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Abstract. We have studied the effects of the 2006 Efibdlon Nifio events are generally a change in convection in the tropi-
tropospheric @and CO at tropical and sub-tropical latitudes cal troposphere associated with an eastward shift of the warm
measured from the OMI and MLS instruments on the AuraSST anomaly and large scale Walker circulation. This shift
satellite. The 2006 El Nio-induced drought caused forest results in an increase in tropospheric columi®the west-
fires (largely set to clear land) to burn out of control dur- ern Pacific and a decrease in the eastern Pacific relative to
ing October and November in the Indonesian region. Thenon-El Nifio years. The effect of EI Rb on specific humid-
effects of these fires are clearly seen in the enhancemerity is usually opposite to that of column ozone (e.g., Chandra
of CO concentration measured from the MLS instrument.et al., 1998, 2007). During La Ra years, dynamical pro-
We have used a global model of atmospheric chemistry anaesses are largely reversed with respect to Bblyears. The
transport (GMI CTM) to quantify the relative importance of effects of EI Nfio on tropospheric composition have been ex-
biomass burning and large scale transport in producing obtensively studied from both satellite and ground based mea-
served changes in tropospherig @d CO. The model re- surements (e.g., Chandra et al., 1998; Fujiwara et al., 1999;
sults show that during October and November biomass burnThompson et al., 2001) and by using global models of at-
ing and meteorological changes contributed almost equallymospheric chemistry and transport (e.g., Peters et al., 2001,
to the observed increase in tropospherigi®the Indone-  Sudo and Takahashi, 2001; Chandra et al., 2002, 2003; Dun-
sian region. The biomass component was 4—6 DU but it wagan et al., 2003; Zeng and Pyle, 2005; Doherty et al., 2006).
limited to the Indonesian region where the fires were mostin- Recently Logan et al. (2008) studied the effects of the
tense. The dynamical component was 4—8 DU but it covered004 and 2006 El Nio events on tropospheric profiles of

a much larger area in the Indian Ocean extending from SoutlCO, O3, and HO measured from the Tropospheric Emis-
East Asia in the north to western Australia in the south. Bysion Spectrometer (TES) on the Aura satellite. Their findings
December 2006, the effect of biomass burning was reduceavere generally consistent with the observed characteristics
to zero and the observed changes in troposphegiov€re of O3 and KO inferred from previous El Niio events. The
mostly due to dynamical effects. The model results show archanges during the 2004 EIf\ in tropospheric @and HO
increase of 2—-3% in the global burden of tropospheric ozonefrom TES are similar to those inferred from Ozone Moni-
In comparison, the global burden of CO increased by 8—-12%toring Instrument (OMI) and Microwave Limb Spectrometer
(MLS) flown on the same satellite (Chandra et al., 2007).
The 2004 EI Niio was a weak event compared to 2006 and
significantly weaker compared to the Eliidi of 1997—1998.
This was reflected in the TCO (tropospheric column ozone)

El Nifio and La Niia events are major sources of inter-annual@nomaly over the Indonesian region in the western Pacific as
and decadal variability in tropical tropospheric ozone)(© Shown in Table 1 of Logan et al. (2008). For example, the
(e.g., Ziemke et al., 2003). The atmospheric effects of EITCO anomaly in November 1997 inferred from EP TOMS
was 14.4 Dobson Units (DU; 1 DU=2.640?°molecules-
m~2). The corresponding values from TES for Novem-

Correspondence tal. R. Ziemke ber 2004 and 2006 were 6.6DU and 11.1DU. Logan et
BY

