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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

Introduction to GeoFMs

Break

Hands-on: TerraMind h Flood
Lunch

Hands-on: TerraMind h Burn Scars
Break

Hands-on: Embeddings h Crop
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Prithvi

J>B J AuBoEntcrber
Pre-training task: reconstruct

masked patches (+ MSE loss)
7'5(&7 A

B1%2%&5 _ S,
(VIT) for multi -spectral and
multi -temporal data.

6,

A& 2 %&5 Q5! 16"
+ linear projection layer to
match the target patch size.
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VIT architecture +
3D Patch embedding +
3D positional encoding

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.
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Prithvi 2.0
example

HuggingFace demo with
more reconstructions

Running

Prithvi EO 2.0 Demo %
Prithvi-EO-2.0-300M-TL image reconstruction demo

-~ ibm-nasa-geospatial Dec5,2024
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Ground truth

Masked input

Reconstruction
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TerraMind h a geospatial foundation model
with cross-modal understanding

Raw Input Sentinel-2 L2A  Sentinel-1 RTC

Generation
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Sentinel-2 L2A




+

Sentinel-1 GRD




Sentinel-2 L2A




TerraMind

TerraMind is our first
any-to-any generative,
large-scale multimodal
FM for EOand Is pre-
trained on 500 Dbillion
tokens using diverse
geospatial data.
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Modalities

Sentinel-2 L2A
Sentinel-2 L1C
Sentinel-2 RGB

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

Modality-wise Tokenization

A satellite
image of a
coastline
S

04 Xs K

122K s

Pixel-level input

Ization

Text

lzation

Sequence input

..... | .Caption

Coords

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.

Correlation Learning

Sampled target tokens

a 1111111
A A
Cross Entropy Loss

t ¢+t ¢+ t t t 1t
NENEEEEE
t ¢+t ¢+ t t t 1t

TerraMind
Decoder

Mask tokens

I
EEEEENEE
t ¢+t ¢+ t t t 1t

TerraMind
Encoder

tot ottt bt
- HNESENEE

Sampled input tokens
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Tokens are good
pre-training targets

TerraMind uses
Vector-quantized
Variational Auto-

Finite Scalar
- Encoders VA
Raw Input Quantization! (FSQ) Reconstructlo | i diﬁusi(})/r?stepEs)
- .. for tokenization.
ViT-B e Diffusion |
B Encoder ) ‘\ H B- Decoder % B The tokenizer of each
| B Y modality is trained
{ separate and uses Finite
.... | . Scalar Quantization
FSQ with a codebook
Codebook (F5Q

size of 15,360 tokens.

1 Mentzer, F., Minnen, D., Agustsson, E., & Tschannen, M. (2023). Finite scalar quantization: Vg-vae made simple. arXiv
HDCRS School / © 2026 IBM & JSC preprint arXiv:2309.15505. 12



Fusing the modalities with
correlation learning

Sampled target tokens

Latent representation Cross entropy loss

EEEEEEEE- IIIIII
N I I N R N

— < —

TerraMind ¢ TerraMind

Encoder Decoder
04 Xs K
122X 9B LA L O A N SRS S SRS SR NS
— HSNEEENE

Sampled input tokens Mask tokens

Mizrahi, D., Bachmann, R., Kar, O., Yeo, T., Gao, M., Dehghan, A., & Zamir, A. (2023). 4m: Massively multimodal masked
HDCRS School / © 2026 IBM & JSC modeling. Advances in Neural Information Processing Systems.



