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Abstract : Artificial intelligence (AI) and its subfields-machine learning (ML), deep learning (DL), and data-driven 

analytics - are transforming environmental science by enabling large-scale monitoring, improved forecasting, decision 

support, and resource optimization. This paper reviews major application areas where AI has shown measurable 

impact: remote sensing and land-cover mapping, biodiversity monitoring and species distribution modeling, climate 

and extreme-event forecasting, air and water quality assessment, disaster risk reduction, sustainable energy 

management, and agriculture. We summaries representative methods, highlight case studies, discuss limitations (data 

quality, bias, interpretability, energy footprint), and outline research priorities for responsible, high-impact AI in 

environmental science. Key references and recent reviews are cited to orient readers to the current literature and 

practical deployments.  
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1. Introduction 

Environmental problems are increasingly 

complex, multi-scale, and data rich: 

satellites, sensor networks, citizen science, 

and IoT generate huge, heterogeneous 

datasets that traditional methods struggle to 

integrate. AI offers tools to extract patterns, 

make predictions, and automate analysis at 

scales that support real-time monitoring and 

decision making. Publication rates in AI-

environment intersections have grown 

sharply in the last decade, reflecting both 

technological progress and urgent societal 

needs. [1] 

This review synthesizes principal 

applications of AI in environmental science, 

grouping them by domain and describing 

representative algorithms, datasets, 

successes, and persistent challenges. It also 

flags ethical and sustainability concerns (e.g., 

carbon emissions from large models), and 

proposes directions for future research and 

deployment. 

2. Methods & Common AI Techniques 

Used in Environmental Science 

AI methods applied across environmental 

domains include supervised and 

unsupervised ML (random forests, gradient 

boosting), deep neural networks (CNNs for 

imagery, RNNs/transformers for time series), 

ensemble models, probabilistic graphical 

models, and hybrid physics-informed / data-

driven approaches. Transfer learning and 

semi-supervised learning help cope with 

scarce labels (e.g., species identities), while 

http://www.ijcat.com/


International Journal of Computer Applications Technology and Research 

Volume 14–Issue 12, 28 – 34, 2025, ISSN:-2319–8656 

DOI:10.7753/IJCATR1412.1004 

www.ijcat.com  29 
 

explainable AI techniques (SHAP, LIME, 

attention analyses) are increasingly used to 

improve model transparency for 

stakeholders. Practical deployments often 

pair ML models with remote-sensing 

preprocessing, geospatial feature 

engineering, and domain constraints.  

 3. Key Application Areas 

3.1 Remote Sensing & Land-Cover / 

Habitat Mapping 

High-resolution satellite and airborne 

imagery combined with convolutional neural 

networks (CNNs) and semantic segmentation 

have dramatically improved land-cover 

classification, deforestation detection, and 

urban expansion tracking. Practical reviews 

emphasise how AI makes remote-sensing 

analysis scalable and more accurate, but they 

also note gaps in transferability across 

sensors and regions. [2] 

3.2 Biodiversity Monitoring & Species 

Distribution Modeling (SDM) 

AI applied to camera-trap images, acoustic 

recordings, and citizen science photos/audio 

can identify species, estimate abundance, and 

monitor community composition. Deep 

multispecies models trained on large citizen 

datasets have shown improved predictions of 

species distributions and community 

structure compared to traditional approaches. 

These methods enable non-invasive, large-

scale biodiversity monitoring and help detect 

range shifts under climate change. ([3]) 

3.3 Climate Science, Forecasting & 

Extreme Events 

Machine learning augments physical climate 

models for emulation (speeding up 

computations), downscaling coarse models to 

local scales, and detecting teleconnections or 

pattern changes. AI has also improved short-

term forecasting of extremes—floods, 

heatwaves, and wildfire risk—by fusing 

multiple data streams (satellites, ground 

sensors, weather models). Roadmaps 

highlight AI’s potential for mitigation and 

adaptation while noting governance and 

verification needs. ([Innovation for Cool 

Earth Forum (ICEF)][4]) 

3.4 Air and Water Quality Monitoring 

AI models ingest sensor networks, 

meteorological data, traffic and emissions 

inventories to forecast air pollutant 

concentrations and detect anomalies in water 

quality (e.g., algal blooms, contamination 

events). These predictive systems support 

public health advisories and can drive 

targeted interventions. Reviews show 

promising results but caution that model 

robustness across regions and sensor 

networks must be carefully evaluated. 

