


Supplementary Information
Evaluating image embeddings and metadata for NFT price prediction using temporal validation
Geun-Cheol Lee, Hoon-Young Koo and Heejung Lee
Sections S1–S10 describe the primary benchmark, its data and implementation, and fixed-configuration sensitivity analyses. Section S11 documents numerical reproducibility and analytical provenance; Section S12 describes the relationship to related studies. Sections S13–S15 report training-token subgroups, matched-learner and fitting-representation comparisons, and full model selection under alternative cleaning rules.
S1 Data collection and cleaning
The DuneSQL extraction query and the distinction between current Dune records and the fixed study exports are given in the main Data availability statement and the archived DATA_ACCESS.md. Source-file hashes identify the local inputs. Token metadata and original-image registries are aligned by collection and token identifier; the modeling population is restricted to eligible matched rows. MAYC M1/M2 metadata coverage defines primary prediction rows, while Mega transactions can still enter the collection-market reference.
Supplementary Table S1 gives sequential exclusions over the full export history. A row failing several rules is counted as excluded only at the first applicable rule. These totals therefore differ from independent flag counts. The full-history base-clean sample supplies the past-only reference price; it is not identical to the 2022–2024 regression sample. Missing market support and metadata/image eligibility are applied separately. Table 1 in the manuscript gives the final common modeling samples.


Supplementary Table S1. Sequential full-export cleaning counts.
	NFT set
	Rule applied
	Excluded
	Remaining sales
	Remaining tokens

	BAYC
	Raw export
	—
	64191
	9371

	BAYC
	exact duplicate extra
	0
	64191
	9371

	BAYC
	missing or conflicting trade id
	0
	64191
	9371

	BAYC
	wrong chain contract standard
	0
	64191
	9371

	BAYC
	invalid token id
	0
	64191
	9371

	BAYC
	invalid time or date
	0
	64191
	9371

	BAYC
	outside complete day cutoff
	2
	64189
	9371

	BAYC
	not sale event
	0
	64189
	9371

	BAYC
	explicit bundle
	12
	64177
	9371

	BAYC
	item count unknown or not one
	70
	64107
	9371

	BAYC
	invalid or burn parties
	0
	64107
	9371

	BAYC
	self trade
	23
	64084
	9371

	BAYC
	price missing nonfinite or nonpositive
	197
	63887
	9370

	BAYC
	unsupported or mismatched currency
	55
	63832
	9368

	BAYC
	raw unit mismatch
	0
	63832
	9368

	BAYC
	ambiguous same nft same tx
	57
	63775
	9368

	MAYC
	Raw export
	—
	166140
	16019

	MAYC
	exact duplicate extra
	0
	166140
	16019

	MAYC
	missing or conflicting trade id
	0
	166140
	16019

	MAYC
	wrong chain contract standard
	0
	166140
	16019

	MAYC
	invalid token id
	0
	166140
	16019

	MAYC
	invalid time or date
	0
	166140
	16019

	MAYC
	outside complete day cutoff
	13
	166127
	16019

	MAYC
	not sale event
	0
	166127
	16019

	MAYC
	explicit bundle
	62
	166065
	16018

	MAYC
	item count unknown or not one
	818
	165247
	16018

	MAYC
	invalid or burn parties
	0
	165247
	16018

	MAYC
	self trade
	54
	165193
	16018

	MAYC
	price missing nonfinite or nonpositive
	443
	164750
	16016

	MAYC
	unsupported or mismatched currency
	75
	164675
	16014

	MAYC
	raw unit mismatch
	0
	164675
	16014

	MAYC
	ambiguous same nft same tx
	241
	164434
	16013



USDC, APE and unmatched or missing currency records are not converted. Unknown item counts are excluded, and ambiguous same-token/same-transaction records are screened. These observable rules do not establish that a sale is economically arm's length.
All timestamps and interval boundaries are interpreted in UTC.
S2 Metadata implementation
The selection/tuning CSVs record training-fold trait vocabularies, IDF document counts and feature dimensions. The final BAYC metadata block contains 171 nonconstant features. Tree-based metadata learners use unstandardized TF-IDF; linear learners use training-fitted standardization. Early fusion concatenates separately standardized metadata and image blocks, with image scaling based on training transaction counts. The target transformation and inverse mapping are specified in the main Methods subsection “Target and transformation”.
S3 Image embeddings
Supplementary Table S2 identifies each encoder representation, checkpoint family and feature dimension. Feature-extraction scripts and checkpoint identifiers accompany the archive. The initial feature matrices retain encoder-specific dimensions.
Supplementary Table S2. Encoder outputs and model-input dimensions.
	Encoder
	Checkpoint / implementation
	Representation
	Native size
	Input size

	DINOv2
	facebook/dinov2-large
	CLS/pooler
	1,024
	1,024

	CLIP
	openai/clip-vit-large-patch14
	Projected image
	768
	768

	SigLIP 2
	google/siglip2-large-patch16-256
	Pooled image
	1,024
	1,024

	SAM
	facebook/sam-vit-huge
	Spatial mean
	256
	256

	SDXL-VAE
	madebyollin/sdxl-vae-fp16-fix
	Posterior mean
	16,384
	1,024

	DreamSim
	DreamSim 0.2.1 default ensemble
	Normalized ensemble
	1,792
	1,024

	AIMv2
	timm aimv2_large_patch14_224
	Head removed
	1,024
	1,024


PCA for the two larger representations is fitted within each training portion. Checkpoint identifiers and preprocessing code are retained where recorded.
DINOv2 uses a full-frame 224-pixel square resize and its CLS/pooler representation. CLIP uses the projected image embedding returned by the checkpoint processor and model. SigLIP 2 uses the 256-pixel model and pooled output. SAM spatially averages the image encoder's feature map to 256 channels. SDXL-VAE uses a 512-pixel image mapped to [−1,1], encodes the posterior mean, and flattens the 4×64×64 latent. DreamSim uses its default ensemble embedding with normalization enabled. AIMv2 uses the timm pretrained model with its classification head removed and the corresponding model transform. No price labels enter feature extraction; no NFT-specific fine-tuning is performed.
SDXL-VAE and DreamSim are projected to 1,024 components using PCA fitted only on the unique training-token images in each chronological fold or final refit. The same fitted projection is applied to that fold's later observations. Other native representations are retained. Standardization then uses training transaction counts. Images and embeddings may exist for more tokens than appear in the regression sample; registry size is not a training-sample count. Global feature extraction with a fixed pretrained model is distinguished from data-fitted PCA or scaling.
The labels AIM, SigLIP2 and SDXL_VAE denote AIMv2, SigLIP 2 and SDXL-VAE. SigLIP 2 was introduced in February 2025, after the evaluation period began (main-text reference 12). Encoder availability and possible overlap with pretraining imagery were not audited, so these retrospective comparisons do not establish deployability at every historical date.
Recorded checkpoint identifiers are 47b73eefe95e8d44ec3623f8890bd894b6ea2d6c for DINOv2, 32bd64288804d66eefd0ccbe215aa642df71cc41 for CLIP, and 787800c8990e6f058423089178e718139608408c for SigLIP 2. Corresponding safetensors hashes are retained in the extraction registries. The fold-local PCA uses the randomized solver, 10 oversamples, 7 power iterations, QR power normalization, no whitening and random_state=20260908. These parameters describe the executed projection, not a full-dataset fit.
S4 Model settings and selection
Supplementary Table S3 gives the complete 59-setting grid across eight regression families. The archived tuning records identify failed or nonconverged settings and the development-ordered final-refit fallbacks; the chronological selection rule is specified in the main Methods subsection “Model selection”.
Supplementary Table S3. Complete hyperparameter grid.
	Family
	Settings
	Values (Cartesian products within rows)

	OLS
	1
	All predictors plus an intercept; no tuning parameter

	Ridge
	9
	alpha: 0.01, 0.1, 1, 10, 100, 1,000, 10,000, 100,000, 1,000,000

	ElasticNet
	15
	alpha: 0.001, 0.01, 0.1, 1, 10; l1_ratio: 0.1, 0.5, 0.9

	PLS
	4
	components: 8, 16, 32, 64

	LinearSVR
	6
	C: 0.01, 0.1, 1; epsilon: 0.1, 0.2

	HistGB
	8
	learning_rate: 0.05, 0.1; max_leaf_nodes: 15, 31; L2: 1, 10

	XGBoost
	8
	learning_rate: 0.05, 0.1; max_leaf_nodes: 15, 31; L2: 1, 10

	LightGBM
	8
	learning_rate: 0.05, 0.1; max_leaf_nodes: 15, 31; L2: 1, 10



OLS includes an intercept. Ridge uses an intercept and the Cholesky solver. ElasticNet uses cyclic coordinate descent, tolerance 0.0001 and up to 20,000 iterations in the development fitter. PLS uses no internal scaling, at most 500 iterations and tolerance 0.000001, with rank/validity checks. Metadata LinearSVR uses squared epsilon-insensitive loss, dual=False, tolerance 0.0001 and at most 5,000 iterations. The counted primal implementation for image/early fits preserves the individual transformed-response losses rather than replacing them with token means in a nonsquared objective; its exact optimization code is archived.
Histogram gradient boosting uses 300 iterations without early stopping. XGBoost uses 300 estimators, CPU histogram trees, lossguide growth, max_depth=0, the grid's leaf limits, min_child_weight=20, reg_alpha=0, subsample=1, colsample_bytree=1 and max_bin=255. LightGBM uses 300 estimators, gbdt, unrestricted depth, the grid's leaf limits, min_child_samples=20, subsample_freq=0 and deterministic column-wise computation. The boosting implementation records three threads. Grid L2 penalties map to the corresponding library parameter. Source code remains authoritative for constructor defaults not explicitly overridden.
Metadata models operate on uniformly weighted transaction rows. Image-only/early squared-loss fits use unique-token features, mean transformed responses and sale-count weights; PLS uses a weighted centered construction. The constant within-token squared-error term does not change the fitted optimum for a common squared-loss model, but tree binning and minimum-row constraints on token rows can differ from those on expanded transaction rows. Model selection uses validation RMSE; adjusted R², AIC and BIC are not selection criteria.
The recorded broader metadata grid dictionary retains an unused RandomForest entry from shared code. The executed family list has eight members and excludes RandomForest. Pure LASSO and explicit squared/full-quadratic TF-IDF regressions are not included; ElasticNet has L1 ratios below 1. These omissions limit comparisons to the tested model classes.
S5 Metadata and image-only performance
Supplementary Table S4 reports all eight TF-IDF metadata families in each collection. The broader metadata run also tested one-hot encoding, but the reported comparisons constrain metadata selection to TF-IDF. Supplementary Tables S5a and S5b report all 56 image-only encoder/family candidates in BAYC and MAYC. Each row uses hyperparameters chosen from pre-2025 validation. Showing evaluation results for all rows does not mean that their evaluation ranking was used for representative selection. Saved CSVs include exact settings, MAE, ordinary R², equal-token results and numerical status.
Supplementary Table S4. TF-IDF metadata candidates.
	Collection
	Regressor
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	BAYC
	OLS
	1.383772
	0.251954
	0.152864

	BAYC
	Ridge
	1.383621
	0.252755
	0.147467

	BAYC
	ElasticNet
	1.383651
	0.252630
	0.148312

	BAYC
	PLS
	1.383707
	0.252229
	0.151012

	BAYC
	LinearSVR
	1.383623
	0.252633
	0.148289

	BAYC
	HistGB
	1.386040
	0.255337
	0.129964

	BAYC
	XGBoost
	1.385976
	0.253755
	0.140710

	BAYC
	LightGBM
	1.385920
	0.253531
	0.142225

	MAYC
	OLS
	0.402011
	0.164707
	0.257585

	MAYC
	Ridge
	0.402011
	0.164707
	0.257585

	MAYC
	ElasticNet
	0.402039
	0.164790
	0.256838

	MAYC
	PLS
	0.402011
	0.164707
	0.257585

	MAYC
	LinearSVR
	0.402148
	0.164960
	0.255300

	MAYC
	HistGB
	0.402031
	0.166524
	0.241119

	MAYC
	XGBoost
	0.401970
	0.167479
	0.232385

	MAYC
	LightGBM
	0.402006
	0.167178
	0.235141



Supplementary Table S5a. BAYC image only candidates.
	Encoder
	Regressor
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	1.385984
	0.263081
	0.076387

