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Introduction 
This document presents additional figures and text sections that provide complete methodological details and supporting information for the main manuscript.


Additional Figures


Figure S1: Sample Surveys and Meteorological Spatiotemporal Variations. Sample surveys (top), showing (left to right): NO2, O3, Ox=NO2+O3, PM2.5, PM1 distributions across the map, with GPS coordinates indicated along the axes. The rightmost panels show meteorological summaries: relative humidity (RH) maps, annotated spatial temperature and pressure averages, as well as winds at the 17 stops (reference arrow = 1 ms-1). Survey-wise meteorological averages (mid) and standard deviations (bottom), showing (left to right) pressure (P), temperature (T), relative humidity (RH), eastwardly wind (U) and northwardly wind (V), with arrows annotated at the 17 stops and reference is shown for 0.1 ms-1. Grid lines are spaced 200 m apart.





[bookmark: _Hlk212400298]Figure S2: Spatiotemporal Variations Per Time. (left to right): NO2, O3, Ox=NO2+O3, PM2.5, PM1 distributions across the map, with GPS coordinates indicated along the axes. The rightmost panels show meteorological summaries: RH maps, annotated spatial T and P averages, as well as winds at the 17 stops (reference arrow = 1 ms-1). Grid lines are spaced 200 m apart. The times shown are the averages of 3-hour time windows, centered around the annotated hour.


[bookmark: _Hlk212400812]Figure S3: Diurnal Trends of Local Measurements Vs. Regional Stations. Top, from left to right: NO2, O3, Ox=NO2+O3, PM (no regional reference). Bottom: T, RH, U, V. Lines in color show the locally measured spatial means, with shades indicating ±1 standard deviations. The dashed lines and their corresponding vertical lines show the regional stations’ means and ±1 standard deviations.
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Figure S4: Derived Land Cover Indices. The indices used are computed from a pretrained transformer model as described in the text. Grid lines are spaced 200 m apart.



[bookmark: _Hlk212401012]
Figure S5: Extended Pair-Wise Pearson Correlation Matrix. The correlations are shown with the regional station measurements.

Figure S6: Pearson Correlation Maps. The top two rows show zero-mean, unit-variance normalized maps. The lower rows present sample pairwise correlations calculated per map point, with titles identifying each variable pair and 200 m dashed grid spacing. Arrows in the upper panels denote wind correlations at the 17 stops, with the reference arrow (first panel) indicating a correlation magnitude of 0.1.

Figure S7: Additional Sample Model Outputs. Sample survey tasks from the validation set are shown for representative features. Each row presents: input sparse patches (top), target maps (middle), and model output maps (bottom). Columns correspond to different features, from left to right: NO₂, O₃, PM₂.₅, PM₁, and RH.


Figure S8: Prediction R2 Maps Per Target Feature. The continuous prediction R2 scores are shown per feature as spatial maps for the validation set, consisting of ~180,000 points. The top-left panel displays the overall R2 distribution.
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Figure S9: Sample Relevancies. The maps show different relevancy scores for different target feature-patch. The target location is marked in an orange star, and the target feature is written in the title: NO2, O3 and PM2.5 (from top to bottom), for the same sample survey. The values shown are the propagated relevancy scores of each input for the specific target prediction.
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Figure S10: Optimal Measurement Strategies Comparison. The plots show model performance as a function of input patches (M). The solid lines show the strategies described in section Methods: selecting the most relevant M patches per feature (blue) or the same patches for all features derived from the average relevancy maps (Fig. 6 in the text). The dashed lines show the performance of a benchmark KNN model. The evaluation scores are (from left to right): R2, F1 with 1-class error tolerance, and F1 score, defined in section Methods in the text.



Figure S11: Example Case, M=15. The plots show examples of model performance (top) and the benchmark results (bottom) for the task of predicting from 15 patches, demonstrating the potential of transformer-based models for fine-scale mapping. 



Figure S12: Data Histograms. The histograms show the count of surveys per hour (top), and the accumulated number of data points collected throughout the campaign (bottom), differentiated by weekdays to weekends.
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[bookmark: _Hlk212395524]Figure S13: Land Cover Indices Examples. (a) the 17 stops with their corresponding 200-by-200m patches; (b) the pretrained SegFormer indices of a stop; (c) our adapted indices of the same stop.
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Figure S14: Different Patch Sizes. The panels display grid lines representing patch sizes of 4, 8, 16 and 32 (left to right).





Figure S15: Feature Embeddings on 2D PCA Space. The points represent the feature embeddings, illustrating how the model differentiates between features.







Additional Text and Tables

	[bookmark: _Hlk212396489]P
	#W
	#Freq
	T
	hid
	TE #L
	TE #H
	TD #L
	TD #H

	4
	49.8M
	128
	512
	256
	8
	16
	4
	4

	8
	112.0M
	192
	768
	384
	8
	16
	4
	4

	16
	252.3M
	288
	1152
	576
	8
	16
	4
	4

	32
	451.4M
	384
	1536
	864
	8
	16
	4
	4



[bookmark: _Hlk212396516]Table S1: Model Structure Comparison. The rows show the 4 different patch size compared and columns show the total number of learnable weights (#W), number of positional encoding frequencies (#Freq), token size (T), hidden size of both the shared encoder and shared decoder (hid), transformer-encoder (TE) or transformer-decoder (TD) number of layers (#L) and number of heads (#H). The selected model (bold) showed the best performance with the smallest number of weights and best resolution.

Text S1: Additional Synthetic Data Details. To create synthetic base fields for model pretraining, we generate 4 two-dimensional maps composed of multiple anisotropic, rotated Gaussian structures with random amplitudes, orientations, and scales. Each map represents a “topographic” field used later to derive artificial interdependent features. After generating these base fields, additional synthetic features are created as linear or non-linear combinations of multiple maps to produce interdependent variables. Some features are formed as weighted averages of two or more base maps (e.g., ), introducing correlated but distinct spatial patterns. Others incorporate non-linear relationships such as exponentiation, sigmoid, or sine functions to mimic environmental dependencies and dynamic ranges. We use a total of 10 synthetic features (including the 4 base features). A random survey route is then sampled across the field, from which spatial patches are extracted and used as inputs for model pretraining. For each synthetic survey, ten random subsamples are created, using 25% of the available patches to mimic real survey conditions. This procedure is repeated with newly generated data in every training epoch.


Text S1: Formal Definitions of the Correlations Used in Fig. 7.
Formally, we first average the relevancy scores over the target space  to explore input location-specific information that drives general target predictions anywhere on the map:

[bookmark: _Hlk212398336]We calculate the spatial correlations by:

[bookmark: _Hlk212398355]where  is the survey-wise mean of feature  and:
[bookmark: _Hlk212398366]
[bookmark: _Hlk212398382]for N-wise averages  and . 
[bookmark: _Hlk212398399]We compute the same for , the survey-wise standard deviation of the feature per patch, to yield . This measures whether a feature  is relevant where it varies in time, for predicting a target feature . These correlations are shown in Fig. 7 (bottom matrices). We also compute a more general term to quantify the correlations with a general feature, i.e. calculating the same for the relevancy average of the target features:

[bookmark: _Hlk212398425]Thus yielding 1-dimensional correlations: 

[bookmark: _Hlk212398460]and similarly, . These vectors are shown if Fig. 7, top plots.
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