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Introduction to GeoFMs

Break

Hands-on: TerraMind h Flood

Lunch

Hands-on: TerraMind hBurn Scars

Break

Hands-on: Embeddingsh Crop

09:30 - 11:00

11:00 - 11:30

11:30 - 13:00

13:00 - 14:30

14:30 - 15:30

15:30 - 16:00

16:00 - 17:00

Agenda
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Prithvi
In collaboration with
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Jakubik, J., Roy, S., Phillips, C. E., Fraccaro, P., Godwin, D., Zadrozny, B., ... & Ramachandran, R. (2023). Foundation 

models for generalist geospatial artificial intelligence. arXiv preprint arXiv:2310.18660.

J>B ͢ J!6.&% AutoEncoder

Pre-training task: reconstruct 
masked patches (+ MSE loss)
͢ 7!5(&7 Ä 25,(,1!/ %!7!k

B1$2%&5 ͢ S,6,21 75!16'250&5 
(ViT) for multi -spectral and 
multi -temporal  data.

A&$2%&5 ͢ Q5!16'250&5 #/2$.6 
+ linear projection layer to 
match the target patch size. 

Prithvi

ViT architecture + 

3D Patch embedding + 

3D positional encoding

In collaboration with
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HuggingFace demo with 
more reconstructions

Prithvi 2.0
example

ReconstructionMasked inputGround truth
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TerraMind
In collaboration with
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TerraMind h a geospatial foundation model 
with cross-modal understanding
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Raw Input Sentinel-2 L2A Sentinel-1 RTC DEM LULC NDVI

Generation

Generation



Sentinel-2 L2A



Sentinel-1 GRD



Sentinel-1 GRD

Sentinel-2 L2A
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Jakubik, J., Yang, F., Blumenstiel, B., Scheurer, E., Sedona, R., Maurogiovanni, S., ... & Longépé, N. (2025). 

TerraMind: Large-Scale Generative Multimodality for Earth Observation. arXiv preprint arXiv:2504.11171.

TerraMind is our first 
any-to-any generative, 
large-scale multimodal  
FM for EO and is pre-
trained on 500 billion 
tokens using diverse 
geospatial data. 

TerraMind
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Sentinel-2 L2A

Sentinel-2 L1C

Sentinel-2 RGB

A satellite 
image of a 
coastline 
:,7+ l

0Á]XsK 
122Á̂ _sB

Sentinel-1 GRD

Sentinel-1 RTC

Digital Elevation 
Model (DEM)

Vegetation 
index (NDVI)

Land-use/
land-cover 
maps (LULC)

Image caption

Coordinates at 
0.25 x 0.25 deg

Pixel-level input

Patch 
Embed.

Text 
Token-
ization

DEMl

S-2 L1Cl

S-2 RGBl

S-2 L2Al

Captionl

Coords

Image 
Token-
ization

S-2 L2Al

S-1 GRDl

S-1 RTCl

DEMl

LULCl

NDVIl

Token-level input

Sequence input

Modalities Modality-wise Tokenization Correlation Learning

TerraMind 
Decoder

Mask tokens

Cross Entropy Loss

Sampled target tokens

TerraMind 
Encoder

Sampled input tokens

S-1 GRDl

S-1 RTCl
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1 Mentzer, F., Minnen, D., Agustsson, E., & Tschannen, M. (2023). Finite scalar quantization: Vq-vae made simple. arXiv 

preprint arXiv:2309.15505.

TerraMind uses 
Vector-quantized 
Variational Auto-
Encoders (VQ-VAE)
with diffusion steps
for tokenization.

The tokenizer of each 
modality is trained 
separate and uses Finite 
Scalar Quantization 
(FSQ) with a codebook 
size of 15,360 tokens.

Tokens are good 
pre-training targets

ViT-B
Encoder

Raw Input Reconstruction

Diffusion
Decoder

l

Codebook

Finite Scalar
Quantization1 (FSQ)

é
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Mizrahi, D., Bachmann, R., Kar, O., Yeo, T., Gao, M., Dehghan, A., & Zamir, A. (2023). 4m: Massively multimodal masked 

modeling. Advances in Neural Information Processing Systems.

Fusing the modalities with 
correlation learning

TerraMind 
Decoder

Mask tokens

Sampled target tokens

TerraMind 
Encoder

Sampled input tokens

0Á_XsK 
122Áa_sB

Inputs Cross entropy lossLatent representation

0Á]XsK 
122Á̂ _sB
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Jakubik, J., Yang, F., Blumenstiel, B., Scheurer, E., Sedona, R., Maurogiovanni, S., ... & Longépé, N. (2025). 

TerraMind: Large-Scale Generative Multimodality for Earth Observation. arXiv preprint arXiv:2504.11171. 14

Sentinel-2 L2A

Sentinel-2 L1C

Sentinel-2 RGB

A satellite 
image of a 
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:,7+ l
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Sentinel-1 GRD

Sentinel-1 RTC

Digital Elevation 
Model (DEM)
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land-cover 
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Image caption

Coordinates at 
0.25 x 0.25 deg

Pixel-level input

Patch 
Embed.

