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Background: Climate Change
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Production and Consumption of Weather & Climate Data

The data archive is growing 
exponentially in ECMWF! [1] 

Latitude

Longitude

Time

Pressure (height)

Most weather & climate data are 
stored as multidimensional arrays.
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Production and Consumption of Weather & Climate Data

Simulation

𝑡0 𝑡𝑇

Store

Access pattern is often strided or even random
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Compression with a Neural Representation Approach
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Multidimensional Data Neural Representation

Compress/Train

𝒙

𝑓(𝒙)

300 x – 3,000 x
15.6GB → 13.8MB
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Neural Network Structure
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Neural Network Structure
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Decompression / Inference

• On-demand decompression
• Fully utilize GPUs
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Neural Network Structure
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Quantize

𝑥𝑖 = cos𝜓𝑖 sin𝜙𝑖 
𝑦𝑖 = cos𝜓𝑖 cos𝜙𝑖 
𝑧𝑖 = sin𝜓𝑖 
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Interpolate data at sampled coordinates  
𝑓(𝑡𝑖 , 𝑝𝑖 , 𝜓𝑖 , 𝜙𝑖) MSE loss ෩𝜽
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Compression / Training
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Comparison with Existing Methods

Method Compression Ratio Comp. Speed Decompression 
Continuous Access

Decompression
Random Access

ZFP [2] < 10 x

TTHRESH [3] < 300 x

SZ3 [4] < 400 x

NN (Ours) 300 x – 3,000 x
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Evaluation: Compression Error 
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Dataset Size #Levels Spatial Res. Temporal Res.

1 3.9 GB 11 0.5° 24h

2 15.6 GB 11 0.25° 24h

3 2.7 GB 1 5.625° 1h

4 10.7 GB 1 2.8125° 1h
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Evaluation: Compression Error 
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Evaluation: Compression Error 
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Much lower RMSE & MAE 
at CR 300 x – 3,000 x
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Evaluation: Compression Error 
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Higher max abs. error but only 
occurring seldomly (<0.001%)
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Evaluation: Case Study
Geopotential at 500hPa, 2016 Oct 5th
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Evaluation: Case Study
Geopotential at 500hPa, 2016 Oct 5th
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Preserves general shapes of important events 
and average values without introducing 
significant artifacts
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Evaluation: Case Study
Geopotential at 500hPa, 2016 Oct 5th

Hurricane Matthew
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Evaluation: Case Study
Geopotential at 500hPa, 2016 Oct 5th

Hurricane Matthew
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Struggles to capture the extreme values in a 
small area like a hurricane center
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𝑡0 𝑡𝑇
Before

After

Discarded Stored

No need to discard intermediate results!

Store More Data
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𝑡0 𝑡𝑇
Before

After

Discarded Stored

No need to discard intermediate results!

Dataloader for targets

ML Model Loss

Dataloader for inputs
Generate data on the fly

Store More Data

Compressed Dataloader
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𝑡0 𝑡𝑇
Before

After

Discarded Stored

No need to discard intermediate results!

Dataloader for targets

ML Model Loss

Dataloader for inputs
Generate data on the fly

Store More Data

Compressed Dataloader

Dataset 3 C.R. Weighted RMSE error (test set)

Z at 500 hPa (m2/s2) T at 850 hPa (K)

Original 1 x 632.9 2.906

NN Compressed 198 x 637.3 (+0.7%) 2.944 (+1.3%)

SZ3 Compressed 71 x 650.6 (+2.8%) 2.985 (+2.7%)

Dataset 4

Original 1 x 688.8 2.834

NN Compressed 790 x 697.3 (+1.2%) 2.888 (+1.9%)

SZ3 Compressed 106 x 702.9 (+2.0%) 2.887 (+1.9%)
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Summary
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