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Text S1. Prompt example

You are an expert in streamflow forecasting, focusing on a basin with an area of {area} square kilometers located
at latitude {lat} and longitude {lon}. Given the historical time series data: {string data}, forecast the next
{pred_len} values of the time series. Please ensure the output contains exactly {pred len} forecasted values, and

exclude any Python code and any text.



Table S1. Performance comparison of 11 models on five datasets for regression tasks: CAMELS
(conterminous United States (CONUS)-scale streamflow), ISMN (global-scale soil moisture), SWE (snow
water equivalent in the western United States), DO (dissolved oxygen at the CONUS scale), and GLOBAL
(global-scale streamflow). For each dataset, six evaluation metrics are presented: Kling—Gupta Efficiency
(KGE), Nash—Sutcliffe Efficiency (NSE), unbiased Root Mean Square Error (ubRMSE), Low-Flow Volume
Bias (FLV), High-Flow Volume Bias (FHV), and Coefficient of Determination (R?). Each row corresponds

to one model.

CAMELS

KGE NSE ubRMSE FLV FHV R?
DLinear 0.42 0.34 2.01 -300.24 -38.61 0.39
LSTM 0.80 0.80 1.10 3.44 -10.32 0.82
Informer 0.63 0.69 1.33 -169.44 -14.89 0.74
Reformer 0.62 0.66 1.39 -226.98 -13.31 0.72
iTransformer 0.37 0.37 1.89 -147.66 -36.00 0.45
Transformer 0.60 0.70 1.29 -230.86 -8.77 0.76
ETSformer 0.68 0.67 1.41 -32.84 -19.19 0.70
Pyraformer 0.61 0.69 1.33 -98.85 -20.57 0.74
Crossformer 0.73 0.72 1.29 -42.39 -14.35 0.75
CARDformer 0.33 0.29 2.04 -183.48 -55.27 0.34
Non-stationary 0.61 0.72 1.24 -172.87 -15.52 0.77

Transformer
Global Streamflow

KGE NSE ubRMSE FLV FHV R?

DLinear 0.24 0.14 1.53 -50.88 -31.02 0.36




LSTM 0.75 0.71 0.88 -1.24 -8.26 0.76
Informer 0.64 0.62 1.00 -8.55 -15.93 0.70
Reformer 0.62 0.57 1.10 -32.12 -16.40 0.65

iTransformer 0.32 0.16 1.58 -131.31 -12.34 0.37
Transformer 0.16 0.30 1.06 -355.33 -20.79 0.69
ETSformer 0.60 0.55 1.11 -45.96 -16.03 0.64
Pyraformer 0.62 0.60 1.03 9.04 -19.35 0.68
Crossformer 0.52 0.50 1.17 -30.92 -20.91 0.61
CARDformer 0.26 0.22 1.48 -58.71 -41.54 0.34
Non-stationary 0.57 0.57 1.03 -142.73 -4.10 0.71
Transformer
Global Soil Moisture

Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.31 -0.09 0.06 66.15 -11.24 0.55

LSTM 0.71 0.61 0.04 5.16 -3.13 0.76
Informer 0.64 0.47 0.05 0.99 -5.42 0.66
Reformer 0.69 0.54 0.04 10.86 -1.51 0.70

iTransformer 0.27 -0.45 0.07 7.32 0.93 0.31
Transformer 0.65 0.47 0.05 343 0.22 0.68
ETSformer 0.59 0.35 0.05 -1.77 0.27 0.63
Pyraformer 0.70 0.56 0.04 -0.83 -1.28 0.72




Crossformer 0.67 0.51 0.04 -7.80 -0.28 0.70
CARDformer 0.28 -0.16 0.06 48.95 -10.29 0.40
Non-stationary 0.66 0.48 0.05 13.13 -1.00 0.69
Transformer
Snow Water Equivalent

Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.53 0.60 0.11 -485734.04 -27.05 0.72
LSTM 0.87 0.94 0.04 -18333.26 -4.77 0.96
Informer 0.86 0.93 0.04 -50722.84 2.35 0.95
Reformer 0.80 0.85 0.06 -45488.46 -10.19 0.88
iTransformer 0.65 0.63 0.10 -158075.15 4.90 0.73
Transformer 0.85 0.92 0.04 -107073.25 1.86 0.95
ETSformer 0.84 0.91 0.05 -248400.38 -6.03 0.93
Pyraformer 0.86 0.89 0.05 -131439.12 -3.96 0.91
Crossformer 0.84 0.93 0.04 -140254.87 7.65 0.96
CARDformer 0.67 0.73 0.08 -204616.61 1.95 0.83
Non-stationary 0.88 0.94 0.04 -78699.35 0.39 0.95

Transformer
DO

Model name KGE NSE ubRMSE FLV FHV R?

DLinear 0.63 0.34 1.26 1.42 -14.11 0.68




LSTM 0.70 0.53 1.17 1.64 -10.08 0.70
Informer 0.70 0.51 1.20 3.43 -10.91 0.70
Reformer 0.69 0.46 1.21 2.27 -9.23 0.68

iTransformer 0.55 0.08 1.57 1.28 -3.78 0.45
Transformer 0.69 0.47 1.24 1.95 -10.05 0.68
ETSformer 0.68 0.46 1.17 3.28 -9.09 0.70
Pyraformer 0.67 0.46 1.22 3.16 -11.36 0.69
Crossformer 0.67 0.43 1.31 5.09 -11.04 0.67
CARDformer 0.57 0.20 1.43 0.15 -11.99 0.56
Non-stationary 0.69 0.40 1.23 -0.87 -5.74 0.67

Transformer




Table S2. Performance comparison of 11 models under time-lagged data integration scenarios using the
CAMELS dataset. Results are reported for 1-day, 7-day, 30-day, and 60-day time lags. For each time lag,
six evaluation metrics are presented: Kling—Gupta Efficiency (KGE), Nash—Sutcliffe Efficiency (NSE),
unbiased Root Mean Square Error (ubRMSE), Low-Flow Volume Bias (FLV), High-Flow Volume Bias

(FHV), and Coefficient of Determination (R?). Each row corresponds to one model.

DI=1
KGE NSE ubRMSE FLV FHV R?
DLinear 0.60 0.53 1.60 -254.22 -25.44 0.57
LSTM 0.89 0.87 0.91 -19.29 -4.15 0.88
Informer 0.61 0.75 1.07 -326.63 -5.87 0.83
Reformer 0.65 0.78 1.04 -248.23 -4.29 0.84
iTransformer 0.61 0.66 1.32 -228.32 -14.43 0.71
Transformer 0.65 0.77 1.07 -275.23 -9.05 0.83
ETSformer 0.81 0.79 1.09 -59.34 -6.59 0.82
Pyraformer 0.81 0.81 1.03 -3.39 -8.89 0.83
Crossformer 0.80 0.77 1.18 -33.48 -2.06 0.80
CARDformer 0.44 0.36 1.92 -209.11 -44.98 0.41
Non-stationary 0.79 0.82 1.02 -190.29 -0.42 0.85
Transformer
DI=7
KGE NSE ubRMSE FLV FHV R?
DLinear 0.50 0.38 1.95 -281.37 -36.79 0.41
LSTM 0.85 0.83 1.03 -4.60 -7.07 0.84




