2 THE EUROPEAN SPACE AGENCY



Think of a real-world SDG Cesa [§lE

$-Lab

15 o

N e N = ol w0 kaIl Rzl —m = s i v » THE EUROPEAN SPACE AGENCY




Think of another SDG Cesa [l

$-Lab

== T Il == = 01 SE = B — i vl > THE EUROPEAN SPACE AGENCY




One more Eesa kb

$-Lab

| l!lﬁ-IIH
P[]

-.I |4 &

-Ellllii

;

F

]
I

4

= — h II % == + = == = I*I 2+ THE EUROPEAN SPACE AGENCY

N e N 1= o111



How to solve both tasks? Cesa [§lE

P-Lab
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Monitoring

« multimodality
Downstream Tasky

N
« adaptability Source: DOFA - 2403.15356
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https://arxiv.org/pdf/2403.15356

Which is the best among all available GFM

$-Lab

esa @b
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Multimodal Models

— CNN-based

=t— Transformer-Based

L CNN-Transformer Hybrid
— CLIP-based Models

— Diffusion-based Models
— MLLM

— LLM-based Agent

— Contrastive Method

— Generative Method

Contrastive-Generative
Hybrid

L— Geographic Knowledge

— Contrastive Learning

L— Auto Regressive Learning

— Custom Collected

L— Publicly Available

L MLLM

— Downstream Tasks

'— Evaluation Datasets

— Downstream Tasks

\— Evaluation Datasets

_[ SMLFR [39] and MMEarth [40]

SkySense [41], Prithvi [42], Presto [43], EarthPT [44], USat [45], OFA-Net [46], DOFA [47],
RSPrompter [48], LeMeViT [49] . HyperSIGMA [50]

_[-U—BARN [51]. RingMo-lite [52]

RemoteCLIP [37], Skyscript [53], GeoRSCLIP [54], 5-CLIP [55], RS-CLIP [5], Mall et al. [56],
Yang et al. [57], GeoCLIP [19], SatCLIP [18], AddressCLIP [20], StreetCLIP [58], GeoCLAP [59]

—[ RSDIff [60], DiffusionSat [61], CRS-Diff [62], MetaFarth [63]

LHRS-Bot [64], HZRSVLM [65], Geochat [66], Skysensegpt [67], RSGPT [68], SkyEyeGPT [69].
EarthGPT [70]. Popeye [71], RS-CapRet [72]. RSGPT [68], RS-LLaVA [73]

—[ Tree-GPT [74]. Remote Sensing ChatGPT [75], Change-Agent [13], RS-Agent [76]

CMC-RSSR [77], DINO-MC [78], CACo [79], GASSL [80], SeCo [81], MATTER [82],
DINO-MC [78], SSLTransformerRS [16], DINO-MM [83]. RSBYOL [84], lal-SimCLR [85],
DeCUR [86], SkySense [87]

Scale-MAE [88], SatMAE++ [89], SMLFR [90], SAR-JEPA [91], StMAE [92], RingMo [93],
RingMo-Sense [94], CtxMIM [95], S2MAE [96], SpectralGPT [97], FG-MAE [98], msGFM [87],
A2-MAE [99]

_[ CMID [100], Cross-Scale MAE [101], CROMA [102], MSFE [103]

GeoKR [104]. GeCo [105]. MTP [106]. GeRSP [107]. TOV [108]. SoftCon [109], SwiMDiff [90],
CSPT [110], GFM [111], MMEarth [40], SARATR-X [112]

RemoteCLIP [37], Skyscript [53]. GeoRSCLIP [54], S-CLIP [55], RS-CLIP [5], Mall et al. [56],
Yang et al. [57], GeoCLIP [19], SatCLIP [18], AddressCLIP [20], StreetCLIP [58], GeoCLAP [59]

LHRS-Bot [64], HZRSVLM [65], Geochat [66], Skysensegpt [67], RSGPT [68], SkyEyeGPT [69].
EarthGPT [70], Popeye [T1], RS-CapRet [72], RSGPT [68], RS-LLaVA [73]

