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Measurements of Non-volatile and volatile (∼
198◦C) particulates were made at high altitude in
the exhaust plumes of the following rockets: Atlas
IIAS (AC-154 4/12/99 CCAS); Delta II (268-Landsat 7,
4/15/99 VAFB); Athena II (IKONOS, 9/24/99 VAFB);
STS-106 (9/8/00, CCAS).

Size distributions and particulate concentration
profiles of total and non-volatile particulates extend-
ing over the size range of 8-4000nm have been mea-
sured and will be presented. Data in the size range 340-
4000nm was collected throughout the flight using laser
particle counting techniques. Data in the size range
8-250nm were acquired only during plume incursions
using a Grab Tank Sampling system [1].

Three modes were observed in the particulate size
distributions for all launches studied. The relative
mass fractions present in each mode will be discussed.
A volatile component was observed for the first time in
both the Athena II and STS-106 measurement flights
and their mass ratios with respect to total estimated
mass will be presented.

REFERENCES 1) Ross, M.N., P.D. Whitefield,
D.E. Hagen and R. Hopkins, ”In- Situ Measurement
of the Aerosol Size Distribution in Stratospheric Solid
Rocket Motor Exhaust Plumes”, Geophys. Res. Lett.
26, 819-822. (1999).
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One of the major goals of the Atmospheric Chem-
istry of Combustion Emissions Near the Tropopause
(ACCENT) mission was to quantify rocket plume emis-
sions and chemistry. On September 24, 1999, the NASA
WB-57F aircraft intercepted an Athena II rocket plume
multiple times in the lower stratosphere. Within the
rocket plume, water vapor was enhanced two to four
times above the background mixing ratio of 4.6 ppmv
due to oxidation of the hydroxyl-terminated polybuta-
diene rocket propellant. Particle concentrations were
also enhanced in the rocket plume. In this talk, we
will address the following questions: What is the emis-
sion index (EI) of water from an Athena II rocket?
Can plume dilution be estimated? Does a significant
fraction of water condense onto particles in the rocket
plume?
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Mass-Independent Fractionation of
Oxygen-containing Radicals in the
Atmosphere
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Mass-independent fractionation (MIF) of ozone has
been observed in both the troposphere and stratosphere
(e.g., Thiemens, 1999). Because ozone is a photochemi-
cally active species, its MIF signature can be imparted
to other atmospheric molecules. Using a photochem-
ical equilibrium model for short-lived radical species,
I have computed the expected MIF for typical mid-
latitude conditions. The model accounts for about
70% of recent measurements of ∆17O for H2O2 in rain-
water (Savarino et al., 1999), and predicts large MIF
for NOx and ClO species ( 40-70 o/oo), and their
products (ClONO2 and HNO3). Furthermore, in the
stratosphere oxygen exchange reactions between OH

and NOx yield OH with ∆17O from 2 to 45 o/oo.
Stratospheric water produced during H abstraction by
OH would be similarly mass-independently fraction-
ated. In the troposphere rapid exchange between OH
and H2O erases any MIF signature in OH. These model
results depend on several O exchange reactions with
unknown activation energies or rate coefficients known
only as upper limits.

The model predicts that stratospheric H2O should
have a MIF signature, thus providing an additional
method for distinguishing tropospheric water trans-
ported upward (or horizontally from the tropics) from
water produced chemically in the stratosphere. An up-

per limit to ∆17O of stratospheric H2O can be ob-
tained from consideration of the quasi-conserved quan-
tity 2[CH4]+[H2O] for air parcels entering the strato-
sphere. Dessler et al. (1994) determined that 2[CH4]
constitutes 45 % of the quasi-conserved sum, suggest-

ing that ∆17O of H2O has an upper limit value of ∼ 20
o/oo. However, this value neglects return of unoxidized