(Jerald.R.Ziemke@nasa.gov) al. (2008) attributed most of these changes to differences
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in the magnitude of CO emissions from fires in Indonesiafor visible (350-500 nm) and UV wavelength channels (UV-
which in these years were estimated to be 193 Tg, 24 Tg, and: 270-314 nm; UV-2: 306—380nm) detects backscattered
82 Tg, respectively. They also suggested significant contribusolar radiance to measure column ozone with near global
tion from NO production due to lightning in late November coverage (aside from polar night latitudes) over the Earth
and December 2006 when CO production due to large scalgvith a resolution of 13km 24 km at nadir. Besides ozone,
forest fires decreased significantly. The effects of forest fireSOMI also measures cloud-top pressure, aerosols and aerosol
in the Indonesian region during the 1997 ERNiwas stud- parameters, N& SO, and other trace constituents in the
ied by Chandra et al. (2002) using the GEOS-CHEM globaltroposphere and stratosphere (Levelt et al., 2006). Total
model of chemistry and transport. Their study suggested thapzone from OMI is derived from the TOMS version 8 al-
about half of the increase in tropospheric column ozone in thegorithm. A description of this algorithm may be obtained
Indonesian region was due to biomass burning and the othérom the TOMS V8 CD DVD ROM, or from the OMI Algo-
half due to dynamical effects. A similar conclusion was ar- rithm Theoretical Basis Document (ATBD) (from the web-
rived by Sudo and Takahashi (2001) from their model study.pagehttp://toms.gsfc.nasa.gov/version8/v8taatbd.pdj.
Their conclusion about the contribution of biomass burning There are two standard OMI total ozone products. Here
was indirect since they did not explicitly include the effect of we use data from the collection 3 OMTOS3 version 8.5 (v8.5)
biomass burning in their model study. product that is based on the Total Ozone Mapping Spec-
The combined OMI and MLS instruments on the Aura trometer (TOMS) version 8 (v8) total {algorithm. A de-
satellite have been providing near global measurements ofcription of this algorithm may be obtained from the TOMS
TCO from August 2004 to present (e.g., Ziemke et al., 2006;v8 DVD or the OMI Algorithm Theoretical Basis Docu-
Schoeberl et al., 2007) as discussed in Sect. 2. In addition thment (ATBD) from the TOMS web pagkttp://toms.gsfc.
MLS instrument has been providing daily measurements ofnasa.gov/version8/v8tonatbd.pdf A main difference be-
CO at several pressure levels in the troposphere and stratéween v8 and v8.5 is that v8.5 uses measured cloud pressure
sphere (Livesey et al., 2008). The purpose of this paper is tovhereas v8 and earlier versions used an infrared-measured
study the effects of the 2006 El fi on tropospheric com- climatology for cloud pressure. Another OMI algorithm
position measured from the OMI and MLS instruments onbased on the Differential Optical Absorption Spectroscopy
the Aura satellite and evaluate specific roles of the variousMethod (DOAS) technique gives similar estimates of to-
processes using a global model of chemistry and transportal column ozone (Kroon et al., 2008b). These total col-
The global model used in this study is the NASA GMI CTM umn G; retrievals have been compared with ground-based
(Global Modeling Initiative Chemical Transport Model). It data (McPeters et al., 2008) and aircraft-based measurements
successfully simulates a wide range of observations of chem¢Kroon et al., 2008a).
ical constituents in the troposphere and stratosphere, includ- Oz profiles from the Aura Microwave Limb Sounder
ing data collected by instruments on board satellites. We pro{MLS) are used to estimate stratospheric column(8CO).
vide a brief overview of the relevant tropospheric processesThe SCO is subtracted from OMI total column @om OMI
in the GMI CTM in Sect. 3. In our study, the El fith related  to yield tropospheric column £and mean volume mixing ra-
changes in @and CO fields based on OMI and MLS mea- tio (e.g., Ziemke et al., 2006). The mean volume mixing ratio
surements are compared with corresponding changes basédnits ppbv) is determined by taking tropospheric column O
on GMI CTM simulation to delineate the relative importance (in Dobson Units, DU) and dividing this by pressure differ-
of biomass burning and large scale transport. ence (in units hPa) between surface and tropopause, and then
In the following, Sect. 2 discusses the satellite data, Sect. 3nultiplying this by the factor 1.27. Validation of MLS v2.2

the GMI model, and Sects. 4 and 5 compare the measure®s and CO measurements are discussed by Froidevaux et
O3 and CO with GMI model results. Section 6 discusses theal. (2008) and Livesey et al. (2008). For both v2.2 data prod-
impact of biomass burning emissions over Indonesia duringicts, the suggested lowest retrieved level for scientific use is
the 2006 EI Nito, and Sect. 7 compares the strength and fre-215 hPa. which lies below the tropopause height@0 hPa)
quency of the 2006 and recent Elfdi events with previous over most of the tropical and sub-tropical latitudes. With
El Nifio events. Finally, Sect. 8 provides a summary. O3 the measurements are positively biased~y-20% in

the lower-most retrieved levels, while for CO there remains

a bias in the lowest 215hPa level of about a factor of 2.
2 Measurements from OMI and MLS The precision for @ varies relatively uniformly from about

