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Algorithm 1 Training q(x:|%0-1) = N (xz; /T = Bexe_1, BeI)

I: repeat

2; xo~q(x0)

A X =1 Ra = [ya THRA %= ya: - yT-ae
5: Take gradient descent step on

Vo ||e — eo(vaixo + v/
6: until converged X; = +JgXg + /1 — ae
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Algorithm 2 Sampling

: xr ~ N(0,1) Xt—1 = y/;ﬁ_l. (xt o ﬁﬁﬂ(xt!t))

1
2: fort="1,...,1do
3: z~N(0,I)ift > 1,elsez =0
4 X1 = —— (x¢ — =2 eg(xs,1) ) + 012
1 = i (e = I eolxet) + o ooz WML B R L
5: end for
6: return xo
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Supplementary Figure 16. The DPDM inference results with 10 members on Gulf Supplementary Figure 17. The DPDM inference results with 10 members on

Coast. Northern Australia.
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Supplementary Figure 9. The total precipitation in different members of DPDM.
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Table 1| Evaluation of the downscaling performance of five surface variables from 2016 to 2021using Root Mean Square Error (RMSE), Anomaly Correlation Coefficient
(ACC), Structure Similarity Index Measure (SSIM) and Peak Signal-to-Noise Ratio (PSNR) based on three different downscaling methods, including linear interpolation
(Lerp), deterministic model (EDSR-GAN) and Diffusion Probabilistic Downscaling Model (DPDM) with different numbers of members

RMSE/ACC/ SSIM/ PSNR Ui om (M/s) Viom (M/s) Tom (°C) SP (Pa) TP (mm/day)

Lerp 0.452/0.890/0.903/31.04 0.432/0.528/0.918/31.16 2.524/0.879/0.885/29.35 3191.654/0.822/0.876/24.998 1.197/0.8460/0.925/34.087
EDSR-GAN 0.203/0.864/0.981/39.011 0.199/0.842/0.980/39.247 0.867/0.880/0.987/29.698 106.178/0.887/0.99968/53.448 0.970/0.847/0.729//34.912
DPDMqingie 0.398/0.692/0.941/33.156 0.457/0.601/0.905/28.083 1.295/0.785/0.936/32.585 159.406/0.726/0.99943/51.070 2.670/0.679/0.569/26.242
DPDM33 0.185/0.901/0.983/34.37 0.193/0.877/0.981/34.234 0.677/0.943/0.992/38.268 108.225/0.892/0.99969/52.073 0.915/0.872/0.948/37.075
DPDMigo 0.175//0.911/0.984/33.322 0.181/0.895/0.984/37.085 0.657/0.947/0.994/39.256 106.706/0.899/0.99969/51.065 0.886/0.878/0.948/37.095

All differences are statistically significant at the 95% confidence level. Bold font highlights the best performance metrics.

B G EAE ) — 24 R, DPDM FESCEEfR b= 7 AL T AR, AIFFFEMHRCRE (ACC) . UE{HAE M
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Supplementary Figure 4. Comparison of total precipitation downscaling results
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