	DINOv2
	Ridge
	1.385782
	0.263134
	0.076016

	DINOv2
	ElasticNet
	1.386794
	0.269318
	0.032077

	DINOv2
	PLS
	1.385763
	0.263274
	0.075030

	DINOv2
	LinearSVR
	1.385847
	0.263121
	0.076106

	DINOv2
	HistGB
	1.386269
	0.266982
	0.048793

	DINOv2
	XGBoost
	1.386326
	0.267437
	0.045551

	DINOv2
	LightGBM
	1.386249
	0.267286
	0.046622

	CLIP
	OLS
	1.386159
	0.265520
	0.059180

	CLIP
	Ridge
	1.386057
	0.265897
	0.056507

	CLIP
	ElasticNet
	1.386067
	0.265911
	0.056406

	CLIP
	PLS
	1.385918
	0.265697
	0.057927

	CLIP
	LinearSVR
	1.386034
	0.265478
	0.059483

	CLIP
	HistGB
	1.386114
	0.266089
	0.055146

	CLIP
	XGBoost
	1.386111
	0.266323
	0.053483

	CLIP
	LightGBM
	1.386141
	0.266458
	0.052521

	SigLIP 2
	OLS
	1.387091
	0.257281
	0.116666

	SigLIP 2
	Ridge
	1.384648
	0.257445
	0.115533

	SigLIP 2
	ElasticNet
	1.384563
	0.256570
	0.121541

	SigLIP 2
	PLS
	1.384647
	0.256494
	0.122061

	SigLIP 2
	LinearSVR
	1.384790
	0.258490
	0.108344

	SigLIP 2
	HistGB
	1.386009
	0.262188
	0.082646

	SigLIP 2
	XGBoost
	1.385959
	0.259276
	0.102907

	SigLIP 2
	LightGBM
	1.386069
	0.260296
	0.095837

	SAM
	OLS
	1.386662
	0.266014
	0.055677

	SAM
	Ridge
	1.386664
	0.266013
	0.055688

	SAM
	ElasticNet
	1.387322
	0.272206
	0.011208

	SAM
	PLS
	1.386694
	0.266789
	0.050171

	SAM
	LinearSVR
	1.386664
	0.266229
	0.054150

	SAM
	HistGB
	1.386802
	0.265207
	0.061398

	SAM
	XGBoost
	1.386823
	0.261748
	0.085722

	SAM
	LightGBM
	1.387016
	0.265685
	0.058013

	SDXL-VAE
	OLS
	1.385590
	0.257207
	0.117172

	SDXL-VAE
	Ridge
	1.384586
	0.258090
	0.111101

	SDXL-VAE
	ElasticNet
	1.384381
	0.257598
	0.114484

	SDXL-VAE
	PLS
	1.385219
	0.257877
	0.112568

	SDXL-VAE
	LinearSVR
	1.385333
	0.257080
	0.118043

	SDXL-VAE
	HistGB
	1.384475
	0.255675
	0.127656

	SDXL-VAE
	XGBoost
	1.384759
	0.257801
	0.113088

	SDXL-VAE
	LightGBM
	1.384856
	0.257839
	0.112830

	DreamSim
	OLS
	1.386026
	0.261299
	0.088857

	DreamSim
	Ridge
	1.385758
	0.262965
	0.077204

	DreamSim
	ElasticNet
	1.385789
	0.263427
	0.073958

	DreamSim
	PLS
	1.385959
	0.262833
	0.078131

	DreamSim
	LinearSVR
	1.385924
	0.261348
	0.088513

	DreamSim
	HistGB
	1.385105
	0.260061
	0.097472

	DreamSim
	XGBoost
	1.384917
	0.260376
	0.095285

	DreamSim
	LightGBM
	1.385334
	0.261243
	0.089244

	AIMv2
	OLS
	1.385102
	0.260518
	0.094292

	AIMv2
	Ridge
	1.385001
	0.260760
	0.092614

	AIMv2
	ElasticNet
	1.385145
	0.262458
	0.080759

	AIMv2
	PLS
	1.384883
	0.260616
	0.093613

	AIMv2
	LinearSVR
	1.385050
	0.260576
	0.093895

	AIMv2
	HistGB
	1.386165
	0.264304
	0.067776

	AIMv2
	XGBoost
	1.386216
	0.263135
	0.076009

	AIMv2
	LightGBM
	1.386281
	0.263226
	0.075365


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
Supplementary Table S5b. MAYC image only candidates.
	Encoder
	Regressor
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	0.404791
	0.171091
	0.198917

	DINOv2
	Ridge
	0.404790
	0.171088
	0.198951

	DINOv2
	ElasticNet
	0.404840
	0.171215
	0.197761

	DINOv2
	PLS
	0.404831
	0.171107
	0.198771

	DINOv2
	LinearSVR
	0.404875
	0.171388
	0.196136

	DINOv2
	HistGB
	0.403950
	0.171697
	0.193231

	DINOv2
	XGBoost
	0.403832
	0.171818
	0.192097

	DINOv2
	LightGBM
	0.403781
	0.171603
	0.194123

	CLIP
	OLS
	0.404092
	0.172232
	0.188197

	CLIP
	Ridge
	0.404095
	0.172230
	0.188216

	CLIP
	ElasticNet
	0.404233
	0.172778
	0.183047

	CLIP
	PLS
	0.404202
	0.172685
	0.183921

	CLIP
	LinearSVR
	0.404219
	0.172548
	0.185216

	CLIP
	HistGB
	0.403418
	0.171360
	0.196394

	CLIP
	XGBoost
	0.403747
	0.172571
	0.185001

	CLIP
	LightGBM
	0.403619
	0.171838
	0.191907

	SigLIP 2
	OLS
	0.403730
	0.170401
	0.205372

	SigLIP 2
	Ridge
	0.403730
	0.170399
	0.205384

	SigLIP 2
	ElasticNet
	0.404340
	0.172117
	0.189285

	SigLIP 2
	PLS
	0.403921
	0.171261
	0.197326

	SigLIP 2
	LinearSVR
	0.403871
	0.170639
	0.203145

	SigLIP 2
	HistGB
	0.403715
	0.171680
	0.193397

	SigLIP 2
	XGBoost
	0.403625
	0.171891
	0.191410

	SigLIP 2
	LightGBM
	0.403706
	0.171457
	0.195492

	SAM
	OLS
	0.404185
	0.172933
	0.181577

	SAM
	Ridge
	0.404187
	0.172937
	0.181540

	SAM
	ElasticNet
	0.407150
	0.181993
	0.093572

	SAM
	PLS
	0.404372
	0.173579
	0.175452

	SAM
	LinearSVR
	0.404376
	0.173392
	0.177224

	SAM
	HistGB
	0.404497
	0.173850
	0.172880

	SAM
	XGBoost
	0.404303
	0.174132
	0.170191

	SAM
	LightGBM
	0.404448
	0.174245
	0.169113

	SDXL-VAE
	OLS
	0.402314
	0.168030
	0.227324

	SDXL-VAE
	Ridge
	0.402314
	0.168030
	0.227324

	SDXL-VAE
	ElasticNet
	0.402334
	0.167829
	0.229174

	SDXL-VAE
	PLS
	0.402314
	0.168030
	0.227323

	SDXL-VAE
	LinearSVR
	0.402490
	0.168073
	0.226936

	SDXL-VAE
	HistGB
	0.402659
	0.168535
	0.222678

	SDXL-VAE
	XGBoost
	0.402621
	0.169044
	0.217971

	SDXL-VAE
	LightGBM
	0.402614
	0.168947
	0.218869

	DreamSim
	OLS
	0.403897
	0.169378
	0.214882

	DreamSim
	Ridge
	0.403897
	0.169378
	0.214882

	DreamSim
	ElasticNet
	0.403928
	0.169517
	0.213593

	DreamSim
	PLS
	0.403897
	0.169378
	0.214882

	DreamSim
	LinearSVR
	0.404004
	0.169571
	0.213092

	DreamSim
	HistGB
	0.403762
	0.172086
	0.189571

	DreamSim
	XGBoost
	0.403460
	0.170714
	0.202442

	DreamSim
	LightGBM
	0.403647
	0.170861
	0.201071

	AIMv2
	OLS
	0.404409
	0.170680
	0.202768

	AIMv2
	Ridge
	0.404407
	0.170652
	0.203024

	AIMv2
	ElasticNet
	0.404436
	0.170583
	0.203672

	AIMv2
	PLS
	0.404503
	0.170594
	0.203569

	AIMv2
	LinearSVR
	0.404519
	0.170920
	0.200522

	AIMv2
	HistGB
	0.403706
	0.170392
	0.205453

	AIMv2
	XGBoost
	0.403824
	0.170823
	0.201424

	AIMv2
	LightGBM
	0.403787
	0.170394
	0.205436


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
S6 Early-fusion performance
Supplementary Tables S6a and S6b report all 56 early-fusion encoder/family candidates per collection. TF-IDF and image blocks are concatenated after training-fitted preprocessing. The development-selected representatives are SAM–LinearSVR for BAYC and CLIP–PLS for MAYC. Hyperparameter and fold-specific dimension records accompany the full-precision CSVs.
Supplementary Table S6a. BAYC early fusion candidates.
	Encoder
	Regressor
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	1.387676
	0.258886
	0.105610

	DINOv2
	Ridge
	1.384293
	0.258032
	0.111496

	DINOv2
	ElasticNet
	1.383679
	0.254056
	0.138672

	DINOv2
	PLS
	1.384410
	0.257048
	0.118263

	DINOv2
	LinearSVR
	1.386394
	0.257602
	0.114457

	DINOv2
	HistGB
	1.386060
	0.263351
	0.074487

	DINOv2
	XGBoost
	1.385714
	0.256059
	0.125036

	DINOv2
	LightGBM
	1.386256
	0.266802
	0.050076

	CLIP
	OLS
	1.385996
	0.255310
	0.130146

	CLIP
	Ridge
	1.384413
	0.257452
	0.115487

	CLIP
	ElasticNet
	1.383788
	0.253790
	0.140472

	CLIP
	PLS
	1.384001
	0.252152
	0.151530

	CLIP
	LinearSVR
	1.385885
	0.256373
	0.122888

	CLIP
	HistGB
	1.385993
	0.262796
	0.078389

	CLIP
	XGBoost
	1.385989
	0.256337
	0.123130

	CLIP
	LightGBM
	1.386075
	0.265520
	0.059179

	SigLIP 2
	OLS
	1.389758
	0.255160
	0.131168

	SigLIP 2
	Ridge
	1.383749
	0.252156
	0.151504

	SigLIP 2
	ElasticNet
	1.383636
	0.253230
	0.144261

	SigLIP 2
	PLS
	1.383750
	0.252984
	0.145926

	SigLIP 2
	LinearSVR
	1.384358
	0.252771
	0.147358

	SigLIP 2
	HistGB
	1.385650
	0.258822
	0.106047

	SigLIP 2
	XGBoost
	1.385489
	0.253860
	0.140000

	SigLIP 2
	LightGBM
	1.385919
	0.262072
	0.083459

	SAM
	OLS
	1.384576
	0.253370
	0.143313

	SAM
	Ridge
	1.383597
	0.252143
	0.151593

	SAM
	ElasticNet
	1.383662
	0.252619
	0.148386

	SAM
	PLS
	1.383585
	0.252006
	0.152512

	SAM
	LinearSVR
	1.383534
	0.252528
	0.148999

	SAM
	HistGB
	1.386497
	0.259666
	0.100207

	SAM
	XGBoost
	1.385913
	0.255409
	0.129473

	SAM
	LightGBM
	1.386826
	0.261668
	0.086280

	SDXL-VAE
	OLS
	1.385706
	0.264392
	0.067158

	SDXL-VAE
	Ridge
	1.384351
	0.258167
	0.110571

	SDXL-VAE
	ElasticNet
	1.383771
	0.254690
	0.134365

	SDXL-VAE
	PLS
	1.384661
	0.258080
	0.111168

	SDXL-VAE
	LinearSVR
	1.385148
	0.260172
	0.096696

	SDXL-VAE
	HistGB
	1.384770
	0.254952
	0.132580

	SDXL-VAE
	XGBoost
	1.384844
	0.255558
	0.128453

	SDXL-VAE
	LightGBM
	1.384968
	0.257214
	0.117121

	DreamSim
	OLS
	1.386628
	0.255814
	0.126705

	DreamSim
	Ridge
	1.385040
	0.259643
	0.100367

	DreamSim
	ElasticNet
	1.384008
	0.256250
	0.123725

	DreamSim
	PLS
	1.386597
	0.255447
	0.129213

	DreamSim
	LinearSVR
	1.386293
	0.255647
	0.127846

	DreamSim
	HistGB
	1.385483
	0.258976
	0.104987

	DreamSim
	XGBoost
	1.385122
	0.256351
	0.123036

	DreamSim
	LightGBM
	1.385469
	0.259266
	0.102979

	AIMv2
	OLS
	1.385980
	0.257445
	0.115539

	AIMv2
	Ridge
	1.383664
	0.253405
	0.143080

	AIMv2
	ElasticNet
	1.383686
	0.254141
	0.138092

	AIMv2
	PLS
	1.383836
	0.255150
	0.131232

	AIMv2
	LinearSVR
	1.384624
	0.255825
	0.126636

	AIMv2
	HistGB
	1.386041
	0.261328
	0.088654

	AIMv2
	XGBoost
	1.385849
	0.256407
	0.122654

	AIMv2
	LightGBM
	1.386229
	0.262656
	0.079372


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
Supplementary Table S6b. MAYC early fusion candidates.
	Encoder
	Regressor
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	0.403166
	0.166989
	0.236873