0.04 ppmv at 215 hPa to about 0.3 ppmv in the upper strato-
OMI is one out of a total of four instruments onboard the sphere and lower mesosphere. Precision for CO at 215 hPa
Aura spacecraft which is flown in a sun-synchronous polaris about 40 ppbv. The vertical resolution of MLS CO and
orbit at 705 km altitude with a 982Anclination. The space- Os over most of the stratosphere-stkm and 2.5km, re-
craft has an equatorial crossing time of 01:45 p.m. (ascendspectively, while along-track horizontal resolution$00—
ing node) with around 98.8 min per orbit (14.6 orbits per 600 km for CO and~200-300km for @. The measure-
day on average). OMI is a nadir-scanning instrument thatments of mean tropospherics@om OMI/MLS and upper
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tropospheric CO from MLS are studied and compared WithTable 1. Emissions of CO and NO for 2006. The units are in Tg
simulations from a global chemical transport model (dis- (; Tg=1012¢).

cussed next).

CO (Tg) NO (Tg)
Indonesi# World® Indonesi@  World®

3 NASA Global Modeling Initiative Chemical Trans-

port Model July 5.9 92 0.10 7.3
August 16.6 103 0.29 7.4

The GMI CTM is described and evaluated in Ziemke et September 18.3 99 0.32 6.8
al. (2006), Schoeberl et al. (2006), Strahan et al. (2007), (I\?gf/c;?r?tr)er 464é2 ;3 8?15 22
and Duncan et al. (2007, 2008). The chemical mechanism December 0.2 103 0.00 21

includes 117 species, 322 chemical reactions, and 81 pho-

tolysis reactions to simulate tropospheric and stratospheric_. . .
X . . - Biomass burning emissions only.

chemistry. It includes a detailed description 0§-ROy- —— . : . .

hvd b hemist dated with i i i Emissions from all sources, including fossil fuels, biofuels, and

ydrocarbon ¢ e_mls ry, updated wi reqen experlmen Ahiomass burning, except biomass burning from Indonesia.
data. The chemical mass balance equations are integrated
using the SMVGEAR I algorithm (Jacobson, 1995). Pho-

tolysis frequencies are computed using the Fast-JX radiafrom National Centers for Environmental Protection (NCEP)
tive transfer algorithm (M. Prather, personal communica-analyses. The tropopause pressure is defined using the World

tion). The algorithm treats both Rayleigh scattering as well\eteorological Organization (WMO) 2K-knd lapse-rate
as Mie scattering by clouds and aerosol. The CTM simulategyefinition.

the radiative and heterogeneous chemical effects of sulfate, a \gjigation of the global model used in this study is given

dust, sea—;alt, organic qarbon and black carbon aerosol of, e Appendix. This analysis compares the zonal and sea-
tropospheric photochemistry. sonal variability of TCO derived from the model with ob-

Biogenic emissions of isoprene and monoterpenes argeryed variability from OMI/MLS. The comparisons show
calculated on-line as described in Guenther et al. (2006)ihat the measurements and model agree well in temporal
The lightning NG parameterization fits the relationship be- ang spatial variability from the tropics out to the subtropi-
tween model-calculated convective mass fluxes and observegh)| wind jets at aroune-30°—35’ latitude. The comparisons
cloud-to-ground flash rates (D. Allen and K. Pickering, per- giso indicate that the discrepancy in seasonal variability of
sonal communication). Time-appropriate anthropogenic androms TCO over northern Africa as discussed by Martin et
biomass burning emissions include, surface emissions fromy (2007) is reduced greatly in the OMI/MLS TCO measure-
industry/fossil fuel, biomass burning, biogenic and biofuel hents. The GMI model further suggests that the biomass
combustions and contributions from aircraft emissions. Theyburning, which occurs over northern Africa each year in
are based on the Global Fire Emission Database, versiogpring, generates only moderate increases§ofO~5 DU.