Seco [B1], U-BARN [51], MATTER [82], Levir-KR [104], SkySense [41], GeoSense [39],
MMEarth [40], RingMo [93], TOV-RS [108]

MillionAID [113], SAMRS [114], Sen12MS [115], BigEarthNet-MM [116], SSL4EO [117],
—{ SatlasPretrain [118], IMoW [119], MoW-82 [92], BigEarthNei-S2 [120], MSAR [121],
SAR-Ship [122], SARSim [123], SAMPLE [124]

UCM-Caption [125], RSICD [126]. RSITMD [127], DOTA [8]. DIOR [7]. {MoW [119],
MillionAID [113], UCM [17], NWPU-RESISC45 [3], SkyScript [53], RS5M [54]

UCM [17], NWPU-RESISC45 [3], UCM-Caption [125]. Sydney-Caption [125], RSICD [126],
NWPU-Caption [128], RSITMD [127]. RSVQA-LR [129], RSVQA-HR [129], RSIVQA [130].
FloodNet [131], DOTA [8], DIOR [7]. FAIRIM [132], MoW [119], MillionAID [113], RSVG [133],
DIOR-RSVG [134], RSICap [68], LHRS-Align [64], LHRS-Instruct [64]

Scene Classification (Section V-Al), Object Detection (Section V-AZ2),
Semantic Segmentation (Section V-A3), Change Detection (Section V-Ad)

NWPU-RESISC45 [3], EuroSAT [14], AID [4], Xview [135], DIOR [7], DIOR-R [6], FAIRIM [132],
— DOTA [8], SpaceNetv1 [136], LoveDA [15], iSAID [137], Dyna.-Pla. [138], Dyna -S2 [138],
0SCD [12], LEVIR [11]

Scene Classification (Section V-B1), Image Captioning (Section V-B2),
—— Visual Question Answering (Section V-B3), Visual Grounding (Section V-B4),
Cross-Modal Retrieval (Section V-BS)

EuroSAT [14], NWPU-RESISC45 [3], WHU-RS19 [139], AID [137], SIRLWHU [2],
—{ UCM-Caption [125], Sydney-Caption [125], RSICD [126], NWPU-Captions [128], RSITMD [127],
RSVQA [129], FloodNet [131], RSIVQA [130], RSVG, DIOR-RSVG [134]

Let’'s benchmark them

and find out

Source: 2503.22081
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https://arxiv.org/pdf/2503.22081

Why Benchmarking GFMs Cesa [

$-Lab

Research themes:

Effective benchmarking can enhance the
capabilities of GFMs themselves, improving the
easiness of adoption and finding the limitations

1. Performance Evaluation
to be considered

2. Fairness & Robustness

3. Guiding Improvements
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Think of LLMs

@-Lab
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PANGAEA
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PANGAEA: the datasets

$-Lab
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PANGAEA: the datasets

@-Lab
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PANGAEA: the models

$-Lab

esa @b

Table 3: Overview of the pretraining datasets and the number of patches used by the selected GFMs. For Prithvi, the
data volume is reported.

Model Pretraining Images Patches/Volume
CROMA Sentinel-1, Sentinel-2 3IM

DOFA Sentinel-1, Sentinel2, Gaofen-2, NAIP, EnMAP 8.08M
GFM-Swin NAIP, RSD46-WHU, MLRSNet, RESISC45, PatternNet 600K

Prithvi Harmonized Landsat Sentinel-2 (HLS) ITB
RemoteCLIP SEG-4, DET-10, RET-3 165K

SatlasNet Sentinel-2, NAIP 856K
Scale-MAE FMoW-RGB 363.6K
Spectral GPT fMoW-S2, BigEarthNet 1.47M
SSL4EO-S12 Sentinel-1, Sentinel-2 3IM

and counting...
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Some results Cesa [
P-Lab

Table 5: Performance evaluation of Geospatial Foundation Models across 11 benchmark datasets using 100% of the
data. For semantic segmentation and change detection tasks, the mloU 7 is reported. For regression task, RMSE | is
reported. #Top2 indicates the number of datasets where the models achieve top-2 performance across all evaluated

datasets.

