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High-resolution atmospheric model simulations including chemistry are crucial for air quality studies and
understanding of complex atmospheric processes at regional scales.

Such studies are often constrained due to the limited availability of similar resolution input emissions data.
Evaluation of such high resolution models are limited due to the paucity of reference measurement data.

Vertically resolved measurement are even rarer which render evaluation of the simulated vertical
distribution of pollutants more challenging.

MAX-DOAS measurements provide vertically resolved measurements of several tropospheric pollutants,
but so far such measurements have rarely been used for evaluation of vertical distribution simulated by
atmospheric chemistry models.

The effect of spatial heterogeneity has not been considered in previous MAX-DOAS and model
comparison studies.
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MECO(3) coupled model system
with ~ 2x2 km? spatial resolution
finest domain (CM02) and 7x7
km? in the antecedent domain
(CMO07) for May 2018.

* Consistent use of submodels
among different domains.

* The chemical and meteorological
boundary conditions are updated
online at every timestep of the
coarser model.

Simulation id Anthropogenic emissions (in CM07 and CM02 domains) Temporal resolution of emissions

TNOy, TNO MACC 11 Monthly
UBAy; UBA (for Germany) and TNO MACC III (outside Germany) Monthly
UBAg; UBA (for Germany) and TNO MACC III (outside Germany) Hourly

In the UBA; set up, dynamic scaling factors were applied to the road transport and residential
o s0 1000 1sc0 2000 2500 3000 3300 combustion sector emissions to account for day of the week and diurnal variabilities of emissions.

Surface altitude (m)
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Evaluation of surface mixing ratios:
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effect of model and input emission inventory resolution L e

MAX PLANCEK INSTITUTE
With the same high resolution 7x7 km* resolution simulation ~2x2 km? resolution simulation
input anthropogenic emission **"\TENEoE N e .
inventory, high resolution 51.5oN [
17.5
model better represents the
. . . . 51°N o~
spatial distribution of NO, 1508
volume mixing ratios (VMRs). 50.5°N 125 &
>
50°N| 10.0 g
High model resolution only 5
(i.e. better resolved S )

meteorology) without similar 49y
resolution input emissions do

. 48.5°N
not result in better resolved

6°E 7°E 8°E 9°E 10°E

11°F 6°F

7°E 8°E 9°F 10°E T1°E

spatial patterns of NO, VMRs
and improved agreement

Fig: Spatial patterns of the simulated NO, VMRs in different resolutions in the UBA; set up . The markers
on top show the monthly mean measured NO, VMRs.

with observations.

We observe a very good agreement between model and observations at the background and industrial locations with the

high resolution model set up and input emissions inventory. At near traffic locations, we observe underestimation by up to

50% possibly due smoothing within the model grid.
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Fig: Taylor diagrams showing the spatio-temporal agreement of the measured and simulated NO, | _*| 7
VIMRs for the three model set ups (TNO;, UBA; and UNA ;; from left to right) as described earlier. |
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* For better agreement of the temporal variability, it is crucial to also consider the
diurnal and day of the week variability of NO, emissions. Better agreement is
observed both in day to day variability (figures on the top) and the diurnal N T T ol
variability (figures on the right).

DERP007-Mainz-Mombach
251 —e— CMO02

N
o

Fig (Right): Mean diurnal profiles of NO, VMRs for a background location
Mainz-Mombach for UBA;, (when diurnal variability of anthropogenic
emissions is not considered) in the top and UBA ; in the bottom.
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MAX-DOAS measurements and data analyses

ooooooo

MAX PLANCK INSTITUTE
FOR CHEMISTRY

Measurements from a 4-Azimuth MAX-DOAS instrument installed at MPIC, Mainz is used for evaluation of NO, columns.
 Measurements are performed simultaneously in 4 azimuth viewing directions at various elevation angles.

By applying the DOAS principle, the so called differential slant column densities (dSCDs) can be obtained. NO, dSCDs can be
regarded as excessive NO, concentration integrated along the light path at a chosen elevation angle as compared to that

along the zenith viewing direction.

2.5

We apply the 3D profile inversion algorithm

Traditional 1D parameterization

"”;10_'3 30 _ s=08
n-MAX for the retrieval of differential box o Exp. decrease
. 2.0 1 ox
airmass factors (dbAMFs). o
" Elevated box
E 1.5 —s=12
dbAMFs describe for sensitivity of the MAX-3 sneatincresse
DOAS along the viewing geometry. g 1.0
As compared to the traditional profile 0.5
inversion approach, m-MAX also considers
the change in instrument sensitivity as a *%o 02  o0a o6 o8 10 12

function of distance from the telescope.

Aerosol extinction (km ~1)

Aerosol optical depth (AOD)

-

Additional parameters (I and g) to
constrain horizontal gradients of AOD

I=10km -
§>1
fa)
Q
<
g=1 o0
‘a0
c
2
g<1 o
MAX-DOAS
\a

Distance in viewing direction
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Fig: Exemplarity plot showing the differential box airmass factors (dbAMFs) for telescope T1 for various
elevation angles. The model NO, profiles interpolated along the viewing direction of the four telescopes are

shown in the right panel.

» Differential box airmass factors (dbAMF) are retrieved from MAX-DOAS measurements for all the viewing directions for
different elevation angles.

* As compared to the conventional comparison of VCDs, this approach has an advantage that the evaluation can be performed
for various elevation angles. Change in instrument sensitivity along the viewing direction is also considered.

* At high elevation angles (e.g. 30°), larger sensitivity for high altitudes is achieved and vice versa. Similarly at high elevation
angles, the measurements are sensitive to a small horizontal distances.
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Evaluation of simulated vertical distribution of NO, A PLACK NSTITUTS

 Measured and simulated dSCDs are compared for all the elevation angles and along the four telescopes. Here we show an
example time series for telescope T1 and scatter plot for all the measurements combined.
* Please refer to the manuscript in discussion for similar plots for other telescopes and elevation angles.
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* We observed good agreement (bias between -15 and +7%) at low elevation angles. This indicates much better model

performance at layers close to the surface.
* An overestimation as high elevation angles indicates a stronger vertical mixing in the COSMO model.

 The agreement improves for the cloud free conditions.
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Thanks a lot for stopping by and coming
until the end of the display material.

For further details, please see the paper
which is in discussion at AMTD.

For question please reach me at
vinod.kumar@mpic.de
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