CH4 to the troposphere. One-dimensional calculations
that properly account for mixing are in progress.
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Space-based cloud radars and lidars provide lin-
ear transect measurements along their orbital path.
Their measurements are divided into smaller finite lin-
ear transects for analysis. A finite linear transect mea-
surement may be assumed to be a representative sample
of a geographically larger field. This assumption invites
new statistical tools to be developed to tackle the sam-
pling issues that arise. We will present two such statis-
tical tools for examining cloud cover. The first provides
the general probability distribution for the fraction of
clouds along a finite transect. This distribution allows
confidence intervals to be placed on the observed cloud
fraction prior to measurement based on knowledge of
the distributions for the cloud and clear-sky lengths. In
this form, hypothesis testing of models for these length
distributions can be made, given the observed cloud
fraction. The second tool is derived by applying Bayes’
theorem to the above distribution so that confidence in-
tervals can be placed on the true cloud fraction. This
second tool is applied to cumulus cloud fields, revealing
that confidence for the true cloud fraction over typical
climate model grid scales as measured by a radar or li-
dar in space is rather low. Finally, this approach gives
a way of estimating the probability mass function for
the number of clouds layers within a column perpen-
dicular to the transect and hence the probability of a
cloud layer obscuring one below.
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Height profiles of cloud fraction is an important pa-
rameter that is not well represented in GCMs and in
smaller scale models. Improvements should come from
new and existing remote sensing technologies that will
increasingly provide the science community with direct
observations of such profiles. However, an inherent er-
ror or uncertainty is associated with any cloud fraction
estimate from remote sensing data due to instrument
and atmospheric noise, sensor resolution and the sam-
pling scheme. While all sources of uncertainties need
to be investigated further, this project focuses on the
characteristics of the errors originating from the sam-
pling scheme.

Space-borne LiDAR data from the 1994 NASA LITE
campaign is used to study and quantify the characteris-
tics of such sampling errors in cloud fraction estimates
from along transect measurements. This is done within
a general model for sampling along a transect, which
has been developed based on an approach from queuing
theory, without making prior assumptions on the type
of cloud distribution (Astin and Di Girolamo, 1999).

Results will be presented giving estimates of the
cloud fraction and its distributions over a range of
altitudes as evaluated from cloudy and clear interval
lengths as observed along the transects of the LITE
observations. The estimates themselves are refined to
account for missing data due to attenuation of the Li-
DAR signal by dense cloud.

Further, the distribution of cloud cover fraction over
the earth is also presented, which allows for clima-
tological interpretation of the results. In this, esti-
mates of the mean cloud cover fraction and distribu-
tions and confidence intervals are provided for pressure

levels from the boundary layer to the tropopause. Es-
timates are also inferred from transects over the whole
globe, but separated into climatological regions based
on mean precipitation-evapotranspiration, as well as
separated by surface type such as clouds over land ver-
sus those above sea.

The above results allow examination of the error
characteristics of the cover fraction estimates in rela-
tion with the underlying process and the LiDAR sam-
pling scheme.
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Cloud visible optical depth, droplet effective radius,

and emission temperature retrieved from satellite im-
agers are validated by comparing them to the proper-
ties retrieved from ground-based remote sensing instru-
ments or in-situ aircraft observations. This involves
comparing an instantaneous two-dimensional satellite
data set to a temporally averaged data set collected at
one location (the ground station record) or to a linear
transect (the aircraft record). To characterize some of
the errors that may occur in such a comparison, cloud
properties of a square region are derived from NOAA-
14 1-km resolution AVHRR data. These properties are
compared to a central transect of the same satellite
data, which is used to simulate the cloud advecting over
a ground station or an aircraft transect.

