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Table S1. Data sources detailed description

Dataset URL Reference

Global River Water Quality
Archive (GRQA)

https://zenodo.org/
records/7056647

[1]

Global river chemistry
database (GLORICH)

https://doi.pangaea.de/
10.1594/PANGAEA.902360

[2]

GEMStat https://gemstat.org/ [3]
OLIGOTREND https://portal.

edirepository.org/nis/
mapbrowse?packageid=edi.
1778.3

[4]
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Table S1 – continued from previous page
Dataset URL Reference

An extensive spatiotemporal
water quality dataset cover-
ing four decades (1980-2022)
in China

https://figshare.com/
articles/dataset/A_
water_quality_dataset_
in_China/22584742

[5]

ERA5-Land Daily Aggre-
gated

https://developers.
google.com/earth-engine/
datasets/catalog/ECMWF_
ERA5_LAND_DAILY_AGGR

[6]

MCD12Q1.061: MODIS Land
Cover Type Yearly Global
500m

https://lpdaac.usgs.gov/
products/mcd12q1v061/

[7]

HydroATLAS https://www.hydrosheds.
org/hydroatlas

[8]

Gridded Population of the
World Version 4.11

https://developers.
google.com/earth-engine/
datasets/catalog/
CIESIN_GPWv411_GPW_
UNWPP-Adjusted_
Population_Density

[9]

Table S2. Hyperparameter search space and optimization results for the
models

model window Size batch Size d_model nhead num_layers dropout rate
Transformer 120 128 128 8 3 0.1
BiLSTM 60 64 64 – 4 0.2
LSTM 90 128 256 – 6 0.3
GRU 60 128 128 – 3 0.2

Search space: window size: (60, 90, 120); batch size: (64, 128, 256); d_model:
dimension of the model (64, 128, 256); nhead: number of attention heads in transformer
(4, 8, 16); num_layers: number of hidden layers (3 - 8); dropout rate: (0.1, 0.2, 0.3).

2

https://figshare.com/articles/dataset/A_water_quality_dataset_in_China/22584742
https://figshare.com/articles/dataset/A_water_quality_dataset_in_China/22584742
https://figshare.com/articles/dataset/A_water_quality_dataset_in_China/22584742
https://figshare.com/articles/dataset/A_water_quality_dataset_in_China/22584742
https://developers.google.com/earth-engine/datasets/catalog/ECMWF_ERA5_LAND_DAILY_AGGR
https://developers.google.com/earth-engine/datasets/catalog/ECMWF_ERA5_LAND_DAILY_AGGR
https://developers.google.com/earth-engine/datasets/catalog/ECMWF_ERA5_LAND_DAILY_AGGR
https://developers.google.com/earth-engine/datasets/catalog/ECMWF_ERA5_LAND_DAILY_AGGR
https://lpdaac.usgs.gov/products/mcd12q1v061/
https://lpdaac.usgs.gov/products/mcd12q1v061/
https://www.hydrosheds.org/hydroatlas
https://www.hydrosheds.org/hydroatlas
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density
https://developers.google.com/earth-engine/datasets/catalog/CIESIN_GPWv411_GPW_UNWPP-Adjusted_Population_Density


Text S1. The pseudocode for the transformer model architecture.

Algorithm Transformer model
function Transformer(input)

x← Linear(input, output_dim = 128) . embedding layer
x← LayerNorm(x)
x← Dropout(x, p = 0.1)

x← PositionalEncoding(x)

for i = 1 to 3 do . num_layers = 3
attn_output← MultiHeadAttention(x, x, x)
attn_output← Dropout(attn_output, p = 0.1)
x← LayerNorm(x+ attn_output)

ff_output← Linear(x, output_dim = 512) . feed forward
network

ff_output← Dropout(ff_output, p = 0.1)
ff_output← Linear(ff_output, output_dim = 128)
ff_output← Dropout(ff_output, p = 0.1)
x← LayerNorm(x+ ff_output)

end for

x← Linear(x, output_dim = 64) . output layer
x← Dropout(x, p = 0.1)
x← Linear(x, output_dim = 1)
output← ReLU(x)
return output

end function
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Fig. S1. Enlarged regional maps showing the distribution of monitoring
stations in East Asia (EA), North America (NA), New Zealand (NZ), and
Western Europe (WE). Circles denote monitoring stations used for training
and testing, while triangles indicate hold-out validation stations.
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Fig. S2. Spatial distribution of land use types at monitoring stations in
in East Asia (EA), North America (NA), New Zealand (NZ), and Western
Europe (WE) with Nash-Sutcliffe efficiency (NSE) ≥ 0.5.
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Fig. S3. Workflow of the transformer model for DO prediction. The model
integrates hydrometeorological drivers and basin attributes as inputs, pro-
cesses them through a multi-head self-attention mechanism, and outputs
the predicted DO concentrations. At each time step t, input embeddings
Xt,1, . . . , Xt,n are linearly projected into query (Q), key (K) and value (V )
vectors for each of the h attention heads. Scaled dot‐product attention out-
puts from all heads Z1,1

t , . . . , Z1,h
t are concatenated and passed through a

linear layer to produce the final representation Z1
t . Multi‐head self‐attention

enables the model to capture temporal dependencies and interactions among
drivers.
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Fig. S4. Benchmark Results. The scatter plot illustrates the model’s perfor-
mance across all test data, without distinguishing between individual moni-
toring stations. The red dashed line represents the 1:1 identity line, indicat-
ing perfect agreement between predicted and observed values. The box plots
summarize the performance metrics—NSE, RMSE, Pbias , and Pcorr—dur-
ing the testing phase across East Asia (EA), North America (NA), New
Zealand (NZ), Western Europe (WE), and all stations at the global scale
(ALL). Each box plot displays the median (central line) and the interquar-
tile range (IQR), spanning from the first quartile (Q1) to the third quartile
(Q3). The whiskers extend to the smallest and largest values within 1.5 times
the IQR from Q1 and Q3, respectively. Dashed lines in the box plots indicate
thresholds for good and high performance. For clarity, outliers beyond the
display range are omitted.
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