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1. Summary
This project aims to investigate errors that could be expected from the official SWOT level 2 lake products, especially the volume change estimates. Given the limited availability of bathymetry and corresponding gaged data, selected Canadian lakes/reservoirs in the Peace-Athabasca Delta (PAD) and in Quebec regions have been identified as good test cases to do this assessment. The proposed work will be performed pre-launch using the SWOT simulators available from JPL and CNES. Post-launch, the real SWOT errors will be studied and compared to selected in-situ data (some of the study lakes in Quebec will be observed during the 1-day repeat period orbit phase). This project also aims to assess the benefits of using SWOT observations to compute lakes and reservoirs water mass balance.
2. General objectives and approaches
From previous SWOT studies, it clearly appears that lake shape and size will affect SWOT water volume change estimation accuracy. However, none of these studies have used the whole SWOT processing chain, which is now being developed within the Algorithm Definition Team (ADT) by CNES, to compute the “official” SWOT products.
As applicants to the new ST for 2020-2023 and based on our experience of previous teams, it seems crucial to develop a set of realistic time varying scenes with multiple lakes and reservoirs to test these processing chains and potential sources of errors. 
The purpose of this proposal is not to propose new algorithms to compute lake volume change or a new lake product, but to run SWOT processing algorithms on real test cases, provide feedbacks to the ADT and project teams on these algorithms and lake products as end-users, analyze the different sources of errors on SWOT volume change estimation, and finally use these virtual and then the actual SWOT-based volume change measurements to compute lakes and reservoirs water mass balance.
Given its size, latitudes coverage and geological history since the last deglaciation, Canada is one of the countries (and maybe the country) with most lakes, as there are almost 1 million lakes greater than 10 ha. The majority of lakes are not gauged and difficult to access. Thus SWOT-based lake volume change will provide unprecedented measurements over the territory. This project will focus on different regions of interest: 1. Quebec (province, figure 1) and 2. the Peace-Athabasca Delta (PAD, figure 2). The proposed lists of lakes to study for the two study domain are given in figures 1 and 2. For these lakes, realistic scenes (more or less the size of SWOT swaths), containing multiple lakes of different sizes, within the study domain, will be created and used as inputs to SWOT simulators (pre-launch activities).
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Figure 1. Studied lakes and reservoirs in Quebec
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Figure 2. Studied Peace-Athabasca Delta (PAD) lakes

Figure 3 presents a simple flowchart of the proposed methodology to compute realistic virtual SWOT lake volume change from inputs scenes generated within this proposal (see section 2.3.1). The input scenes will be considered as the “truth”, like in OSSE. Then a SWOT simulator will be used to generate the SWOT pixel cloud product (i.e. geolocalized water elevations resulting from the radar interferogram inversion). Two SWOT simulators are currently available: i) JPL SWOT simulator, previously mentioned, and ii) SWOT Large Scale simulator developed by CNES. As both the “true” state, the different simulator outputs and the final products will be available, it will be possible to compute the true volume change, volume change using equations from LOCNES (i.e. the SWOT processing chain to compute lake products) without any SWOT observation errors (to assess errors only due to approximation made by this algorithm) and then add SWOT measurement errors (using the simulators) and assess how they impact the final volume change product (Figure 3).
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Figure 3. Proposed methodology to compute water volume change from pseudo-SWOT observations using official SWOT processing chain (LOCNES) and assess associated errors
Lake/reservoir volume change is equal to the water volume flowing to it (from incoming rivers, direct water runoff from rain and snowmelt, and potentially from the connected aquifer) minus water mass leaving it (water flowing out through downstream river network, evaporation, and potentially from the connected aquifer). SWOT observation of lake volume change will therefore provide one part of this mass balance equation and will help to estimate these inputs/outputs fluxes.
Assuming that contribution of connected aquifer is negligible, it will be possible to assess water mass lost via evaporation and quantify this mass compared to the total lake/reservoir volume change and river inputs/outputs. This component (evaporation) is largely unknown and currently is only estimated as a byproduct of hydrological models. Deriving water balance components from in-situ and satellite observations will help to obtain a better knowledge of the water fluxes at high latitudes. For these lakes, it will also be possible to assess the quality of the SWOT discharge product and if it is possible to compute the water budget for other lakes/reservoirs without or partial in situ monitoring.
3. Expected results

This project will investigate the different sources of errors on SWOT volume change estimates from the SWOT official processing chain. It will be done in close collaboration between the “lake processing” CNES project team and lake scientists. Critical feedbacks will be provided to CNES project team on lake volume change errors, by testing “official” SWOT processing chain over a range of realistic cases.
The following aspects covered by our proposal will be important contributions to the scientific hydrology community: 
· Ability to readily use SWOT products over lakes in research and water management frameworks.
· Provide errors associated with SWOT products over lakes leading to better informed assessment and decisions. 
· Evaluate, with strong collaboration with CNES project team, potential sources of error that will affect SWOT lake product and especially lake storage change estimates, compare these errors to the amplitude of volume change and how they could impact their scientific use (especially to compute water mass balance).

· Compute lake/reservoir water mass balance using SWOT and ancillary data (in situ gage and hydrology model), analyze the results and link them to reservoir operation and precipitation forcing variability.
4. Milestone of the project
Year 1 (2020) = gather datasets for all study sites and format them for SWOT simulators, do some tests to run SWOT simulators and official level 2 processing chains (including LOCNES).
Year 2 (2021) = implement methodology described on figure 3 for at least one study domain. Lake water balance on some lakes from virtual SWOT observation will also begin.

Year 3 (2022) = SWOT real measurements over studied zones will be collected, analyzed and compare to in situ measurements. SWOT errors will be analyzed and compared in the light of virtual studies done during Years 1 and 2 (and continued in Year 3 as well).
Year 4 (2023) = Water balance for some specific lakes using SWOT-based volume change will be performed and finalized