	DINOv2
	Ridge
	0.402436
	0.165215
	0.252998

	DINOv2
	ElasticNet
	0.402352
	0.165170
	0.253411

	DINOv2
	PLS
	0.402455
	0.164992
	0.255016

	DINOv2
	LinearSVR
	0.403163
	0.167201
	0.234937

	DINOv2
	HistGB
	0.402709
	0.168102
	0.226666

	DINOv2
	XGBoost
	0.402538
	0.168089
	0.226788

	DINOv2
	LightGBM
	0.403436
	0.169732
	0.211599

	CLIP
	OLS
	0.402070
	0.166133
	0.244677

	CLIP
	Ridge
	0.401873
	0.165876
	0.247015

	CLIP
	ElasticNet
	0.401910
	0.165715
	0.248475

	CLIP
	PLS
	0.401796
	0.165891
	0.246873

	CLIP
	LinearSVR
	0.402065
	0.166577
	0.240629

	CLIP
	HistGB
	0.402555
	0.167771
	0.229705

	CLIP
	XGBoost
	0.402409
	0.167851
	0.228975

	CLIP
	LightGBM
	0.403062
	0.169336
	0.215271

	SigLIP 2
	OLS
	0.402388
	0.168403
	0.223895

	SigLIP 2
	Ridge
	0.401895
	0.165850
	0.247243

	SigLIP 2
	ElasticNet
	0.401920
	0.165488
	0.250531

	SigLIP 2
	PLS
	0.401870
	0.166108
	0.244900

	SigLIP 2
	LinearSVR
	0.402222
	0.167138
	0.235512

	SigLIP 2
	HistGB
	0.402354
	0.167975
	0.227834

	SigLIP 2
	XGBoost
	0.402350
	0.167161
	0.235297

	SigLIP 2
	LightGBM
	0.403151
	0.169020
	0.218196

	SAM
	OLS
	0.401883
	0.164882
	0.256005

	SAM
	Ridge
	0.401884
	0.164878
	0.256047

	SAM
	ElasticNet
	0.402074
	0.164802
	0.256731

	SAM
	PLS
	0.401957
	0.165059
	0.254410

	SAM
	LinearSVR
	0.402056
	0.165107
	0.253979

	SAM
	HistGB
	0.402565
	0.167367
	0.233412

	SAM
	XGBoost
	0.402338
	0.167613
	0.231158

	SAM
	LightGBM
	0.403681
	0.170944
	0.200292

	SDXL-VAE
	OLS
	0.402348
	0.168893
	0.219373

	SDXL-VAE
	Ridge
	0.401993
	0.168363
	0.224266

	SDXL-VAE
	ElasticNet
	0.401970
	0.167539
	0.231834

	SDXL-VAE
	PLS
	0.402115
	0.168824
	0.220007

	SDXL-VAE
	LinearSVR
	0.402349
	0.168905
	0.219259

	SDXL-VAE
	HistGB
	0.402506
	0.168048
	0.227162

	SDXL-VAE
	XGBoost
	0.402389
	0.167949
	0.228074

	SDXL-VAE
	LightGBM
	0.402580
	0.168368
	0.224220

	DreamSim
	OLS
	0.402874
	0.166802
	0.238581

	DreamSim
	Ridge
	0.402655
	0.165890
	0.246884

	DreamSim
	ElasticNet
	0.402590
	0.166027
	0.245635

	DreamSim
	PLS
	0.402854
	0.166855
	0.238096

	DreamSim
	LinearSVR
	0.402917
	0.166770
	0.238872

	DreamSim
	HistGB
	0.402700
	0.168432
	0.223631

	DreamSim
	XGBoost
	0.402574
	0.167860
	0.228894

	DreamSim
	LightGBM
	0.403353
	0.169677
	0.212103

	AIMv2
	OLS
	0.403295
	0.166700
	0.239508

	AIMv2
	Ridge
	0.402576
	0.165513
	0.250304

	AIMv2
	ElasticNet
	0.402385
	0.166595
	0.240465

	AIMv2
	PLS
	0.402598
	0.165441
	0.250959

	AIMv2
	LinearSVR
	0.403407
	0.166983
	0.236927

	AIMv2
	HistGB
	0.402676
	0.167303
	0.234004

	AIMv2
	XGBoost
	0.402590
	0.167491
	0.232275

	AIMv2
	LightGBM
	0.403199
	0.168603
	0.222049


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
S7 Late-fusion performance
The metadata branch is first selected from the eight TF-IDF families: Ridge for BAYC and XGBoost for MAYC. Each of the 56 image candidates retains its image-only development-selected hyperparameters. The image weight is searched over 0, 0.1, …, 1 on the same chronological validation predictions. This is 616 weighted candidates per collection, or 1,232 total; it is not a joint eight-metadata-family search. Predictions are combined after inverse transformation to original LRP. Image weight 0 corresponds to metadata alone.
Supplementary Tables S7a and S7b report each image candidate with its development-selected weight. The overall representatives are DreamSim–XGBoost with image weight 0.2 in BAYC and SDXL-VAE–PLS with weight 0.4 in MAYC. Full weight-grid records, including all endpoints, are included in the archive. Stacking, gated fusion and dynamically changing weights are not tested. The results provide no general superiority claim over concatenation.
Supplementary Table S7a. BAYC late fusion candidates.
	Encoder
	Regressor
	Image weight
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	0.0
	1.383621
	0.252755
	0.147467

	DINOv2
	Ridge
	0.0
	1.383621
	0.252755
	0.147467

	DINOv2
	ElasticNet
	0.0
	1.383621
	0.252755
	0.147467

	DINOv2
	PLS
	0.0
	1.383621
	0.252755
	0.147467

	DINOv2
	LinearSVR
	0.0
	1.383621
	0.252755
	0.147467

	DINOv2
	HistGB
	0.1
	1.383599
	0.253214
	0.144372

	DINOv2
	XGBoost
	0.1
	1.383609
	0.253349
	0.143459

	DINOv2
	LightGBM
	0.1
	1.383600
	0.253294
	0.143828

	CLIP
	OLS
	0.0
	1.383621
	0.252755
	0.147467

	CLIP
	Ridge
	0.0
	1.383621
	0.252755
	0.147467

	CLIP
	ElasticNet
	0.0
	1.383621
	0.252755
	0.147467

	CLIP
	PLS
	0.1
	1.383617
	0.253238
	0.144210

	CLIP
	LinearSVR
	0.0
	1.383621
	0.252755
	0.147467

	CLIP
	HistGB
	0.1
	1.383610
	0.253191
	0.144523

	CLIP
	XGBoost
	0.1
	1.383610
	0.253235
	0.144230

	CLIP
	LightGBM
	0.1
	1.383611
	0.253261
	0.144052

	SigLIP 2
	OLS
	0.1
	1.383557
	0.252398
	0.149874

	SigLIP 2
	Ridge
	0.2
	1.383563
	0.252442
	0.149581

	SigLIP 2
	ElasticNet
	0.2
	1.383591
	0.252817
	0.147050

	SigLIP 2
	PLS
	0.2
	1.383586
	0.252554
	0.148823

	SigLIP 2
	LinearSVR
	0.2
	1.383560
	0.252373
	0.150046

	SigLIP 2
	HistGB
	0.1
	1.383617
	0.252985
	0.145918

	SigLIP 2
	XGBoost
	0.0
	1.383621
	0.252755
	0.147467

	SigLIP 2
	LightGBM
	0.1
	1.383608
	0.252784
	0.147275

	SAM
	OLS
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	Ridge
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	ElasticNet
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	PLS
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	LinearSVR
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	HistGB
	0.0
	1.383621
	0.252755
	0.147467

	SAM
	XGBoost
	0.1
	1.383616
	0.252807
	0.147116

	SAM
	LightGBM
	0.0
	1.383621
	0.252755
	0.147467

	SDXL-VAE
	OLS
	0.1
	1.383610
	0.252685
	0.147940

	SDXL-VAE
	Ridge
	0.1
	1.383598
	0.252890
	0.146559

	SDXL-VAE
	ElasticNet
	0.2
	1.383586
	0.253122
	0.144993

	SDXL-VAE
	PLS
	0.1
	1.383602
	0.252813
	0.147078

	SDXL-VAE
	LinearSVR
	0.1
	1.383601
	0.252727
	0.147657

	SDXL-VAE
	HistGB
	0.2
	1.383531
	0.252821
	0.147021

	SDXL-VAE
	XGBoost
	0.2
	1.383536
	0.252916
	0.146380

	SDXL-VAE
	LightGBM
	0.2
	1.383554
	0.253008
	0.145763

	DreamSim
	OLS
	0.0
	1.383621
	0.252755
	0.147467

	DreamSim
	Ridge
	0.0
	1.383621
	0.252755
	0.147467

	DreamSim
	ElasticNet
	0.0
	1.383621
	0.252755
	0.147467

	DreamSim
	PLS
	0.0
	1.383621
	0.252755
	0.147467

	DreamSim
	LinearSVR
	0.0
	1.383621
	0.252755
	0.147467

	DreamSim
	HistGB
	0.2
	1.383531
	0.253121
	0.145000

	DreamSim
	XGBoost
	0.2
	1.383520
	0.252935
	0.146253

	DreamSim
	LightGBM
	0.1
	1.383574
	0.252980
	0.145948

	AIMv2
	OLS
	0.1
	1.383602
	0.252957
	0.146105

	AIMv2
	Ridge
	0.1
	1.383602
	0.253016
	0.145703

	AIMv2
	ElasticNet
	0.1
	1.383589
	0.253102
	0.145125

	AIMv2
	PLS
	0.1
	1.383591
	0.252996
	0.145844

	AIMv2
	LinearSVR
	0.1
	1.383606
	0.253004
	0.145789

	AIMv2
	HistGB
	0.1
	1.383612
	0.253132
	0.144925

	AIMv2
	XGBoost
	0.0
	1.383621
	0.252755
	0.147467

	AIMv2
	LightGBM
	0.0
	1.383621
	0.252755
	0.147467


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
Supplementary Table S7b. MAYC late fusion candidates.
	Encoder
	Regressor
	Image weight
	Validation RMSE
	Evaluation RMSE
	Evaluation R²

	DINOv2
	OLS
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	Ridge
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	ElasticNet
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	PLS
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	LinearSVR
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	HistGB
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	XGBoost
	0.0
	0.401970
	0.167479
	0.232385