Informer 0.70 0.72 1.31 -80.25 -16.58 0.75
Reformer 0.78 0.76 1.24 -65.74 -13.23 0.78
iTransformer 0.68 0.61 1.52 -110.47 -14.38 0.63
Transformer 0.73 0.76 1.18 -187.64 -10.61 0.80
ETSformer 0.66 0.57 1.59 -24.63 -21.58 0.60
Pyraformer 0.77 0.75 1.25 1.60 -14.88 0.77
Crossformer 0.83 0.78 1.15 -29.71 -3.33 0.80
CARDformer 0.51 0.43 1.86 -119.18 -33.06 0.46
Non-stationary 0.81 0.79 1.13 -81.88 -7.61 0.81
Transformer
DI=30
DLinear 0.40 0.30 2.06 -367.82 -40.11 0.36
LSTM 0.83 0.81 1.07 -2.94 -9.04 0.83
Informer 0.68 0.63 1.50 -25.01 -20.36 0.66
Reformer 0.72 0.69 1.37 -32.96 -14.06 0.72
iTransformer 0.64 0.53 1.67 -83.63 -13.03 0.57
Transformer 0.77 0.76 1.20 -28.79 -14.18 0.78
ETSformer 0.59 0.50 1.72 -84.85 -32.45 0.52
Pyraformer 0.76 0.74 1.26 27.90 -16.28 0.76
Crossformer 0.78 0.77 1.15 -57.35 -6.76 0.80
CARDformer 0.50 0.48 1.78 -87.59 -34.83 0.53




Non- 0.82 0.77 1.20 -8.03 -5.22 0.79
stationary Transf
ormer
DI =60

DLinear 0.43 0.34 2.02 -306.10 -37.61 0.40
LSTM 0.82 0.81 1.09 5.09 -11.00 0.82
Informer 0.67 0.60 1.57 -18.52 -20.87 0.63
Reformer 0.73 0.69 1.40 4.03 -14.40 0.71
iTransformer 0.63 0.50 1.73 -63.78 -11.65 0.55
Transformer 0.76 0.75 1.24 -15.63 -15.32 0.77
ETSformer 0.52 0.44 1.83 -123.40 -40.31 0.47
Pyraformer 0.73 0.71 1.32 55.49 -17.61 0.73
Crossformer 0.80 0.79 1.13 -30.50 -12.30 0.81
CARDformer 0.60 0.55 1.68 -91.73 -20.91 0.59
Non-stationary 0.81 0.75 1.28 -15.85 0.34 0.78

Transformer




Table S3. Performance comparison of 11 models under autoregressive modeling scenarios using the
CAMELS dataset. Results are reported for 1-day, 7-day, 30-day, and 60-day forecasting horizons. For each
horizon, six evaluation metrics are presented: Kling—Gupta Efficiency (KGE), Nash—Sutcliffe Efficiency
(NSE), unbiased Root Mean Square Error (ubRMSE), Low-Flow Volume Bias (FLV), High-Flow Volume

Bias (FHV), and Coefficient of Determination (R?). Each row corresponds to one model.

1 day
Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.59 0.52 1.69 80.83 -28.33 0.54
LSTM 0.64 0.58 1.57 5.44 -27.26 0.59
Informer 0.59 0.53 1.61 -140.01 -24.41 0.58
Reformer 0.65 0.55 1.62 -94.83 -19.16 0.58
iTransformer 0.61 0.51 1.69 -15.25 -24.41 0.53
Transformer 0.61 0.54 1.62 -144.65 -20.28 0.57
ETSformer 0.52 0.47 1.67 -175.38 -25.16 0.52
Pyraformer 0.65 0.57 1.60 -29.59 -22.19 0.58
Crossformer 0.65 0.57 1.61 -28.62 -21.65 0.58
CARDformer 0.47 0.37 1.95 -3.41 -37.72 0.38
Non-stationary 0.65 0.55 1.65 -8.79 -23.92 0.55
Transformer
PatchTST 0.64 0.53 1.65 13.24 -23.51 0.54
TimesNet 0.62 0.49 1.71 1.24 -23.19 0.51
7 days
Model name KGE NSE ubRMSE FLV FHV R?




