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• Here we estimate the in�ows and out�ows 

of more than 5,000 global lakes using SWOT 
observations and the LakeFlow algorithm. 

• We �nd that managed lake out�ows are 
signi�cantly more variable than natural lake 
out�ows in terms of discharge, water surface 
elevation (WSE), slope, and cross-sectional 
area change (p<0.001). 

• Additionally, same-day in�ow and out�ow is 
well correlated in natural lakes but in most 
managed lakes, correlation is highest when 
the out�ow is lagged. 
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River and lake hydrologies are inherently 
intertwined but many large-scale hydrologic 
studies assume that the dynamics of managed 
lakes are similar to that of natural lakes. This 
assumption introduces uncertainty, leads to 
poor discharge estimates downstream of 
managed lakes, and drastically 
underestimates human’s e�ect on river 
discharge and the broader hydrologic cycle. 
Here we demonstrate that SWOT observations 
and the LakeFlow algorithm can characterize 
lake and river dynamics worldwide.

Figure 2. Conceptual diagram of the LakeFlow algorithm which 
uses repeat SWOT observations of lakes and rivers to estimate 
the in�ows and out�ows of lakes. Shown are two snapshots of a 
lake system corresponding to two SWOT overpasses (t = 0 and t 
= p). Time � corresponds to the minimum observed �ow on 
record and SWOT observable variables are only shown for t = p. 

Apply a Bayesian 
optimization algorithm to 
solve for unobserved 
�ow-law parameters (FLP)  
n and A0.
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• While previous studies have 

shown that managed lakes are 
more variable (Cooley et al., 2021), 
this is the �rst study to show that 
these di�erences extend to lake 
in�ows and out�ows.

• Our results indicate that managed 
lake systems are signi�cantly more 
variable than natural lake systems 
in nearly every SWOT observed 
and derived parameter. 

• Future work includes validating 
LakeFlow globally and inclusion of 
more accurate ancillary data (e.g. 
evaporation, tributary in�ow). 

• Inclusion of LakeFlow’s in�ow/ 
out�ows should be used to 
account for lake storage impacts 
on stream�ow estimates. 
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Figure 3. Global distribution of lakes running the LakeFlow algorithm (dynamics at 5,499 lakes, 5,742 in�ows, and 5,517 out�ows).  

Figure 1. Comparison of LakeFlow in�ows and out�ows between a natural lake (Brûlé Lake) and a managed lake 
(Abraham Lake), showing di�erences in the timing and amount of out�ow, likely related to management operations. 
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• We applied the LakeFlow algorithm (Riggs et 

al., 2023) to all SWOT-observable systems 
with adequate Version C   data availability. 

• We used the SWOT Harmonized Prior river-lake database (SWOT-HarP v1.1) (Sikder et 
al., 2024) to �lter our analysis to SWOT observable lakes (Wang et al., 2025) with SWOT 
observable in�ow and out�ow reaches (Altenau et al., 2021). We further limited our 
analysis by �ltering the data to ensure that we use high quality SWOT observations.

• We allowed the assignment of a lake in�ow or out�ow reach to migrate up or 
downstream by one SWORD reach if the original reach lacks high quality SWOT data. 

Figure 5. Variability (standard deviation) shown as cumulative distribution functions of SWOT lake (top row) and river observations 
(bottom row) in natural (blue) and managed (yellow) lake systems, including in�ow (solid lines) and out�ow (dashed lines) river reaches. 
Signi�cance values are based on a two-sample, one-sided Kolmogorov-Smirnov test to assess if managed lakes or their river systems are 
more variable than natural lake systems, with i and o subscripts representing signi�cance values for in�ows and out�ows, respectively.

Figure 6. Lag cross correlation results for in�ow-out�ow discharge estimates at 779 
lakes in North America (from Riggs et al., in revision). (a) Map showing each lake’s 
lag time in days at the highest Spearman correlation. (b) The percentage of natural 
and managed lakes based on the lag time with the highest correlation.
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• Using SWOT observations, we calculated 

lake and river dynamics at 5,499 lakes 
globally (Figure 3). 

• We validated lake in�ows and out�ows 
using all available river gauges across 
Canada and the United Kingdom (Figure 4). 

• We assessed lake in�ow, out�ow, and 
storage dynamics of 922 managed lakes 
and 4,577 natural lakes globally (Figure 5). 
We found that managed lakes have 
signi�cantly (p<0.001) more variability than 
natural lakes in almost all observed and 
derived parameters. 

• In an analysis over North America, we found 
that managed lake in�ow-out�ow lag times 
are much longer than natural lake 
in�ow-out�ow lag times (Figure 6).

• LakeFlow code is now optimized for HPC 
and cloud computing. LakeFlow has been 
integrated into the SWOT mission 
Con�uence discharge platform 
(Durand et al., 2023). 

Figure 4. Validation of LakeFlow lake in�ow and out�ow 
discharge estimates in Canada and the UK (N=75). 


