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GIEHP: A global, Al-powered platform for near real-time ecological )

intelligence

The rapid advancement of multi-source remote sensing, cloud
computing, and artificial intelligence has transformed the moni-
toring and assessment of global ecosystems [1]. International ini-
tiatives, such as Global Forest Watch [2] and the Group on Earth
Observations [3], have demonstrated the importance of global,
near-real-time environmental information for large-scale ecolog-
ical monitoring, providing a better understanding of climate
change. Nevertheless, these platforms typically focus on a specific
domain, such as forest cover or water resources, and are unable to
comprehensively integrate multi-domain and multi-functional
ecological indicators within a unified technical framework. We
argue that a globally consistent ecological intelligence platform
with broader coverage, higher resolution, and integrated multi-
domain data will substantially enhance our understanding of
global ecological dynamics and climate change.

Here, we introduce the Global Intelligent Ecological Horizon
Project (GIEHP), an open, cloud-based platform designed to pro-
vide a unified infrastructure for ecological monitoring and data-
sharing. GIEHP integrates Earth observation, cloud computing,
big data analytics, and geographic artificial intelligence (GeoAl)
within an Al-enabled modular architecture [4]. The technical ar-
chitecture comprises four core modules: multi-source heteroge-
neous data integration, a model library, a dual computing
framework, and an interactive front-end/back-end interface
(Fig. 1a). The modular design supports automated workflows,
cross-domain analysis, and scalable model deployment. The plat-
form enables the near-real-time computation of more than 300
ecological indicators across terrestrial, aquatic, atmospheric, and
urban systems, with spatial resolutions ranging from 4 m to 1
km, spanning from 2000 to the present. These indicators are acces-
sible through both a web portal (https://www.giehp.cn or https://
www.giehp.com) and an application programming interface. All
GIEHP datasets are made available free of charge under the Crea-
tive Commons Attribution-NonCommercial 4.0 International (CC
BY-NC 4.0) license, allowing non-commercial use, redistribution,
and adaptation with appropriate attribution.

GIEHP supports scientific research and policy-oriented applica-
tions across multiple ecological and socio-environmental do-
mains. The platform can be applied to diverse areas, including
climate and urban resilience planning, ecological restoration
assessment, and other fields (Fig. 1b). Collectively, this architecture
establishes the computational and data backbone [5] for devel-
oping a next-generation intelligent digital earth atlas (EcoSphere
Atlas), which represents the central objective of GIEHP. The
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EcoSphere Atlas is designed to integrate long-term temporal con-
sistency with high-dimensional feature representation. It concep-
tualizes the Earth as a high-dimensional raster data cube that
unifies natural and human processes within a consistent spatio-
temporal framework. Through this integration, the system sub-
stantially enhances the interpretability of global surface
dynamics and the underlying driving mechanisms of climate
change [6,7], thereby providing a robust data foundation for
cross-scale prediction, integrated assessment, and scenario simu-
lation. The four representative ecological indicators of the four ma-
jor ecosystems presented (Fig. 1c) are intended to demonstrate the
diversity of ecological subsystems and the multidimensional
analytical capability of GIEHP [8]. More indicator examples can
be found in Supplementary Fig. S1-S15.

GIEHP addresses the pressing demand for an integrated, high-
resolution, and openly accessible platform for global ecological
monitoring. It offers comprehensive coverage, regular updates,
and customizable analytical scales. Future development of GIEHP
will expand its data coverage to the marine domain by incorpo-
rating oceanic variables (e.g., sea surface temperature, chloro-
phyll-a, net primary production, and CO, fluxes), thereby
building a fully integrated land-ocean—-atmosphere ecological in-
telligence framework. We encourage researchers from diverse dis-
ciplines to actively engage in the development and maintenance of
GIEHP. Through collaborative efforts to strengthen the system ar-
chitecture, broaden the indicator set, and refine algorithmic per-
formance [9], the platform can continue to evolve and advance
as an open, shared global resource.
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Fig. 1. Technical architecture, ecosystem coverage, application features, and example data of the Global Intelligent Ecological Horizon Project (GIEHP). a, The technical archi-
tecture, ecosystem coverage, and application features of GIEHP. b, Application scenarios of GIEHP. ¢, Example data products for four major ecosystem types, including global green-
view-index (GVI) maps derived from street-view imagery [10] (urban), global Forel-Ule water-color index maps [11] (aquatic), global anthropogenic PM; 5 emissions maps
(atmospheric), and global terrestrial carbon-density maps (terrestrial). Blank areas in panel b represent non-applicable regions rather than missing data. The urban example is
computed only for urban extents, while the aquatic example (water-color index) is limited to inland and nearshore water bodies.



