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Abstract

High spectral resolution Fourier transform spectrometer (FTS) measurements of 
tropospheric carbon monoxide (CO) distributions show mixing ratios over Indonesia 
during October 2006 of ~ 200 ppbv (10-9 per unit volume) in the middle troposphere.
The elevated emissions were caused by intense and widespread Indonesian peat and 
forest fire emissions elevated compared to other years by the impact of a moderate El 
Niño/Soutern Oscillation (ENSO) event, which delayed that year's monsoon season and 
produced very dry conditions.  Moderate Resolution Imaging Spectrometer (MODIS) fire 
counts, ACE measurements of elevated mixing ratios of fire emission products and near 
infrared extinction, and back trajectory calculations for a sample measurement location 
near the time of maximum emissions provide additional evidence that the elevated 2006 
emissions resulted primarily from the Indonesia fires. Lower CO mixing ratios measured 
by ACE and fewer MODIS fire counts in Indonesia during October 2005 indicate lower 
emissions than during 2006.  Coincident profiles from the Atmospheric Chemistry 
Experiment (ACE) agree within the uncertainties with those from the Tropospheric 
Emission Spectrometer (TES) for pressure ranges and time periods with good TES 
sensitivity after accounting for its lower vertical sensitivity compared with the ACE FTS.
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1.  Introduction

     The purpose of this paper is to report satellite-based measurements of tropospheric 
chemistry from the Tropospheric Emission Spectrometer (TES) [1,2] and the 
Atmospheric Chemistry Experiment (ACE) [3] with a primary focus on carbon monoxide 
(CO).  The two instruments were selected for analysis and comparison of results because 
they both provide high precision measurements from high spectral resolution Fourier 
transform spectrometers (FTSs), though with different measurement and retrieval 
techniques.  Nonlinear least squares spectral fitting of the target molecule and 
interferences in microwindows over a pre-selected altitude range [4] with a modified 
global fit approach [5] is used in the analysis of the solar occultation spectra recorded by 
the ACE FTS.  The emission spectra recorded by the TES FTS are analyzed with the 
optimal estimation method [6] to yield profile inversions also with pre-selected 
microwindows and fitting of interferences.  Although the TES FTS was designed to 
record both nadir and limb emission spectra [1,2], nadir measurements are now primarily 
recorded and those results are considered here.  The sensitivity of TES CO measurements 
has been improved since shortly after launch [7], and we compare CO profiles from the
TES instrument for a time period of improved results at pressure ranges of good 
sensitivity taking into account its lower vertical resolution in a comparison of those 
results with coincident profiles measured by the ACE FTS. 
     Enhancements in CO during northern hemisphere autumn 2006 relative to 
measurements from the same season in 2005 were caused primarily by intense peat and 
forest fire emissions in Indonesia.  Tropical peatland forests and swamplands are one of 
the largest near surface reserves of terrestrial organic carbon, and hence their stability is 