2 (GFEDv2) and discussed in the GMI CTM papers listed These increases indare localized about the burning region
above. Monthly total biomass burning of CO and NO are 5n4 mostly in the lower troposphere.

shown in Table 1 for the later part of 2006 when the Indone-
sian fires were most intense.
Table 1 indicates that the Indonesian fires increased the CQ  Model comparison of El Nifio related changes in Q
burden by 69 Tg during the three month period from Septem-  with satellite measurements
ber to November 2006. It is about 27% of the global CO bur-
den (251 Tg) during the same period. The increase ir NO As in Chandra et al. (2007) and Logan et al. (2008), we have
due to Indonesian fires during the same period was 1.19 Tghosen October, November and December 2005 as a baseline
compared to the global burden of about 19.4 Tg. for estimating El Niio-related changes in these months in the
The meteorological fields that drive transport are from thepreceding and the following year. Year 2005 was a neutral
Goddard Modeling and Assimilation Office (GMAQO) GEOS- year from an El Niio perspective. Maps of tropospherig O
4 data assimilation system (GEOS-4-DAS) (Bloom et al., mean mixing ratio are shown in Fig. 1la for October 2004,
2005). Features of the circulation, such as anticyclones, ir2005, and 2006. They show relative changes in ozone in the
the GMI CTM are realistically represented in the simulations El Nifio years (upper and lower panels) with respect to a non
because of the data constraints on meteorological analysegl Nifio year (middle panel). All three panels show regions of
The GEOS-4-DAS fields have been regridded to 42 verti-minimum values near the dateline. However, both the upper
cal levels with a lid at 0.01 hPa. The horizontal resolution and the lower panels show a greater eastward shift across
is 2.5 x2° (longitude by latitude). For consistency, tropo- the dateline which results in an increase of about 6-15 ppbv
spheric Q from both the GMI model and OMI/MLS mea- (~4-10DU) over the western Pacific region and a decrease
surements are calculated using the same tropopause pressurfessmaller magnitude east of the dateline. The increasgin O
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Fig. 1. (a) Tropospheric column ozone measured in DU from OMI/MLS for October 2004 (top panel), October 2005 (middle panel), and
October 2006 (bottom paneljb) Same as (a) but instead for the GMI mod@) The difference (GMI minus OMI/MLS) between Fig. 1a
and Fig. 1b.

mean mixing ratio is larger in October 2006 (lower panel) and observation are comparable in November and December
which is consistent with a relatively stronger Efdieventin  months (not shown) and are similar to those shown in Fig. 2
2006 compared to 2004. The model (Fig. 1b) captures mosbtf Ziemke et al. (2000) for the 1997 El b event.

of the zonal characteristics of TCO shown in Fig. 1a, but  The E| Nifio related changes in ozone in 2006 are clearly
it tends to underestimate the observed values by 5-10 ppbyjscernible in Fig. 2a, 2b and 2c. These figures show differ-
over most of the region betweeil(°. (Fig. 1c). Outside this  gnces in OMI/MLS Q (top panels) and the modek@oot-
region the sign is reversed and the model is biased higher byy, panels) between years 2006 and 2005 for the months
about the same magnitude. These pattern shifts in the modef ocober—December. The model and observed values are
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Fig. 2. (a)Inter-annual difference (October 2006 minus October 2005) of tropospheric column ozone measured in DU from OMI/MLS (top
panel) and the GMI model (bottom pangp) Same as (a) but instead for Novembe). Same as (a) but instead for December.

generally in good agreement except in the western Pacifi& Model comparison of CO with satellite measurements
region in October (Fig. 2a) where the model values are bi-

ased higher. This bias is also reflected in CO as indicated he El Nino events of 2004 and 2006 caused droughts in the
in Sect. 5 and is probably due to overestimation of the ef-Indonesian region which allowed set fires to spread uncon-
fect of biomass burning in the Indonesian region in Octobertrolled in both October and November of these years. The
2006. In general, observations and model indicate excellenMLS measurements show a relatively larger increase in CO
agreement in characterizing both broad and small scale fean 2006 as compared to 2004 (figure not shown). This is
tures including the dipole nature of ozone anomaly in theconsistent with CO measurements from TES (Logan et al.,
tropical Pacific region (Fig. 2a and 2c). The large negative2008). The model results show CO to be well mixed in
anomaly over eastern Africa/Indian Ocean in December 2008he free troposphere even though convection was greatly re-
seen in the data (Fig. 2c) is a manifestation of dynamicallyduced in this region. During October 2006, the model shows
induced changes and is well produced in the model. We hav@n increase of about 200 ppbv in the Indonesian region over
analyzed the model results to estimate the contributions ofmuch of the free troposphere. Figure 3a—c show differences

the upper (above 500 hPa) and the lower troposphere in prof upper tropospheric CO from MLS (top panels) and the
ducing the El Niio related changes in tropospheric ozone.model (bottom panels) between 2006 and 2005 for October-