Text 
Token-
ization

DEMl

S-2 L1Cl

S-2 RGBl

S-2 L2Al

Captionl

Coords

Image 
Token-
ization

S-2 L2Al

S-1 GRDl
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DEMl

LULCl
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Token-level input

Sequence input

Modalities Modality-wise Tokenization Correlation Learning Downstream Applications

TerraMind 
Decoder

Mask tokens

Cross Entropy Loss

Sampled target tokens

TerraMind 
Encoder

Sampled input tokens

Encoder
Task 

decoder

Native support for multi-modal inputs

Fine-tuning

Model

TiM tuning with generated modalities

Thinking in Modalitites (TiM)

S-1 GRDl

S-1 RTCl

Generate data based on 
learned correlations

Multimodal Generation
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Any-to-any generation

Input Generation

Diffusion
Decoder

TerraMind 
Encoder

Input patches

l

l

TerraMind 
Decoder

Mask tokens of 
target modality

Predicted tokens

l

l
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Chained generation for 
consistent generations

TerraMind 
Encoder

Input tokens

llé

Generated 
tokens

Input Generation

Diffusion
Decoder

TerraMind 
Decoder

Mask tokens of 
next target modality

Predicted tokens

l

l



Raw Input Sentinel-2 L2A Sentinel-1 RTC DEM LULC NDVI

Generation

Generation

Generation
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Chained generation for 
consistent generations

Consistancy 
between 
generated 
modalities
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TerraMind enables to 
enhance fine-tuning by 
Thinking-in-Modalities 
(TiM) hgenerating 
intermediate artificial 
data of other modalities.

The raw image and the 
generated tokens are 
used as input by the 
fine-tuned model.

Thinking in 
Modalities Standard fine-tuning

TiM fine-tuning with intermediate modalities

TerraMind 
Encoder

Task 
decoder

Model

TerraMind

é
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How does 
TerraMind 
perform?
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Marsocci, V., Jia, Y., Bellier, G. L., Kerekes, D., Zeng, L., Hafner, S., ... & Nascetti, A. (2024). PANGAEA: A global and 

inclusive benchmark for geospatial foundation models. arXiv preprint arXiv:2412.04204.

PANGAEA bench h nine diverse downstream tasks

AI4Farms

BioMasters

CTM-SSDynamicENFBPBurnScars MADOS PASTIS Sen1Fl11 SpaceNet7

xView

HLS S-2 L2R S-2 L1C Gaofen-2 Planet Planet S-2 L2A

S-1 GRD S-1 SLC

S-2 L2AS-2 L2A

S-1 GRD

AgricultureAgricultureLand coverLand coverWildfire Marine Agriculture Flood Change det.
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PANGAEA bench results for 
TerraMind and the top 5 EO FMs 
based on average rank. The mIoU is 
visualized on a normalized scale.
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FiveBillionPixelsBurn ScarsMADOSAverage mIoU

High resolution inputs 
are challenging for most 
geospatial FMs.

Competitive results on 
domain shifts like 
different inputs (HLS).

Very good performance 
on pre-training input 
modalities like S-2.

TerraMind is the first 
EO FM to outperform a 
fully fine-tuned UNet.

HLSS-2 L2R Gaofen-2
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Comparision between 
the standard approach 
with full fine -tuning and
Thinking-in-Modalities 
(TiM) tuning using 
generated LULC tokens 
as additional inputs.

Potential TiM modalities 
for TerraMind include 
S-2, S-1, LULC, DEM, 
NDVI, and coordinates.

Thinking in Modalities

Dataset Model Input IoUWater mIoU

Sen1Floods11

TerraMind-B

TerraMind-B TiM

Sentinel-1

S-1 + gen. LULC

68.00

72.25

81.06

83.65

TerraMind-B

TerraMind-B TiM

Sentinel-2

S-2 + gen. LULC

82.26

84.75

89.70

91.14

SA Crop Type
TerraMind-B

TerraMind-B TiM

Sentinel-2

S-2 + gen. LULC
h

41.87

42.74
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All models are released 

on Hugging Face under 

the Apache 2.0 license.

https://huggingface.co/

ibm-nasa-geospatial 

https://huggingface.co/

ibm-esa-geospatial 

T&  L3&1 P285$&¡ 
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In collaboration with

https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-nasa-geospatial
https://huggingface.co/ibm-esa-geospatial
https://huggingface.co/ibm-esa-geospatial
https://huggingface.co/ibm-esa-geospatial
https://huggingface.co/ibm-esa-geospatial
https://huggingface.co/ibm-esa-geospatial
https://huggingface.co/ibm-esa-geospatial
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TerraMind is fully integrated into TerraTorch 

which enables low/no-code fine-tuning.

Initalize pre -trained TerraMind models for 

fine-tuning, TiM tuning, any-to-any generation, 

or tokenization within a few lines of code.

TerraTorch h
The FM Toolkit

'520 7&55!725$+ ,03257 ?>@H?LKBjOBDFPQOV
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https://github.com/IBM/terramind