	DINOv2
	LightGBM
	0.0
	0.401970
	0.167479
	0.232385

	CLIP
	OLS
	0.1
	0.401958
	0.167296
	0.234065

	CLIP
	Ridge
	0.1
	0.401958
	0.167296
	0.234066

	CLIP
	ElasticNet
	0.1
	0.401968
	0.167329
	0.233759

	CLIP
	PLS
	0.1
	0.401964
	0.167327
	0.233781

	CLIP
	LinearSVR
	0.0
	0.401970
	0.167479
	0.232385

	CLIP
	HistGB
	0.1
	0.401951
	0.167426
	0.232877

	CLIP
	XGBoost
	0.0
	0.401970
	0.167479
	0.232385

	CLIP
	LightGBM
	0.0
	0.401970
	0.167479
	0.232385

	SigLIP 2
	OLS
	0.1
	0.401928
	0.167148
	0.235420

	SigLIP 2
	Ridge
	0.1
	0.401929
	0.167148
	0.235419

	SigLIP 2
	ElasticNet
	0.0
	0.401970
	0.167479
	0.232385

	SigLIP 2
	PLS
	0.1
	0.401944
	0.167226
	0.234708

	SigLIP 2
	LinearSVR
	0.1
	0.401946
	0.167182
	0.235110

	SigLIP 2
	HistGB
	0.1
	0.401962
	0.167414
	0.232980

	SigLIP 2
	XGBoost
	0.1
	0.401962
	0.167433
	0.232811

	SigLIP 2
	LightGBM
	0.1
	0.401968
	0.167388
	0.233218

	SAM
	OLS
	0.1
	0.401965
	0.167332
	0.233729

	SAM
	Ridge
	0.1
	0.401965
	0.167333
	0.233725

	SAM
	ElasticNet
	0.0
	0.401970
	0.167479
	0.232385

	SAM
	PLS
	0.0
	0.401970
	0.167479
	0.232385

	SAM
	LinearSVR
	0.0
	0.401970
	0.167479
	0.232385

	SAM
	HistGB
	0.0
	0.401970
	0.167479
	0.232385

	SAM
	XGBoost
	0.0
	0.401970
	0.167479
	0.232385

	SAM
	LightGBM
	0.0
	0.401970
	0.167479
	0.232385

	SDXL-VAE
	OLS
	0.4
	0.401761
	0.166305
	0.243114

	SDXL-VAE
	Ridge
	0.4
	0.401761
	0.166305
	0.243114

	SDXL-VAE
	ElasticNet
	0.4
	0.401779
	0.166334
	0.242847

	SDXL-VAE
	PLS
	0.4
	0.401761
	0.166305
	0.243108

	SDXL-VAE
	LinearSVR
	0.3
	0.401826
	0.166479
	0.241524

	SDXL-VAE
	HistGB
	0.1
	0.401959
	0.167337
	0.233684

	SDXL-VAE
	XGBoost
	0.1
	0.401952
	0.167369
	0.233390

	SDXL-VAE
	LightGBM
	0.2
	0.401935
	0.167289
	0.234129

	DreamSim
	OLS
	0.0
	0.401970
	0.167479
	0.232385

	DreamSim
	Ridge
	0.0
	0.401970
	0.167479
	0.232385

	DreamSim
	ElasticNet
	0.0
	0.401970
	0.167479
	0.232385

	DreamSim
	PLS
	0.0
	0.401970
	0.167479
	0.232385

	DreamSim
	LinearSVR
	0.0
	0.401970
	0.167479
	0.232385

	DreamSim
	HistGB
	0.1
	0.401966
	0.167456
	0.232594

	DreamSim
	XGBoost
	0.1
	0.401961
	0.167388
	0.233224

	DreamSim
	LightGBM
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	OLS
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	Ridge
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	ElasticNet
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	PLS
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	LinearSVR
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	HistGB
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	XGBoost
	0.0
	0.401970
	0.167479
	0.232385

	AIMv2
	LightGBM
	0.0
	0.401970
	0.167479
	0.232385


Every row uses development-selected settings. Full-precision CSVs retain exact hyperparameters and additional metrics. HistGB = histogram gradient boosting. AIMv2 is labeled AIM in the saved runs.
S8 Statistical comparisons
All comparisons use aligned transactions, identical targets and paired predictions. Token-cluster resampling draws tokens with replacement and retains all their sales together. Calendar-block resampling instead draws among 34 non-overlapping 14-day blocks anchored to 2025-01-01 UTC. There are 2,000 replicates per scheme and the saved seed is 20260908. Models are not refitted inside the bootstrap. The schemes assess different dependence assumptions; neither is a joint two-way or model-selection-adjusted bootstrap.
Supplementary Table S8 provides transaction-RMSE contrasts. Negative candidate-minus-reference values favor the candidate. Marginal 95% intervals are exploratory. The 97.5% intervals cover the two collections for an individual contrast; they do not simultaneously cover all six fusion contrasts. Supplementary Table S9 provides comparisons with LRP=0 at the wider 99.375% level corresponding to eight model-by-collection contrasts within a resampling scheme. No bootstrap tail fraction is interpreted as a formal null p value, and no equivalence claim follows from an interval crossing zero. Equal-token intervals are retained in the companion full-precision outputs.
Supplementary Table S8. Paired transaction-RMSE differences for fusion comparisons.
	NFT set
	Sampling
scheme
	Contrast
	Difference
	95% interval
	97.5% interval

	BAYC
	Token
	early − late
	-0.000407
	[-0.001272, 0.000447]
	[-0.001435, 0.000522]

	BAYC
	Token
	early − metadata
	-0.000227
	[-0.000882, 0.000381]
	[-0.000961, 0.000460]

	BAYC
	Token
	late − metadata
	0.000180
	[-0.000435, 0.000813]
	[-0.000494, 0.000945]

	BAYC
	14-day
	early − late
	-0.000407
	[-0.001419, 0.000335]
	[-0.001550, 0.000462]

	BAYC
	14-day
	early − metadata
	-0.000227
	[-0.000953, 0.000267]
	[-0.001079, 0.000334]

	BAYC
	14-day
	late − metadata
	0.000180
	[-0.000398, 0.000848]
	[-0.000498, 0.000948]

	MAYC
	Token
	early − late
	-0.000414
	[-0.001845, 0.000996]
	[-0.002017, 0.001143]

	MAYC
	Token
	early − metadata
	-0.001588
	[-0.003194, -0.000160]
	[-0.003346, 0.000031]

	MAYC
	Token
	late − metadata
	-0.001174
	[-0.002119, -0.000247]
	[-0.002255, -0.000130]

	MAYC
	14-day
	early − late
	-0.000414
	[-0.001865, 0.000832]
	[-0.002089, 0.000970]

	MAYC
	14-day
	early − metadata
	-0.001588
	[-0.003434, -0.000074]
	[-0.003744, 0.000178]

	MAYC
	14-day
	late − metadata
	-0.001174
	[-0.002252, -0.000151]
	[-0.002401, -0.000022]



Supplementary Table S9. Paired comparisons with LRP = 0.
	NFT set
	Resampling
	Model
	Model − zero
	99.375% interval

	BAYC
	Token
	Metadata
	-0.020989
	[-0.042997, -0.008101]

	BAYC
	Token
	Image only
	-0.016146
	[-0.031366, -0.005594]

	BAYC
	Token
	Early fusion
	-0.021216
	[-0.044254, -0.008178]

	BAYC
	Token
	Late fusion
	-0.020809
	[-0.043401, -0.007905]

	BAYC
	14-day
	Metadata
	-0.020989
	[-0.058189, -0.005087]

	BAYC
	14-day
	Image only
	-0.016146
	[-0.042101, -0.003536]

	BAYC
	14-day
	Early fusion
	-0.021216
	[-0.059280, -0.005136]

	BAYC
	14-day
	Late fusion
	-0.020809
	[-0.058016, -0.004987]

	MAYC
	Token
	Metadata
	-0.023711
	[-0.032934, -0.013732]

	MAYC
	Token
	Image only
	-0.023160
	[-0.031271, -0.015086]

	MAYC
	Token
	Early fusion
	-0.025299
	[-0.034749, -0.014583]

	MAYC
	Token
	Late fusion
	-0.024885
	[-0.033599, -0.015607]

	MAYC
	14-day
	Metadata
	-0.023711
	[-0.034140, -0.011932]

	MAYC
	14-day
	Image only
	-0.023160
	[-0.033283, -0.013700]

	MAYC
	14-day
	Early fusion
	-0.025299
	[-0.036774, -0.012945]

	MAYC
	14-day
	Late fusion
	-0.024885
	[-0.035233, -0.013770]



S9 Transaction-quality checks
The strict-clean flag additionally removes observed multi-NFT transaction hashes and reversed buyer–seller pairs for the same token within 24 hours. These are observable screens, not complete wash-trading labels. Independent flag counts can overlap. One wei is a nominal recorded amount; its occurrence is not proof of manipulation. Supplementary Table S10 gives sample counts. There are no one-wei evaluation observations, but there are 9 BAYC and 12 MAYC such training observations before strict filtering.
Supplementary Table S10. Independent transaction-quality flags.
	NFT set
	Period
	All sales
	Strict retained
	Reverse pair
	Multi-NFT hash
	One wei

	BAYC
	Training
	35206
	30427
	1072
	3841
	9

	BAYC
	Evaluation
	5120
	4765
	20
	335
	0

	MAYC
	Training
	95207
	75210
	3425
	17526
	12

	MAYC
	Evaluation
	13019
	11288
	90
	1650
	0


Flags overlap; subtracting the two flag counts does not always equal strict retained rows.
Supplementary Table S11 describes evaluation sales per token. Equal-token RMSE averages squared error within tokens before giving tokens equal weight. First-sale-only evaluation takes the first eligible evaluation observation per token. Neither operation changes the fitted models or constitutes a structural repeated-sales estimator. The fixed-prediction sensitivity file additionally reports reverse-pair exclusion, multi-NFT-hash exclusion and tiny-price screens.
Supplementary Table S11. Evaluation sales frequency per token.
	Collection
	Sales per token
	Tokens
	Sales

	BAYC
	1
	406
	406

	BAYC
	2–5
	831
	2470

	BAYC
	6–10
	207
	1508

	BAYC
	11–20
	50
	651

	BAYC
	21+
	4
	85

	MAYC
	1
	394
	394

	MAYC
	2–5
	1305
	4119

	MAYC
	6–10
	508
	3868

	MAYC
	11–20
	239
	3340

	MAYC
	21+
	46
	1298



For strict-training refits, the selected metadata and early-fusion configurations are held fixed and preprocessing is refitted on the filtered training sample. Full, strict, and strict-minus-one-wei training conditions are compared on the same strict evaluation sample. LRP labels and the base-clean market reference are retained, rather than reconstructing the target under each filter. Table 4 in the main manuscript reports the paired 95% token-cluster intervals. The MAYC point improvement persists but its interval crosses zero after strict training refitting. In the fixed-configuration sensitivity analyses reported in this section, late fusion was evaluated using fixed predictions on filtered evaluation rows. Full pre-2025 model reselection, including conditional late-fusion selection, under all three cleaning conditions is reported separately in the main-text subsection “Reselecting models after cleaning” and Supplementary Section S15 (Tables S25–S28).
S10 Residual correction and temporal stability
Chronological metadata predictions for Q2–Q4 generate raw-LRP residual targets. An image Ridge correction is trained on Q2–Q3 residuals, with Q4 used to choose among penalties 100, 1,000, 10,000, 100,000 and 1,000,000, or a separate no-correction option. The stored alpha=0 denotes no correction, not ordinary least squares. The selected correction is refitted on Q2–Q4 residuals and added to final metadata predictions. SAM features are used for BAYC and CLIP for MAYC, following the selected early-fusion representations.
Because the encoders had already been selected using pooled Q2–Q4 results, Q4 is not an independent test of the entire residual pipeline. The primary BAYC analysis selects no correction. MAYC selects penalty 1,000,000 but worsens later evaluation performance, with partial R² = −0.09894. Strict variants filter residual-learning rows and the evaluation sample, but retain the full-training metadata predictions. They are not the strict-refitted base models of Table 4. Supplementary Table S12 gives all six residual comparisons.
Supplementary Table S12. Residual correction minus primary metadata RMSE.
	Collection
	Residual sample
	Evaluation sales
	Difference
	95% token interval

	BAYC
	Original
	5120
	0.000000
	[0.000000, 0.000000]

	BAYC
	Strict
	4765
	0.000832
	[-0.000264, 0.001974]

	BAYC
	Strict, no one wei
	4765
	0.000832
	[-0.000264, 0.001974]

	MAYC
	Original
	13019
	0.008090
	[0.006739, 0.009496]

	MAYC
	Strict
	11288
	0.008437
	[0.006932, 0.010148]

	MAYC
	Strict, no one wei
	11288
	0.009210
	[0.007450, 0.011105]