Autocorrelation lengths of all three derived cloud
properties for marine stratus are less than 10 km and
the autocorrelation functions fall below zero at approx-
imately 20 km. Autocorrelations remain below zero for
lags greater than 20 km probably because of mesoscale
structure in the stratus fields. Such short autocorrela-
tion lengths would appear to impose severe limits on
the distances over which two cloud samples may be
compared. Nevertheless, when the cloud properties av-
eraged for the square regions are compared with the
cloud properties averaged for the central transect, the
area averaged and transect averaged properties are well
correlated (greater than 0.975). For scales of order 30
km, the mean difference between the area averages and
the transect averages is much smaller than the standard
deviations of the data in an individual area, which is
in turn much smaller than the range of the averages of
all the areas used for analysis. This result is indepen-
dent of sensor resolution for resolutions smaller than 8
km. These results indicate that cloud properties aver-
aged for square regions can be meaningfully compared
to cloud properties averaged for their central transect,
supporting the use of ground instruments and aircraft
transects to validate satellite retrievals.

In order to test for biases in derived cloud properties
due to differences in satellite sensor and surface instru-
ment resolution, the average cloud properties of small
regions are calculated by two different methods. In the
first method, radiances from each individual pixel are
used to derive cloud properties, and the cloud proper-
ties are averaged over the entire area. In the second
method, the radiances for the entire area are averaged
and these averaged radiances are used to derive cloud
properties. Of the derived cloud properties, only visi-
ble optical depth retrievals show bias, which increases
with decreasing resolution. Visible optical depths cal-
culated using the first method (derived then averaged)
are lower than visible optical depths calculated using
the second method (averaged then derived).
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The Clouds and the Earths Radiant Energy Sys-
tem (CERES) Experiment is the latest and most ac-
curate satellite-based instrument designed to measure
the Earths global energy budget. With improvements
in instrument calibration accuracy and stability, cou-
pled with the development of new angular directional
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models, temporal sampling is the largest remaining er-
ror source for CERES regional mean fluxes. To im-
prove sampling of the diurnal cycle, CERES was de-
signed as a 3-satellite constellation with instruments
aboard the sun-synchronous Terra and Aqua satellites
and the temporally precessing TRMM spacecraft. How-
ever, the failure of the TRMM instrument in April 2000,
and launch delays for Terra and Aqua resulted in single-
satellite coverage for most of the mission to date. Pre-
launch error analysis using two months of data from a
single GOES satellite demonstrated that monthly zonal
mean shortwave flux errors due to temporal sampling
could exceed 10 Wm2 for Terra for data processed in
the manner of the ERBE experiment.

The new CERES data processing system was de-
signed to reduce temporal sampling errors by using
geostationary data to improve the interpolation of
fluxes between the times of CERES observation. Pre-
launch studies demonstrated that this new technique
reduces instantaneous interpolation errors by over 50%
for both longwave and shortwave fluxes relative to the
ERBE processing. However, a final error analysis of
the monthly mean fluxes that includes possible error
sources from the geostationary data was not completed.

This paper will focus on a new analysis of the
temporal sampling error budget for CERES. The pre-
launch study has been expanded to include a twelve
months of ISCCP DX data covering all longitudes. New
estimates of the global and seasonal error budget will
be presented for the sampling patterns of each of the
CERES satellites. Results suggest that the global sam-
pling errors may have been overestimated by using only
Western Hemispheric data during convectively active
months. In addition, an expanded error analysis of
monthly mean fluxes will be presented that includes
errors in the calibration and narrowband-to-broadband
conversion of the geostationary data used in the new
CERES temporal interpolation algorithm.
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Properly sampling fluxes produced by the interac-

tion of solar radiation with cloud fields is a difficult
endeavor since observations can experience large devi-
ations from the mean over short spatial and temporal
scales. For understanding cloud radiative processes, it
is often assumed that the relationship between spec-
trally resolved observations is spatially coherent and
observations can be understood using plane-parallel ra-
diative transfer models. The validity of such an ap-
proach is rarely tested. In this study, we use a 3-D
radiative transfer model to understand the impact of
this assumption on two different observing techniques.
The first approach relates observations in the oxygen A
band with broadband atmospheric absorption of solar
radiation in a cloudy atmosphere. The second uses non-
absorbing wavelengths to remove the effects of horizon-
tal flux divergence in aircraft observations of inferred
broadband atmospheric absorption.
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In order to detect weakly reflecting cloud layers, it