In general, the contributions from the upper and the lowerDecember. In October, both the model and measurements
troposphere are almost equal. However, the large negativehow elevated values of CO in 2006 over the Indonesian
anomaly in December in the eastern Africa/lndian Oceanregion in the western Pacific. One month later, in Novem-

(Fig. 2c) comes mostly from the upper troposphere. ber (Fig. 3b), upper tropospheric 2006/2005 CO differences
from both MLS and the model are greatly reduced. They
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Fig. 3. (a)Inter-annual difference (October 2006 minus October 2005) of 215 hPa CO from MLS (top panel) and 227 hPa CO from the GMI
model (bottom panel). All quantities represent volume mixing ratio in units pi\Same as (a) but instead for Novemke).Same as (a)
but instead for December.

become negligible by December as the fire subsides in thi® Impact of biomass burning during the 2006 El Niio
region. CO differences for both measurement and model
exhibit very similar spatial and temporal patterns except inin Sects. 4 and 5 we analyzed the ERblirelated changes in
October 2006 (Fig. 3a). The model shows a sharp horizontropospheric @ and CO in 2006 using both the model and
tal gradient with CO mixing ratio exceeding 200 ppbv in the observations. In this section we analyze the model results to
Indonesian region. The MLS values of CO and horizontal estimate the relative importance of biomass burning and large
gradients are significantly smaller, largely due to the coarsescale transport in producing the ElfNi related changes in
spatial resolution of MLS limb measurements which were tropospheric @. Our approach is similar to the one used by
interpolated horizontally between orbital tracks. It is inter- Chandra et al. (2002) in analyzing the effect of the 1997 El
esting to note that the large increase in CO in 2006 duringNifio on tropospheric © The model was run in two modes:
October-November nearly disappears in December, y@ O The first mode explicitly included the NGand CO emission
December in the western Pacific remains elevated (Fig. 2c)ates associated with the Indonesian fires as given in Table 1.
Logan et al. (2008) attribute some of these increaseszin OThe results of these runs are discussed in Sects. 4 and 5. In
due to lightning NQ in the Indonesian region. the second mode, the model was run by excluding the con-
tributions from the Indonesian fires. The model runs in this
mode are used to assess the effects of large scale transport
on tropospheric @as shown in the bottom panels of Fig. 4.
The difference of the two runs gives the contribution from
biomass burning as shown in the upper panels of Fig. 4.
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Fig. 4. (a)Inter-annual difference (October 2006 minus October 2005) of GMI tropospheric column ozone (in DU) of the Indonesia biomass
burning component (top panel) and the dynamically driven component (bottom p@me&ame as (a) but instead for November.

In October 2006 the increase ins@ue to biomass burn- Table 2. Monthly averaged global tropospheric burden of C@, O

ing is about 4-6 DU (Fig. 4a, upper panel). This increase is;q NG for the model. The mass units are in Tg (11012 g).
limited to a small region comprising the islands of Sumatra,

Java and Borneo in the Indonesian region. Itis comparable to
4-8 DU increase caused by changes in meteorological condi-
tions (Fig. 4a, lower panel). The latter, however, extends over CO (Tg)

amuch larger area in the Indian Ocean encompassing regions ~ 'ndonesia 351 371 371 369
of the Indian subcontinent and south-east Asia in the north, to Z‘égdones'a 1:;36 33(;35 4329 2241
V\{es_terr_1 Australia in the sout_h. These patterns are essentially ACO (%) 46% 10.7% 12.6%  8.1%
similar in November 2006 (Fig. 4b). In December, 2006, the

Sep. Oct. Nov. Dec.