Supplementary Table S13 compares fixed representative specifications across development quarters. Within-quarter optimized image weights are descriptive and are not independent future-performance estimates. Supplementary Table S14 instead carries a selection from one quarter into the next using the stored chronological predictions. These two forward checks per collection do not constitute a repeated nested search over new random splits. Large BAYC Q3 errors and MAYC Q4 errors are influenced by extreme nominal-price observations, explaining why pooled development RMSE is much larger than later evaluation RMSE.
Supplementary Table S13. Development-quarter diagnostics for fixed representatives.
	NFT set
	Quarter start
	Sample
	Sales
	Early − meta
	Late − meta
	Within-quarter weight

	BAYC
	04/2024
	all
	3643
	-0.001693
	-0.001451
	0.5

	BAYC
	04/2024
	strict
	3279
	-0.001813
	-0.001521
	0.5

	BAYC
	07/2024
	all
	1150
	0.000006
	0.000098
	0.0

	BAYC
	07/2024
	strict
	1048
	-0.000820
	0.000370
	0.0

	BAYC
	10/2024
	all
	1394
	0.000734
	-0.000643
	0.2

	BAYC
	10/2024
	strict
	1284
	0.000630
	-0.000568
	0.2

	MAYC
	04/2024
	all
	10092
	-0.001256
	-0.000689
	0.7

	MAYC
	04/2024
	strict
	8099
	-0.001625
	-0.000615
	0.7

	MAYC
	07/2024
	all
	2495
	-0.004329
	-0.001409
	0.6

	MAYC
	07/2024
	strict
	2198
	-0.004443
	-0.001532
	0.6

	MAYC
	10/2024
	all
	3634
	0.001361
	0.000309
	0.0

	MAYC
	10/2024
	strict
	3276
	0.001444
	0.000336
	0.0


Weights are selected in the same quarter for description only; they are not forward-test estimates.
Supplementary Table S14. Carrying a prior-quarter selection into the next quarter.
	NFT set
	2024 months
	Forward sales
	Metadata RMSE
	Early RMSE
	Difference

	BAYC
	04 → 07
	1150
	3.176911
	3.176812
	-0.000099

	BAYC
	07 → 10
	1394
	0.321355
	0.329346
	0.007992

	MAYC
	04 → 07
	2495
	0.191822
	0.192349
	0.000527

	MAYC
	07 → 10
	3634
	0.750867
	0.751161
	0.000293



S11 Reproducibility and analysis history
Numerical model, encoder and fusion-weight choices use pre-2025 development errors within each candidate set. The evaluation period was nevertheless examined during study development, before the training window, response transformation and common TF-IDF restriction were finalized. The analyses are therefore retrospective chronological comparisons. Supplementary Table S15 summarizes the analytical sequence and distinguishes recorded execution dates from undocumented decision times.
The v4.1.0 reproducibility package is publicly available at https://doi.org/10.5281/zenodo.23300699 and GitHub Release v4.1.0. It contains 40 datasets with pseudonymized paired targets and predictions, token and calendar grouping indices, source code, development-selection records, input inventories and integrity checks. These released materials are downloadable without contacting the authors. The previous v4.0.3 archive is preserved under legacy_v4_0_3/ and at https://doi.org/10.5281/zenodo.22921602. Independent local replay reproduced 9,550 numerical entries from 1,381 rows across 12 result tables with a maximum absolute difference below 1.91 × 10⁻¹³; 192 explicit bootstrap row-expansion checks passed. The downloaded Zenodo archive was verified against all 250 manifest entries (251 package files). These checks establish reproduction of metrics and intervals conditional on fixed predictions, not an end-to-end refit from raw inputs. Upstream transactions, traits, images and embeddings are not redistributed; requests identifying the relevant files and hashes should be sent to stdream@hanyang.ac.kr, subject to availability and applicable terms.
Execution manifests record Python 3.14.3 for metadata, image and late fusion, and Python 3.12.13 for early fusion. Feature extraction records Python 3.12.13, PyTorch 2.7.1+cu118 and an NVIDIA GeForce GTX 1080 Ti. A complete uniform historical lockfile and total GPU-hours are unavailable.
The benchmark covers eight regression families and seven encoders. It does not test unrelated collections, alternative market-reference windows, nested repetition of the full search, background-removal ablations, separate quadratic or pure LASSO models, stacking or cross-attention. Exploratory specifications outside this benchmark are identified in Supplementary Table S15.
The analytical sequence includes changes in the target, training window, feature representation and candidate set. A token-level aggregated target preceded the transaction-level LRP specification, ln(P/B), with a strictly prior 20-day collection median and no additive log offset. Results under different targets and splits are not directly comparable.
The 2022–2024 fitting window excludes the exceptionally volatile 2021 launch period, while eligible earlier transactions remain available for the past-only market reference. Robust-asinh training compresses extreme responses after logarithmic scaling without guaranteeing normality. Evaluation results had been inspected before these choices, and the common-TF-IDF restriction was post hoc. Exact decision and viewing times are not fully recorded.
Supplementary Table S15. Analytical sequence and interpretation boundaries.
	Recorded stage
	Specification or analysis
	Interpretation boundary

	Target definition; exact date unavailable
	Token-level aggregation was replaced with transaction-level LRP and a strictly prior 20-day collection median; the additive log offset was removed.
	Results under the different targets and splits are not directly comparable.

	8–9 September 2026
	Past-only LRP, the historical evaluation window and expanded Ridge penalties were specified.
	The study had a history of exploration; this was not a study-wide preregistration.

	17 September 2026
	A seven-encoder analysis evaluated the 2025–2026 window.
	Evaluation outcomes were available before later design choices; execution times do not establish viewing times.

	18–20 September 2026
	TF-IDF comparisons and eight-family early fusion were specified. A nine-family exploratory robust-asinh analysis, including RandomForest, preceded the eight-family benchmark.
	RandomForest is outside the reported eight-family comparison. The candidate-set changes were made after evaluation outcomes were available.

	Undated design choices
	The fitting window was restricted to 2022–2024; robust-asinh training and the common-TF-IDF restriction were adopted.
	Evaluation had been inspected before the window and transformation choices; the TF-IDF restriction was post hoc. Exact decision times are unavailable.

	21–22 September 2026
	One-hot and TF-IDF early-fusion analyses, conditional late fusion, fixed-configuration cleaning refits, residual corrections and temporal diagnostics were evaluated.
	Numerical choices within each candidate set used pre-2025 errors; the evaluation window was reused. Fixed-configuration cleaning did not repeat selection.

	9–10 October 2026
	Seen/unseen subsets were defined from 2022–2024 training membership; matched-learner and controlled row/count comparisons were evaluated.
	Primary representatives remained fixed. Controlled fitting used a common environment, distinct from the primary benchmark environment.

	10–11 October 2026
	Complete selection was performed under base-clean, strict-clean and strict-clean excluding one-wei transactions, with uniform count-based fitting.
	All conditions retained the LRP target and base-clean reference. Choices were frozen before evaluation in this execution, but study-wide evaluation exposure remained.



An exploratory nine-family specification included RandomForest, whereas the reported benchmark uses eight families. Alternative target-transform specifications are not a complete factorial sensitivity analysis over all encoders, learners and reference windows.
Pre-2025 numerical selection within a candidate set does not remove dependence of the broader study design on previously inspected evaluation outcomes. The fixed-prediction intervals quantify neither that design uncertainty nor the uncertainty of repeating the complete model search. Independent evaluation data are required to assess prospective generalization.
S12 Related studies
Lee, Lee and Koo (2024) studied BAYC rarity and prices using formal concept analysis, and Lee, Koo and Lee (2025) studied linear and quadratic BAYC TF-IDF regressions [5,6]. Overlap in collections, tokens and broad metadata and market-relative-price ideas is expected. An exact record-level overlap count is unavailable because the study-specific exports and matching decisions have not been reconciled. The present experiments use independently developed code and text.
Lee, Lee and Koo (2026) studied variable selection for Azuki [7], which is not in the present dataset.
S13 Performance on seen and unseen tokens
Seen and unseen tokens are defined by membership in the actual 2022–2024 regression-training token set, retaining the primary benchmark predictions. BAYC unseen comprises 1,582 sales of 486 tokens, and MAYC unseen comprises 2,100 sales of 464 tokens. The early- and late-fusion differences relative to metadata have 95% intervals containing zero under both token-cluster and calendar-block resampling in both unseen subsets; this conclusion also holds for equal-token RMSE. The MAYC unseen early-fusion point estimate reduces transaction RMSE by 2.54%, but its token-cluster interval for the difference is [−0.012513, 0.001404] and its calendar-block interval is [−0.010847, 0.000892]. Thus, the positive point estimate does not establish an improvement for these tokens. In the MAYC seen subset, late fusion has lower transaction RMSE than metadata with intervals below zero under both schemes, retaining a favorable conditional result.
Unseen here means absent from the specified regression-training window, not first appearing in the collection or absent from encoder pretraining. No subgroup model reselection is performed. Different subgroup target distributions and transaction compositions prevent treating the difference between seen and unseen RMSE levels as a causal effect of token overlap. These within-collection subsets do not test transfer to a new collection.
All subgroup results retain the primary benchmark models. Negative candidate-minus-reference differences favor the candidate. Each bootstrap uses 2,000 paired replicates and seed 20260908. Calendar blocks are non-overlapping 14-day intervals anchored at 1 January 2025 UTC; intervals condition on the fitted predictions.
Supplementary Table S16. Evaluation subgroup counts.
	Collection
	Subgroup
	Sales
	Tokens
	Sales percent
	14 day blocks

	BAYC
	seen
	3,538
	1,012
	69.10%
	34

	BAYC
	unseen
	1,582
	486
	30.90%
	34

	MAYC
	seen
	10,919
	2,028
	83.87%
	34

	MAYC
	unseen
	2,100
	464
	16.13%
	34


Supplementary Table S17. Complete subgroup performance on the original LRP scale.
	Collection
	Subgroup
	Model
	RMSE
	MAE
	R squared
	Equal token RMSE

	BAYC
	seen
	zero
	0.296373
	0.118752
	-0.000324
	0.345947

	BAYC
	seen
	metadata
	0.276625
	0.108465
	0.128546
	0.290115

	BAYC
	seen
	image
	0.282318
	0.112214
	0.092306
	0.303849

	BAYC
	seen
	early
	0.276477
	0.108484
	0.129475
	0.288869

	BAYC
	seen
	late
	0.276507
	0.108018
	0.129287
	0.288812

	BAYC
	unseen
	zero
	0.214671
	0.116238
	-0.003840
	0.264279

	BAYC
	unseen
	metadata
	0.188748
	0.103513
	0.223956
	0.208621

	BAYC
	unseen
	image
	0.191071
	0.106841
	0.204737
	0.208126

	BAYC
	unseen
	early
	0.188246
	0.103219
	0.228079
	0.207307

	BAYC
	unseen
	late
	0.189910
	0.104273
	0.214374
	0.211826

	MAYC
	seen
	zero
	0.188391
	0.107036
	-0.002130
	0.238858

	MAYC
	seen
	metadata
	0.165536
	0.089659
	0.226266
	0.197392

	MAYC
	seen
	image
	0.166312
	0.089833
	0.218994
	0.198757

	MAYC
	seen
	early
	0.164542
	0.088645
	0.235529
	0.195068

	MAYC
	seen
	late
	0.164396
	0.088667
	0.236886
	0.195839

	MAYC
	unseen
	zero
	0.205131
	0.122778
	-0.012659
	0.273266

	MAYC
	unseen
	metadata
	0.177238
	0.099824
	0.244007
	0.233226

	MAYC
	unseen
	image
	0.176695
	0.099594
	0.248640
	0.230061

	MAYC
	unseen
	early
	0.172734
	0.097811
	0.281945
	0.223485

	MAYC
	unseen
	late
	0.175897
	0.098826
	0.255408
	0.230403


Supplementary Table S18. Paired subgroup transaction-RMSE contrasts.
	NFT set
	Subgroup
	Contrast
	Delta RMSE
	95% token CI
	95% calendar CI

	BAYC
	seen
	early − metadata
	-0.000147
	[-0.001049, 0.000579]
	[-0.001001, 0.000452]

	BAYC
	seen
	late − metadata
	-0.000118
	[-0.000816, 0.000520]
	[-0.000780, 0.000433]

