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Deep Learning for Weather Prediction (DLWP)

Weyn, J.A., Durran, D.R. and Caruana, R., 2019. Can machines learn to predict weather? Using deep learning to predict gridded 500‐hPa 
geopotential height from historical weather data. Journal of Advances in Modeling Earth Systems, 11(8), pp.2680-2693.



DLWP Cubed Sphere

Weyn, J.A., Durran, D.R. and Caruana, R., 2020. Improving data‐driven global weather prediction using deep convolutional neural networks 
on a cubed sphere. Journal of Advances in Modeling Earth Systems, 12(9), p.e2020MS002109.



Deep learning for global precipitation prediction

● DLWP and DLWP-CS use temperature at 850 hPa and geopotential at 500 
hPa to show comparable and improved performance w.r.t operational models. 

● DLWP and DLWP-CS use global domain for data-driven weather forecasting.
● Previous studies either use limited regions, do not consider spherical 

distortion, use fields simpler to simulate relative to precipitation, do not 
compare with operational forecasts or do not use CNNs limiting their 
capability to capture spatial patterns.

● Need for a system dedicated to global precipitation forecasts which can be 
considered a digital twin of the real system.



Modified DLWP-CS

Transforms DLWP-CS from a temporal mapping to a function simulating 
precipitation from different fields

Singh, M., Acharya, N., Patel, P., Jamshidi, S., 
Yang, Z.L., Kumar, B., Rao, S., Gill, S.S., 
Chattopadhyay, R., Nanjundiah, R.S. and Niyogi, 
D., 2023. A modified deep learning weather 
prediction using cubed sphere for global 
precipitation. Frontiers in Climate, 4, p.1022624.



Weatherbench dataset corresponding to total cloud cover and two meter air 
temperature as precursors and precipitation as the label/target. Training: 
1979-2009, Validation: 2010-2011, Testing: 2012-2015. Temporal resolution: hourly

Rasp, S., Dueben, P.D., Scher, S., Weyn, J.A., Mouatadid, S. and Thuerey, N., 2020. WeatherBench: a benchmark 
data set for data‐driven weather forecasting. Journal of Advances in Modeling Earth Systems, 12(11), 
p.e2020MS002203.
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Median of Day-1 precipitation

Singh, M., Acharya, N., Patel, P., Jamshidi, S., 
Yang, Z.L., Kumar, B., Rao, S., Gill, S.S., 
Chattopadhyay, R., Nanjundiah, R.S. and Niyogi, 
D., 2023. A modified deep learning weather 
prediction using cubed sphere for global 
precipitation. Frontiers in Climate, 4, p.1022624.



Grid point correlations for 2012-2015

● DL1- Total cloud cover as input,  
DL2 - Surface air temperature as 
input

● Grid point correlations show that 
DL1 and DL2 outperform GFS and 
linear regression

● Comparability to GFS at 24 hour 
lead assuming that the input fields 
to precipitation parameterization 
do not significantly deviate from 
the observed states

Singh, M., Acharya, N., Patel, P., Jamshidi, S., 
Yang, Z.L., Kumar, B., Rao, S., Gill, S.S., 
Chattopadhyay, R., Nanjundiah, R.S. and Niyogi, 
D., 2023. A modified deep learning weather 
prediction using cubed sphere for global 
precipitation. Frontiers in Climate, 4, p.1022624.



Evaluation of modified DLWP-CS

Singh, M., Acharya, N., Patel, P., Jamshidi, S., 
Yang, Z.L., Kumar, B., Rao, S., Gill, S.S., 
Chattopadhyay, R., Nanjundiah, R.S. and Niyogi, 
D., 2023. A modified deep learning weather 
prediction using cubed sphere for global 
precipitation. Frontiers in Climate, 4, p.1022624.

Index of agreement for the precipitation 
averaged over different land regions from (a) 
GFS and (b) MDLWP-CS models with ERA5 
precipitation for the test years 2012–2015.



Short-range forecasts of global 
precipitation using deep 
learning-augmented numerical 
weather prediction



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022
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Johny, Kumar Roy, et al. Performance of a very high-resolution global forecast system model (gfs t1534) at 12.5 km over the indian
region during the 2016–2017 monsoon seasons. Journal of Earth System Science, 128(6):1–18, 2019

Baseline



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, A., Rao, S.A., 
Kumar, B., Yang, Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation using deep 
learning-augmented numerical weather prediction. 
NeurIPS 2022



Singh, M., Acharya, N., Grover, 
A., Rao, S.A., Kumar, B., Yang, 
Z.L. and Niyogi, D., Short-range 
forecasts of global precipitation 
using deep learning-augmented 
numerical weather prediction. 
NeurIPS 2022



From global to local 
weather prediction



We first need to develop 
supervised learning 
datasets. The solution is 
being provided by 
DownScaleBench



DownScaleBench for 
developing and 
applying a deep 
learning based urban 
climate downscaling