DLinear 0.27 0.19 2.20 132.74 -47.39 0.21
LSTM 0.15 0.10 2.35 35.29 -59.29 0.12
Informer 0.30 0.15 2.21 -74.95 -44.74 0.20
Reformer 0.29 0.18 2.17 -29.59 -49.18 0.21
iTransformer 0.29 0.16 2.24 -12.88 -43.11 0.20
Transformer 0.27 0.03 2.45 -109.68 -31.85 0.15
ETSformer 0.17 0.11 2.21 -231.34 -50.15 0.19
Pyraformer 0.32 0.21 2.14 27.96 -45.81 0.23
Crossformer 0.30 0.19 2.18 75.41 -45.03 0.23
CARDformer 0.25 0.11 2.30 8.50 -46.78 0.15
Non-stationary 0.27 0.11 2.29 0.12 -41.51 0.16
Transformer
PatchTST 0.31 0.19 2.21 8.35 -44.96 0.22
TimesNet 0.30 0.09 231 -16.78 -36.59 0.17
30 days

Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.06 0.06 2.44 242.67 -59.59 0.09
LSTM -0.03 -0.01 2.54 62.28 -63.72 0.03
Informer 0.11 0.00 2.53 157.36 -43.07 0.08
Reformer 0.15 0.06 2.40 47.14 -53.37 0.11
iTransformer 0.11 0.02 2.48 -0.46 -51.84 0.08




Transformer 0.13 -0.05 2.62 -27.12 -39.46 0.07
ETSformer 0.11 0.02 2.46 -118.55 -56.95 0.09
Pyraformer 0.15 0.06 2.39 57.93 -53.11 0.11
Crossformer 0.11 0.04 2.45 49.02 -54.57 0.09
CARDformer 0.07 0.02 2.46 13.80 -59.74 0.07
Non-stationary 0.11 -0.01 2.51 15.25 -46.01 0.07
Transformer
PatchTST 0.12 0.02 2.47 19.47 -54.44 0.08
TimesNet 0.18 -0.10 2.68 -14.10 -33.36 0.06
60 days

Model name KGE NSE ubRMSE FLV FHV R?
DLinear -0.06 0.01 2.49 297.49 -64.44 0.05
LSTM -0.19 -0.07 2.58 85.40 -70.25 0.01
Informer 0.04 -0.03 2.56 175.41 -46.74 0.05
Reformer 0.07 0.01 2.47 38.11 -57.62 0.07
iTransformer 0.03 0.00 2.53 0.32 -57.63 0.05
Transformer 0.06 -0.04 2.63 37.50 -46.60 0.05
ETSformer 0.04 0.00 2.51 -4.35 -59.35 0.06
Pyraformer 0.06 0.02 2.46 89.20 -56.93 0.07
Crossformer -0.02 0.00 2.52 85.80 -59.91 0.05
CARDformer -0.02 -0.02 2.57 21.80 -61.59 0.03




Non-stationary 0.05 0.00 2.53 75.83 -52.74 0.06
Transformer

PatchTST 0.01 -0.02 2.56 22.92 -58.62 0.04

TimesNet 0.10 -0.13 2.75 -8.11 -36.82 0.03




Table S4. Performance comparison of 11 models under autoregressive modeling scenarios using the
CAMELS dataset with auxiliary data inputs (static attributes). Results are reported for 1-day, 7-day, 30-
day, and 60-day forecasting horizons. For each horizon, six evaluation metrics are presented: Kling—Gupta
Efficiency (KGE), Nash—Sutcliffe Efficiency (NSE), unbiased Root Mean Square Error (ubRMSE), Low-
Flow Volume Bias (FLV), High-Flow Volume Bias (FHV), and Coefficient of Determination (R*). Each row

corresponds to one model.

1 day
Model name KGE NSE ubRMSE FLV FHV R2
DLinear 0.68 0.59 1.54 -92.10 -23.90 0.60
LSTM 0.81 0.78 1.11 -14.86 -13.41 0.79
Informer 0.67 0.70 1.25 -115.75 -15.94 0.75
Reformer 0.64 0.72 1.21 -199.18 -11.50 0.76
iTransformer 0.62 0.56 1.55 -77.58 -17.91 0.59
Transformer 0.56 0.69 1.19 -259.77 -18.39 0.77
ETSformer 0.67 0.70 1.27 -79.62 -21.77 0.74
Pyraformer 0.74 0.73 1.25 48.02 -15.95 0.75
Crossformer 0.75 0.70 1.32 -53.81 -14.06 0.73
CARDformer 0.46 0.41 1.82 -9.27 -36.21 0.44
Non-stationary 0.74 0.73 1.23 -95.42 -11.21 0.75
Transformer
PatchTST 0.63 0.57 1.56 -46.65 -22.44 0.59
TimesNet 0.66 0.64 1.43 -18.35 -24.34 0.66
7 days




Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.33 0.23 2.13 -18.54 -47.13 0.25
LSTM 0.15 0.05 2.36 36.57 -50.61 0.11
Informer 0.28 0.24 2.07 -55.22 -49.85 0.28
Reformer 0.29 0.26 2.00 -46.98 -50.68 0.30
iTransformer 0.18 0.10 2.27 -82.36 -48.24 0.16
Transformer 0.28 0.23 2.09 -36.33 -48.32 0.26
ETSformer 0.31 0.24 2.04 -68.33 -49.50 0.27
Pyraformer 0.33 0.29 2.01 125.47 -48.21 0.31
Crossformer 0.34 0.29 2.03 8.13 -50.02 0.31
CARDformer 0.19 0.13 2.25 -17.87 -53.23 0.16
Non-stationary 0.21 0.19 2.12 -107.57 -51.97 0.23

Transformer
PatchTST 0.17 0.14 2.22 -82.51 -54.36 0.18
TimesNet 0.22 0.18 2.17 -33.24 -53.83 0.21
30 days

Model name KGE NSE ubRMSE FLV FHV R?
DLinear -0.02 0.04 2.44 55.04 -70.75 0.07
LSTM 0.02 0.00 2.47 55.50 -55.59 0.06
Informer 0.14 0.07 2.37 13.51 -56.26 0.12
Reformer 0.15 0.10 2.30 95.32 -55.16 0.13




iTransformer 0.11 -0.01 2.50 -41.16 -45.12 0.07
Transformer 0.07 0.00 2.43 -77.34 -50.49 0.08
ETSformer 0.07 0.09 2.30 -39.08 -67.10 0.13
Pyraformer 0.13 0.11 231 26.53 -59.21 0.14
Crossformer 0.13 0.10 231 24.51 -60.17 0.13
CARDformer 0.02 0.02 2.44 -5.39 -61.80 0.06
Non-stationary 0.08 -0.03 2.45 -116.25 -48.17 0.08
Transformer
PatchTST 0.07 0.02 2.44 -63.89 -60.47 0.08
TimesNet 0.07 0.02 2.41 -46.50 -59.04 0.08
60 days

Model name KGE NSE ubRMSE FLV FHV R?
DLinear 0.00 0.06 2.44 82.13 -71.27 0.08
LSTM -0.04 -0.02 2.48 54.07 -59.15 0.04
Informer 0.05 0.07 2.36 177.37 -61.66 0.09
Reformer 0.07 0.08 2.35 191.37 -65.14 0.10
iTransformer -0.03 -0.06 2.57 -23.30 -55.12 0.03
Transformer 0.01 -0.04 2.52 -15.08 -53.36 0.05
ETSformer 0.05 0.06 2.34 -33.72 -68.92 0.10
Pyraformer 0.10 0.09 2.33 98.91 -63.74 0.11
Crossformer 0.07 0.06 2.40 33.65 -62.76 0.09




CARDformer -0.04 0.01 2.48 37.33 -65.51 0.05
Non-stationary 0.03 -0.03 2.47 -111.29 -51.37 0.06
Transformer
PatchTST -0.01 0.00 2.51 -2.62 -64.39 0.05
TimesNet -0.11 -0.05 2.52 -90.09 -66.94 0.03




Table S5. Performance comparison of 11 models using spatial cross-validation with the CAMELS dataset.
Six evaluation metrics are presented: Kling—Gupta Efficiency (KGE), Nash—Sutcliffe Efficiency (NSE),
unbiased Root Mean Square Error (ubRMSE), Low-Flow Volume Bias (FLV), High-Flow Volume Bias

(FHV), and Coefficient of Determination (R?). Each row corresponds to one model.

