
Introduction to Climate Modeling

Key concepts, components, and workflow for beginners

1. What Is Climate Modeling?

Aspect Description

Definition
A quantitative tool that uses mathematical equations to simulate the Earth’s climate

system and predict its future behavior.

Purpose

• Understand past climate changes

• Test hypotheses about climate processes

• Project future climate under different scenarios (e.g., greenhouse?gas emissions).

Scale From global (planet?wide) to regional or even local (downscaled) simulations.

Time

Horizon
Decades to centuries (sometimes millennia for paleoclimate studies).

2. Core Components of a Climate Model

Component Main Function Typical Variables

Atmosphere
Solves fluid?dynamics equations for air

motion, heat, moisture.

Temperature, wind, humidity,

pressure.

Ocean
Simulates circulation, heat transport,

salinity.

Sea?surface temperature,

currents, salinity.

Land Surface
Handles vegetation, soil moisture,

albedo.

Soil moisture, surface

temperature, vegetation cover.

Sea Ice & Ice Sheets
Tracks formation/melt, albedo

feedbacks.

Ice thickness, extent, surface

temperature.

Radiative Transfer

Calculates absorption, emission,

scattering of solar & terrestrial

radiation.

Shortwave/longwave fluxes, cloud

optical properties.

Chemistry &

Aerosols (optional)

Represents greenhouse gases,

pollutants, aerosol?cloud interactions.

CO?, CH?, sulfate aerosols,

ozone.
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Most modern climate models integrate all of these components into a single framework called a

Coupled Climate Model.

3. Governing Equations

1. Navier–Stokes Equations – momentum conservation for a rotating fluid (Coriolis force

included).

2. Thermodynamic Energy Equation – conservation of heat (includes radiative

heating/cooling).

3. Continuity Equation – mass conservation (air density changes).

4. Water?Vapor Continuity – tracks moisture (condensation/evaporation).

5. Equation of State – relates pressure, temperature, density (ideal gas law for air).

These equations are solved numerically on a discrete grid.

4. Model Resolution

Type Description Typical Values

Horizontal Grid
Spacing between grid points on

the Earth’s surface.

Coarse: 200–300?km (CMIP?5/6 models)

High?resolution: 25–50?km (regional or “high

?res” global models).

Vertical Levels
Number of layers from surface

to top of atmosphere.

30–80 levels (more levels ? better

representation of stratosphere & boundary

layer).

Temporal

Resolution
Time step for integration.

Seconds to minutes (atmosphere), hours

(ocean).

Higher resolution improves detail but dramatically increases computational cost.

5. Model Types & Hierarchy

Level Name Complexity Typical Use

Conceptual / Box Models
Very simple, few

equations.
Low

Teaching, hypothesis

testing.
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Level Name Complexity Typical Use

Energy?Balance Models

(EBMs)

Global mean temperature

balance.
Moderate

Long?term climate

sensitivity studies.

Intermediate Complexity

Models (EMICs)

Simplified dynamics, full

carbon cycle.
Medium Exploration of
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