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» Regression: suffers from spectral decay, where high-frequency
energy collapse leads to the loss of peak iIntensity. This Is
demonstrated by the PSD plot (top right), which shows regression

falling significantly below the GT.

Diffusion: generates high-frequency detail but lacks physical
grounding, resulting in stochastic hallucinations that are realistic
but inconsistent with the GT.

SDIR (Ours): reformulates nowcasting as a deterministic spectral
evolution. By iteratively refining the low-frequency synoptic
skeleton, our method progressively restores high-frequency details.
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3. Main Results
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(a) Architecture Overview
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! (c) Fourier Residual Refiner (FR-Refiner)
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(b) Scale-Adaptive Transformer (SAT)
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Algorithm 1 SDIR Training Process

Algorithm 2 SDIR Inference Process

Input: Sequence X, Ground truth Y, Resolution V.

Parameters: 6, (SFG-Former), 65 (FR-Refiner).

repeat

Sample o ~ Beta(a, 3),sets = |W -o|.

(s = IDCT(Truncsx s (DCT(Y))).
Yoase = SFG-Former(X , Cs, 8; 01).
Y,es = FR-Refiner([X || Yyase), 55 62).

Y = Yba,se + Yres-

L = Lpase + Lres + qb(s)ﬁpcpsd-
Update 64, 6> via AdamW.
until Convergence
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Input: Sequence X, Schedule S = {s1,...,8x}, 81 =
0.
Initialize: C, = 0.
for k =1to K do
s = S|k
A SFG-Former(X, Cs, s).

base
Y% = FR-Refiner([X || V") ], s).
vy =y v,
if £ < K then
Cs = IDCT(Truncs, ,, xs,., (DCT(Y())).
end if
end for

Return: Y (%)

4. Ablation Study
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v

0.3529 0.2559 0.8478 1248.8  Lpasetres 0.4509 0.3420 0.8555 1106.4

0.4614 0.3266 0.8125 1586.1  Uniform 0.2842 0.2097 0.8458 1284.1

0.5367 0.4057 0.8512 1138.3 w/o AN 0.5073 0.3725 0.8102 1476.4

0.5882 0.4497 0.8548 1129.1 Owurs 0.5882 0.4497 0.8548 1129.1
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Beta(1.0,2.5
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0.5606
0.4835
0.5882
0.5582

0.4206
0.3759
0.4497
0.4222

0.8485 1299.2 I-step 0.5584 0.4243 0.8522 1111.0 0.30s
0.8493 1241.5 8-step 0.5882 0.4497 0.8548 1129.1 1.17s
0.8548 1129.1 16-step 0.5898 0.4487 0.8533 1190.1 2.14s
0.8543 1140.5 32-step 0.5564 0.4164 0.8475 1352.6 4.09s
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