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Introduction

Context:
▶ Accurate precipitation data is vital for climate

studies, weather forecasting, and risk management,
aiding in the prediction of extreme weather events
and understanding the global water cycle;

▶ The Surface Water and Ocean Topography
(SWOT) mission, jointly operated by NASA and
CNES, features a Ka-band Radar Interferometer
(KaRIn) working as Synthetic Aperture Radar
(SAR). It provides high-precision measurements of
the ocean surface.

Objectives:
▶ Obtaining high-resolution (approx. 1 km/px)

precipitation information in the open ocean);

▶ Part of a larger study aiming to understand the
effect of the rainfall on SWOT observations [1].

Methods

Data
▶ Source: SWOT KaRIn: ‘SWOT L2 LR SSH‘

products [2]. 2 km/px. Ka-Band SAR σ0 (linear
scale). Observations globally on the ocean surface
in near-nadir 0.6-4.6° (i.e. 10-60 km) on each side
of the satellite track;

▶ Target: NEXRAD: Digital Precipitation Rate
(mm/h) at 250 m/px (range), 1°/px (azimuth) [3],
[4]. Observations up to 340 km from the ground
stations (limited to 170 km for collocation).
Maximum timedelta of the collocations is 3 minutes;

▶ ERA5: Surface wind speed (i.e. 10 m in elevation)
is used as ancillary data.

Figure: σ0 for SWOT (linear scale) and precipitation rate from NEXRAD, our SWOT-based model and ERA5 re-analysis, each projected on
the satellite geometry]

Approach:
▶ SWOT tracks are divided into patches of 32 lines

(i.e. 64 km). A vector of 9 elements is built for
each pixel, containing the pixel-wise σ0, incidence
angle, polarization (0 for VV, 1 for HH), the first
four statistical moments of the patch, the ancillary
wind speed and an the line index (in pre-production,
for overfitting assessment only);

▶ Random forests are trained via boosting [5]. Fast
training (approx. 0.5 s) allows for hyper-parameter
stochastic optimization (import for L2-regularization
and learning rate);

▶ Exponential distribution of the rain rate and an
overwhelming quantity of rainless samples is difficult
to emulate. Therefore, quantile mapping is used as
post-processing to correct the estimated values.

Results

SWOT vs NEXRAD
SWOT NEXRAD [mm/h]
[mm/h] [0, 0.1] [0.1, 1] [1, 10] [10, inf]
[0, 0.1] 98% 66% 31% 9%
[0.1, 1] 2% 24% 20% 8%
[1, 10] 0% 10% 45% 58%
[10, inf] 0% 0% 4% 24%

Table: 1 - Confusion matrix of SWOT vs NEXRAD

NEXRAD vs NEXRAD
SWOT NEXRAD [mm/h]
[mm/h] [0, 0.1] [0.1, 1] [1, 10] [10, inf]
[0, 0.1] 99% 38% 17% 23%
[0.1, 1] 1% 44% 24% 6%
[1, 10] 0% 18% 54% 42%
[10, inf] 0% 1% 5% 30%

Table: 2 - Confusion matrix of two NEXRADs

Results (continuation)

▶ The confusion matrices indicated in Table 1
indicates underestimation of the precipitation with
76% of heavy rainfall (i.e > 10 mm/h) recognized
as lower-interval rainfall, a rate that falls to 55% for
moderate rainfall (i.e. ∈ [1, 10] mm/h);

▶ This behaviour is also observed when comparing
NEXRAD with other NEXRAD stations (Table 2),
which indicates ambiguity in the groundtruths;

▶ Comparison of the log rain rate (to account for the
exponential distribution of the rain rate) displayed
similar results between SWOT-NEXRAD correlation
(52.8%) and NEXRAD-NEXRAD correlation
(52.9%).

Conclusions

▶ Collocation between SWOT and NEXRAD can be
used to obtain SWOT-based precipitation
information at 2 km/px in the open ocean;

▶ Performances are close to those of two NEXRADs
observing the same area.

Future evolutions:
▶ Product resolution can be increased from 2 km/px

to 250 m/px using HR products;

▶ Inclusion of new inputs: brightness temperature
from SWOT AMR (radiometer at 18.7, 23.8 and 34
GHz, but resolution ∈ (23 km/px, 42 km/px),
coherence from the σ0-SSH cross spectrum, ...

References

[1] B. Picard, A. Colin, A. Husson, and G. Dibarboure,
“The effects of rain on a ka-band swath altimeter:
Lessons learned from the swot mission,”, May 2025.
doi: 10.31223/x5wf0z.

[2] SWOT Project, Swot level-2 karin low rate ssh
basic, 2023. doi:
10.24400/527896/A01-2023.013.

[3] W. H. Heiss, D. L. McGrew, and D. Sirmans,
“Nexrad: Next generation weather radar (wsr-88d),”
Microwave Journal, vol. 33, no. 1, pp. 79–89, 1990.

[4] J. A. Smith, D. J. Seo, M. L. Baeck, and
M. D. Hudlow, “An intercomparison study of
nexrad precipitation estimates,” Water Resources
Research, vol. 32, no. 7, pp. 2035–2045, Jul. 1996,
issn: 1944-7973. doi: 10.1029/96wr00270.

[5] T. Chen and C. Guestrin, “Xgboost: A scalable tree
boosting system,” in Proceedings of the 22nd ACM
SIGKDD International Conference on Knowledge
Discovery and Data Mining, ser. KDD ’16, vol. 11,
ACM, Aug. 2016, pp. 785–794. doi:
10.1145/2939672.2939785.

Quick access

https://doi.org/10.31223/x5wf0z
https://doi.org/10.24400/527896/A01-2023.013
https://doi.org/10.1029/96wr00270
https://doi.org/10.1145/2939672.2939785

