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Objectives
Develop a machine learning framework to estimate daily 
maximum and minimum near-surface air temperature by 
integrating satellite LST with GFS Meteorological Fields.

Data & Methodology
Built the training dataset combining:
● Global Historical Climatology Network (GHCNd)
● Global Forecast System (GFS)
● L3 Daily Global VIIRS LST

Developed an XGBoost machine learning model trained 
on 2021 - 2024 data and tested on 2025 data.

Figure: Geographic distribution of the 9,416 GHCN-Daily 
stations used as ground-truth observations for model training



Results
● Using the independent 2025 

test dataset, the models 
achieved RMSEs of 2.28 K and 
2.20 K for daily maximum and 
minimum air temperature, 
respectively. 

● The models achieved R2 values 
of 0.965 and 0.961 and MAEs of 
1.64 K and 1.60 K for daily 
maximum and minimum air 
temperature, respectively. 

● The minimum temperature 
model reduced the GFS 
baseline’s bias from -0.95 K to 
-0.14 K.

Figures: Residual plot distribution for the 
TMAX (top) and TMIN (bottom) models

Figure: Parameter sweep over max_depth and 
learning rate, ranked by test RMSE

Figures: SHAP summary plots showing feature 
impact and ranking for the TMAX (top) and 

TMIN (bottom) model predictions

Figure: Train/test RMSE (K) vs. epoch, showing 
convergence and the point where early stopping 

parameters stop training



Analysis
● TMAX model overestimates across 

Asia, South Africa, and Mexico.
● TMIN model underestimates across 

Asia, South Africa, and Mexico.
● Spatial bias is heavily correlated with 

density of ground stations.

● Both models have various spatial 
biases dependent on season (e.g. TMAX 
underestimates the Midwest in the Winter and 
overestimates in the Fall).

● At the station level, both models 
perform best during the summer.

Figures: Station-level bias by season, hemisphere-adjusted (2025 test 
set) for TMAX (left) and TMIN (right)

Figure: Mean model bias (predicted K - observed K) by 15° latitude 
zones for TMAX (left) and TMIN (right) on 2025 test data


