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Air samples collected on the campus of the California Institute of Technology in Pasadena, CA, contained 
~30 ppm more CO2 in 1998-2003 than they did in 1972-1973 (averaging 369 ppm in 1972-1973 and 397 
ppm in 1998-2003).  Yet the ranges of the carbon and oxygen isotopic ratios have remained essentially 
constant (13CVPDB was -13.4 to -7.7‰ in 1972-1973 and -14.1 to -8.0‰ in 1998-2003; 18OVPDB-CO2 was -
4.0 to -0.3‰ in 1972-1973 and -4.0 to +0.5‰ in 1998-2003).  A tighter distribution for most of the more 
recent measurements is consistent with fewer days with highly polluted air relative to 30 years ago.  Both 
data sets display significant correlations between 13C and 1/CO2, with end member 13C values of -31.8 ± 
0.4‰ for 1972-1973 and -30.6 ± 0.2‰ for 2002-2003.  Based on mass balance considerations, this 
reflects a changing mix of natural gas and petroleum products burned in the region combined with a 
change in the isotopic composition of the bulk petroleum products burned.  
 
The 13C of the CO2 inventory in Pasadena can be explained by a local addition to “clean” air of 16 to 36 
ppm CO2 from exhaust from burning of fossil fuels (petroleum products and natural gas) and minor 
emissions from cement production.  Because of southern California’s warm climate, larger amounts of 
isotopically light fossil fuel are consumed during the summer for energy generation for air conditioning; 
much smaller amounts are required during the winter for heating.  This offsets the effects of vegetation 
due to photosynthesis/respiration and masks the periodic seasonal variation observed in clean air from 
oceanic/coastal sites at similar latitudes, although the error limits allow up to 32% of the local 
contribution to be derived from biological activity.   
 
Unlike carbon, the isotopic composition of oxygen in the CO2 of Pasadena air does exhibit seasonal 
variations, similar to those of clean air sites at similar latitudes, reflecting the global signal of the 
biosphere’s annual cycle.  Added to this is the high-CO2 end member contributed locally, which is a 
product of fossil fuel combustion, whose oxygen is similar to atmospheric O2, as determined by analysis 
of plots of 1/CO2 vs. 18O.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Composition of CO2 in air in Pasadena compared with air from clean southern California sites and 
NOAA ESRL oceanic and coastal sites located 25-40°N.  Shaded bands indicate ±1 from the best fit lines. 
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There are very few locations from which to make time-series measurements of free tropospheric aerosols, 
so MLO’s location has a unique value. We have measured inorganic aerosol anions and cations and nitric 
acid vapor nightly at MLO since 1989. In 2005 we installed equipment to also measure organic and 
elemental carbon (EC and OC) in FT aerosols at MLO. It has proven more difficult than we expected to 
measure OC and EC, in part because of a pervasive (and variable) blank that is similar in magnitude to the 
signal. We have spent more than a year trying a variety of methods for improving our sensitivity and 
blanking. One of these changes was to improve sensitivity by combining EC and OC into one total carbon 
(TC) peak, since the EC can at least be estimated from light absorption measurements. We find that TC 
maximizes in the springtime, just as sulfate, nitrate, and calcium do. This is attributed to Asian outflow. 
However, the TC concentrations at MLO are considerably smaller than those measured in the FT from 
aircraft during ACE-Asia, suggesting that chemical transport models might not be underestimating OC as 
much as Heald et al. (2005) suggest. 
 
 

 
 
Figure 1.  Nightly total carbon concentrations (monthly average and standard error of mean in blue ) for one year at 
Mauna Loa Observatory.  Note the peak in total carbon in the spring of 2006 attributed to transport from Asia.   
 
Reference:  Heald, C. L., D. J. Jacob, R. J. Park, L. M. Russell, B. J. Huebert, J. H. Seinfeld, H. Liao, and R. J. Weber, 2005: 
A large organic aerosol source in the free troposphere missing from current models. Geophys. Res. Lett., 32, L18809. 
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Since 1997, our group has focused on the transport of global and Asian air pollutants and their influence 
on air quality in the United States.  Our past work has utilized low elevation surface sites, as well as 
several aircraft to detect plumes of Asian pollutants that are transported to the US. Most of the transport 
occurs in the free troposphere.  As a result of the need to have more continuous and long-term 
observations at fixed site, in 2004 we began observations at a mountain top location in central Oregon at 
2.7 km above sea level; the Mt. Bachelor Observatory (MBO).  With almost 3 years of data, the site has 
proven to be extremely valuable for detecting and understanding the chemistry and transport of Asian 
pollutants, including CO, O3, PAN, aerosols and mercury.  In the first 2 years of observations we have 
focused on identifying the local meteorological environment and identification of free tropospheric air at 
this site.  To do this, we have compared the MBO data, especially water vapor, to sounding data from 
Medford and Salem Oregon and ozonesonde data from Trinidad Head.  Our analysis indicates that the site 
experiences free tropospheric air approximately 50% of the time.  Some of the scientific results we have 
obtained from our observations at MBO include: 
 