	BAYC
	seen
	early − late
	-0.000030
	[-0.000907, 0.000900]
	[-0.000704, 0.000632]

	BAYC
	unseen
	early − metadata
	-0.000502
	[-0.001778, 0.000518]
	[-0.001639, 0.000390]

	BAYC
	unseen
	late − metadata
	0.001162
	[-0.000179, 0.003460]
	[-0.000500, 0.003778]

	BAYC
	unseen
	early − late
	-0.001664
	[-0.004801, 0.000269]
	[-0.005036, 0.000460]

	MAYC
	seen
	early − metadata
	-0.000994
	[-0.002294, 0.000225]
	[-0.002320, 0.000232]

	MAYC
	seen
	late − metadata
	-0.001140
	[-0.002133, -0.000130]
	[-0.002315, -0.000030]

	MAYC
	seen
	early − late
	0.000146
	[-0.001274, 0.001626]
	[-0.001107, 0.001342]

	MAYC
	unseen
	early − metadata
	-0.004504
	[-0.012513, 0.001404]
	[-0.010847, 0.000892]

	MAYC
	unseen
	late − metadata
	-0.001341
	[-0.004597, 0.001446]
	[-0.004277, 0.001143]

	MAYC
	unseen
	early − late
	-0.003163
	[-0.007997, 0.000486]
	[-0.007077, -0.000005]


Supplementary Table S19. Paired subgroup equal-token RMSE contrasts.
	Collection
	Subgroup
	Contrast
	Delta equal token RMSE
	95% token CI

	BAYC
	seen
	early − metadata
	-0.001246
	[-0.003657, 0.000522]

	BAYC
	seen
	late − metadata
	-0.001303
	[-0.002750, -0.000140]

	BAYC
	seen
	early − late
	0.000056
	[-0.001784, 0.001832]

	BAYC
	unseen
	early − metadata
	-0.001314
	[-0.003534, 0.000448]

	BAYC
	unseen
	late − metadata
	0.003205
	[-0.000198, 0.008995]

	BAYC
	unseen
	early − late
	-0.004519
	[-0.012001, -0.000058]

	MAYC
	seen
	early − metadata
	-0.002324
	[-0.005022, 0.000733]

	MAYC
	seen
	late − metadata
	-0.001553
	[-0.002883, -0.000054]

	MAYC
	seen
	early − late
	-0.000771
	[-0.003413, 0.002258]

	MAYC
	unseen
	early − metadata
	-0.009741
	[-0.027601, 0.001669]

	MAYC
	unseen
	late − metadata
	-0.002822
	[-0.009535, 0.001956]

	MAYC
	unseen
	early − late
	-0.006918
	[-0.018171, 0.000101]


S14 Comparing feature sets and fitting methods
In the primary benchmark, all eight MAYC early-fusion learner families have higher point-estimate transaction RMSE than their metadata counterparts. In particular, metadata PLS has RMSE 0.164707, compared with 0.165891 for CLIP early PLS. The early-minus-metadata difference is 0.001184, with token-cluster 95% CI [0.000209, 0.002230] and calendar-block CI [0.000396, 0.002120]. Metadata and early fusion retain their separately development-selected 32 and 16 PLS components. The higher early-fusion error is maintained when both are refitted with transaction rows and when both use count-based fitting in the same software environment.
The fitting-representation comparison includes 196 fitting pairs across the three development folds and final fitting. The four frozen overall-representative early/late-versus-metadata contrasts retain their point-estimate directions and exploratory token/calendar interval classifications when fitting representation is changed while configuration is held fixed. This stability does not extend to every within-family contrast: 6 of 32 image/early-minus-metadata point directions and 6 token-interval classifications differ between row and count-based fitting. For example, the BAYC LightGBM early-minus-metadata point difference is 0.002094 with transaction rows and −0.010431 with count-based fitting. The result for all eight MAYC families is specific to the primary benchmark; it does not hold under every fitting representation.
The fixed-configuration audit and the full reselection analysis answer different questions. A stable contrast for a frozen representative does not establish that the same learner, encoder, setting or weight would be selected after the fitting representation or transaction filters change.
Feature-specific encoders and hyperparameters are independently selected using pre-2025 development data. The primary benchmark uses transaction rows for metadata and count-based fitting for image-only and early fusion. Controlled row/count comparisons refit each configuration in the same software environment. HGB denotes HistGradientBoosting. The primary benchmark uses scikit-learn 1.9.0, whereas the controlled comparisons use 1.8.0. Full settings and metrics are recorded in frozen_cases.csv, performance.csv and paired_comparisons.csv.
Supplementary Table S20a. Primary benchmark BAYC matched-family transaction RMSE.
	Learner
	Metadata
	Image encoder / RMSE
	Early encoder / RMSE

	OLS
	0.251954
	AIM / 0.260518
	SAM / 0.253370

	Ridge
	0.252755
	SDXL_VAE / 0.258090
	SAM / 0.252143

	ElasticNet
	0.252630
	SDXL_VAE / 0.257598
	SigLIP2 / 0.253230

	PLS
	0.252229
	SigLIP2 / 0.256494
	SAM / 0.252006

	LinearSVR
	0.252633
	SigLIP2 / 0.258490
	SAM / 0.252528

	HGB
	0.255337
	SDXL_VAE / 0.255675
	SDXL_VAE / 0.254952

	XGBoost
	0.253755
	SDXL_VAE / 0.257801
	SDXL_VAE / 0.255558

	LightGBM
	0.253531
	SDXL_VAE / 0.257839
	SDXL_VAE / 0.257214


Supplementary Table S21a. Primary benchmark BAYC early-minus-metadata uncertainty.
	Learner
	Early − metadata
	95% token CI
	95% calendar CI

	OLS
	0.001416
	[-0.000044, 0.003314]
	[0.000085, 0.003337]

	Ridge
	-0.000612
	[-0.001483, 0.000032]
	[-0.001663, -0.000021]

	ElasticNet
	0.000600
	[0.000072, 0.001308]
	[-0.000039, 0.001647]

	PLS
	-0.000223
	[-0.000929, 0.000404]
	[-0.000941, 0.000339]

	LinearSVR
	-0.000105
	[-0.000573, 0.000353]
	[-0.000608, 0.000279]

	HGB
	-0.000384
	[-0.005449, 0.003326]
	[-0.007812, 0.003784]

	XGBoost
	0.001803
	[-0.001799, 0.004797]
	[-0.002460, 0.004947]

	LightGBM
	0.003683
	[0.001936, 0.005981]
	[0.001835, 0.006283]


Supplementary Table S20b. Primary benchmark MAYC matched-family transaction RMSE.
	Learner
	Metadata
	Image encoder / RMSE
	Early encoder / RMSE

	OLS
	0.164707
	SDXL_VAE / 0.168030
	SAM / 0.164882

	Ridge
	0.164707
	SDXL_VAE / 0.168030
	CLIP / 0.165876

	ElasticNet
	0.164790
	SDXL_VAE / 0.167829
	CLIP / 0.165715

	PLS
	0.164707
	SDXL_VAE / 0.168030
	CLIP / 0.165891

	LinearSVR
	0.164960
	SDXL_VAE / 0.168073
	SAM / 0.165107

	HGB
	0.166524
	SDXL_VAE / 0.168535
	SigLIP2 / 0.167975

	XGBoost
	0.167479
	SDXL_VAE / 0.169044
	SAM / 0.167613

	LightGBM
	0.167178
	SDXL_VAE / 0.168947
	SDXL_VAE / 0.168368


Supplementary Table S21b. Primary benchmark MAYC early-minus-metadata uncertainty.
	Learner
	Early − metadata
	95% token CI
	95% calendar CI

	OLS
	0.000175
	[-0.000644, 0.000886]
	[-0.000529, 0.000741]

	Ridge
	0.001168
	[0.000189, 0.002065]
	[0.000556, 0.001819]

	ElasticNet
	0.000925
	[-0.000007, 0.001753]
	[0.000335, 0.001490]

	PLS
	0.001184
	[0.000209, 0.002230]
	[0.000396, 0.002120]

	LinearSVR
	0.000146
	[-0.000542, 0.000766]
	[-0.000466, 0.000649]

	HGB
	0.001451
	[-0.001179, 0.003950]
	[-0.001327, 0.003799]

	XGBoost
	0.000134
	[-0.001034, 0.001334]
	[-0.001204, 0.001392]

	LightGBM
	0.001189
	[-0.000991, 0.003129]
	[-0.001348, 0.003145]


Supplementary Table S22a. BAYC: image versus metadata in the controlled software environment.
	Learner / fit
	Metadata
	Candidate
	ΔRMSE
	95% token CI
	95% calendar CI

	OLS / row
	0.251954
	0.260518
	0.008564
	[0.003906, 0.015579]
	[0.003381, 0.019336]

	OLS / counted
	0.251954
	0.260518
	0.008564
	[0.003906, 0.015579]
	[0.003381, 0.019336]

	Ridge / row
	0.252755
	0.258090
	0.005334
	[0.001414, 0.011641]
	[0.001235, 0.014269]

	Ridge / counted
	0.252755
	0.258090
	0.005334
	[0.001414, 0.011641]
	[0.001235, 0.014269]

	ElasticNet / row
	0.252630
	0.257599
	0.004969
	[0.001507, 0.010318]
	[0.001252, 0.012987]

	ElasticNet / counted
	0.252630
	0.257598
	0.004968
	[0.001506, 0.010316]
	[0.001252, 0.012984]

	PLS / row
	0.252229
	0.256494
	0.004264
	[0.001492, 0.007711]
	[0.001109, 0.009493]

	PLS / counted
	0.252229
	0.256494
	0.004264
	[0.001492, 0.007711]
	[0.001109, 0.009493]

	LinearSVR / row
	0.252633
	0.258490
	0.005857
	[0.001303, 0.012688]
	[0.000740, 0.015990]

	LinearSVR / counted
	0.252633
	0.258490
	0.005857
	[0.001303, 0.012687]
	[0.000740, 0.015988]

	HGB / row
	0.255337
	0.257713
	0.002377
	[-0.000222, 0.005139]
	[-0.000532, 0.005115]

	HGB / counted
	0.262622
	0.255675
	-0.006947
	[-0.020256, 0.002511]
	[-0.025170, 0.002966]

	XGBoost / row
	0.253755
	0.257664
	0.003910
	[-0.000301, 0.007905]
	[-0.000739, 0.008220]

	XGBoost / counted
	0.253755
	0.257801
	0.004046
	[0.000487, 0.007516]
	[0.000147, 0.007886]

	LightGBM / row
	0.253531
	0.257352
	0.003821
	[0.000280, 0.007353]
	[-0.000441, 0.007639]

	LightGBM / counted
	0.267645
	0.257839
	-0.009807
	[-0.022829, -0.000565]
	[-0.030269, 0.000837]


Supplementary Table S22b. BAYC: early versus metadata in the controlled software environment.
	Learner / fit
	Metadata
	Candidate
	ΔRMSE
	95% token CI
	95% calendar CI

	OLS / row
	0.251954
	0.253370
	0.001416
	[-0.000044, 0.003314]
	[0.000085, 0.003337]

	OLS / counted
	0.251954
	0.253370
	0.001416
	[-0.000044, 0.003314]
	[0.000085, 0.003337]

	Ridge / row
	0.252755
	0.252143
	-0.000612
	[-0.001483, 0.000032]
	[-0.001663, -0.000021]

	Ridge / counted
	0.252755
	0.252143
	-0.000612
	[-0.001483, 0.000032]
	[-0.001663, -0.000021]

	ElasticNet / row
	0.252630
	0.253230
	0.000600
	[0.000072, 0.001308]
	[-0.000039, 0.001647]

	ElasticNet / counted
	0.252630
	0.253230
	0.000600
	[0.000072, 0.001308]
	[-0.000039, 0.001647]

	PLS / row
	0.252229
	0.252006
	-0.000223
	[-0.000929, 0.000404]
	[-0.000941, 0.000339]

	PLS / counted
	0.252229
	0.252006
	-0.000223
	[-0.000929, 0.000404]
	[-0.000941, 0.000339]

	LinearSVR / row
	0.252633
	0.252526
	-0.000107
	[-0.000579, 0.000354]
	[-0.000610, 0.000277]