important, particularly as drainage, forest clearing and droughts become more common 
with important implications for climate change [8].  Emissions from fires occur in 
Indonesia during the dry season every year but were made worse in 2006 by a moderate 
El Niño/Soutern Oscillation (ENSO) event, which delayed the year's monsoon season due 
to sharply reduced rainfall beginning in July. The change in the weather pattern allowed 
wildfires across the dense tropical rainforests of Sumatra, Kalimantan, and Malaysia to 
spread rapidly with a rise in wildfire activity in on that region that was the worst since the 
intense 1997-98 El Niño event with fires in Kalimantan, Borneo, producing great 
amounts of smoke and elevated regional haze [9].  Figure 1 illustrates MODIS (Moderate 
Resolution Imaging Spectrometer) fire counts for the Indonesian region (15S°-15°N and 
60°E-180°E) from May-December 2005 and 2006.  The time series illustrate the factor of 
three higher 2006 fire count maximum near the October maximum.
     The importance and role of CO in tropospheric chemistry and climate is well 
established [10-15] with many studies since its first measurement from ground-based 
solar spectra in 1950-1951 [16].  It has potentially serious impacts on humans and 
animals when elevated.  It is an odorless, colorless, and toxic gas and in the presence of 
nitrogen oxides (NOx) it is either a source or a sink of tropospheric ozone.  Carbon 
monoxide is the by-product of fossil fuel use, which is the dominant source at northern 
mid-latitudes, while the main sources in the tropics are oxidation of CH4 and biogenic 
nonmethane hydrocarbons, and biomass burning.  Reaction with the hydroxyl radical 
(OH) is the main removal process for CO, as it is for many other atmospheric species
with CO an important sink for OH.  Carbon monoxide consumes a large fraction of the 
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OH in the troposphere.  The lifetime of CO varies with altitude, latitude, and season and 
is on average about two months, long enough to allow intercontinental transport and 
cause hemispheric scale air pollution.  Carbon monoxide and ozone are two of the 
pollutants monitored for air quality by the U.S. Environmental Protection Agency (EPA) 
and both are now measured globally and simultaneously by the TES instrument.
     The TES and ACE instruments are among those currently providing global 
measurements of CO from space.  Other satellite instruments also measuring global 
distributions of CO include the nadir-viewing MOPITT (Measurement of Pollution in 
The Troposphere) onboard the EOS (Earth Observing System) Terra (AM-1) platform 
[10,15,17-19], the nadir-viewing Atmospheric Infrared Sounder (AIRS) instrument 
onboard the EOS Aqua platform [20,21], the nadir and limb-viewing UV/visible/near-
infrared SCIAMACHY (Scanning Imaging Absorption Spectrometer for Atmospheric 
Chartography) instrument onboard the European environmental ENVISAT 1 platform 
[22-24], the limb-viewing MIPAS (Michelson Interferometer for Passive Remote 
Sensing) also aboard ENVISAT 1 [25], the EOS Aura MLS (Microwave Limb Sounder) 
[26,27] onboard the EOS Aura platform, and the nadir-viewing IASI (Infrared 
Atmospheric Sounding Interferometer) [28] recently launched onboard the METOP 
series of European meteorological satellites.