([ScienceDirect][5]) 

 3.5 Disaster Risk Reduction & 

Management 

AI contributes to hazard detection (e.g., 

landslides, floods, wildfires) via remote 

sensing and time-series analysis, enabling 

earlier warnings and resource prioritisation. 

Machine learning-based risk maps and 

routing algorithms help optimise evacuation 

and emergency logistics under uncertainty. 

Case studies report improved lead times and 

situational awareness when models are 

integrated with operational workflows. 

([Frontiers][6]) 
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3.6 Agriculture & Natural Resource 

Management 

Precision agriculture uses ML to diagnose 

crop stress, optimise irrigation and fertilizer 

use, and forecast yields from multispectral 

imagery and IoT sensors. AI optimises water 

and nutrient management to increase yields 

while reducing environmental impacts, and 

assists in pest/disease detection through 

image and sensor analytics. ([MDPI][7]) 

 3.7 Energy Systems & Emissions 

Reduction 

AI optimises energy production and demand-

side management, integrates variable 

renewables, improves grid resilience, and 

assists in designing low-carbon pathways. AI 

also supports carbon accounting (e.g., 

detecting methane leaks via satellite imagery) 

and optimising carbon capture processes. 

Reviews note high potential but emphasise 

the need to quantify net climate benefits, 

including model energy costs. ([Science 

Direct][8]) 

4. Challenges and Limitations 

4.1 Data Issues : Heterogeneous data 

sources, label scarcity, class imbalance (rare 

species), sensor drift, and inconsistent 

metadata limit model generalisability. 

Transfer learning and semi-supervised 

methods help, but curated, well-documented 

datasets remain critical. ([Springer Link][1]) 

4.2 Interpretability & Trust : Stakeholders 

(policy makers, conservationists) require 

interpretable outputs and uncertainty 

quantification. Black-box models can erode 

trust; explainability techniques and 

probabilistic frameworks are needed for 

operational adoption. ([MDPI][2]) 

4.3 Ethical, Privacy & Misuse Risks : 

Remote monitoring raises ethical concerns 

(e.g., human privacy, misuse for poaching). 

Responsible deployment requires clear 

governance, data access controls, and 

community engagement. ([Cell][10]) 

4.4 Environmental Footprint of AI : 

Training large models consumes energy and 

carries a carbon footprint; assessing net 

environmental benefits must account for 

these costs. Roadmaps and sustainability-

aware model design are recommended. 

([Innovation for Cool Earth Forum 

(ICEF)][4]) 

4.5 Operational Integration & Capacity :  

Translating research models into operational 

systems needs robust pipelines, domain 

expertise, and capacity building in 

environmental agencies—areas identified as 

bottlenecks in multiple reviews. ([Science 

Direct][5]) 

 

 

Usefulness of AI in Environmental 

Science 

AI is extremely useful in environmental 

science because it can process huge, complex 

datasets, detect patterns that humans miss, 

and provide faster, more accurate predictions 

for conservation and climate action. It 

supports everything from monitoring forests 

and oceans in real time to designing more 

sustainable systems and policies. 

 

Key ways AI is useful 
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• Climate and weather modeling: Machine 

learning improves predictions of 

temperature, rainfall, extreme events, and 

long-term climate trends, helping 

governments and researchers plan 

adaptation and mitigation measures. 

Advanced models can combine satellite, 

sensor, and historical data to reduce 

uncertainty in forecasts and risk 

assessments.(lunartech+2). 

• Environmental monitoring and early 

warning: AI analyzes data from satellites, 

drones, and IoT sensors to track air and 

water quality, deforestation, wildfires, 

floods, and pollution in near real time. 

This enables earlier alerts and faster 

responses, which can reduce damage to 

ecosystems and human 

communities.(ukri+2) 

• Biodiversity and wildlife conservation: 

Computer vision and bioacoustic models 

identify species in images, videos, and 

sound recordings, automating tasks like 

species surveys and poaching detection. 

Machine learning also helps build species 

range maps from citizen science data and 

environmental variables, improving Red 

List assessments and conservation 

planning(climatechange+3) 

• Remote sensing and land-use analysis: AI 

applied to GIS and satellite imagery can 

map land cover, detect urban sprawl, 

track habitat loss, and monitor glaciers, 

sea ice, and drought conditions with high 

accuracy. These insights support better 

land-use decisions, disaster risk 

reduction, and climate risk mapping for 

infrastructure and agriculture 

(papers.ssrn+2). 

