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The global above-ground biomass (AGB) community requires a shared platform to develop the measurement and monitoring of AGB, forest structure and related processes. The platform must be open and highly scalable, encouraging collaborative science through seamless data sharing, management, repeatable and scalable analysis, and compelling visualizations, all based on open science principles. NASA and ESA are jointly solving this problem with the Multi-Mission Algorithm and Analysis Platform (MAAP) [1]. Released in October 2021, MAAP is now at version 3.
The MAAP provides collocated access to datasets, critical to calibrating satellite data and fine-tuning geophysical data processing algorithms. Existing LiDAR data from multiple and divergent platforms, such as airborne (e.g. LVIS), the International Space Station (NASA’s Global Ecosystem Dynamics Investigation (GEDI)) and Satellites (e.g. ICESat-2), must be effectively calibrated with field measurements and combined for more comprehensive and accurate estimates of AGB. The current challenge is to effectively and seamlessly combine the aforementioned LiDAR-based data with new data sources such as P-band RADAR from ESA’s upcoming BIOMASS mission, existing ESA Sentinel-1 C-band SAR, and the 30 PB/yr of high cadence global coverage L-band SAR data from the upcoming NASA-ISRO SAR (NISAR) mission. MAAP has been used to support multiple scientific activities. Recent analysis using MAAP merged ICESat-2 and optical data (Harmonized Landsat Sentinel) produced the most comprehensively precise estimate of boreal-wide AGB to date [2]. Another effort using MAAP harmonized previous global analyses of AGB, including from ICESat-2 and GEDI, to bolster uptake for policy applications [3]. This will feed the next Global Carbon Stocktake segment of the Intergovernmental Panel on Climate Change analyses. Furthermore, the biomass retrieval intercomparison exercise BRIX-2 could benefit from the MAAP providing standardized test cases (based on airborne campaign and spaceborne data) allowing the community to develop and apply retrieval algorithms based on these test cases, while SAR training could also use the MAAP as a teaching and learning platform.
InSAR-based use cases require not only access to large datasets, but also the ability to rapidly process large amounts of data in an iterative algorithm development and processing environment. Some InSAR-based AGB analysis requires access to large volumes of L1 single-looks complex data, as well as the ability to process them into time series before combining with models to derive above ground biomass estimates. Similarly, the intermediate products, needed to be generated for AGB, require rapid prototyping of algorithms, generation of products, analysis/validation, iteration, and sharing between collaborators.  Likewise, large and increasing quantities of spaceborne lidar data were available in support of the boreal-wide biomass product [2]. GEDI and ICESat-2 data are available with file sizes in excess of what can be downloaded and processed on local computing infrastructure. MAAP provides seamless access to these data, enabling the fusion of multiple lidar data in an efficient manner. Each of these data can be subset by a geographic region, providing functionality that otherwise does not currently exist for GEDI products. The economies of scale of the cloud allows the efficient scaling of analysis over large areas, involving vast quantities of data.
The MAAP is meeting the challenges inherent in international collaboration and large-scale computing with a platform that is entirely open source and cloud native, using open standards for data access manipulation protocols, and formats. The MAAP data system consists of a dedicated data store whose data is indexed in an online catalog conforming to established metadata, application programmatic interface (APIs), and service interface standards, using an implementation of the open-sourced NASA Common Metadata Repository. Federation of user identities allows users from either NASA or ESA to access and consume services from the other using a unified metadata catalog for the data utilized across the ESA and NASA MAAP platforms. Similarly, we are exploring how to increase interoperability to achieve a common approach to packaging, orchestrating, and executing algorithms, with interoperable access to data for subsetting, fast browse, and cloud-optimized access, all using interoperable standards such as those from the Open Geospatial Consortium (OGC).
Designed for interoperability, ESA and NASA utilize a common architecture for the software platform. It provides a cloud-based algorithm development environment (ADE) that enables scientists to develop algorithms collaboratively with access to the MAAP data catalog as well as other data archives. MAAP provides an Eclipse Che-based ADE supporting both Python and R languages, popular in this biomass community. Algorithms developed and containerized within the ADE can be deployed to run to thousands of computational nodes in the MAAP’s data processing system (DPS), dramatically speeding up processing and giving scientists a rapid turnaround of results. NASA’s implementation of the DPS is based on the Hybrid Science Data System (HySDS) framework, used by NASA flight projects to produce Earth science standard products.
We will discuss the lessons learned and best practices from collaborative development of the operational system, and the results derived from it. We will describe our plans to expand upon the initial use case of above-ground biomass research into other domains leveraging and expanding the current MAAP architecture, design, and implementation.
References
[1] Albinet, C., Whitehurst, A.S., Jewell, L.A., Bugbee, K., Laur, H., Murphy, K.J., Frommknecht, B., Scipal, K., Costa, G., Jai, B. and Ramachandran, R., 2019. A joint ESA-NASA multi-mission algorithm and analysis platform (MAAP) for biomass, NISAR, and GEDI. Surveys in Geophysics, 40(4), pp.1017-1027.
[2] Duncanson, L., Neuenschwander, A., Silva, C.A., Montesano, P., Guenther, E., Thomas, N., Hancock, S., Minor, D., White, J., Wulder, M. and Armston, J., 2021, July. Forest Aboveground Biomass Estimation with GEDI and ICESat-2 in Boreal Forests. In 2021 IEEE International Geoscience and Remote Sensing Symposium IGARSS (pp. 670-672). IEEE.
[3] Duncanson, L., Armston, J., Disney, M., Avitabile, V., Barbier, N., Calders, K., Carter, S., Chave, J., Herold, M., Crowther, T.W. and Falkowski, M., 2019. The importance of consistent global forest aboveground biomass product validation. Surveys in geophysics, 40(4), pp.979-999.