is often necessary to integrate a large number of radar
pulses. The number of pulses integrated (or integra-
tion time) is usually chosen so that radar returns from
a cloud layer having a specified (low) pulse to pulse
reflectivity will be detected. Whilst it is true that the
greater the number of integrated pulses the lower is the
detectable cloud reflectivity, it is not true, as is often
stated, that if 90% of all clouds have a certain (pulse to
pulse or integrated) reflectivity, then 90% of all clouds
can be detected. This is because cloud layers tend to
have variable reflectivity over the integration time. The
actual amount of detectable clouds cannot be evaluated
based solely on the radar sensitivity.

We will demonstrate that the amount of clouds de-
tected depends on the radar sensitivity and the spatial
or temporal distribution of the clouds, for a fixed cloud
detection threshold. Thus, we will show that designing
a radar with an extreme sensitivity is not sufficient,
or indeed necessary, for accurate cloud amount mea-
surements. In fact, a very high radar sensitivity will

almost always result in a large bias in measured cloud
amount, if the threshold is set to the maximum sensi-
tivity of the radar, which is the usual case. Instead,
a threshold placed at a moderate reflectivity or placed
at the maximum sensitivity of a moderately sensitive
radar is needed for unbiased estimates of cloud amount.
We will demonstrate analytically the optimum detec-
tion threshold of a radar observing the difficult to de-
tect thin (< 200 m) liquid water clouds, whose very low
reflectivity approximates a Weibull distribution. Our
approach is also used to investigate the magnitude of
possible biases in cloud amount for several published
design concepts for both the proposed ESA space-borne
cloud radar and NASA’s CloudSat for a range of cloud
sizes and spatial distributions.
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In an effort to improve the observational charac-
tarization of ice clouds in the earth’s atmosphere, we
are developing a sub-millimeter wavelength radiometer
which we propose to fly on the International Space Sta-
tion for two years. Our goal is to accurately measure
the ice water path and mass-weighted particle size at
the finest possible temporal and spatial resolution. The
ISS orbit precesses, sampling through the dirunal cycle
every 16 days, but technological constraints limit our
instrument to a single pixel viewed near nadir.

We discuss sampling errors associated with this in-
strument/platform configuration. We use as ”truth”
the ISCCP dataset of pixel-level cloud optical re-
trievals, which acts as a proxy for ice water path; this
dataset is sampled according to the orbital characteris-
tics of the space station, and the statistics computed
from the sub-sampled population are compared with
those from the full dataset. We explore the tradeoffs
in average sampling error as a function of the averag-
ing time and spatial scale, and explore the possibility
of resolving the dirunal cycle.
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ACE is a solar occultation space science mission,
implemented via the CSAs SCISAT-1 project. The
satellite carries two instruments with a common sun-
tracker and input optics: a Fourier transform spectrom-
eter (2.4-13.3 microns) with two imagers (at 0.525 and
1.02 microns), and a dual diffraction grating spectrom-
eter (0.285-0.55 and 0.525-1.03 microns). The satel-
lite mass is 151 kg, power is 164 W (78 W orbit aver-
age), volume is one-half of Pegasus-XL envelope, and
pointing is 3-axis stabilized within 1 deg of sun cen-
tre. The suntracker provides fine pointing control to
the radiometric centre of the sun at an accuracy of 0.1
mrad within 1/3 of a second from a 2.5 deg offset, and
achieves a stability of 0.0075 mrad RMS in the steady
state. The nominal orbit is circular at 650 km/74 deg,
the scheduled launch date is 21 December 2002, and the
design mission lifetime is 2 years.

The overarching goal of the ACE mission, defined
by Mission Scientist Peter Bernath of the University of
Waterloo in terms of nine specific goals grouped into 3
levels of priority, is to measure and to understand the
chemical and dynamical processes that control the dis-
tribution of ozone in the upper troposphere and strato-
sphere. The selection of the best orbit, i.e. whose oc-
cultation tangent point (otp) trajectory maximizes the
probability of achieving this overarching goal, is not
intuitively obvious.