• Ecosystem health and pollution 

management: Models integrate water 

quality, soil health, and biodiversity 

indicators to assess ecosystem condition 

and identify vulnerable hotspots. In cities 

and industry, AI tools optimize resource 

use and predict pollution risks, helping 

cut emissions, spills, and clean-up 

costs.(environmentalscience+3) 

• Sustainable design and policy support: AI 

assists in designing greener materials, 

optimizing energy systems, and 

evaluating the impacts of different 

environmental policies or nature-based 

solutions. It also helps analyze public 

data and documents to track progress on 

regulations, climate goals, and corporate 

sustainability  commitments 

(webmobtech+2).  

Benefits and limitations 

MAIN BENEFITS: 

• Handles massive, complex 

environmental datasets at high speed, 

enabling real-time or near-real-time 

insights. 

•  Increases accuracy of predictions 

and monitoring, often outperforming 

traditional models when data are 

rich. 

• Reduces manual fieldwork for 

routine tasks, freeing scientists and 

conservationists to focus on strategy 

and on-ground action. 

KEY CHALLENGES: 

• Data gaps and bias, especially in 

under-sampled regions and species, 

can lead to misleading results if not 

handled carefully. besjournals.online 

library.wiley+1 
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• High costs, computing needs, and the 

environmental footprint of large AI 

models require more sustainable 

infrastructure and funding. 

sandtech+1 

• Ethical and governance issues, 

including transparency, local 

inclusion, and ensuring AI 

complements, not replaces, expert 

judgment.ukri+1 

Example application areas (table) 

Area How AI is used 

Climate 

modeling 

Improves forecasts of climate 

variables and extreme events 

using ML 

models.sciencedirect+1 

Forests and 

land use 

Detects deforestation, urban 

growth, and land cover 

change from satellite 

data.papers.ssrn+1 

Oceans and 

coasts 

Automates plankton, algal 

bloom, and marine ecosystem 

monitoring from 

imagery.ukri+1 

Biodiversity 

monitoring 

Identifies species, builds 

range maps, and supports Red 

List 

assessments.climatechange+1 

Disaster 

early 

warning 

Flags wildfire, flood, and 

storm risks using sensor and 

remote-sensing data.saiwa+1 

Pollution 

control 

Predicts pollution events and 

optimizes infrastructure to 

reduce emissions and 

spills.environmentalscience+1 

For a student interested in AI and 

environmental science, useful starting points 

include species identification models, 

remote-sensing land-cover classification, or 

sensor-based air or water quality prediction 

projects using open data.climatechange+1 

5. Future Directions & Recommendations 

1. Hybrid Physics-AI Models: Combine 

mechanistic models with AI to respect 

conservation laws and improve extrapolation 

under non-stationary. ([MDPI][2]) 

2. Benchmark Datasets & Reproducibility: 

Create standard, regionally diverse 

benchmarks with metadata and uncertainty 

labels to improve comparability. ([Springer 

Link][1]) 

3. Explainability + Uncertainty: Prioritise 

models that provide calibrated uncertainty 

and human-readable explanations for 

decision support. ([MDPI][2]) 

4. Sustainable AI Practices: Measure 

lifecycle carbon costs, use efficient 

architectures, and evaluate net environmental 

benefits before scaling. ([Innovation for Cool 

Earth Forum (ICEF)][4]) 

5. Ethics & Governance: Develop 

multidisciplinary frameworks to ensure 

privacy, prevent misuse, and involve local 

stakeholders in deployment. ([Cell][10]) 

Conclusion 

AI offers powerful, scalable tools that are 

already reshaping multiple subfields of 

environmental science - from biodiversity 

monitoring to climate forecasting and 

pollution management. Recent reviews and 

practical projects demonstrate both the 

potential and the non-trivial challenges in 

ethics, robustness, and sustainability. 

Achieving high societal impact requires 

interdisciplinary collaboration, governance 

frameworks, and careful evaluation of net 

benefits. Continued research on hybrid 
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models, explainability, and low-cost sensing 

will accelerate responsible deployments of 

AI for environmental stewardship.  
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