Singh, M., Acharya, N., Jamshidi, 
S., Jiao, J., Yang, Z.L., Coudert, M., 
Baumer, Z. and Niyogi, D., 2023. 
DownScaleBench for developing 
and applying a deep learning based 
urban climate downscaling-first 
results for high-resolution urban 
precipitation climatology over 
Austin, Texas. Computational 
Urban Science, 3(1), p.22.
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Next, we need state of the art 
models to perform 
super-resolution/downscaling. 
The solution is being provided 
by ClimateDownscaleSuite



ClimateDownscaleSuite: Unifying deep learning models for 
weather and climate downscaling

Singh et al, manuscript in preparation



ClimateDownscaleSuite 
applied to VIIRS
to DMSP 
night time lights
data 
transformation

Singh et al, 
manuscript in 
preparation



We also need state of the 
art novel methods to fuse 
station datasets into 
downscaling algorithms 
MeteoGAN is the answer



MeteoGAN for urban digital twins



First results from MeteoGAN over Delhi, India

CHIRPS (5 km) Bicubic (300 m) MeteoGAN (300 m)

1993-09-10



First results from MeteoGAN over Delhi, India

CHIRPS (5 km) Bicubic (300 m) MeteoGAN (300 m)

1988-08-19



MeteoGAN based land surface temperature at 30-m

Incorporating physical boundary 
conditions  



Pangu-Weather - 3D Earth Specific Transformer

Bi, K., Xie, L., Zhang, H., Chen, X., 
Gu, X. and Tian, Q., 2023. 
Accurate medium-range global 
weather forecasting with 3D neural 
networks. Nature, 619(7970), 
pp.533-538.



GraphCast

Lam, R., Sanchez-Gonzalez, A., Willson, M., Wirnsberger, P., 
Fortunato, M., Alet, F., Ravuri, S., Ewalds, T., Eaton-Rosen, Z., Hu, W. 
and Merose, A., 2023. Learning skillful medium-range global weather 
forecasting. Science, 382(6677), pp.1416-1421.



Fourcastnet

Kurth, T., Subramanian, S., Harrington, P., Pathak, 
J., Mardani, M., Hall, D., Miele, A., Kashinath, K. 
and Anandkumar, A., 2023, June. Fourcastnet: 
Accelerating global high-resolution weather 
forecasting using adaptive fourier neural 
operators. In Proceedings of the platform for 
advanced scientific computing conference (pp. 
1-11).



FuXi

Chen, L., Zhong, X., Zhang, F., Cheng, Y., Xu, Y., 
Qi, Y. and Li, H., 2023. FuXi: a cascade machine 
learning forecasting system for 15-day global 
weather forecast. npj Climate and Atmospheric 
Science, 6(1), p.190.



SwinRDM

Chen, L., Du, F., Hu, Y., Wang, Z. and Wang, F., 
2023, June. Swinrdm: integrate swinrnn with 
diffusion model towards high-resolution and 
high-quality weather forecasting. In Proceedings 
of the AAAI Conference on Artificial Intelligence 
(Vol. 37, No. 1, pp. 322-330).



NeuralGCM

Kochkov, D., Yuval, J., Langmore, I., Norgaard, 
P., Smith, J., Mooers, G., Lottes, J., Rasp, S., 
Düben, P., Klöwer, M. and Hatfield, S., 2023. 
Neural general circulation models. arXiv preprint 
arXiv:2311.07222.



Aurora 



StormCast





Weatherbench-2

Rasp, S., Hoyer, S., Merose, A., Langmore, I., 
Battaglia, P., Russel, T., Sanchez-Gonzalez, A., 
Yang, V., Carver, R., Agrawal, S. and Chantry, M., 
2023. Weatherbench 2: A benchmark for the next 
generation of data-driven global weather models. 
arXiv preprint arXiv:2308.15560.



Weatherbench-2
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HealPix

Karlbauer, M., Cresswell‐Clay, N., Durran, D.R., 
Moreno, R.A., Kurth, T., Bonev, B., Brenowitz, N. 
and Butz, M.V., 2024. Advancing parsimonious 
deep learning weather prediction using the 
HEALPix mesh. Journal of Advances in Modeling 
Earth Systems, 16(8), p.e2023MS004021.





Fuxi-S2S





AIFS-CRPS



AI Quest 













Volumetric soil water layer 1



Volumetric soil water layer 4



Soil temperature layer 1



Soil temperature layer 4



Wet land event: 2019 Midwest / Mississippi Basin flooding 
2019031500 IC
# US box (CONUS-ish)
lat_slice = slice(50, 25)
lon_slice = slice(-125, -65)



2012 Central US drought
2012051500 IC 



AI Ocean Model

[u10, v10, sw_down, lw_down, t2m, 
q2m, precip, sp] - Atmospheric 
forcings from ERA5





Precision Agriculture scale soil moisture data



Diffusion and its derivatives everywhere



Thank you


