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Introduction

Large-scale Earth system datasets exhibit characteris-
tics analogous to videos, with inherent spatial, tempo-
ral, and spectral redundancies that can be exploited
by video compression techniques. We present xar-
rayvideo, a Python library to compress multichannel
spatiotemporal datasets by encoding them as videos
using standard codecs via ffmpeg.

Methods

The library converts xarray objects to video and back
using standard, highly-optimized codecs through ffm-
peg. Custom encoding rules can be defined for
each variable, such as the codec (libx265, vp9, ffv1,
JPEG2000 ), quality parameters, and bit depth. We
demonstrate the effectiveness of xarrayvideo on four
diverse, real-world datasets:

DynamicEarthNet (525 GB)
Very high-resolution (3m) Planet
images: 4 bands × 1024×1024 ×
730 timesteps

xarray
video

DynamicEarthNet

New size: 8.5 GB
60.15 dB PSNR
62× ↓ (0.3 bpppb)

DeepExtremeCubes (2.3 TB)
High-resolution multispectral
Sentinel-2 images: 7 bands × 128
× 128 × 495 timesteps

xarray
video

DeepExtremeCubes

New size: 270 GB
56.65 dB PSNR
8.5× ↓ (3.7 bpppb)

SimpleS2 (14 GB)
High-resolution multispectral
Sentinel-2 monthly averages:
10 bands × 1280 × 1280 × 108
timesteps

xarray
video

SimpleS2

55.04 dB PSNR
16× ↓ (1 bpppb)

ERA5 (600 TB)
Reanalysis weather variables: mul-
tiple variables × global × 93544
timesteps

xarray
video

ERA5

62.90 dB PSNR
32× ↓ (1 bpppb)

Figure: The xarrayvideo pipeline.
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Results: DynamicEarthNet

xarrayvideo significantly outperforms JPEG2000,
achieving ≈ 66 dB PSNR at 1 bpppb. Even at 249x
compression (54dB), there is no performance loss in
the downstream segmentation task. The compressed
version of DynamicEarthNet (525Gb → 8.5Gb) can
be found in TACO format here: huggingface.co/
datasets/isp-uv-es/DynamicEarthNet-video

Original
(∞ dB)

0.16 bpppb
(58.2 dB)

0.08 bpppb
(54.6 dB)

0.02 bpppb
(49.4 dB)

Figure: Original vs. progressive compression levels.
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Figure: PSNR vs bpppb for DynamicEarthNet.

Results: SimpleS2

Good compression performance for this dataset of
clean, monthly Sentinel-2 images.

Original
(∞ dB)

0.53 bpppb
(51.1 dB)

0.25 bpppb
(47.2 dB)

0.07 bpppb
(42.1 dB)

Figure: Original vs. progressive compression levels.

Conclusions

▶ xarrayvideo efficiently compresses spatiotemporal
Earth data using standard video codecs.

▶ Achieves high compression ratios (up to 250x)
and fidelity (up to 66 dB PSNR).

▶ Compressed data is interchangeable with original
data for downstream DL tasks.

▶ We released compressed versions of
DynamicEarthNet (525Gb → 8.5Gb) and
DeepExtremeCubes (2.3Tb → 270Gb).

Results: DeepExtremeCubes

Compression is challenged by clouds and smaller
images, but xarrayvideo still achieves ≈ 54
dB PSNR at 1 bpppb. The downstream task
(prediction) shows identical performance at 56dB
(8.5x compression), and small performance drop at
47dB (38x). The compressed version of DeepEx-
tremeCubes (2.3Tb → 270Gb) can be found in
TACO format here: huggingface.co/datasets/

isp-uv-es/DeepExtremeCubes-video
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(∞ dB)

0.51 bpppb
(50.9 dB)

0.31 bpppb
(47.9 dB)

0.12 bpppb
(42.3 dB)

Figure: Original vs. progressive compression levels.
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Figure: PSNR vs bpppb for DeepExtremeCubes.

Results: ERA5 Weather Data

For meteorological data like ERA5, JPEG2000 can
outperform video codecs at high bitrates, while video
excels at lower bitrates.

Original
(∞ dB)

0.83 bpppb
(52.3 dB)

0.50 bpppb
(48.0 dB)

0.22 bpppb
(42.0 dB)

Figure: Original vs. progressive compression levels.
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