KGE NSE ubRMSE | FLV FHV R?

DLinear 0.43 0.33 2.01 -288.31 -37.27 0.39
LSTM 0.62 0.67 1.38 -32.72 -14.13 0.74
Informer 0.54 0.60 1.48 -136.05 -13.15 0.70
Reformer 0.56 0.61 1.49 -160.68 -15.16 0.70
iTransformer 0.32 0.34 1.97 -111.84 -40.96 0.43
Transformer 0.49 0.61 1.43 -202.44 -9.68 0.73
ETSformer 0.60 0.62 1.47 -9.24 -16.82 0.68
Pyraformer 0.60 0.64 1.41 -100.68 -16.23 0.72
Crossformer 0.63 0.62 1.49 -42.42 -6.76 0.71
CARDformer 0.34 0.29 2.05 -153.89 -48.91 0.35

Non-stationary 0.58 0.61 1.49 -130.38 -6.79 0.70

Transformer




Table S6. Performance comparison of Large Language Models (LLMs) and Time Series Attention-based
Models (TSAMs) for runoff forecasting under zero-shot forecasting scenarios. Results are reported for 7-
day, 30-day, and 60-day forecasting horizons. For each horizon, six evaluation metrics are presented:
Kling—Gupta Efficiency (KGE), Nash—Sutcliffe Efficiency (NSE), unbiased Root Mean Square Error
(ubRMSE), Low-Flow Volume Bias (FLV), High-Flow Volume Bias (FHV), and Coefficient of

Determination (R?). Each row corresponds to one model.

Forecast 7 days

KGE NSE ubRMSE FLV FHV R?
gemini-1.0-pro-latest 0.15 -0.01 0.13 -4.04 -20.69 0.03
gpt-3.5-turbo 0.53 0.00 0.19 -4.39 -9.92 0.31
gpt-4-turbo 0.46 0.26 0.21 -7.71 -16.40 0.40
Lag Llama 0.39 0.22 0.15 -15.90 -47.26 0.39
LSTM (trained) 0.50 0.43 0.19 -8.58 -39.30 0.43
Meta-Llama-3-70B-Instruct 0.54 0.24 0.19 -6.27 -23.12 0.36
Meta-Llama-3-8B-Instruct 0.12 -0.02 0.16 -5.58 -35.61 0.10
TimeGPT 0.68 0.46 0.14 -0.74 -26.57 0.51
TT™M 0.57 0.52 0.13 6.66 -30.35 0.53

Forecast 30 days

gemini-1.0-pro-latest -0.05 -0.02 0.16 -0.52 -36.31 0.01
gpt-3.5-turbo 0.11 -0.18 0.29 -12.88 -23.76 0.01
gpt-4-turbo 0.01 -0.13 0.18 -26.19 -37.70 0.09
Lag Llama 0.19 -0.03 0.18 -29.51 -60.54 0.10
LSTM (trained) 0.15 0.06 0.27 19.31 -55.63 0.14
Meta-Llama-3-70B-Instruct 0.09 -0.02 0.17 -22.51 -39.50 0.21
Meta-Llama-3-8B-Instruct 0.12 -0.22 0.23 -30.88 -40.70 0.04




TimeGPT 0.33 0.08 0.17 -5.10 -45.27 0.17
TT™M 0.18 0.20 0.17 20.37 -66.38 0.25

Forecast 60 days
gemini-1.0-pro-latest 0.02 -0.17 0.66 -11.16 -50.91 0.11
gpt-3.5-turbo -0.04 -0.84 0.26 -48.44 3.28 0.09
gpt-4-turbo -0.07 -0.48 0.29 -52.04 -52.25 0.01
Lag Llama 0.01 -0.05 0.20 -26.88 -59.64 0.07
LSTM (trained) -0.11 -0.02 0.30 36.71 -54.35 0.01
Meta-Llama-3-70B-Instruct -0.31 -0.50 0.22 -39.16 -64.04 0.02
Meta-Llama-3-8B-Instruct -0.08 -1.19 0.25 -31.51 8.90 0.00
TimeGPT 0.17 0.06 0.22 -9.96 -63.67 0.09
TT™M 0.02 0.01 0.19 26.23 -68.46 0.08