Oz increase due to biomass burning is reduced to zero and the 03 (Tg)

dynamical component of thezJield is identical to Fig. 2c Indonesia 354 351 346 332

(lower panel). NoIndonesia 347 343 337 324
Table 2 shows the model simulations of monthly aver- AO3 8 8 10 8

aged global tropospheric burden of CO3 @&nd NQ, with AO3 (%) 22% 24% 28% 2.4%

and without Indonesian fire emissions. The table shows that

during October 2006 the Indonesian fires contributed about NOx (Tg N)

36 Tg of CO, which was about 10.7% of the global budget. Indonesia 0115 0121 0129 0.133

No Indonesia 0.113 0.117 0.128 0.133
ANOx 0.002 0.004 0.001 0.000
ANOx (%)  2.1% 3.0% 08% 0.0%

The increase in CO during November and December were
respectively 12.6% and 8.1% of the global budget. These
changes are significant and suggest that the BbNelated
fires in the Indonesian region may have contributed signifi-
cantly to global pollution. In comparison the impact of fire
was relatively small £3%) on the global @burden. Logan 7 The EINifio of 2006: a long-term perspective

et al. (2008) have suggested N@roduction due to light-

ning as a contributing factor to the positive anomaly in TCO Though the main focus of this study is the Eifdievent of
during December 2006. In our study, the N@roduction 2006, such events are very frequent (e.g., Ziemke et al., 2003;
due to lightning is implicitly included in the model calcu- Fishman et al., 2005) and may have significant impact on
lations. In the tropical Pacific region (18-12 N, 90° E— global pollution. According to the World Meteorological Or-
170 E), lightning produced a total of 0.032 Tg NO in Octo- ganization (WMO) an EIl Nio (La Niha) event is identified

ber 2006. This value increased to 0.0492 TgNO in Novem-When sea surface temperature (SST) in theo\8.4 region
ber and 0.0562 Tg NO in December 2006. (5°S-5B N, 120 W-170 W) is at least 0.5C above (below)

normal when averaged over three consecutive months. The
relation betweem\SST andATCO (the difference in TCO
between eastern and western Pacific) is shown in Fig. 5. The
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Fig. 5. OMI/MLS time seriesATCO (dark curve) plotted with Nio 3.4 time seriedA SST (light curve).ATCO is measured in DU while
ASST is in Celsius degrees and was multiplied by a factor of three for scalingWi@0O. TheATCO time series is derived by subtracting
TCO in the eastern Pacific (15-15 N, 135 W-180) from TCO in the western Pacific (2%5-15 N, 95° E-140 E). The ATCO time
series was deseasonalized and was also smoothed with a three-month running average to be compatible fiatB. thienhé series.

ATCO time series is derived by subtracting TCO in the east-MLS and TES instruments. We have used a global model of
ern Pacific (18S-1% N, 135 W-18C) from TCO in the  atmospheric chemistry and transport (GMI CTM) to quan-
western Pacific (155-15 N, 95° E-140 E). The time series  tify the relative importance of biomass burning and large
is deseasonalized and smoothed with a three-month runningcale transport in producing observed changes in TCO. The
average to be compatible withfd 3.4 SST. TCO is derived model results show that during October and November both
from 29 years (1979-2008) of total column ozone measurebiomass burning and meteorological changes contributed al-
ments from Nimbus 7 TOMS, Earth Probe TOMS and OMI most equally to increases in TCO in the Indonesian region.
using the convective cloud differential (CCD) method (e.g., The biomass component was 4—6 DU, limited to the Indone-
Ziemke et al., 2005). Figure 5 shows a very robust correla-sian region where the fires were most intense. The dynamical
tion betweemASST andATCO. Although the 1997 EI Niio component was 4-8 DU, but it covered a much larger area in
produced largest perturbations in SST and TCO in the tropithe western Pacific and Indian Ocean, extending from South
cal Pacific, El Niio events like 2006 are more common. They East Asia in the north to western Australia in the south. Dur-
are also episodic. Before 1997 they occurred about every 3ihg December 2006 the effect of biomass burning was re-
4 years, but more recently they have occurred every 2 yearsluced to zero and the observed changes in TCO were mostly
A frequent occurrence of El Kb, similar to 2006, has the due to dynamical effects. Chandra et al. (2002) have obtained
potential of increasing the global pollution triggered by the similar results for the 1997 EI Rb using ozone measure-
dryness and the resulting forest fires in the Indonesian regiorments from Earth Probe TOMS and comparing them with the
GEOS-CHEM model. The 1997 El No was significantly
stronger than the 2006 El Rib and caused greater perturba-

8 Summary and conclusion tions in TCO due to both forest fires and large scale transport.
For the 2006 El Nio the model shows an increase of 2—3%
We have studied the effects of the 2006 ERblion tro- in the global burden of tropospheric ozone. In comparison,

pospheric @, and CO at tropical and sub-tropical latitudes the global burden of CO increased by 8-12%.