2.  TES Measurements and CO Retrievals

     The Tropospheric Emission Spectrometer was launched on NASA’s EOS (Earth 
Observing System) Aura satellite on July 15, 2004 and placed in a near polar orbit at an 
altitude of 705 km [29].  TES is providing continuous global observations of tropospheric 
CO, O3, H2O, CH4, and temperature [1,2]. Spectral windows for the retrieval of CO were 
selected based on sensitivities calculated for TES filter 1A1 (1890-2260 cm-1) where the 
CO (1-0) band is located [7].  TES nadir measurements are recorded at 0.06-cm-1 spectral 
resolution (8.33 cm maximum optical path difference derived from double-sided 
interferograms) with a 16 pixel footprint of 5x8 km [7].  The TES forward model 
includes modeling of the water vapor continuum with a climatological CO2 mixing ratio 
profile [31].  The TES retrieval algorithm estimates an atmospheric profile by 
simultaneously minimizing the difference between observed and model spectral radiances 
subject to the constraint that the solution is consistent with an a priori mixing ratio 
profile within covariance constraints [32,33].
     Measured radiances are compared with those calculated for the same location with the 
TES forward model. The measured radiances are apodized with Norton-Beer strong 
apodization [34].  As clouds are often present in the troposphere and substantially affect 
the radiances measured by TES, an algorithm is used to quantify how clouds impact the 
measured optical depths in the spectral windows selected for retrieving temperature and 
gas constituent profiles [35].  The approach is to retrieve a single layer cloud that is 
coarsely spaced in wavenumber by 25 to 100 cm-1 with an effective optical depth that 
accounts both for cloud absorption and scattering.  The cloud is assumed to have an 
effective height and a Gaussian profile in altitude, and effective cloud thickness. No 
scattering is assumed.  Comparisons of TES retrievals for these parameters to model 
fields and selected measurements were found not to introduce observable biases in the 
TES retrievals, though CO was not considered in the analysis.  Characterization of TES 
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retrieval information content includes the quantification of smoothing, “cross-state”, and 
systematic errors [32].  All parameters are derived from a simultaneous analysis of the 
measured spectrum.
     Spectroscopic parameters assumed by TES version 2 retrievals were taken from the 
2000 HITRAN (high resolution transmission) database with updates through September 
2001 [36], though further updates from HITRAN 2004 [37] have been incorporated and 
are used in the forward model calculations and analysis.  Similar to most other 
experiments operating in the infrared, TES uses spectral windows to limit the impact of 
spectroscopic errors of interfering species in the retrievals from 11 windows between 
2086.06 and 2176.66 cm-1.  Temperature and interferences fitted for all windows are 
N2O, CO2, O3, and H2O [7]  Carbon monoxide profiles are retrieved after temperature, 
ozone, and water vapor profiles are fitted in addition to the interferences.
     Early TES CO results were affected by changes in instrument alignment as a function 
of time [7]. A useful value calculated from the information about the measurement and 
the a priori data is the Degrees of Freedom for signal (DOF) that describes the number of 
independent pieces of information available in the retrieved vertical profile [6,7,32]. 
Shortly after launch, the measured DOF for TES CO signal typically varied from 0.5-1.5, 
high in tropics with values up to two and gradually dropping below 0.5 at high latitudes. 
As the signal strength of 1A1 filter became weaker from end of 2004 to November 2005, 
the DOF for TES CO gradually declined.  The optical bench warm up of ~5 K 
(November 29-December 2, 2005) improved TES signal-to-noise ratios so the DOF for 
CO increased to an averaged value of 1.45 (from the pre-warm-up value of 0.72) with 
many values now greater than 2.0 at 30°S-30°N.  In addition, periodically (over 10 times 
thus far), detector temperatures have been raised to de-ice them. Although error in the 
temperature retrieval propagates into the error for CO, it is small compared to the other 
sources of error.  A time sequence of TES average DOF for CO retrievals at 30°N-30°S 
illustrated the changes in sensitivity from launch through April 20, 2006 (figure 1 of Ref. 
[7]).  
     Similar to MOPITT [10,17-19], TES CO profile measurements are highly correlated
vertically, with about 1-2 pieces of independent vertical information for each sounding.  
Random error due to instrument noise with a value of 5-10% is lower than the smoothing 
error in most places.  Systematic error due to errors in the HITRAN spectroscopic 
parameters [36,37] and the cross-state error terms are small components in the error 
budget.  The smoothing error is the largest component (10-20%), with the total relative 
error (~20-30%) combined from the random, the smoothing, the systematic, and the 
cross-state errors [32].  
    Current TES CO retrievals assume a priori profiles given by the MOZART (Model 

for OZone and Related Chemical Tracers) chemical transport model [38].  Monthly mean 
mixing ratios in 10º latitude by 60º longitude bins are used to create the a priori profiles
assumed for TES retrievals with an altitude-dependent Tikhonov constraint [33].  In 
contrast, the MOPITT analysis relies on a single a priori profile and covariance matrix 
for CO retrievals [10]. MOPITT achieves near complete global coverage in 3 days [39].
The impact of the different a priori constraints on TES and MOPITT retrievals has been 
described and characterized [39] based on the formalism of Rodgers and Connor [40].  