In this paper, we employ a systematic method for
selecting the science-optimized orbit for the ACE mis-
sion. We draw upon historical flight (TOMS, TOVS)
and other data to define an ideal (but impossible) or-
bit whose latitude vs time-of-year otp trajectory yields
measurements consistent with the science goals of the
mission. We constrain the candidate (i.e. possible) or-
bits to those which yield annual repeats of their otp
trajectories. From among these, we employ a Science
Goodness algorithm which gives a measure of the de-
parture of candidate trajectories from the ideal one,
accounting also for the amount of lat/long motion, or
geographic smear, of the otp during any given occul-
tation event. A surprising result is that the highest
rating candidate orbit is not robust in the sense that
launch vehicle orbit insertion errors or unexpectedly
large satellite drag could render this apparently best
orbit a science mission disaster.
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Mounting concern regarding the possibility that in-
creasing carbon dioxide concentrations will initiate cli-
mate change has stimulated interest in the feasibility
of measuring CO2 mixing ratios from satellites. Cur-
rently, the most comprehensive set of atmospheric CO2
data is from the NOAA CMDL cooperative air sampling
network, consisting of more than 40 sites where flasks
of air are collected approximately weekly. Sporadic
observations in the troposphere and stratosphere from
airborne in situ and flask samplers are also available.
Although the surface network is extensive, there is a
dearth of data in the Southern Hemisphere and most of
the stations were intentionally placed in remote areas,
far from major sources. Sufficiently precise satellite
observations with adequate spatial and temporal res-
olution would substantially increase our knowledge of
the atmospheric CO2 distribution and would undoubt-
edly lead to improved understanding of the global car-
bon budget. We use a 3-D chemical transport model
to investigate the ability of potential satellite instru-
ments with a variety of orbits, horizontal resolution and
vertical weighting functions to capture the variation in
the modeled CO2 fields. The model is driven by ana-
lyzed winds from the Goddard Data Assimilation Of-
fice. Simulated CO2 fields are compared with existing
surface and aircraft data, and the effects of the model
convection scheme and representation of the planetary
boundary layer are considered.
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Over the last several years, efforts have been un-
dertaken to develop improved automated forecasts of
weather phenomena that have large impacts on avi-
ation, including turbulence and in-flight icing condi-
tions. Verification of these forecasts - which has played
a major role in their development - is difficult due
to the nature of the limited observations available for
these evaluations; in particular, voice reports by pilots
(PIREPs). These reports, which are provided incon-
sistently by pilots, currently are the best observations
of turbulence and in-flight icing conditions available.
However, their sampling characteristics make PIREPs
a difficult dataset to use for these evaluations. In par-
ticular, PIREPs have temporal and spatial biases (e.g.,
they are more frequent during daylight hours, and they
occur most frequently along flight routes and in the
vicinity of major airports, where aircraft are concen-
trated), and they are subjective. Most importantly,
the observations are non-systematic. That is, obser-
vations are not consistently reported at the same loca-
tion and time. This characteristic of the reports has
numerous implications for the verification of forecasts
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of these phenomena. In particular, it is inappropriate
to estimate certain common verification statistics that
normally are of interest in forecast evaluations. For
example, estimates of the false alarm ratio and criti-
cal success index are incorrect, due to the unrepresen-
tativeness of the observations. Analytical explanations
for this result have been developed, and the magnitudes
of the errors associated with estimating these statistics
have been estimated through Monte Carlo simulations.
In addition, several approaches have been developed to
compensate for these characteristics of PIREPs in veri-
fication studies, including methods for estimating con-
fidence intervals for the verification statistics, which
take into account their sampling variability. These ap-
proaches also have implications for verification of fore-
casts of other types of phenomena where the observa-
tions are non-systematic, such as severe weather.