Model HLS Burns MADOS PASTIS SenlFloods11 xView2 FBP DynEarthNet CropMap SN7 Al4Farms BioMassters |#Top2

CROMA 82.42 67.55 32.32 90.89 53.27 51.83 38.29 49.38 59.28 25.65 36.81 2

DOFA 80.63 59.58  30.02 89.37 59.64 43.18 39.29 5133 61.84 27.07 4281 2

GFM-Swin 76.90 64.71 21.24 72.60 59.15 67.18 34.09 4698 60.89 27.19 46.83 1

Prithvi 83.62 4998 33.93 90.37 49.35 46.81 27.86 43.07 56.54 26.86 39.99 1

RemoteCLIP 76.59 60.00  18.23 74.26 57.41 69.19 31.78 52.05 57.76 25.12 49.79 2

SatlasNet 79.96 55.86 17.51 90.30 52.23 50.97 36.31 4697 61.88 25.13 41.67 0

Scale-MAE 76.68 57.32 2455 74.13 60.72 67.19 35.11 2542 6296 2147 47.15 3

Spectral GPT 80.47 57.99 3544 89.07 48.40 33.42 37.85 4695 58.86 26.75 36.11 1

S12-MoCo 81.58 51.76 3449 89.26 51.59 53.02 35.44 48.58 57.64 25.38 40.21 0

S12-DINO 81.72 4937  36.18 88.61 50.56 51.15 34.81 48.66 5647 25.62 41.23 1

S12-MAE 81.91 4990 32.03 87.79 50.44 51.92 34.08 458 57.13 24.69 41.07 0

S12-Data2Vec  81.91 4436 3432 88.15 51.36 48.82 35.90 54.03 5823 2423 4191 1

UNet Baseline  84.51 54.79  31.60 91.42 58.68 60.47 39.46 47.57 62.09 46.34 35.67 6 Q

ViT Baseline 81.58 48.19  38.53 87.66 57.43 59.32 36.83 44.08 52.57 38.37 38.55 2
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Some results: about resolution

$-Lab
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Some results: about data scarcity

esa @b
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The codebase
$-Lab

esa @b

D setup.py Minor update of the team name 7 months ago

[0 README  &[8 GPL-3.0 license Z

Tests  passing

PANGAEA: A Global and Inclusive Benchmark for
Geospatial Foundation Models

o} News

e [23/04/2025] we pushed a new version of the code, fixing different bugs (e.g. commands are working for all the
datasets now, metric computation with ignore_index is fixed, etc...). In the next month, we will provide: all
downloadable datasets and models, downloadable stratified subsamples for all the datasets, classification. Stay
tuned!

e [22/04/2025] on EarthDay, PANGAEA was officialy adopted to benchmark TerraMind. Read the news and the pre-
print. We will release the benchmarking code in PANGAEA very soon!

e [05/12/2024] the pre-print is out!

Contributors 12

260 €€
EdVét

Languages

® Python 100.0%

Starred 178 -
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Some nice achievements
d-Lab

- AnySat [CVPR 2025 Highlight]:
One Earth Observation Model for Many Resolutions, Scales,
and Modalities

* TerraMind:
Large-Scale Generative Multimodality for Earth Observation

- Embed2Scale challenge winner:
KTH&Friends used PANGAEA for it

- o= = 4 |1

i
Il
Il
il
Il
[

B
Y

S am B — | i ] + THE EUROPEAN SPACE AGENCY



Some recent news/next steps Cesa [
®-Lab

« GEO-Bench datasets included (with kNN and classification)

- Planning to add a lot of new models and thematic benchmarks

« Launch cool challenges with ITU
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Final Remarks
d-Lab

* Importance of benchmarking for SDGs

- Importance of an open-source project

« Stay tuned for many exciting next steps
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Question time Eesa [§Eb

$-Lab

Me at my Me benchmarking
wedding your GFM

valerio.marsocci@esa.int
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