1) Identification of over a dozen plumes with significant concentrations of Asian pollutants; 
2) Identification of a set of tracers using CO, Hg, O3 and σsp (aerosol scattering at 550 nm) that can be 

used to identify Asian, US and biomass burning plumes at MBO (Jaffe et al. 2005; Weiss-Penzias et 
al., 2006; 2007) 

3) Identification of significant concentrations of gaseous Hg(II) compounds in free tropospheric air       
(Swartzendruber et al., 2006). 

 
Because of predictions for substantial increases in emissions from Asia, we believe it is important to 
maintain long term observations at the Mt. Bachelor Observatory.  In this presentation I will give an 
overview of the first 3 years of results, with an emphasis on the identification of free tropospheric air at 
the site and some of our most significant results to date. 
 

 

Figure 1.  View of Mt. Bachelor, 
Oregon, in winter. 
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This study applied a geostatistical approach to atmospheric inverse modeling to estimate carbon fluxes on 
a monthly gridscale from 1997 to 2001, focusing on the effect of using remote-sensing derived auxiliary 
environmental data to help constrain flux estimates.  The results of this study represent the first 
application of the geostatistical approach to inverse modeling using atmospheric data from the NOAA 
cooperative air sampling network, and the first implementation of the approach with auxiliary 
environmental data. The geostatistical approach uses observational CO2 concentration data and an 
atmospheric transport model to update prior information about carbon fluxes. The prior information is 
represented in the form of a spatial and/or temporal covariance in the deviations of fluxes from mean 
behavior, and both the parameters of the covariance model and of the mean behavior can be inferred from 
observational data. The model of the mean is expanded through the addition of deterministic drift 
parameters known to affect carbon flux. This setup offers the opportunity to directly incorporate 
environmental data derived from remote sensing instruments, without assuming a priori the magnitude or 
statistical significance of the correlation of these data with the inferred carbon fluxes.  In this study, 
global estimates of carbon fluxes were obtained at a 3.75° x 5° resolution, along with their estimated 
uncertainties.  Auxiliary variables shown to be statistically significant were Leaf Area Index, Fraction of 
Photosynthetically Available Radiation, land cover, land temperature, and population density weighted 
gross domestic product.  Results indicate that the proposed approach yields flux estimates with 
comparable precision to synthesis Bayesian approaches, without requiring pre-aggregation to large 
continental regions or prior assumptions about flux magnitudes. 
 

 
Figure 1.  Year 2000 monthly fluxes and uncertainty bounds expressed as two standard deviations for variable trend 
best estimate aggregated to the 22 Transcom3 regions (in green) and Transcom estimates (Baker et al. 2006, in 
black).   
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For a number of years various investigators have demonstrated success in detecting the effects of aerosols 
on cloud microphysical properties from surface and satellite remote sensing. Nevertheless, because of the 
importance of aerosol-cloud interactions for climate change, it is important to quantify this effect. To 
date, it is unclear to what extent the range of detected responses are physical and to what extent 
measurement errors play a role. Moreover, it is unclear what the accuracy requirements are for various 
measures of the aerosol indirect effect in terms of W m-2 of forcing for climate change applications. 
 
To address these issues we use a radiative transfer model to establish the sensitivity of cloud forcing to 
anthropogenic aerosol influences. The shortwave (0.28 - 4.0 μm) radiative forcing at the surface was 
calculated for the range of physical indirect effect (IE) values. The change in cloud optical depth (τc) for 
increasing cloud condensation nucleus concentration (NCCN), used as model input, is shown for the range 
of IE at two fixed LWP (left panel). Instantaneous (middle panel) and diurnally averaged (right panel) 
forcings are calculated for each of the IE values as the difference in irradiance for NCCN = 500 cm-3 and 
NCCN - 25 cm-3, representing polluted versus clean conditions. This exercise demonstrates that 
uncertainties in measures of the first aerosol indirect effect will translate to large uncertainties in radiative 
forcing estimates for climate change applications. We further quantify these uncertainties and their 
relationships in this presentation. 
 
 

 
 
Figure 1.  The radiative forcing for several different values of the first aerosol indirect effect (IE) (left panel) at two 
different liquid water path quantities for instantaneous radiation (middle panel) and diurnally averaged radiation 
(right panel). 
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