	LinearSVR / counted
	0.252633
	0.252528
	-0.000105
	[-0.000573, 0.000353]
	[-0.000608, 0.000279]

	HGB / row
	0.255337
	0.255550
	0.000213
	[-0.004773, 0.003747]
	[-0.006338, 0.004168]

	HGB / counted
	0.262622
	0.255165
	-0.007457
	[-0.020235, 0.001868]
	[-0.026558, 0.002609]

	XGBoost / row
	0.253755
	0.255826
	0.002071
	[-0.000836, 0.004888]
	[-0.001066, 0.005023]

	XGBoost / counted
	0.253755
	0.255558
	0.001803
	[-0.001799, 0.004797]
	[-0.002460, 0.004947]

	LightGBM / row
	0.253531
	0.255625
	0.002094
	[-0.000290, 0.005011]
	[-0.000344, 0.005055]

	LightGBM / counted
	0.267645
	0.257214
	-0.010431
	[-0.019810, -0.003322]
	[-0.025748, -0.002280]


Supplementary Table S22c. MAYC: image versus metadata in the controlled software environment.
	Learner / fit
	Metadata
	Candidate
	ΔRMSE
	95% token CI
	95% calendar CI

	OLS / row
	0.164707
	0.168030
	0.003323
	[0.001111, 0.005785]
	[0.001444, 0.005270]

	OLS / counted
	0.164707
	0.168030
	0.003323
	[0.001111, 0.005785]
	[0.001444, 0.005270]

	Ridge / row
	0.164707
	0.168030
	0.003323
	[0.001111, 0.005784]
	[0.001444, 0.005270]

	Ridge / counted
	0.164707
	0.168030
	0.003323
	[0.001111, 0.005784]
	[0.001444, 0.005270]

	ElasticNet / row
	0.164790
	0.167829
	0.003039
	[0.000946, 0.005157]
	[0.001109, 0.004830]

	ElasticNet / counted
	0.164790
	0.167829
	0.003039
	[0.000946, 0.005157]
	[0.001109, 0.004830]

	PLS / row
	0.164707
	0.168030
	0.003323
	[0.001113, 0.005784]
	[0.001445, 0.005271]

	PLS / counted
	0.164707
	0.168030
	0.003323
	[0.001113, 0.005784]
	[0.001445, 0.005271]

	LinearSVR / row
	0.164960
	0.168071
	0.003111
	[0.000977, 0.005412]
	[0.001234, 0.004979]

	LinearSVR / counted
	0.164961
	0.168073
	0.003112
	[0.000977, 0.005414]
	[0.001236, 0.004981]

	HGB / row
	0.166524
	0.168751
	0.002228
	[0.000327, 0.004145]
	[0.000322, 0.003872]

	HGB / counted
	0.167284
	0.168535
	0.001251
	[-0.000665, 0.003068]
	[-0.000340, 0.002949]

	XGBoost / row
	0.167479
	0.168972
	0.001493
	[-0.001302, 0.003768]
	[-0.001615, 0.003717]

	XGBoost / counted
	0.167821
	0.169044
	0.001223
	[-0.001692, 0.003646]
	[-0.002037, 0.003558]

	LightGBM / row
	0.167178
	0.168556
	0.001378
	[-0.000959, 0.003395]
	[-0.001164, 0.003386]

	LightGBM / counted
	0.171471
	0.168947
	-0.002524
	[-0.004599, -0.000611]
	[-0.004464, -0.000484]


Supplementary Table S22d. MAYC: early versus metadata in the controlled software environment.
	Learner / fit
	Metadata
	Candidate
	ΔRMSE
	95% token CI
	95% calendar CI

	OLS / row
	0.164707
	0.164882
	0.000175
	[-0.000644, 0.000886]
	[-0.000529, 0.000741]

	OLS / counted
	0.164707
	0.164882
	0.000175
	[-0.000644, 0.000886]
	[-0.000529, 0.000741]

	Ridge / row
	0.164707
	0.165876
	0.001168
	[0.000189, 0.002065]
	[0.000556, 0.001819]

	Ridge / counted
	0.164707
	0.165876
	0.001168
	[0.000189, 0.002065]
	[0.000556, 0.001819]

	ElasticNet / row
	0.164790
	0.165715
	0.000925
	[-0.000007, 0.001753]
	[0.000334, 0.001490]

	ElasticNet / counted
	0.164790
	0.165715
	0.000925
	[-0.000007, 0.001753]
	[0.000335, 0.001490]

	PLS / row
	0.164707
	0.165891
	0.001184
	[0.000209, 0.002230]
	[0.000396, 0.002120]

	PLS / counted
	0.164707
	0.165891
	0.001184
	[0.000209, 0.002230]
	[0.000396, 0.002120]

	LinearSVR / row
	0.164960
	0.165105
	0.000145
	[-0.000544, 0.000766]
	[-0.000468, 0.000647]

	LinearSVR / counted
	0.164961
	0.165107
	0.000146
	[-0.000542, 0.000766]
	[-0.000466, 0.000649]

	HGB / row
	0.166524
	0.166729
	0.000205
	[-0.001231, 0.001630]
	[-0.001302, 0.001511]

	HGB / counted
	0.167284
	0.167533
	0.000249
	[-0.000573, 0.001093]
	[-0.000395, 0.000865]

	XGBoost / row
	0.167479
	0.167245
	-0.000234
	[-0.001866, 0.001156]
	[-0.002089, 0.001263]

	XGBoost / counted
	0.167821
	0.167613
	-0.000208
	[-0.001670, 0.001148]
	[-0.001853, 0.001285]

	LightGBM / row
	0.167178
	0.167901
	0.000722
	[-0.001060, 0.002313]
	[-0.001289, 0.002374]

	LightGBM / counted
	0.171471
	0.168368
	-0.003104
	[-0.005230, -0.001198]
	[-0.005131, -0.000973]


Supplementary Table S23. Maximum differences between fitting representations by learner.
	Learner
	Pairs
	Prediction |Δ|
	Eval. |ΔRMSE|
	Dev. |ΔRMSE|
	Control–primary |ΔRMSE|

	OLS
	24
	8.31e-13
	8.88e-16
	4.44e-16
	5.55e-17

	Ridge
	24
	1.83e-13
	3.61e-16
	1.11e-16
	0

	ElasticNet
	24
	0.00061
	8.59e-07
	1.51e-07
	2.78e-17

	PLS
	24
	7.06e-14
	1.11e-16
	2.22e-16
	0

	LinearSVR
	24
	0.00161
	1.77e-06
	5.93e-07
	2.78e-17

	HGB
	24
	1.59
	0.00729
	0.000694
	0.000441

	XGBoost
	28
	0.599
	0.000777
	0.000409
	0

	LightGBM
	24
	1.73
	0.0141
	0.00185
	0


Maxima are taken across both collections and all fixed feature groups within each learner. Prediction differences and metric differences measure distinct quantities. The Control–primary column compares a primary fitting configuration refitted in the controlled software environment with its primary benchmark prediction. Both members of each row/count pair use the same controlled environment.
Supplementary Table S24. Frozen overall representatives under alternative fitting representations.
	NFT set
	Fusion
	Fit
	Metadata RMSE
	Fusion RMSE
	Δ
	Token 95% CI

	BAYC
	early
	primary
	0.252755
	0.252528
	-0.000227
	[-0.000882, 0.000381]

	BAYC
	late
	primary
	0.252755
	0.252935
	0.000180
	[-0.000435, 0.000813]

	BAYC
	early
	row
	0.252755
	0.252526
	-0.000229
	[-0.000885, 0.000380]

	BAYC
	late
	row
	0.252755
	0.252967
	0.000212
	[-0.000325, 0.000772]

	BAYC
	early
	counted
	0.252755
	0.252528
	-0.000227
	[-0.000882, 0.000381]

	BAYC
	late
	counted
	0.252755
	0.252935
	0.000180
	[-0.000435, 0.000813]

	MAYC
	early
	primary
	0.167479
	0.165891
	-0.001588
	[-0.003194, -0.000160]

	MAYC
	late
	primary
	0.167479
	0.166305
	-0.001174
	[-0.002119, -0.000247]

	MAYC
	early
	row
	0.167479
	0.165891
	-0.001588
	[-0.003194, -0.000160]

	MAYC
	late
	row
	0.167479
	0.166305
	-0.001174
	[-0.002119, -0.000247]

	MAYC
	early
	counted
	0.167821
	0.165891
	-0.001930
	[-0.003618, -0.000315]

	MAYC
	late
	counted
	0.167821
	0.166495
	-0.001326
	[-0.002413, -0.000272]


The overall representatives can use different learners. Late-fusion branches and image weights remain fixed at BAYC 0.2 and MAYC 0.4. These are fixed-configuration checks, not a new search, and no representative is replaced using evaluation results. Calendar intervals and equal-token results are retained in the paired numerical outputs.
S15 Model selection after cleaning
To assess sensitivity of model selection to transaction quality, we repeat the complete pre-2025 development search under base-clean, strict-clean and strict-clean excluding nominal one-wei transactions. Each filter applies to both training and development-validation rows. The LRP target and base-clean market reference remain fixed, while training-dependent preprocessing and PCA are fitted within each retained training portion. Metadata, image-only and early-fusion models use count-based fitting under all three conditions. A base-clean control fitted in the same software environment separates cleaning comparisons from differences in fitting representation or software version.
At least one selected encoder, learner, setting, component branch or weight changes in 13 of the 16 representative configurations under the two strict variants relative to that base control. BAYC metadata changes from Ridge to LinearSVR, while its early representative changes from SAM/LinearSVR to SigLIP 2/ElasticNet. Its late image weight changes from 0.2 to 0.3. MAYC metadata changes from XGBoost to OLS under strict cleaning and to PLS when nominal one-wei observations are also excluded; its late image weight changes from 0.4 to 0.3 and 0.1, respectively. These are descriptive changes in a specified set of configurations, not an estimated frequency of instability.
On common base-clean evaluation rows, BAYC strict-selected early-minus-metadata differences are 0.000776 under strict training and 0.000756 with nominal one-wei observations also excluded; both dependence-sensitive 95% intervals are above zero. The MAYC strict-selected early difference is 0.001607 with both intervals above zero, whereas the strict-without-one-wei difference is 0.000047 with both intervals containing zero. For strict-selected late fusion, the transaction-RMSE intervals relative to metadata contain zero in both collections, both strict variants and both common evaluation sets.
Favorable conditional results remain: the uniform base-trained MAYC late pipeline has a lower error than its metadata control on the base evaluation set, and both base-trained MAYC fusion pipelines have lower errors on the strict evaluation subset. These contrasts do not establish improvement after strict-training reselection. In the latter analysis, late fusion has lower error than early fusion under both resampling schemes for the two BAYC strict variants and the MAYC strict condition, on both common evaluation sets. The MAYC strict-without-one-wei early-versus-late intervals contain zero. Hence, the fusion-strategy ordering is conditional.
Development RMSE levels use different filtered validation samples across conditions and are not interpreted as paired cleaning benefits. Comparison with the primary benchmark can also include fitting-representation or software-version effects. The 95% intervals for these comparisons are exploratory and condition on fitted predictions.
The three-condition, two-collection search comprises 15,930 development fitting attempts; 191 fail convergence or validity checks and are ineligible. Numerical selection is completed before final fitting and evaluation. TF-IDF, scaling, robust-asinh parameters and fold-local PCA are fitted using the retained training data. All feature groups use count-based fitting, and all cleaning conditions, including the base-clean control, use the same software environment. The primary benchmark uses scikit-learn 1.9.0; the controlled fitting comparisons and cleaning search use 1.8.0. Cleaning comparisons use common base-clean evaluation rows and, separately, common strict-clean rows. Target labels and market-reference histories remain fixed.
Base denotes base-clean training and validation with the common count-based fitting specification; Strict denotes strict-clean training and validation; Strict−wei additionally excludes nominal one-wei observations. HGB denotes HistGradientBoosting. Evaluation subsets are identified separately. The base-clean MAYC control selects XGBoost learning_rate=0.05, whereas the primary benchmark selects 0.1; differences between these predictions cannot be attributed solely to cleaning.
Supplementary Table S25. Retained training cohorts.
	Collection
	Training condition
	Training transactions
	Training tokens
	Remaining nominal one wei

