004)
(Atkinson et al., 2004)
(Atkinson et al., 2004)
(Hurst et al., 2001)

(Hurst et al., 2001)
NCAR TUV model
NCAR TUV model
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Table S4. First generation isoprene oxidation products with yields from isoprene oxidation,
oxidation rate constants (units of cm® molec™ s™), and RONO, yields. Methacrolein (MACR)
and methyl vinyl ketone (MVK) yields by OH oxidation are defined within the model based on
the availability of NO, as represented by B (defined in the text as the fraction of time RO; reacts
with NO versus HO, and RO,), using high and low NOy chamber yields from Ruppert and
Becker (2000). The structures of RONO, products from the oxidation of these first generation
isoprene oxidation products were estimated, and corresponding rate constants were estimated
(Atkinson and Arey, 2003; Kerdouci et al., 2010; USEPA, 2010) to predict the removal of the

nitrates.
First Generation Structure Isoprene Kon RONO,:
Isoprene Yon kos You
Oxidation Yo3 Knos Yno3
Product Yno3
MACR 0.18-0.20a) 29x 10" ¢) 0.0705 d)
o 0.39b) 1.2x 1078 c) 0.24 e)
0.035b) 3.4x10"c)
MVK 0.15-0.31a) 2.0x10"" ¢) 0.11 d)
0.16 b) 52x10"c) 0.24 e)
7 0.035 b) (<)6.0 x 1076 c)
IP-HMY 0.15¢) 7.0x 107" f) 0.075e)
NN Oe) 10x101;f) 0.20 e)
Oe) 1.0 x 10 f)
IP-MHY \)\/\ 0.13e) 7.0x10° 1; f) 0.075 e)
Oe) 1.0x 107" f) 0.20 e)
N 0.32f) 1.0 x 107 )

a) (Ruppert and Becker, 2000)
b) (Atkinson and Arey, 1998)

¢) (Atkinson et al., 2006)

d) (Paulot et al., 2009)

e) Estimation by Costa (2011)
f) (Carter and Atkinson, 1996)
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Figure S1. Modeled thermal eddy diffusivity (Ky) profile for UMBS in the summer at 14:45
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Figure S2. Diurnal cycle of calculated wind speed (0.5 hour time resolution) versus altitude.
The logarithmic wind profile scaling (equation XII) does not account for atmospheric stability
and may underestimate nighttime winds, particularly above 100 m.
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Figure S3. Diurnal cycle of calculated absolute (lines, right axis) and fractional (colors, left axis)

emission rates (base scenario) of BVOCs at UMBS.
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Figure S4. Diurnal cycles of modeled and measured [methyl vinyl ketone (MVK) +
methacrolein (MACR)]/[isoprene] and [MVK]/[MACR)] at ~12 m above the forest canopy.
July-August 2008 measurements were completed using a proton-transfer reaction linear ion trap
mass spectrometer (PTR-LIT) (Mielke et al., 2010). For nighttime periods when few PTR-LIT
MS/MS measurements of [MVK] and [MACR] were made, PTR-LIT [MVK+MACR] data were
utilized to obtain estimated [MVK] and [MACR] by applying 0.5 h average [MVK]/[MACR]
from the previous UMBS study by Apel et al. (2002). Sensitivity to uncertainties and variability
are indicated by error bars.
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Figure S5. Diurnal cycle of primary isoprene nitrate production via reaction of NO; with
isoprene at ~12 m above the forest canopy. Error bars represent sensitivity to emission rate
uncertainties and variability.
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Figure S6. Modeled diurnal cycle of total column nitrate flux due to addition (organic nitrate
production) and loss processes (chemical reaction, horizontal advection, and dry deposition).
Loss of individual primary and secondary nitrates are shown, as well as the production of
secondary nitrates, with dinitrate fluxes multiplied by two to represent the two nitrate groups
present within these molecules.
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