Modalities Modality-wise Tokenization Correlation Learning Downstream Applications

Sentinel-2 L2A

val- ' Multimodal Generation
Sentinel-2 L1C Pixel-level input Sampled target tokens

Sentinel-2 RGB —— BN EEEEe np—
bbb bbb A
| Cross Entropy Loss i i L
Sentinel-1 GRD _ NN
Sentinel-1 RTC ........ Generate data based on
bttt o4 44 learned correlations
Digital Elevation :
Model (DEM) TerraMing Fine-tuning
Decoder
Vegetation
index (NDVI)
_ Mask tokens
Land-use/ 3 9. Ization | Native support for multi-modal inputs
land-cover X ........ pp p
maps (LULC) t ot ottt ottt

. _ Thinking in Modalitites (TiM)
A satellite _ TerraMind
Image caption Ir:oafs(ili?lfea Sequence Input Encoder
o, 7T+ | Text ..... | .Caption
: : Coords ]
Coordinates at 04 Xs K Ization
025x0.25deg | 122/ _s|B Sampled input tokens TiM tuning with generated modalities

Jakubik, J., Yang, F., Blumenstiel, B., Scheurer, E., Sedona, R., Maurogiovanni, S., ... & Longépé, N. (2025).
HDCRS School / © 2026 IBM & JSC TerraMind: Large-Scale Generative Multimodality for Earth Observation. arXiv preprint arXiv:2504.11171.



Any-to-any generation

Predicted tokens

!!!!!! IT ! B Generation

TerraMind Diffusion
Encoder

Input patches Mask tokens of
target modality
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Chained generation for
consistent generations

Predicted tokens

!!!!!! IT ! B Generation

TerraMind Diffusion
Encoder Decoder

[ R N R
HE H 2 SEE B
Generated Input tokens Mask tokens of
tokens next target modality
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Chained generation for
consistent generations

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

Generation

7 | ’
l.%
NG -

Generation

w
i "_
R

Generation

Consistancy
between
generated

> modalities
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Thinking In
Modalities

TerraMind enables to
enhance fine-tuning by
Thinking-in-Modalities
(TIM) h generating
iIntermediate artificial

data of other modalities.

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

TerraMind

Encoder

7 | s
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e

. TerraMind [
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How does
TerraMind
pDerfrorm’



PANGAEA bench nine diverse downstream tasks

BurnScars MADOS PASTIS SenlFlll FBP
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Wildfire Marine  Agriculture Flood Land cover Land cover Agriculture Change det. Agriculture

Marsocci, V., Jia, Y., Bellier, G. L., Kerekes, D., Zeng, L., Hafner, S., ... & Nascetti, A. (2024). PANGAEA: A global and
HDCRS School / © 2026 IBM & JSC inclusive benchmark for geospatial foundation models. arXiv preprint arXiv:2412.04204. 20



PANGAEA bench results for
TerraMind and the top 5 EO FMs
based on average rank. The mloU is
visualized on a normalized scale.
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Gaofen-2

FiveBillionPixels
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Thinking In Modalities

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

Potential TiIM modalities
for TerraMind include
S-2,S1, LULC, DEM,
NDVI, and coordinates.

HDCRS School / © 2026 IBM & JSC

Dataset Model Input lOU s ocr mioU
TerraMind-B Sentinel-1 68.00 81.06
TerraMind-B TiM S-1+gen. LULC 72.25 83.65
SenlFloodsll _ _
TerraMind-B Sentinel-2 82.26 89.70
TerraMind-B TiM S-2+gen. LULC 84.75 91.14
TerraMind-B Sentinel-2 41.87
SACropT . . h
P IYPE erraMind-B TiM  S-2 + gen. LULC 42.74
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T&WL 3 &1

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

HDCRS School / © 2026 IBM & JSC
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Al & ML interests

None defined yet.

= Recent Activity

ﬁ jhnnsjkbk updated a Space about 22 hours ago
ibm-esa-geospatial /README

F, blumenstiel updated a model about 22 hours age

ibm-esa-geospatial fL1lama3-MS-CLIP-base

F, blumenstiel published a model & daysaz0
ibm-esa-geospatial /Llama3-MS-CLIF-base

View all activity

. Team members ©

GE S R0

I Search models, datasets, users

{‘-_-'5 IBM ESA Geospatial (

P2859% &

Al & ML interests

Foundation models and downstream applications
for Earth Observation and Weather and Climate.