A52C-11 1640h
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The representation of precipitation using sparse
gage measurements presents formidable challenges due
to incomplete and nonhomogeneous sampling. With
feasible density and frequency of observations, gage
networks cannot capture the full spectrum of space and
time scales at which precipitation may fall. If unrecog-
nized or unadjusted, this sampling inadequacy can lead
to a biased or distorted characterization of precipita-
tion.

We examine the magnitude of this sampling ef-
fect on two products: gridded fields of precipita-
tion analyzed from point observations, and verification
scores for model-generated precipitation computed us-
ing these observed fields. To do so, we first directly
compare analyses and frequency statistics produced us-
ing several independent U.S. raingage datasets, includ-
ing measurements made by the operational array of
near-real-time daily and hourly reporting rain gages
acquired from the National Centers for Environmental
Prediction, and two sets of high-quality raingage mea-
surements made by volunteer observers and archived
at the National Climatic Data Center. Next, to as-
sess intra-network sampling differences, we employ re-
sampling techniques (including bootstrapping) to esti-
mate the variability of gridpoint precipitation values
and model verification scores that must be assumed
when the analyses or scores are used. We also dis-
cuss the implications of combining precipitation obser-
vations from platforms with vastly different sampling
characteristics (e.g., radar and gages).

A52D MC: 133 Friday 1330h
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Studies of the sudden boundary-layer ozone loss
phenonemon in the springtime high latitudes have
concluded that catalytic reactions involving bromine
species are the dominant ozone destroyers. However,
calculations show that even small amounts of active
chlorine and iodine can make significant contributions
to the ozone loss rates during these events. In this
presentation, I will describe the first in situ measure-
ments of the halogen radical chlorine oxide (ClO) in the
high-latitude boundary layer. These observations were
made as part of ARCTOC ’96 in Ny Alesund, Spits-
bergen and Alert 2000 Polar Sunrise Experiment at
Alert, Nunavut, Canada during low ozone events in the
months of April and May. I will compare these observa-
tions to estimates of active chlorine abundances derived
from a chemical amplification technique (Perner et al.,
1999) and to published model calculations. Finally, I
will explore the extent to which the observed ClO can
contribute to ozone loss rates under typical high Arctic
conditions.
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Size resolved particulate nitrogen species were mea-
sured on Bermuda during spring, 1998. NO3- was
primarily associated with super-m radius aerosol and
NH4+ with sub-m radius aerosol, which is consistent
with thermodynamic properties of the gaseous precur-
sors and the size distribution of aerosol acidity. The av-
erage d15N for the super-m aerosol (-2.1 +- 0.5ooo) was
depleted in 15N relative to submicron aerosol (d15N
= 5.3 +- 1.5 o/oo). The d15N range between super-
µm and sub-m aerosol is consistent with the different
sources for NO3- and NH4+. The d15N values indicate
that high temperature combustion was the dominant
source for the NO3-. The strong correlation between
the d15N for paired aerosols with geometric mean radii
(GMR) 5.4 and 2.3µm suggests that incorporation of
NO3- into the aerosol was unidirectional following the
reaction

HNO3(g) <–> HNO3(aq)<–> H+ + NO3-(aq).
There was nosignificant correlation between the

d15N values for paired aerosols with GMR 0.34 and
0.18 µm, suggesting that NH3 actively recycles between
phases:

NH3(g)<–> NH3 (aq) + H20 (aq) <–> H+ + OH-
+ NH3(aq) <–> NH4+(aq) + OH-

The dry deposition of super-m aerosol accounted for
over 99
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During June 27 July 10, 2001, over 11,000 in
situ measurements of CFC-12, halon-1211, N2O, SF6,
and 5000 measurements of CFC-11, CFC-113, CHCl3,
CH3CCl3, CCl4, CH4 and H2 were made along 17,000
km of the trans-Siberian railway between Moscow and
Khabarovsk, Russia. Also measured by in situ analyz-
ers were CO, CO2, O3, NOx, and standard meterolog-
ical parameters. These measurements were part of the
seventh Trans-Siberian Observations in the Chemistry
of the Atmosphere (TROICA-7) scientific expedition, a
collaboration between U.S., Russian, and German sci-
entists.

