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1. Introduction

2. Campaigns & target site

• Nitrogen oxides (NOx = NO + NO2) are:

• Airborne imaging DOAS measurements performed with the AirMAP instrument,

• harmful to health and environment and play a key role in

developed at IUP-Bremen on board of the FU Berlin Cessna
• Flights carried out in the framework of the campaigns AROMAT-1 (2014),

atmospheric chemistry
• a major pollutant in urban areas, despite reduction in the last

AROMAT-2 (2015) and AROMAPEX (2016) funded by ESA / EUFAR
• Four mappings of NO2, each covering almost the entire city of Berlin

decades
• Chemical modeling requires knowledge on emissions, which is sparse

• Berlin is capital and largest city of Germany with about 3.6 million inhabitants

at high spatial resolution
• Top-down estimates can be used to validate bottom-up inventories

3a. Method for emission estimates

3b. Implementation

• Basis: Gauss’ divergence theorem, describing the flux (𝐹)
of a vector field though a closed surface

𝐅=

1. Gridded NO2 VCD maps as basis
Left: Gridded maps of NO2 VCD
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• Required input data:
≈

• Vertical Column Density (𝑉𝐶𝐷) of trace gas

retrieved from four flights on three

𝒊 𝑽𝑪𝑫

𝒔𝒊 ⋅ 𝒘𝒊 ⋅ 𝒄𝒐𝒔 𝜷𝒊 ⋅ 𝚫𝐬𝐢

days above Berlin with the AirMAP

• Wind vector (𝑤) (speed & direction)
• For NOx: Correction factor (𝑐𝑓 )
• Eventually correction for chemical loss

𝐜𝐟 = 𝟏 +

[𝑵𝑶]
[𝑵𝑶𝟐 ]

instrument
; assumed constant 1.32

• Different wind directions (easterly,

𝑭𝑵𝑶𝒙 = 𝑭𝑵𝑶𝟐 ⋅ 𝒄𝒇

northerly, westerly) lead to distinct

(neglected here)

spatial patterns

4. Results
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2. Smoothing of NO2 maps to discriminate noise and artifacts

Left: Gridded maps of NO2 VCD
Top: Emission inventory for 2015
of total NOx as published by the
senate of Berlin. Blue markers
correspond to large emitters listed
in the E-PRTR.

from above convolved with a
Gaussian kernel to reduce impact of
noise and artifacts from temporal
variability

Left: Emissions of NO2 retrieved
from AirMAP measurements.

• Little impact of smoothing on
general spatial pattern

• Largest emitter in the north west visible in
all emission maps
• Spatial pattern variable between days, 2016

Bottom: Sum of grid cells covered
in every flight totaling to 632 km2.
Error bars estimated from
uncertainties in VCD and wind.

• Large emitters are readily
discernible in the maps

3. Sampling the NO2 VCD map along the perimeter for each grid cell in a sampling grid

flights show best agreement with inventory

• Here sampling grid is aligned with a high spatial resolution (1km x 1km) emission

• Small shift between E-PRTR sources and

inventory

elevated grid cells (NO -> NO2 conversion?)
•

• Summing over all grid cells gives consistent

• Integrating along the perimeter by method in 3a

results

• Wind speed is interpolated from ERA-Interim reanalysis data, wind direction is

• Retrieved emissions larger than annual

determined from the NO2 maps

average inventory
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The perimeter of each cell is sampled in steps of 100 m
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