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Simulations of Improved Carbon Dioxide Observations over Snow
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Satellite observations of greenhouse gases over the Arctic and boreal regions are important for a better understanding of the changing natural carbon cycle and monitoring anthropogenic emissions. However, high latitudes pose significant challenges
to reliable space-based observations of carbon dioxide (CO2). In addition to large solar zenith angles and frequent cloud coverage, snow-covered surfaces absorb strongly in the near-infrared wavelengths that are used for retrievals of CO2. Because
of the resulting low radiances of the reflection measured by the satellite in nadir geometry, the retrievals over snow may be less reliable and are typically filtered or flagged for potentially poor quality.

We present the results of a feasibility study for examining how to improve satellite-based remote sensing of CO2 over snow-covered surfaces. Our primary goal is to support the development of the upcoming Copernicus Anthropogenic CO2
Monitoring Mission (CO2M). CO2M is planned to be operational in 2025 and it will provide quantitative information of anthropogenic CO2 emissions from cities and large production facilities to help meet the carbon emission reduction targets agreed
in the Paris Agreement. Our findings are also applicable to other missions that retrieve CO2 from reflected sunlight, for example OCO-2 and TanSat.

As a part of the feasibility study, extensive radiative transfer (RT) simulator development is also undertaken. RaySca, a novel RT simulator aims to be a computationally fast model of polarized radiation within planetary atmospheres in visual, near-
infrared and shortwave-infrared wavelength bands. Modeling the polarization of the radiation will enable further research of atmospheric remote sensing with planetary surfaces and atmospheric aerosols with complex reflection and scattering
properties. Within the ESA Dragon co-operation, we plan to continue the research and development of atmospheric RT models in the context of further improving greenhouse gas retrievals from space, specifically in polluted conditions.
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