Introduction to Machine Learning Applications for Sustainability Research
Profs. Lucas Zanon & Tiago Sigahi — USP / POLIMI
Assignment — Critical Review of a Machine Learning for Sustainability Paper
Building on Lecture 1 (Introduction to ML & Sustainability) and the sustainability context, you will find, choose and critically review one research paper that applies machine learning to a sustainability problem. The goal is to connect the concepts and vocabulary from the lecture to a real published study.
Learning objectives
1. Search the academic literature and identify a relevant ML-for-sustainability paper.
1. Recognize, in a real study, the core concepts from the lecture: supervised vs. unsupervised, regression vs. classification, predictors and response, techniques, and overfitting.
1. Read a scientific paper critically and summarize it in a structured way.
1. Reflect on how machine learning contributes to sustainability research and decision-making.
Part 1 — Find and choose a paper
Search the main academic databases you have access to — Google Scholar, Web of Science, Scopus — and choose ONE peer-reviewed paper that clearly applies machine learning to a sustainability-related problem (e.g., climate and emissions, energy, resource efficiency, sustainable operations and supply chains, environmental or social indicators).
Suggested search terms: combine a machine-learning term (“machine learning”, “regression”, “classification”, “random forest”) with a sustainability term (“sustainability”, “CO2 emissions”, “SDG”, “energy”, “ESG”, “circular economy”).
Justify your choice (required)
Explain, in a short paragraph, WHY you chose this paper — and ground your justification in the lecture. For example: it is clearly a supervised (or unsupervised) problem; the response is quantitative/qualitative, so it is a regression/classification task; it uses techniques we will study this week; and it addresses a sustainability challenge that matters to you.
Reminder. Choose a paper you can actually read and understand — one where the ML method and the data are described clearly enough for you to answer the questions below. Prefer recent, peer-reviewed articles with a clear methodology.
Part 2 — Write the structured review
Address every item below in your own words. Do not just copy sentences from the paper — explain each point as if teaching it to a classmate, using the vocabulary from the lecture.
A. Reference & selection
1. Full reference — the complete citation (authors, year, title, journal/venue, DOI or link) and the database where you found it.
1. Why this paper — your justification, grounded in the lecture concepts (see Part 1).
B. The study at a glance
1. Objective of the paper — the research question or goal, in one or two sentences.
1. Research method — the overall approach — data collection, study design, the ML workflow, and how models were evaluated.
C. Machine learning characterization
1. ML approach — supervised, unsupervised, or both — and WHY (is there a labeled response Y to predict, or is the goal to discover structure without a target?).
1. If supervised: classification or regression — and WHY (is the response Y quantitative → regression, or qualitative → classification?).
1. How the problem is modeled — using the Y = f(X) framing: what are the predictors (X, the independent variables) and the response (Y, the dependent variable)?
1. Techniques used and why — which algorithms (e.g., linear/polynomial regression, KNN, decision trees, random forests, boosting, k-means) and the authors' rationale. Note whether they are parametric or non-parametric, and where they sit on the flexibility–interpretability trade-off.
1. Best-performing technique(s) — which model performed best, and by which evaluation metrics (e.g., R² / MAE / RMSE for regression; accuracy / precision / recall / F1 / AUC for classification).
1. Overfitting & validation — how the authors guarded against overfitting — train/test split, cross-validation, hyperparameter tuning (or whether this was addressed at all).
1. Dataset & availability — what data is used (source, size, variables, time span, geographic scope) and whether it is publicly available (give the link or repository if so).
D. Findings & contribution
1. Main results and conclusions — the key findings and what the authors conclude from them.
1. How ML contributed — what machine learning added that a traditional analysis could not — e.g., prediction, discovering non-linear patterns, handling many variables, or scaling to large data.
E. Sustainability lens
1. Sustainability problem & SDGs — which sustainability challenge the paper addresses and which Sustainable Development Goal(s) it relates to.
1. Sustainability dimensions — whether it touches the environmental, social and/or economic dimension — and how.
1. Data & measurement perspective — for impact data (e.g., emissions), which accounting choice is used (territorial vs. consumption, total vs. per-capita) or which indicators — and what that choice implies.
1. Equity, ethics & limitations — whether the study considers inequality, climate justice, fairness or data-representativeness issues, and what its main limitations are.
1. From analysis to action — how the ML results could inform a real decision, policy or intervention toward sustainability.
1. Your critical view — a short paragraph with your own assessment: strengths, weaknesses, and what you would do differently.
Deliverable & format
Submit a written review of about 2–4 pages (per group) as a PDF or Word file on Moodle, with the full reference at the top. Use the section structure above (A–E). Cite the paper and any other sources you use.
Academic integrity & AI. You may use generative AI to support your work (e.g., to clarify a concept), but always with human supervision: the reading, the analysis and the justifications must be your own, and you must be able to explain everything you write. Do not submit text you cannot defend.
