Unive rSitét SPONSORED BY THE Jakob Borchardt IUP - Institute Of
AR | Foderal Ministy Bremen 25. 11. 2021 Envi | Physi
Bremen Ao, nvironmental Physics

Fachbereich 01

The New Imaging Spectrometer MAMAP2D-Light —
First Measurement Results

Jakob Borchardt!, Konstantin Gerilowskil, Sven Krautwurst!, Wilke Thomssenl, Jan Franke?, Martin Kumm?3, Pascal JanRen3, Jens
Wellhausen3, Heinrich Bovensmann?, John P. Burrows!?

L'University of Bremen, Institute of Environmental Physics, Otto-Hahn-Allee 1, 28359 Bremen, Germany
2 University of Bremen, Institute for integrated Product Development (BIK), Badgasteiner Str. 1, 28359 Bremen, Germany
3Jade University of Applied Sciences, Friedrich-Paffrath-StraBe 101, 26389 Wilhelmshaven, Germany

Objective and basic measurement strategy of MAMAP2D-Light

Scientific goals of MAMAP2D-Light: Passive airborne push broom imaging Eg]\,i\,seslopr}asr?tu;e' -

* Enhanced detection and quantification of anthropogenic CH, and CO, spectrometer: pipeline leak
point sources with passive airborne imaging remote sensing + Records solar radiation reflected from ground ™ Wavelength
 Reduce uncertainty of point source emissions due to measurement noise - Simultaneously observes multiple ground AMAP2D. :‘?Eﬁ? )
scenes across flight direction Light E‘Eﬁ'iﬁ N
Technical goals of MAMAP2D-Light: * Spectrum of each ground scene is projected EEE EEE
e 1-channel breadboard for 2-channel instrument MAMAP2D: Test of onto separate column(s) of the detector v A
components and software * Due to movement of instrument 2D-Image of \\j%g — \
* Establish easy-to-deploy reliable instrument with monitoring capabilities ground is recorded \\ﬂw ; *lﬁ*ﬁ# \(zmeag

Flight direction

MAMAP2D-Light instrument and deployment description

 Radiation upwelling from the ground scenes passes through a glass fiber
bundle, which yields homogenized illumination of the detector within each
ground scene.

Integration of MAMAP2D-Light in the
underwing pod of the Dimona HK 36
TTC ECO of Jade Hochschule
Wilhelmshaven, a touring motor glider
with low fuel consumption and low
noise emissions.

* Each fiber core spectrum is projected on 6 detector rows

* Optical elements mounted on 6-axis adjusters custom-designed for MAMAP2D
Spectral range 1559.5 nm — 1689.9 nm

# of spectral points 384 pixels
Spectral resolution (FWHM) 1.1 nm-1.2 nm
SNR at half detector filling ~ 800

Spatial samples 28 ground scenes

Sensors in the underwing pods may
have a gross weight of up to 45 kg on
each side of the aircraft. Electrical power
is provided by a 28 VDC/50 A bus

system.

* At 1000m — 2000m

. . " flight altitude above
Typical along track spatial resolution™ SRR} SEalind

Total weight 43.8 kg

Typical across track spatial resolution* FEEE{0N11

From detector readouts to fluxes — example case power plant Janschwalde

Flux estimation for power plant Janschwalde:

O o b Sl soreg e Calculate flux with cross sectional flux method
| = 4000 * Inversion of measurements made during the flight on
: 15000 —Fee =1 z XCO0z ennnorm,i - CO2pack - k- usina - dx; 17.06.2021 yield an emission of (10.8 * 1.9) Mt CO,/yr (only
3 71 i valid for time of overflight)
5 10 10000 9 . . . .
0 13 o0y S XCO, enn,norm,- Percentage increase in the plume relative to  Uncertainty estimation based on gaussian error propagation
% 16 - outside of the plume of the cross-sectional flux formula
gz 2000 CO, pack: atmospheric column of CO, outside of the plume * Llargest contribution to uncertainty from wind speed
55 000 k: averaging kernel uncertainty (+ 1.6 Mt CO,/yr)
28 S EE— . u: mean wind speed over boundary layer, calculated from ERAS  Contribution due to measurement noise is negligible
1559.5 1592.1 1624.7. 1657.3 1689.9
avelength in nm a: Angle between flight track and wind vector (% 0.006Mt CO,/yr)
B N T B dx.: Length of ground scene segment i * Power plant Janschwalde emitted ~11.7 Mt CO, in KW 24,
_f N%n | pmjx\ | ﬂ N'W | | 2021 based on average emissions for 2020 and percentage
- F\ \ M | an\ﬂ ﬂa f: conversion factor to get result in Mt CO,/yr full load in KW24 and in 20202 b
5115- 1Lq.ll [ I{\ | ® ° s
bl | j ‘ Performance estimation of MAMAP2D-Light:
E / Measuremen t I
- lﬁ}ﬂ SN, (% o — * Precision (standard deviation) of binned retrieval results in
o e background regions is 0.23 %
Retrieval of CH, and CO, enhancements . ..
out of the acquired spectra in two fit  |n t.he. nor.\-blr.med ffround scenes, the precision (standard
windows using the WFM-DOAS retrieval deviation) is still 0.7 %

(Krings et al., 2011) results in column
scaling factors for CH, and CO,

Summary and Conclusion

* MAMAP2D-Light performed well during the first
measurement flight

CO, column enhancements for
one flight track at 4 m x 33 m
,v ground scene size

* Binning increased ground scene precision to ~0.23%

B = it e Emissions of power plant Janschwalde fit estimated
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