Most of these gases were detected at elevated con-
centrations along some sections of the fully-electrified
railway, typically in proximity to the larger cities.
Specifically, spikes of CFC-12, halon-1211, CHCl3 and
CH4 were frequently encountered during both the east-
ward and westward transects of the expedition. At-
tempts to identify the sources of these emissions are
based on analyses of their correlations with the other
measured gases. Chloroform emissions are generally
uncorrelated with anthropogenic tracers, and are be-
lieved to be associated with the bleaching of wood pulp
from Siberian forests. CFC-12 and halon-1211 emis-
sions are mostly uncorrelated with one another, and
accurate identification of their sources is difficult but
extremely important in view of the Montreal Protocol.
CH4 emissions were detected as short-term spikes and,
in some regions, broader increases in the background
CH4 concentration. Possible sources for CH4 emissions
include biomass burning, leaks from natural gas trans-
mission lines, and wetlands.
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A comprehensive modeling analysis is conducted us-
ing the Multiscale Air Quality SImulation Platform
(MAQSIP) focusing on nonmethane hydrocarbons and
ozone in three southeast United States national parks
for a 15-day time period (July 14th to July 29th, 1995)
characterized by high O3 surface concentrations. Nine
emission scenarios including the base scenario are ana-
lyzed. Model predictions are compared with and con-
trasted against observed data at the three locations for
the same time period. Model predictions (base sce-
nario) tend to give lower daily maximum O3 concen-
trations than observation by 10.8% at Cove Mountain,
Great Smoke Mountains National Park (GRSM), 26.8%
at Mammoth Cave National Park (MACA), and 17.6%
at Big Meadows, Shenandoah National Park (SHEN).
Overall mean ozone concentrations are very similar at
GRSM and SHEN (observed data at MACA are not
available). Model predicted concentrations of lumped
paraffin compounds match the observed values on the
same order, while the observed concentrations for other
species (isoprene, ethene, surrogate olefin, surrogate
toluene, and surrogate xylene) are usually an order
of magnitude higher than the predictions. Sensitiv-
ity analyses indicate each location has its own char-
acteristics in terms of the capacity of volatile organic
compounds (VOCs) to produce O3, but a maximum
VOC capacity point (MVCP) exists at all locations that
changes the influence of VOCs on O3 from produc-
tion to destruction. Analysis of individual model pro-
cess budgets shows that more than 50% of daytime O3
concentrations at these rural locations are transported
from other areas, local chemistry is the second largest
contributor (13% to 42%), all other processes combined
contribute less than 10% of the daytime O3 concen-
trations. Local emissions (>99%) are predominantly
responsible for VOCs at all locations, while vertical
diffusion (>70%) is the predominant process to move
VOCs away from the modeling grid. Dry deposition (∼
10%) and chemistry (2 to 13%) processes are also re-
sponsible for the removal of VOCs. Metrics such as O3
production efficiency of VOC emissions (VOPE), VOC
potential for O3 production (VPOP), and MVCP are
devised to quantitatively measure the different char-
acteristics of O3 production and VOCs in these ru-
ral environments. Implications of this model exercise
in understanding O3 production in rural atmospheres
are analyzed and discussed. Even though this study
is focusing on three United States National Parks, the
research results and conclusions may be applicable to
other rural atmospheres.
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Methanol and acetone significantly influence the
odd hydrogen budget of the upper troposphere. We
have measured the seasonal cycle of these oxygenated
volatile organic compounds (VOCs) and several other
biogenic and anthropogenic VOCs along with carbon
monoxide (CO) at Blodgett Forest Research Station,
elevation 1300 m, on the western slope of the Sierra