3.  ACE measurements and CO retrievals
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     Three instruments onboard SCISAT-1 share a common field of view taking advantage 
of the high precision of the solar occultation technique [3,4]. Measurements of CO are 
recorded with the FTS below about 105 km altitude at 0.02 cm-1 spectral resolution 
(maximum optical path difference of ±25 cm) from 750 to 4400 cm-1.  Full resolution 
spectra are recorded in 2 s with an altitude spacing determined by the scan time, typically 
3-4 km, varying from 2 km for long, high beta angle (angle between the satellite velocity 
vector and the vector towards the Sun) occultations and up to 6 km for zero beta angle 
occultations in the absence of refraction. As a result of refraction, tangent altitude 
spacing is typically less than 2 km in the troposphere.  The FTS has a circular field of 
view with 1.25 mrad diameter, which corresponds to a field of view of about 4 km at the 
limb in the absence of refraction.  Photovoltaic detectors with near linear response are 
cooled to less than 100 K producing a signal-to-noise ratio of >300 throughout most of 
the spectral range.  Low Sun solar occultation spectra are divided by exo-atmospheric 
solar spectra from the same occultation. The ACE orbit yields solar occultation 
measurements between 85ºN and 85ºS latitude. The orbit is optimized for high latitude 
occultation coverage with measurements at middle and low latitudes recorded only over 
limited time spans and a latitudinal coverage that changes rapidly with time.  The orbit 
produces limited measurements during June and December when there is a high beta
measurement period of about 3 weeks with no occultations.  The current version of ACE 
FTS measurements (version of 2.2) provides mixing ratio profiles of over two dozen 
species in addition to CO with altitude coverage that depends on the species.  Additional 
instruments onboard are a UV-visible spectrometer (MAESTRO) (Measurement of 
Aerosol Extinction in the Stratosphere and Troposphere by Occultation), a two channel 
UV-visible spectrophotometer, and two imagers with optical filters at 0.525±1 and 
1.02±1 µm.
    Version 2.2 profiles with statistical uncertainties are retrieved for individual molecules 
from fits to multiple species in pre-selected microwindows over pre-specified altitude 
ranges [4].  The global-fit non-linear least squares approach adopted by ACE is similar to 
the approach used previously by the ATMOS (Atmospheric Trace Molecule 
Spectroscopy) experiment [41].  ACE temperature profiles are retrieved assuming a 
realistic CO2 volume mixing ratio profile accounting for its increase as a function of time.  
Profiles are retrieved from fits to measurements in microwindows selected to provide 
CO2 lines covering a wide range of sensitivities with respect to temperature and are 
constrained to yield an atmosphere in hydrostatic equilibrium.  Retrievals below 12 km 
altitude assume temperatures derived by the Canadian Meteorological Centre (CMC) for 
the location of the observation.  As shown from statistics based on 10 years of SAGE 
(Stratospheric Aerosol and Gas Experiment) II occultation measurements with a similar 
field of view as the ACE FTS, occultation measurements penetrate ~5 km below the 
tropopause 50% of the time at all latitudes [42].  However, although there are a few 
exceptions, the ACE measurements for the 2006 Indonesian fire time period were limited 
to a minimum altitude of ~8 km, probably due to the intense smoke and haze generated 
by the fires. 
     Spectroscopic line parameters and cross sections from HITRAN 2004 [37] have been 
assumed. Retrievals from ACE are obtained from both the strong (1-0) vibration-rotation 
band at 4.3 µm and the weaker (2-0) band at 2.3 µm.  The weaker band provides 
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tropospheric profiles above cloud tops from a spectral region primarily impacted by 
interfering absorptions by CH4 lines.  The MOPITT instrument was also designed to 
measure both bands [19], but the (2-0) band was not used in MOPITT operational 
retrievals due to the limited sensitivity achieved by the instrument in that spectral region.  
Averaging kernels for microwindows in the (2-0) band used by ACE for tropospheric 
measurements are sharply peaked with a full width at half maximum of 2 km or less in 
the troposphere [43].
    
