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• Long-term reanalysis data 
generated by an assimilative 
configuration of WRF.

• Spatial resolution of 5km and 
hourly temporal resolution over 
42 years(1980-2022).

Figure 1: The Arabian Peninsula Figure 2: Snapshots of used meteorological variable

Figure 3: AFNO architecture

Figure 4: Forecasting Workflow

Figure 5: Swin-LSTM Architecture

Figure 6: Sequence-to-Sequence Downscaling

Figure 7: Combined Approach Architecture

Figure 8: Forecasting workflow

➢ Used AFNO for one-
step-ahead forecasting.

➢ Predictions fed 
recursively to extend 
lead time.

➢ Recursive steps lead to 
error accumulation.

➢ Applied multi-model 
strategy to reduce 
number of steps.

➢ Helps stabilize errors 
at long lead times.

➢ Used SwinLSTM model 
for downscaling.

➢ Captures temporal 
dynamics for better 
resolution.

➢ inputs: coarse-resolution 
forecast sequences.

➢ Outputs: high-resolution 
forecast sequences.

➢ Enables accurate spatio-
temporal refinement.

➢ Developed a double 
encoder 
architecture.

➢ Uses historical high-
res and future 
coarse inputs.

➢ Generates high-
resolution forecasts.

➢ Constrains fine-scale 
prediction using 
coarse forecasts.

➢ Bridges forecasting 
and downscaling in a 
unified framework.

✓ Recursive Forecasts accumulates errors.

✓ Downscaling effectively produces high 
resolution forecasts.

✓ Combining both tasks improve the 
performance at short lead times and 
avoid error escalation at extended lead 
times.

✓ As future work, we plan to develop a 
probabilistic framework to acount for 
uncertainties, and better utilize 
topography to enhance generalization 
on land and sea.

• High-resolution forecasting is essential for capturing local events and fine-scale 
atmospheric features.

• Physical models are computationally demanding, therefore, AI presents a 
viable solution for obtaining efficient high-resolution forecasts.

• We studied two forecasting approaches: recursive and downscaling, and proposed 
merging them in a unified framework for better forecast performance.

Figure 9: Errors Evolution over Time
Figure 10: Forecasts Visualization of Wind Speed at 100m Figure 11: Forecasts Visualization  of Wind Speed with Sea Masked

✓ Recursive forecasting has the highest error rates because of 
cumulative errors.

✓ For recursive forecasting, 𝑹𝟐 decreases from 𝟎. 𝟗𝟒 to 𝟎. 𝟏𝟔.

✓ Downscaling effectively produces high resolution forecasts.

✓ For downscaling, 𝑹𝟐is around 𝟎. 𝟖𝟕 on average.

✓ Combining both tasks improve the performance at short lead 
times and avoid error escalation at extended lead times.

✓ Forecast over land is less accurate then forecast over sea 
because of topography.

✓ For combined approach 𝑹𝟐 decreases from 𝟎. 𝟗𝟓 to 𝟎. 𝟖𝟖.
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