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This manuscript describes mobile MAX-DOAS measurements recorded on drives around
the Tibetan Plateau. The measurements are used to quantify the column of NO2 and
HCHO along circular drive paths on the Plateau. The measurements are compared to
TROPOMI satellite products. The manuscript represents a valuable contribution to the
literature and reports ground truth around this relatively remote and high-altitude region.
The manuscript uses the geometric method to retrieve tropospheric vertical column
densities from differential slant column densities measured on the vehicle. This method,
while lacking the refinement of one using radiative transfer calculations, is reasonable for
this purpose. However there are some details on the method that should be discussed
further and it would be valuable for other groups to understand how to optimize the
measurements to get the most measurements from such studies. Concerns on the method
are described below, followed by specific comments. If the concerns regarding the method
can be addressed, this manuscript would be acceptable for publication in ACP.

Were the elevation angles recorded relative to the mobile vehicle or to gravity? If they
were gravitationally referenced, was a gyroscope used? If they are relative to the road,
how is the local horizon taken into consideration? I think lines 260-265 indicate that the
angles are with respect to the vehicle, and that is a reason to use higher elevation angles,
but the text is not very clear to this regard. Can the authors be more clear about how the
view geometry is defined?

As is pointed out by the authors, the higher altitude and lower aerosol extinction
conditions of a sparsely populated plateau make the geometric approach more tenable.
However, clouds or aerosol-particle-rich pollution plumes (which may accompany NO2)
may affect this assumption. Therefore, it seems reasonable to check this assumption by
using O4 observations. The authors could calculate the O4 VCD above the vehicle from the
altitude (which they know) and pressures at meteorological stations (or better soundings if
available). They can then use the mobile-measured geometrically calculated O4 VCD_15
to compare to the meteorologically calculated one. Due to radiative transfer effects,
particularly the relative azimuth angle to the sun, these quantities won't be perfect, but
times when there is a large amount of aerosol or clouds or the view azimuth happened to
be close to the sun, one could tell that the NO2 and HCHO data are being affected by
these confounding effects. This check should help to assure that the geometric method is



working for NO2 and HCHO.

It seems like data were recorded at 7 elevation angles, but only four of them were used,
and then the 15 degree angle was selected, so only two (15 and 90) were used for the
final determination of tropospheric VCD. Therefore, the scan pattern seems inefficient. The
authors should discuss good practices for mobile DOAS deriving from this experience. It
seems like the upper elevation angles are useful to tell that 15 degrees is not biased
compared to other angles, but the lower elevation angles are affected both by road tilt (if
the geometry is based upon the vehicle -- see above) and obstructions (e.g. buildings,
canyon walls, etc.). Can the authors discuss this issue and give advice for future studies?

The writing of this manuscript is readable, but in places it could be condensed regarding
details that don't seem relevant to the study. For instance, description of the study region
seems to include details not really related to the purpose of the study. In places some
phrases may also need minor English language editing to read more clearly.

Specific comments: 

Units -- ACP uses SI units, which indicate that ppb and ppt are language dependent, so
they prefer mixing ratios in nmol mol^-1 or pmol mol^-1.

Line 117: Maybe a transition here to say that although there are challenges, it is useful for
reasons...

Line 150: Were the angles with respect to gravity or with respect to the mobile platform?
How where they corrected to be with respect to gravity?

Line 152: What company manufactured the spectrometer?

Lines 162 to 174: Some of this repeats information in the introduction, and some are a bit
challenging to read (e.g. what does "four indistinct seasons" mean?). I'd suggest making
this section more directly relevant to the mobile campaigns.

Line 202: I found this sentence confusing. You could possibly reword or add the word
"respectively" after "... can be neglected or cancels out". I think you mean that if a
species has no stratospheric part, you can neglect the SCD_stra, or in the other case, if a
species has a stratospheric part and there is no light scattering in the stratosphere (thus
the light path in the stratosphere is the same independent of alpha) that SCD_stra



appears in both SCDs and will then cancel out.

Line 209: I presume the interpolation is in time at which the off-zenith spectrum occurs
weighting the two neighboring zenith spectra. Can you clarify?

Line 266: I think that the authors should estimate the effect of the elevation angle error.
Presuming that the view is relative to the car, one could use an estimate of road grade
angle to calculate the magnitude of this error. In the US, interstate highways are allowed
to be up to 6% grade (angle = arctan(0.06) = 3.4°). It would be good to quantify the
magnitude of this error, and while I expect it to be small compared to others, the authors
should show that it "can be neglected".

Line 270: I think that this implies that "the geometric approximation method is self
consistent", but not that it "has high accuracy". The test done by the authors is only a test
of how consistent their data at one elevation angle is compared to another of their
elevation angles. If there were aerosol light extinction that reduced pathlengths on each
view, the results would still be correlated, but would be affected and not be accurate. 

Line 320: I think the wording "This implies that..." is a bit too strong. The HCHO data are
consistent with increasing temperature leading to more BVOC emissions, but they could
also be affected by the temperature of the photochemical sources and sinks of HCHO. 

Around line 341: Could the U-shape for NO2 also be affected by the city at the start and
end of each daily journey?

Line 394: Are these figure numbers right? I'm not sure how I can tell about the telescope
direction from these maps. Possibly some better annotation on the maps (e.g. an arrow or
special marker) would help. I'm not sure what "vehicle flowrate was less" means.

Line 465: It is of note that there is a large positive offset on the TROPOMI HCHO. It
appears that this offset is larger than the MAX-DOAS observed typical column. Discussion
of the offset in addition to the correlation would be appropriate.

Figures 9 and 10: It would be useful for Figure 9 vertical axes to say that NO2 VCD is
plotted, and for Figure 10 to say HCHO VCD on the axis. 
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