Bridging Dynamics and Data: A Unified
Diffusion Framework for Mechanistically-
Informed Epidemic Forecasting

Guanghui Min
May 31, 2026

UNIVERSITY N
JVIRGINIA

Northeastern
University



Motivation
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How much does the forecast rely




Our Solution: EpiDiff

Mechanistic Uncertainty Diffusion Uncertainty-aware
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+/ Principled use of mechanistic uncertainty
—>
+/ Adaptive guidance across space and time :



EpiDiff Pipeline
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Step 3
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Intuition: Uncertainty Is the Switch

High uncertainty Low uncertainty
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Model Components
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Mechanistic Prior (SIR)
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Uncertainty Quantification
Posterior p(0|D) — mean pu, std o

Diffusion Backbone
Spatiotemporal Graph Transformer

Steering Rule

Guidance « Uncertainty o(x, t)
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Non-stationary dynamics
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Performance

Table 1. Performance comparison on covid-US, covid-JP, and influenza-US in RMSE and MAE (R and P, lower is better). Best results
are in bold and runner-ups are :

covid-US covid-JP influenza-US
Methods h="7 h=14 h=17 h=14 h=17 h=14
R Pl R Pl R Pl R Pl R Pl R Pl

PatchSIR 1791+0 891-+0 2077+0 886-+0 31340  98+0 33240  106+0 32340 +0 454+0 138-+0
AR 1791+16  835+t16 | 1943423 86517 | 457+57 159411 | 476411 15844 | 457942420 2040-+1814 | 23284236 1172484
ARMA 1832429 84342 1906+ 18 852+9 | 460+32 15648 | 496+6  166+3 | 4423+1971 2289-+1271 | 2314+150 1174468

LSTM 1797+59  867+48 | 1956+40  962+52 | 408+10 135+3 | 398+19 135+7 353429 119-+21 +42 13347
GRU 1654481  771+52 | 1949438  974+30 | 364+12 12043 | 383+8  130+3 377+41 142+13 498+303 192-+75
STGCN 2131+12  877+23 | 2446+51  1107+12 | 315483  96+23 | 326424 103+9 414493 160-+42 5884128 248456
ColaGNN 2740-+758 11754339 | 30554356 1403+181 +20 +4 | 305447 +11 250+17 8549 3471228 +27
STGODE 1763496 719434 | 2716107 1010+40 | 269+10  79+2 | 309+23  96+7 6434194 261494 14154460 5704200
DiffSTG +28 +11 1284420 +14 | 246428  81+90 | 423+35 147413 344-+29 151469 520-+44 254454
STAN 1364+196 1150-+174 +98  1046-+90 | 222487 127440 | 224488 128+41 | 4599+42  4306+32 3750+79  3270+79
EARTH 2145-+324  603+103 | 2664+272  794+79 | 303+73 100413 | 3944102 134+21 | 539+172 190+47 | 2027+1160 629-+302
EpiColaGNN | 1825484 745458 | 2653+22 123549 | 282433 83+11 | 327+19  99+6 1311+67 693436 1514464 807436
EpiDiff 109645 374+1 123245 422+16 | 188+7 62+2 +2 86+1 +1 82+0.4 423+ 125+40.1




Ablation

Table 2. Ablation study of different variants. Best results are in bold and runner-ups are underlined.

covid-US covid-JP influenza-US
Variants h="17 h=14 h="17 h=14 h="17 h =14
R Pl R Pl RyI Pl | RI Pl R P R Pl

w/ o Diffusion 1791 891 2077 886 313 98 332 106 323 82 454 138

w/ o Steering 1080+2 348+1 | 119946 386-+11 | 370+22 9445 | 417+4 121+1 | 438+19 22447 | 1787+87 928459
w/o Uncertainty | 1099+5 37641 | 1253+5 438418 | 316+5 9742 | 365+1 12241 | 328+1 147+1 | 446+04 155403

EpiDiff 1096+5 374+1 | 1232+5 422+16 | 188+7 62+2 | 247+2 86+1 | 304+-1 82+04 | 423+1 125-+0.1




Mechanistic Uncertainty Visualization
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Figure 4. Left: Node 30 prediction and uncertainty at windows 30, 60, and 70 on covid-JP. Right: Uncertainty heatmap for nodes and
steps on covid-JP. Darker squares indicate greater uncertainty.



Thanks for listening!
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