4.  TES-ACE CO Measurement Comparison

     Direct comparison between TES and ACE CO profile retrievals is not proper due to 
the differences in the sensitivities of the two instruments.  The a priori profiles and error 
covariances of the two instruments are not the same.  Rodgers and Connor [40] derived 
an equation to adjust a retrieved profile for a different a priori profile and error 
covariance constraints.  Here we adjust the ACE measured CO mixing ratio X(ACEmeas) to 
the TES a priori profile X(TESapr) via the following equation, 

X(ACEadj) = X(TESapr) + A(TES) [(X(ace)map – X(TESapr)] (1)

where X(TESapr) is the TES a priori profile, A(TES) is the TES averaging kernel matrix, 
and X(ace)map is the ACE mixing ratio mapped on to the TES vertical grid.  We note the 
assumption in the comparison is that ACE has a vertical resolution much greater than the 
other (TES) instrument, which is 5-10 km depending on the latitude and season. The 
comparison is only valid for the altitude range within which the averaging kernels of both 
instruments are significant.  Both approximations are assumed for this comparison. 
Before the mapping, the ACE CO profiles were extended downward to the surface via the 
shifted ACE first guess profile.  The same approach has been used in comparing TES CO 
measurements with those from MOPITT [39] and DACOM (Differential Absorption CO 
Measurement) spectrometer aircraft measurements during the Intercontinental Chemical 
Transport (INTEX)-B campaign [44]. 
     Measurements from ACE and TES have been compared based on 24 hour, 300 km 
maximum distance coincidence criteria after adjustment with Equation (1).  Version 2.2 
ACE measurements with 1 km altitude spacing and version 2 TES measurements have 
been used.  A preliminary Aura validation comparisons reported from Microwave Limb 
Sounder measurements assumed coincidence criteria of same day, 12° longitude [27].
     Figure 2 compares average coincident CO distributions at 200 to 600 hPa measured by 
TES and ACE during January-December 2006.  We restrict the comparisons to 2006 
when TES had improved CO sensitivity. Columns left to right show the TES and ACE 
retrieved mixing ratio, the TES and ACE CO profile with the TES averaging kernel and a 
priori applied to adjust ACE profiles to the TES vertical resolution including only 
measurements where the sum of the rows of the averaging kernels >0.7, the ACE minus 
TES difference, the averaging kernel value, and the total number of observations.  The 
rightmost panel depicts TES sensitivity for the pressure range 200-600 hPa.  Each profile 
for which the sum of the rows of the averaging kernels exceeds 0.7 within 200-600 hPa is 
included.  TES measurements above ~200 hPa reflect a loss of sensitivity and are 
primarily from the a priori CO profile assumed from the MOZART model [38].  The 



