1 Introduction

Toward CO2 and CH4 measurements by ground-based observations
of surface-scattered sunlight: Instrumentation and experiments

Benedikt Hemmer', Philip

We modify a mobile, commercially available Fourier transform spectrometer (FTS) for the ground-
based measurement of surface scattered sunlight spectra. Spectra in the range of 4000 - 14000
cm™ are recorded. In this region there are absorptlon bands for CO, (6300 cm™), CH, (6000 cm™),
CO (4250 cm™) and O, (7900 and 13100 cm™), enabling the retrieval of the column den5|ty of the
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The use of scattered sunlight has several advantages:
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3 Signal to Noise Ratio (SNR)

+ To verify the SNR, we took alternate spectra of a surface-scattering target and the reflector plate
throughout a full day. Each spectrum is generated from 10 double sides interferogram scans,

resulting in an exposure time of one minute.

+ The SNR is calculated as the ratio of the mean radiance in an interval close to the respective
absorption band and the standard deviation in the region between 2000 and 3500 cm™', beyond

the photodiode’s cutoff wavelength.
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6 Precision

+ From the retrievals of multiple days, we calculate 5 min moving averages. Averages, which contain
less then 3 data points, are excluded.

+ The deviation from this moving average (AXGHG) is shown in Figure 9 and as histogram
in Figure 10.

+ Precision of 1 min spectra is given by the standard deviation of the difference to the moving

average.
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+ The lower XCO, for the surface-scattered spectra is most likely caused by spectral differences of

+ Alarger parabolic mirror focuses more light on the
in-scattering on the horizontal ight path.

photodiode.

-+ The field of view (FOV) is increased from 0.17° to 0.5° (full
angle).
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Figure 10: Histogram of the differences to the 5 min moving averages in XCO, and XCH,,
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7 Outlook

Imaging Camera:

+ Specific targets by imaging camera boresighted with the
optical axis of the FTS.

+ Camera FOV of 7.3 is larger then the instrument FOV.

- Calibration of the camera’s FOV to the instrument’s FOV by
a small but bright thermal light source.

+ Well known targets make it possible to determine the
viewing geometry, especially the horizontal path

_— - Reliable automation of the trackin% process as well as an automated recording of the viewing
- geometry. This will enable regional scans, with multiple devices even two dimensional.

- | - + Radiometric calibration to absolute radiance to quantify atmospheric scattering properties and
' | include scattering process in the trace gas retrievals.
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Figure 9: XCO, and XCH,, calculated from the 6000 and 6300 cm’’
windows over the colirse of 04.09.2019 for surface-scattering
(light) and reference light path (dark).
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Figure 8: The upper panel shows the measured (colored) and
modeled (black) spectrum of surface-scattered light. The lower
panel shows the residual between both.
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+ Spectrally calibrated Lambertian reflector target allows
measurements of the reference light path
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Figure 5: Lambertian reflector ,o/te