Recent Activity

L

, blumenstiel updated a model zbout2 months ago

blumenstiel new activity 2 months ago

e B I |

blumenstiel new activity 2 months ago

ibm-nasa-geospatial /Prithvi-E0-2.8-300M-TL-Se..

View all activity

. Team members 50

$6302630
340260€ °
€€CENE 0
0eeCTUTO
Aeeesee
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ibm-nasa-geospatial /Prithvi-E0Q-2.0-300M-Burns..

ibm-nasa-geospatial /Prithvi-E0Q-2.0-300M-Burns..

= huggingface.co @ -] M +
¢ Models Datasets Spaces Community ~ Docs Pricing ~= E‘
eoe M - @O < B @ @ % huggingface.co i E -] M +
~  Hugging Face 1 Search models, datasets, users ¢ Models Datasets Spaces Community  Docs Pricing ~= E‘

IBM-NASA Prithvi Models Family community

Upgrade to & Team or & Enterprise

Activity Feed New £ Organization settings ': Following “&* 707 :. a

L. Community & Editorgcard
®  Organization Card

IBM and NASA @ Open Source Al

IBM and NASA have teamed up to create a family of Al foundation models for Earth called Prithvi. These geospatial
foundation models make Al accessible for open science users, startups, and enterprises by simplifying model training

and deployment.

Three foundation models have been released to date: Prithvi-EQ-1.0 and Prithvi-EQ-2.0 which uses earth observation

data from NASA’s Harmonized Landsat and Sentinel-2 (HLS), and Prithvi-WxC-1.0 which uses weather and climate data
from NASA's MERRA-2.

Technical papers for the Prithvi-EO models can be found here and the Prithvi-WxC model here. Each foundation model

has been finetuned for several tasks using IBM TerraTorch - model cards, checkpoints and code to get you started with

the finetuned models can be found in the links above.

IBM has also developed enterprise-ready finetuned versions of the Prithvi models, which are named Granite. Please

visit the |BM Granite Geospatial Hugging Face for more information.

The Prithvi models would not have been possible to develop without exceptional collaborators. This includes
Forschungszentrum Jiilich super computing centre who co-developed Prithvi-EO-2.0 and Qak Ridge National Lab who
co-developed Prithvi-WxC-1.0.

By embracing the principles of open Al and open science, IBM and NASA are actively contributing to the global mission
of promoting knowledge sharing and accelerating innovations. We hope that the Al community find our efforts useful

and that our models help fuel progress in addressing critical environmental challenges.

If you have any questions, please visit our discussions page.

In collaboration with N’\SI\ @esa
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IBM:terramind - terramind_v1_base_sen1floods11.ipynb

I e rra, I O rC h h + @B 1™V DL » & [ Code v Managed Jupyter server: auto-start v
I h e I IVI I OO I klt model = terratorch.tasks.SemanticSegmentationTask(

model_factory="EncoderDecoderFactory", # Combines a backbone with necks, the

model_args={

TerraMind is fully integrated into TerraTorch T s e L e
which enables low/no-code fine-tuning. e Lreaties vs1ck0]

Initalize pre -trained TerraMind models for
fine-tuning, TIM tuning, any-to-any generation,
or tokenization within a few lines of code.

"name": "SelectIndices",
"indices": [2, 5, 8, 11] # indices for terrami

ls,
{"name": "ReshapeTokensToImage",
"remove_cls_token": False}, #

' 527®&&55! 7T2HRBF@H? LKB) OBDFPQOV

{"name": "LearnedInterpolateToPyramidal"} # Some decode

PRGHO%S$&. %21 (B5(*,675< EXLOG
WHUUDP L BEDW H
PRGDOLWLHV $ 6 S57&@

SUHW U D LDUH

"decoder": "UNetDecoder",
"decoder_channels": [512, 256, 128, 64],

HDCRS School / © 2026 IBM & JSC Examples at https://github.com/IBM/terramind
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