	BAYC
	Base
	35206
	5746
	9

	BAYC
	Strict
	30427
	5692
	3

	BAYC
	Strict−wei
	30424
	5692
	0

	MAYC
	Base
	95207
	9568
	12

	MAYC
	Strict
	75210
	9516
	10

	MAYC
	Strict−wei
	75200
	9515
	0


Supplementary Table S26a. BAYC development-selected configurations.
	Condition / group
	Encoder / learner
	Settings
	Metadata / image weight
	Dev. RMSE

	Base / metadata
	TF_IDF / Ridge
	{alpha: 1000}
	—
	1.383621

	Base / image
	SDXL_VAE / ElasticNet
	{alpha: 0.01, l1_ratio: 0.1}
	—
	1.384381

	Base / early
	SAM / LinearSVR
	{C: 0.01, epsilon: 0.2}
	—
	1.383534

	Base / late
	DreamSim / XGBoost
	{l2_regularization: 1, learning_rate: 0.1, max_leaf_nodes: 15}
	Ridge / 0.2
	1.383520

	Strict / metadata
	TF_IDF / LinearSVR
	{C: 1, epsilon: 0.2}
	—
	0.254042

	Strict / image
	SDXL_VAE / ElasticNet
	{alpha: 0.01, l1_ratio: 0.1}
	—
	0.257114

	Strict / early
	SigLIP2 / ElasticNet
	{alpha: 0.01, l1_ratio: 0.5}
	—
	0.253590

	Strict / late
	SigLIP2 / Ridge
	{alpha: 100}
	LinearSVR / 0.3
	0.252951

	Strict−wei / metadata
	TF_IDF / LinearSVR
	{C: 1, epsilon: 0.2}
	—
	0.254069

	Strict−wei / image
	SDXL_VAE / ElasticNet
	{alpha: 0.01, l1_ratio: 0.1}
	—
	0.257029

	Strict−wei / early
	SigLIP2 / ElasticNet
	{alpha: 0.01, l1_ratio: 0.5}
	—
	0.253592

	Strict−wei / late
	SigLIP2 / Ridge
	{alpha: 100}
	LinearSVR / 0.3
	0.252958


Supplementary Table S26b. MAYC development-selected configurations.
	Condition / group
	Encoder / learner
	Settings
	Metadata / image weight
	Dev. RMSE

	Base / metadata
	TF_IDF / XGBoost
	{l2_regularization: 1, learning_rate: 0.05, max_leaf_nodes: 31}
	—
	0.402006

	Base / image
	SDXL_VAE / PLS
	{components: 16}
	—
	0.402314

	Base / early
	CLIP / PLS
	{components: 16}
	—
	0.401796

	Base / late
	SDXL_VAE / PLS
	{components: 16}
	XGBoost / 0.4
	0.401845

	Strict / metadata
	TF_IDF / OLS
	{}
	—
	0.422435

	Strict / image
	SDXL_VAE / PLS
	{components: 8}
	—
	0.422974

	Strict / early
	CLIP / PLS
	{components: 16}
	—
	0.422271

	Strict / late
	SDXL_VAE / HGB
	{l2_regularization: 1, learning_rate: 0.05, max_leaf_nodes: 31}
	OLS / 0.3
	0.422285

	Strict−wei / metadata
	TF_IDF / PLS
	{components: 32}
	—
	0.216949

	Strict−wei / image
	SDXL_VAE / PLS
	{components: 8}
	—
	0.219201

	Strict−wei / early
	CLIP / PLS
	{components: 8}
	—
	0.216938

	Strict−wei / late
	SDXL_VAE / LightGBM
	{l2_regularization: 1, learning_rate: 0.05, max_leaf_nodes: 31}
	PLS / 0.1
	0.216896


For late fusion, encoder, learner and settings identify the image branch; the metadata branch uses the corresponding metadata row. Development RMSE uses different filtered validation rows across conditions and is not a paired cleaning effect. Failed or invalid candidates are ineligible; recorded failures and all choices remain in the execution records.
Supplementary Table S27a. BAYC performance on base evaluation rows (5120 sales; 1498 tokens).
	Training
	Group
	RMSE
	MAE
	R²
	Equal-token RMSE

	none
	zero
	0.273744
	0.117975
	-0.000002
	0.321731

	base
	metadata
	0.252755
	0.106935
	0.147467
	0.266422

	base
	image
	0.257598
	0.110554
	0.114484
	0.276450

	base
	early
	0.252528
	0.106857
	0.148999
	0.265171

	base
	late
	0.252935
	0.106861
	0.146253
	0.266286

	strict
	metadata
	0.252001
	0.106627
	0.152545
	0.263955

	strict
	image
	0.257112
	0.111011
	0.117820
	0.273301

	strict
	early
	0.252778
	0.107038
	0.147315
	0.266515

	strict
	late
	0.251934
	0.106659
	0.152996
	0.264097

	Strict−wei
	metadata
	0.251996
	0.106627
	0.152584
	0.263935

	Strict−wei
	image
	0.257044
	0.110949
	0.118287
	0.273104

	Strict−wei
	early
	0.252751
	0.107034
	0.147494
	0.266446

	Strict−wei
	late
	0.251931
	0.106673
	0.153014
	0.264075


Supplementary Table S27b. BAYC performance on strict evaluation rows (4765 sales; 1489 tokens).
	Training
	Group
	RMSE
	MAE
	R²
	Equal-token RMSE

	none
	zero
	0.279323
	0.119107
	-0.000290
	0.323776

	base
	metadata
	0.257466
	0.107949
	0.150132
	0.268654

	base
	image
	0.262376
	0.111574
	0.117405
	0.278602

	base
	early
	0.257230
	0.107847
	0.151689
	0.267424

	base
	late
	0.257622
	0.107803
	0.149100
	0.268514

	strict
	metadata
	0.256668
	0.107617
	0.155387
	0.266205

	strict
	image
	0.261824
	0.111959
	0.121113
	0.275486

	strict
	early
	0.257491
	0.108068
	0.149966
	0.268751

	strict
	late
	0.256573
	0.107618
	0.156016
	0.266320

	Strict−wei
	metadata
	0.256660
	0.107615
	0.155445
	0.266182

	Strict−wei
	image
	0.261751
	0.111897
	0.121606
	0.275287

	Strict−wei
	early
	0.257461
	0.108062
	0.150163
	0.268678

	Strict−wei
	late
	0.256567
	0.107631
	0.156052
	0.266295


Supplementary Table S27c. MAYC performance on base evaluation rows (13019 sales; 2492 tokens).
	Training
	Group
	RMSE
	MAE
	R²
	Equal-token RMSE

	none
	zero
	0.191190
	0.109575
	-0.000352
	0.245630

	base
	metadata
	0.167493
	0.090739
	0.232263
	0.205734

	base
	image
	0.168030
	0.091408
	0.227323
	0.204948

	base
	early
	0.165891
	0.090124
	0.246873
	0.200664

	base
	late
	0.166415
	0.090235
	0.242105
	0.203396

	strict
	metadata
	0.164662
	0.089147
	0.257991
	0.199237

	strict
	image
	0.167252
	0.091269
	0.234470
	0.203354

	strict
	early
	0.166269
	0.090233
	0.243437
	0.200372

	strict
	late
	0.164513
	0.089276
	0.259335
	0.199699

	Strict−wei
	metadata
	0.164600
	0.089080
	0.258547
	0.199134

	Strict−wei
	image
	0.166906
	0.091145
	0.237633
	0.202889

	Strict−wei
	early
	0.164648
	0.089651
	0.258122
	0.199490

	Strict−wei
	late
	0.164375
	0.088983
	0.260580
	0.199073


Supplementary Table S27d. MAYC performance on strict evaluation rows (11288 sales; 2461 tokens).
	Training
	Group
	RMSE
	MAE
	R²
	Equal-token RMSE

	none
	zero
	0.190470
	0.111865
	-0.000504
	0.237576

	base
	metadata
	0.164242
	0.092031
	0.256063
	0.195608

	base
	image
	0.164130
	0.092591
	0.257084
	0.193612

	base
	early
	0.162073
	0.091195
	0.275590
	0.189760

	base
	late
	0.162731
	0.091444
	0.269696
	0.192675

	strict
	metadata
	0.160637
	0.090214
	0.288364
	0.188048

	strict
	image
	0.163033
	0.092291
	0.266982
	0.191782

	strict
	early
	0.162444
	0.091239
	0.272271
	0.189463

	strict
	late
	0.160439
	0.090337
	0.290121
	0.188591

	Strict−wei
	metadata
	0.160548
	0.090140
	0.289159
	0.187882

	Strict−wei
	image
	0.162619
	0.092175
	0.270698
	0.191272

	Strict−wei
	early
	0.160487
	0.090702
	0.289691
	0.188305

	Strict−wei
	late
	0.160291
	0.090035
	0.291427
	0.187850


Supplementary Table S28a. BAYC fusion-minus-metadata contrasts after full reselection.
	Evaluation / training
	Fusion
	ΔRMSE
	95% token CI
	95% calendar CI

	base / Base
	early
	-0.000227
	[-0.000934, 0.000372]
	[-0.000953, 0.000267]

	base / Base
	late
	0.000180
	[-0.000476, 0.000832]
	[-0.000398, 0.000848]

	strict / Base
	early
	-0.000236
	[-0.000977, 0.000413]
	[-0.000985, 0.000287]

	strict / Base
	late
	0.000156
	[-0.000515, 0.000840]
	[-0.000467, 0.000863]

	base / Strict
	early
	0.000776
	[0.000118, 0.001539]
	[0.000150, 0.001723]

	base / Strict
	late
	-0.000067
	[-0.001020, 0.000772]
	[-0.000877, 0.000702]

	strict / Strict
	early
	0.000822
	[0.000173, 0.001668]
	[0.000185, 0.001802]

	strict / Strict
	late
	-0.000096
	[-0.001153, 0.000813]
	[-0.000925, 0.000710]

	base / Strict−wei
	early
	0.000756
	[0.000093, 0.001505]
	[0.000132, 0.001694]

	base / Strict−wei
	late
	-0.000064
	[-0.001017, 0.000786]
	[-0.000884, 0.000711]

	strict / Strict−wei
	early
	0.000801
	[0.000146, 0.001634]
	[0.000166, 0.001779]

	strict / Strict−wei
	late
	-0.000092
	[-0.001157, 0.000820]
	[-0.000936, 0.000722]


Supplementary Table S28b. MAYC fusion-minus-metadata contrasts after full reselection.
	Evaluation / training
	Fusion
	ΔRMSE
	95% token CI
	95% calendar CI

	base / Base
	early
	-0.001601
	[-0.003660, 0.000206]
	[-0.003607, 0.000065]

	base / Base
	late
	-0.001077
	[-0.001963, -0.000228]
	[-0.001877, -0.000259]

	strict / Base
	early
	-0.002170
	[-0.004484, -0.000182]
	[-0.004165, -0.000489]

	strict / Base
	late
	-0.001512
	[-0.002439, -0.000659]
	[-0.002350, -0.000697]

	base / Strict
	early
	0.001607
	[0.000479, 0.003056]
	[0.000601, 0.002937]

	base / Strict
	late
	-0.000149
	[-0.001062, 0.000658]
	[-0.000940, 0.000692]

	strict / Strict
	early
	0.001806
	[0.000512, 0.003290]
	[0.000654, 0.003344]

	strict / Strict
	late
	-0.000198
	[-0.001219, 0.000703]
	[-0.001084, 0.000748]

	base / Strict−wei
	early
	0.000047
	[-0.001271, 0.001143]
	[-0.001089, 0.001096]

	base / Strict−wei
	late
	-0.000226
	[-0.000524, 0.000037]
	[-0.000481, 0.000049]

	strict / Strict−wei
	early
	-0.000060
	[-0.001484, 0.001207]
	[-0.001342, 0.001163]

	strict / Strict−wei
	late
	-0.000256
	[-0.000591, 0.000034]
	[-0.000545, 0.000047]


Intervals are exploratory 95% fixed-prediction intervals from 2,000 paired replicates with seed 20260908. Token and calendar resampling are separate sensitivities and do not incorporate selection uncertainty or study-wide multiplicity adjustment. Full early-versus-late, cleaning-versus-base, equal-token and zero comparisons are retained in expected/source_tables/strict_reselection_20261010/paired_comparisons.csv in the reproducibility materials.
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