
Introduction to Environmental Research Methods

Key concepts, approaches, and practical steps for conducting robust environmental studies

1. Why Study the Environment?

Goal Example

Understand natural processes Water?cycle dynamics, nutrient fluxes

Assess human impacts Air?quality monitoring near industrial zones

Inform policy & management Designing marine protected areas

Predict future changes Climate?model scenario analysis

2. Core Research Design Types

Design When to Use Strengths Limitations

Descriptive /

Survey

Baseline inventories,

species lists
Simple, low cost No causal inference

Experimental
Manipulating variables

(e.g., nutrient addition)
Strong causal evidence

May be logistically

difficult in the field

Quasi?

experimental

Before?after?control?

impact (BACI) studies

Real?world relevance,

controls for temporal

variation

Still vulnerable to

confounding factors

Modeling /

Simulation

Predicting future

scenarios, scaling up

Integrates multiple data

sources

Dependent on model

assumptions & data

quality

Meta?analysis /

Synthesis

Summarizing many

studies (e.g., climate

impacts)

Broad inference,

increased statistical

power

Publication bias,

heterogeneity of methods

3. The Research Process – Step?by?Step
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1. Problem Definition

Formulate a clear, answerable research question (e.g., “How does urban runoff affect

river macroinvertebrate diversity?”).

Identify spatial and temporal scales.

2. Literature Review

Use databases (Web of Science, Scopus, Google Scholar).

Track key variables, methods, and gaps.

3. Hypothesis & Objectives

State a testable hypothesis (e.g., “Increased nitrate concentrations reduce species

richness”).

Define primary and secondary objectives.

4. Method Selection

Choose a design (experimental, observational, etc.).

Determine sampling strategy (random, stratified, systematic).

5. Sampling Plan

Site selection: representativeness, accessibility, safety.

Temporal frequency: seasonal, diurnal, event?based.

Replication: minimum 3–5 replicates per treatment/condition for statistical power.

6. Data Collection

Follow standardized protocols (e.g., EPA Water Sampling, ISO soil methods).

Record metadata: GPS coordinates, weather, equipment calibration, observer ID.

7. Quality Assurance / Quality Control (QA/QC)

Field blanks, duplicate samples, calibration curves.

Data validation checks (range checks, outlier detection).

8. Data Management

Store raw data in non?proprietary formats (CSV, NetCDF).
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Use version?controlled repositories (GitHub, Zenodo).

Maintain a data dictionary (variable names, units, codes).

9. Statistical Analysis

Exploratory: visualizations, correlation matrices.

Inferential: t?tests, ANOVA, regression, GLMs, mixed?effects models, multivariate

ordination (PCA, NMDS).

Spatial analysis: GIS, spatial autocorrelation (Moran’s I), kriging.

10. Interpretation & Synthesis

Relate results back to hypotheses and broader ecological theory.

Discuss uncertainties, assumptions, and potential biases.
11.
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