measured from the OMI and MLS instruments on the Aura This study shows that the 2006 Elfdi can be charac-

satellite. The zonal characteristics of observed changes ifefized from long records of tropospherig; @nd sea sur-

these constituents are similar to those reported by Logan fice temperature as a moderate event, yet the contribution

al. (2008) based on measurements of these constituents froff Pollution from biomass burning emissions over Indonesia

the TES instrument on the same satellite. During Octobeivas substantial, both locally and also when evaluated on a

and December 2006, both these studies revealed a dipold@lobal basis. In recent years EliNi events have occurred

like structure in TCO in the tropics with an increase over theWith greater frequency than in previous years dating back

western Pacific region and a decrease over the eastern Paciffe 1979. Both the frequency and scale of emissions from

region. The dipole structure was weaker during Novemberiomass burning suggests that even relatively moderate El

2006. Nifio events can be an important source of pollution in the
The 2006 EI Niio-induced drought allowed forest fires to roposphere.

spread rapidly during October and November in the Indone-

sian region. The effects of these fires are clearly seen in the

enhancement of CO concentration, measured from both the
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Fig. A1. Monthly time series comparisons of GMI (dotted curves) and OMI/MLS (solid curves) tropospheric colyigmm U) for three
separate regions: American (left four panels), African (middle four panels), and Indonesian (right four panels).

Appendix A 30° N-35° N show offset differences of 5-10 DU (with GMI
larger than OMI/MLS). For the upper right panel in Fig. Al
Comparisons between OMI/MLS and model Q (corresponding to east China) the model and measuged O

summer are comparable but the model values are larger than

Ziemke et al. (2006) compared tropospheric ozone variabil/neasured values by 5-10DU in winter and spring months
ity derived from OMI/MLS and the GMI CTM using earlier when STE (Stratosphere Troposphere Exchange) is greatest.
versions of both the model and measurements. As discussed Martin et al. (2002) and Chandra et al. (2002) compared
in Sect. 2, the total ozone data used in this paper is based dine seasonal variability in tropospherig @om the GEOS-
the TOMS version 8.5 algorithm instead of version 8 as usedChem model and TOMS CCD measurements. A large dis-
by Ziemke et al. (2006). The model also uses different emis-crepancy was found between the model and the CCD mea-
sion sources and meteorological fields. In the following we surements over low latitudes in northern Africa including
compare the temporal/seasonal and zonal variability of TCQAbidjan (5 N, 4° W). The model indicated maximum tropo-
fields derived from the model and the measurements undespheric column @around December—February during peak
varying conditions. time of the biomass burning whereas TOMS showed greatest
Figure A1 compares the temporal and seasonal variation@mounts around June—-October at a time when there is little or

of the model and observations for three separate regiond?© biomass burning in northern Africa. Our analysis shows
American (left four panels), African (middle four panels), thatthe OMI and GMI model comparisons agree much bet-
and Indonesian (right four panels). In each region latitudeder than the earlier TOMS and GEOS-Chem model compar-
extend from north to south with the top panel being north- isons regarding the seasonal variability over northern Africa.
ernmost. In northern latitudes tropospherigfor the model The GMI model indicates that enhancements in tropospheric
and measurement maximizes around March-July. In south©s3 over northern Africa from the biomass burning lie almost
ern latitudes largest amounts occur in September—Novembeghtirely below 500 hPa and are localized to relatively small
In between at low latitudes the seasonal variability is small'egions of the burning emissions.

in comparison. In general the temporal variability in model Figure A2 shows statistical comparisons of model and ob-
and measurements are remarkably similar indicating the abilservations. The three panels in this figure show their zonal
ity of the model to capture month-by-month variability in the correlations (top panel), mean zonal offset difference (middle
data. All three top panels in Fig. Al for the latitude band panel) and mean zonal RMS (lower panel). The grey shading
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Zonal Corr Between OMIMLE and GMI high solar zenith angles) and have reduced sensitivity in mea-
B0pe Iy T me—+ T suring G in the lower troposphere, especially for high solar
= Qg zenith angles and large slant columns. The model and obser-
vations compare most favorably in the tropics and subtropics
© extending out to latitudes of abot#30° to +35°. This is the
E latitude range chosen for GMI and OMI/MLS measurements
& for studying the 2006 EI Nio event.
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