Probability Distribution, Hypothesis Testing, LSD, and ANOVA in Statistics

Applications in Environmental Science

1. Probability Distribution
Definition:

A probability distribution describes how probabilities are distributed over the possible values of a

random variable.

Common Types:

¢ Normal (Gaussian) Distribution — Symmetric bell curve (e.g., pollutant concentrations).
e Poisson Distribution — Count data (e.g., rare events like oil spills).
¢ Binomial Distribution — Success/failure outcomes (e.g., species survival rates).

e Exponential Distribution — Time between events (e.g., earthquake recurrence).

Uses in Environmental Science:

v Modeling pollutant concentrations (e.g., PM2.5 levels).
v Predicting extreme weather events (floods, droughts).

v Assessing wildlife population dynamics.

2. Hypothesis Testing
Definition:

A statistical method to test assumptions (hypotheses) about a population parameter.

Steps:

1. Null Hypothesis (Ho): No effect/difference (e.g., "No change in CO, levels").
2. Alternative Hypothesis (H.): Significant effect (e.g., "CO, levels increased").
3. Test Statistic (t-test, z-test, chi-square): Quantifies evidence against Ho.

4. p-value: If p < 0.05, reject Ho (significant result).

Uses in Environmental Science:



v Comparing pollution levels before/after policy changes.
v Testing climate change impacts (e.g., temperature trends).

v Evaluating conservation strategies (e.g., forest cover change).

3. Least Significant Difference (LSD)
Definition:
A post-hoc test used after ANOVA to identify which specific group means differ.

Formula:

MSE

n

LSD = Lai2,df % 2 X
e MSE = Mean Square Error from ANOVA

e n = Sample size per group

Uses in Environmental Science:

v Comparing multiple treatment effects (e.g., fertilizer impacts on crop yield).

v Identifying pollution hotspots (e.g., differences in heavy metal levels across sites).

4. Analysis of Variance (ANOVA)
Definition:

A statistical method to compare means of three or more groups to determine if at least one differs

significantly.
Types:

e One-way ANOVA: Single factor (e.g., effect of pH on algal growth).

e Two-way ANOVA: Two factors (e.g., temperature + pollution effects on fish mortality).

ANOVA Table Components:



Source Degrees of Freedom (df) Sum of Squares (SS) Mean Square (MS)  F-value

Between Groups k-1 SSB MSB = SSB/df MSB/M
Within Groups (Error)  N-k SSE MSE = SSE/df -
4 >

Uses in Environmental Science:

v Testing multiple environmental factors (e.g., air quality across cities).
v Analyzing biodiversity changes across ecosystems.

v Assessing wastewater treatment efficiency (multiple methods).

Summary of Applications in Environmental Science
Statistical Method Environmental Application Example
Probability Distribution = Modeling PM2.5 levels, predicting floods
Hypothesis Testing Testing if deforestation affects rainfall
LSD Test Comparing heavy metal levels in 5 rivers

Analyzing temperature effects on coral
ANOVA
bleaching

These methods help quantify uncertainty, detect trends, and support evidence-based

environmental policies.