D. Xu and Y.-C. Wang
Acknowledgements

The authors wish to thank funding support from the Heads and
Deanery Research Support Scheme, Faculty of Arts and Social Sci-
ences, National University of Singapore (Award #: 25-0517-A0001;
WABS: A-8003383-00-00).

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.ese.2025.100634.

References

[1] D. Zhang, Establishing a nation-wide eco-environment monitoring network
for sustainable governance, Environ. Sci. Ecotechnol. (2025) 100585.

G.F. Watch, Global Forest Watch, World Resources Institute, Washington, DC,
2002. Available from, http://www.globalforestwatch.org. March 2002.

F. Pearlman, et al., Demonstrating the value of Earth observations—Methods,
practical applications, and solutions—Group on Earth observations side event
proceedings, US Geol. Surv. (2019).

B. Turyasingura, et al., Application of artificial intelligence (Al) in environ-
ment and societal trends: challenges and opportunities, Babylonian ]J.
Mach. Learn. 2024 (2024) 177-182.

Z.A. Abdalkareem, A. Amir, Mapping the Intersection of Artificial Intelligence
and the Sustainable Development Goals: a Bibliometric and Scientometric
Analysis (2003-2025), ESTIDAMAA, 2025, pp. 1-12, 2025.

2

3

[4

[5

[6]

[7

(8

[0l

[10]

[11]

Environmental Science and Ecotechnology 28 (2025) 100634

C.F. Brown, et al., AlphaEarth Foundations: an Embedding Field Model for Ac-
curate and Efficient Global Mapping from Sparse Label Data, 2025 arXiv pre-
print arXiv:2507.22291.

G. Alj, et al,, Leveraging the internet of things, remote sensing, and artificial
intelligence for sustainable forest management, Babylonian J. Internet Things
2025 (2025) 1-65.

H.J.H. Saleh, ].R.T. Arrang, L.M.O. de Barros Cardoso, Applications of geospatial
Al in human geography and spatial networks: a literature review, EDRAAK
2025 (2025) 76-84.

M.A. Mohammed, M.A. Ahmed, A.V. Hacimahmud, Data-driven sustainabil-
ity: leveraging big data and machine learning to build a greener future, Bab-
ylonian J. Artif. Intell. 2023 (2023) 17-23.

D. Ki, S. Lee, Analyzing the effects of green view index of neighborhood
streets on walking time using Google street view and deep learning, Landsc.
Urban Plann. 205 (2021) 103920.

J. Pitarch, et al., Optical properties of Forel-Ule water types deduced from 15
years of global satellite ocean color observations, Rem. Sens. Environ. 231
(2019) 111249,

Dong Xu', Yi-Chen Wang
Department of Geography, National University of Singapore,
Singapore, 117568, Singapore

* Corresponding author.
E-mail address: xu.dong@u.nus.edu (D. Xu).

26 August 2025


https://doi.org/10.1016/j.ese.2025.100634
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref1
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref1
http://www.globalforestwatch.org
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref3
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref3
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref3
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref4
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref4
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref4
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref5
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref5
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref5
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref6
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref6
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref6
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref7
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref7
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref7
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref8
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref8
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref8
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref9
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref9
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref9
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref10
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref10
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref10
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref11
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref11
http://refhub.elsevier.com/S2666-4984(25)00112-7/sref11
mailto:xu.dong@u.nus.edu

	GIEHP: A global, AI-powered platform for near real-time ecological intelligence
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