8

number of coincidences decreases below 20 km primarily due to the limited number of 
ACE clear sky views, particularly at the lowest altitude. The results show that application 
of the TES averaging kernels and the a priori vector produced CO profiles with better 
agreement for levels with good sensitivity.  This improvement is due to the removal of 
the influence of the a priori assumptions in the TES CO profiles and the degradation of 
ACE vertical resolution to that of the TES instrument.  Differences (ACE minus TES) 
and the number of coincidences with standard deviations are (12.4±23.0)% with 300 
coincidences at 383 hPa, (13.1±19.5)% with 195 coincidences at  421 hPa, (12.2±18.9)% 
with 112 coincidences at 464 hPa, and (16.1±14.4)% with 20 coincidences at 510 hPa.  
As mentioned previously, early TES measurements recorded prior to implementation of 
the optical bench warm up are excluded because of their lower sensitivity [7].
    Figure 3 illustrates September to December 2006 monthly mean TES CO mixing 
ratios at 464 and 215 hPa for latitudes of 15°S to 15°N and longitudes from 60°E to 
180°E with corresponding MODIS (Moderate Resolution Imaging Spectrometer 
(MODIS) fire pixel counts for the same months.  Monthly mean TES CO mixing ratios of 
~200 ppbv were measured over Borneo and Sumatra during the time period of maximum 
emissions during October and November 2006.  The monthly mean mixing ratio at 464
hPa and 215 hPa during October 2006 were 288 and 198 ppbv, respectively, while 
maximum monthly mean mixing ratio at the same two pressure levels for November were 
254 and 215 ppbv at the same pressure levels with a factor of two lower CO mixing ratios 
measured in December. The high MODIS pixel counts over Borneo and Sumatra during 
October 2006 indicate that fires were the primary cause of the increased CO and 
tropospheric O3 emissions noted previously [45].  Wildfires across the dense tropical 
rainforests of Sumatra, Kalimantan, and Malaysia spread quickly [9].  The impact of the 
2006 fires was significantly weaker than from tropical fire emissions over southeast Asia 
in 1997-1998.  Measurements of CO by TES from 2005 are not shown because they were 
recorded prior to full implementation of the optical bench warmup [7].  
    The orbit selected for ACE repeats and is optimized for high latitude coverage in both 
hemispheres [3] with measurements over the Indonesian region only during limited time 
periods each year.  Figure 4 illustrates ACE version 2.2 measurements of CO tropical and 
subtropical profiles measured during October 2005 and October 2006 (15°S-
15N° latitude, 60°E-180E° longitude) covering the same region as in Figure 3.  The left 
panel shows the mixing ratios versus altitude with horizontal lines showing the standard 
deviations from each of the two time periods.  The right panel shows the ratio of the 2006 
mixing ratios divided by the corresponding 2005 mixing ratios with the corresponding 
pressure levels displayed on the right axis.  Ratios of October monthly averages for 
2006/2005 at 200-300 hPa based on nine measurements during each year are ~2.0.  
Hence, ACE CO profiles also indicate regionally-averaged CO tropospheric mixing ratios 
significantly higher in October 2006 than in October 2005 in the free troposphere.  Fewer 
measurements occur at lower altitudes with only a single measurement at 5.5 km during 
both years with the more limited measurement set also indicating an enhancement in 
October 2006 relative to October 2005.
    Figure 5 (upper panel) highlights profiles of a reprocessed set of selected molecules, 
and near infrared extinction from occultation sr17273 (10.86°S, 86.31°E) illustrating the 
mixing ratios measured due to the emissions by the intense fires.  The occultation was 
measured off the west coast of Indonesia and shows a CO mixing ratio of 268 ppbv at 9.5
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km (305 hPa).  The elevated upper tropospheric mixing ratios include HCN, a well-
established biomass burning emission product with emissions that occur primarily during 
the smoldering phase of combustion [41].  The lifetime of HCN is about 5 months [46], 
allowing long-range transport of emissions.  The back trajectories (lower panel) shows 
the emissions are likely to have originated in the Indonesian region.  Transport of 
emissions from distant regions for molecules such as HCN with long lifetimes will 
contribute in the scenes observed by ACE, though dilution reduces their contribution in 
the sampled airmass.  The set of elevated mixing ratios of species with a range of 
lifetimes and near infrared extinction illustrated in this example provides evidence that 
the Indonesian fires were the primary source of the emissions.  The measurements from 
the near infrared were obtained by integrating pixel measurements coincident in location 
and time with those of the FTS field of view.  
     The upper tropospheric mixing ratios of biomass burning products from the 
Indonesian fires are similar to those measured by ACE during intense Arctic fires during 
summer 2004 [47] and in the tropics during the Austral spring biomass burning season 
[48].  The high spectral resolution and broad infrared spectral coverage has also allowed 
examples of young biomass burning plumes to be identified in ACE spectra [49].  
Retrievals planned for ACE version 3.0 will include additional species emitted by 
biomass burning including PAN (peroxyacetyl nitrate).

