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Carbon monoxide (CO) maximum over the Zagros mountains in the
Middle East: Signature of mountain venting?
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[1] We report an intriguing feature observed in daytime
measurements of CO over the Middle East, in spring and
summer, by the Measurements of Pollution in the Tro-
posphere (MOPITT) satellite instrument. Enhanced CO is
observed over the Zagros mountains of Iran, following the
local topography over this region (25—-40N, 40—60E). The
MOPITT averaging kernels do not seem to indicate any
data artifacts in this area. We argue that this feature likely
forms by the process of mountain venting by thermal winds
caused by strong daytime differential heating. This is con-
sistent with an analysis of vertical velocity in the NCEP
reanalysis data in this region. The phenomenon was ob-
served in all the years of available MOPITT measurements
and may have implications for the pollution episodes in the
region and the Middle East ozone maximum that has been
observed earlier. Citation: Kar, J., J. R. Drummond, D. B. A.
Jones, J. Liu, F. Nichitiu, J. Zou, J. C. Gille, D. P. Edwards, and
M. N. Deeter (2006), Carbon monoxide (CO) maximum over the
Zagros mountains in the Middle East: Signature of mountain
venting?, Geophys. Res. Lett., 33, L15819, doi:10.1029/
2006GL026231.

1. Introduction

[2] CO is an important trace gas insofar as it influences
the atmospheric chemistry through its reaction with the OH
radical as well as providing valuable information on the
dynamical properties of the atmosphere, because of its long
lifetime (~ few weeks). It is also a precursor of tropospheric
ozone in high NO, environment. Consequently, there is a
strong focus on understanding the global distribution of CO
in the troposphere and its variability. This has become pos-
sible in recent years because of measurements by MOPITT
[Drummond, 1992]. The data from MOPITT now cover
about 6 years and have led to significant advances in our
understanding of the effects of global biomass burning,
improved emission inventories, intercontinental transport
of pollution and upper tropospheric processes [Edwards et
al., 2003; Kar et al., 2004; J. Liu et al., 2006]. In particular,
because of the high density of the measurements as well as
the ability of the retrievals to distinguish between the middle
and upper troposphere, MOPITT can give new insights on
atmospheric processes on local and regional scales. J. Liu et
al. [2006] have reported strong horizontal gradients in CO
distribution at synoptic scales over North America which are
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signatures of frontal lifting as well as local convection. Deep
convective lifting of boundary layer CO has also been
observed in MOPITT CO data over the monsoon regions
of south east Asia [Kar et al., 2004; Li et al., 2005].

[3] The Middle East is an interesting area for tropospheric
studies with strong topography, wide spread subsidence in
the upper troposphere as well as severe dust storms and
transport of pollution from Asia. However not much atten-
tion has been given to this area in the past. In a modeling
analysis, Li et al. [2001] had reported a tropospheric ozone
maximum in this area in summer which occurs as a result of
ozone production over the convective regions of South East
Asia with subsequent transport of this ozone by the easterly
jet to the middle east. However, this is also one of the most
data-poor areas on the globe and more observations of
tropospheric trace species are needed. Here we present CO
measurements from MOPITT over the Middle East and point
out an intriguing feature that shows up persistently over the
Zagros mountains of Iran during spring and summer. This is
explained in terms of mountain venting, which has been
previously observed in airborne lidar and in-situ measure-
ments over the Alps and Iberian peninsula [Millan et al.,
1997; Furger et al., 2000; Henne et al., 2004].

2. Data

[4] The MOPITT instrument is onboard the Terra space-
craft, which is flying in a polar sun synchronous orbit at an
altitude of 705 km. Upwelling infra red radiation near
4.7 um is measured using gas correlation radiometry which
is then used to retrieve the CO mixing ratios and total col-
umns. The CO mixing ratio profile is reported at 7 levels
(surface, 850, 700, 500, 350, 250 and 150 hPa levels) al-
though these measurements are not independent of one
another [Deeter et al., 2004]. These retrievals have been
validated using in-situ aircraft measurements and the results
show good agreements with the average bias being less
than 20 ppbv at all levels [Emmons et al., 2004]. We have
further used NCEP reanalyses data on vertical velocity
(gridded at 2.5° x 2.5°), provided by the NOAA-CIRES
Climate Diagnostics Center, Boulder, Colorado, http://
www.cdc.noaa.gov/. The topography data used in this anal-
ysis were taken from the two minute gridded global relief
database (ETOPQO?2) at the National Geophysical Data Center
(NGDC), http://www.ngdc.noaa.gov/mgg/fliers/
01mgg04.html.

3. Results

[s] Figure 1 shows the distribution of daytime CO mix-
ing ratios at 350 hPa between April and August, 2003 over
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