Table 7. Comparison of model training time and energy consumption under identical training conditions

(30 epochs). For each model, training time and carbon dioxide equivalent emissions (kg CO:-eq) are

reported.
Hours (30 epochs) Energy consumption (kg eq. COz)
DLinear: 0.4 0.07
iTransformer: 0.7 0.12
LSTM: 1.0 0.17
Informer: 2.6 0.44
Transformer: 3.2 0.54
Non-stationary Transformer 3.6 0.61
Autoformer: 4.8 0.82
ETSformer: 6.3 1.07
Pyraformer: 8.7 1.48
Crossformer: 13.0 2.21
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Figure S1. A schematic representation of the hydrologic modeling framework. The box on the right-hand
side indicates selections of model, task, and GPU. Boxes in the main figure represent processing modules.

Black arrows indicate the flow of data and information between processing steps.
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Figure S2. Overview of dataset distributions. CAMELS (Catchment Attributes and Meteorology for Large-
sample Studies): 531 basins; Global streamflow dataset: 3,434 basins; SWE (Snow Water Equivalent)
dataset: 526 sites; DO (Dissolved Oxygen) dataset: 236 basins; ISMN (International Soil Moisture Network)
dataset: 1,317 sites. Maps are made with Natural Earth imagery, no permission needed

(naturalearthdata.com).



ubRMSE
forecasting: 7 days

forecasting: 1 day

LSTM|+ 0.00 Pyraformer
-1.62 [| Pyraformer Reformer + 7.69
-2.37 Crossformer Crossformer +7.22
-2.55 Informer DLinear + 6.35
-2.92 Transformer PatchTST + 6.03
-3.32 Reformer ETSformer +5.75
-4.77 Nonstationary Transformer Informer +5.73
-4.81 PatchTST iTransformer +4.71
-6.03 ETSformer Nonstationary_Transformer
-7.35 DLinear CARDformer
-7.39 iTransformer TimesNet
-8.97 TimesNet
CARDformer -4.2 Transformer
-30 0 10 20 30 -10 5 10
forecasting: 30 days forecasting: 60 days
Pyraformer +5.78 Pyraformer +4.78
Reformer +5.39 Reformer +4.29
DLinear DLinear + 3.64
Crossformer ETSformer +2.93
ETSformer + 3.04 Crossformer +2.48
CARDformer +2.92 iTransformer +2.04
PatchTST +2.76 Nonstationary Transformer +1.88
iTransformer +2.47 Informer
Nonstationary_Transformer PatchTST
Informer CARDformer +0.52
LSTM |+ 0.00 LSTM [+ 0.00
-3. Transformer -1.81 Transformer
. TimesNet -6.52 TimesNet
-6 -4 -2 0 2 4 6 -8 -6 -4 -2 0 2 4 6 8
Change Rate (%) Change Rate (%)

Figure S3. Comparison of percent changes in ubRMSE for various models at four forecasting horizons: 1
day (top-left), 7 days (top-right), 30 days (bottom-left), and 60 days (bottom-right). Each subplot shows the
percent changes relative to the LSTM baseline (set at 0%). Negative changes are shown in blue, positive

changes in green. Detailed numerical results are provided in Table S3.
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Figure S4. Comparison of Large Language Models (LLMs) and Time Series Attention-based Models
(TSAMs) for runoff forecasting under zero-shot forecasting scenarios. Results are presented for 7-day, 30-
day, and 60-day forecasting horizons based on a random selection of seven basins from the CAMELS
dataset, each basin containing 420 days of observations. A 90-day historical data window is used in all

experiments to forecast runoff for the subsequent 7, 30, or 60 days.
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