5.  Summary and conclusions

     Monthly mean measurements of carbon monoxide by TES and ACE and 
corresponding MODIS fire counts show a maximum in the Indonesian region during 
October 2006 resulted from intense and widespread peat and forest fires caused a 
moderate El Niño, which delayed that year's monsoon season with sharply reduced
rainfall during the last quarter of 2006 that allowed wildfires across the dense tropical 
rainforests of Sumatra, Kalimantan, and Malaysia to spread quickly [9].  Although 
wildfires occur in Indonesia every year during the dry season, the rise in wildfire activity 
during 2006 was the worst since the intense 1997-1998 El Niño event [9] with elevated 
CO and tropospheric O3 identified in the TES monthly mean fields [45].  The arrival of 
northeastern winter monsoons in December effectively ended the impact of the 2006 fires 
on the region.  Higher CO mixing ratios during 2006 relative to 2005 is also supported by 
a comparison of ACE measurements and fire counts for the Indonsian region for the two 
years with the measurements of elevated mixing ratios of biomass burning products from 
ACE such as elevated HCN, C2H6 and HCOOH providing further evidence that the 
elevated emissions resulted primarily from fire emissions.
     Nadir carbon monoxide mixing ratios from TES global survey and step-and-stare 
measurements (version 2 data) have been compared with co-located ACE limb 
occultation measurements (version 2.2 data) in the middle and upper troposphere for the 
2006 time period when TES had improved CO sensitivity [7].  The method of Rodgers 
and Connor [40] was used to adjust the ACE profiles with the TES averaging kernels and 
a priori constraints for the comparison. Comparison shows ACE and TES profiles with 
differences (ACE minus TES) for coincident measurements that agree within the 
uncertainties for altitudes where TES has good sensitivity. An analysis comparing ACE 
measurements with those from ground-based, airborne, and other satellite measurements 
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with the goal of validating the ACE CO dataset has been submitted for publication [50]. 
An independent study of TES tropospheric measurements has also concludes that the 
elevated 2006 emissions measured by TES were caused by fires in the Indonesian region
[51]. As ACE measurements were obtained in both 2005 and 2006 (in addition to earlier 
years) with high sensitivity, the CO measurements and fire count comparison for the 
Indonesian region for both years provide evidence that increased 2006 emissions were 
related to emissions from the fires.  Further understanding of the ACE and TES chemistry 
measurements with predictions for both sets of measurement locations will require a 
model that combines those measurements with other measurements (e.g., data from 
aircraft and surface sites combined with emission factor estimates for the measured 
species) and modeling of the ejection of the surface emissions to the free troposphere to 
provide an integrated chemical data simulation of the 2006 moderate El Niño event. 
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Figure Captions

Figure 1.  Moderate Resolution Imaging Spectrometer (MODIS) fire counts for 8 day 
increments covering the Indonesian region (15S°-15°N and 60°E-180°E) for the May-
December time period during 2005 and 2006.

Figure 2.  Columns left to right show the measured mixing ratios (with standard 
deviations as horizontal lines), the adjusted mixing ratio (with standard deviations as 
horizontal lines), the ACE minus TES differences, the total number of observations, and 
the averaging kernel.  Difference reported in the third column is calculated in percent 
with the formula (ACE mixing ratio-TES mixing ratio) / base* 100), where base is 
defined as the mean of the TES and ACE mixing ratios.  The rightmost panel depicts TES 
sensitivity for the pressure range 200-600 hPa.  Approximate altitudes are shown on the 
far right vertical axis.

Figure 3.  TES CO monthly mean mixing ratios at 464 and 215 hPa for September to 
December 2006 at latitudes 15°S to 15°N and longitudes 60°E to 180°E. An asterisk is 
used to mark the location of Jakarta, the capitol of Indonesia.  Corresponding MODIS fire 
counts are shown for the time period.

Figure 4.  ACE version 2.2 CO profiles measured during October 2005 and October 
2006.    Average profiles with standard deviations are displayed versus altitude in the left 
panels from nine occultations from 2005 and 2006.  The ratio of the 2006 measurements 
from those from 2005 is shown in the right panels with the corresponding pressure.  The 
number of occultations to calculate the average profile decreases with altitude for both 
years with to only a single occultation at the lower altitudes.

Figure 5.  Upper panel:  ACE reprocessed version 2.2 measurements from occultation 
sr17273 (10.86°S, 86.31°E) measured on October 27, 2006.  Error bars indicate the one 
sigma statistical uncertainty.  Volume mixing ratios and extinction per km based on 
averages from imager pixels coincident with those of the FTS.  Lower panel:  Altitude of 
backtrajectories for the location of the ACE occultation as a function of time.   Initial 
altitudes were 5, 7, and 9 km.
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