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On average, the annual sunlight reaching the top of the Earth's atmosphere

equals ≈ 340 W/m2

Globally, the sun provides 430 quintillion Joules of energy to the Earth's

surface each hour - That is more than humanity consumes each year! (410

quintillion Joules)

On its way to the surface, the sunlight gets either reflected or absorbed by

the Earth's surface and the atmosphere

Global albedo: 0.3

(Globally, 30 percent of sunlight gets relfected) 

Incoming shortwave radiation

The Earth and the atmosphere are emitting longwave radiation (3-

100 μm) in the form of thermal power

Most power emitted by the Earth's surface is blocked by greenhouse

gases (CO2, CH4, NOx, ...) and kept within the atmosphere

(340W/m2); only a small percentage is directly emitted into space 

The main share of thermal power emitted into space comes from the

atmosphere and clouds

In total, approximately 240 W/m2 thermal power is emitted into

space

The Earth's Energy BudgetThe Earth's Energy BudgetThe Earth's Energy Budget

Outgoing longwave radiation

Energy is a fundamental physical quantity that is needed to move or heat

up objects

The energy within a system can't be destroyed nor created , it can only be

converted into another form of energy: this is known as Conservation law

The sun is the Earth's main energy supplier

The solar radiation spectrum (see graphic on the left) is mainly shortwave

radiation (400-700nm) in the area of visible light (VIS), but also in the

Ultraviolet (UV) and Infrared (IR) spectra 

What is energy?

CC by N
ick84; from

:https://en.w
ikipedia.org/w

iki/Solar_irradiance

Note: In the Earth System, Incoming and Outgoing power need to be equal in order to

maintain energy balance, and thus a stable temperature and climate on our planet

30% get reflected
70% get absorbed
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How to Build a Zero-DimensionalHow to Build a Zero-DimensionalHow to Build a Zero-Dimensional

Energy Balance ModelEnergy Balance ModelEnergy Balance Model

S

F

Assuming the earth is a black body, F can be described with

the Stefan-Boltzmann law: 

F = σT
(T = effective temperature at surface; σ=Stefan-Boltzmann constant)
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πRS = Solar energy at top of atmosphere
2

πRS(1-A) = Absorbed energy by earth surface

4πRF = Emitted energy by earth surface
2

2

To build a very simplified energy balance model, only 4 factors need

to be considered: The solar constant (S), the albedo (A), the emitted

longwave energy (F) and the Earth's radius (R)

Now we can  shorten and solve the equation for T  :

E

For balance in our system, we need Energy in = Energy out:

πRS(1-A) = 4πRF
22

E

S = 1361 [W/m ]

A = 0,3 [-]

σ = 5,67 * 10 [W*m*K ]
-8 -2 -4

2

By inserting the following values in our

equation we can calculate the surface

temperature of the Earth:

πRS(1-A) = 4πRσT
22 4

E

As a result, we get T = 255K (-18°C)

The observed Earth temperature is 288K (15°C), so our

model is underestimating by 33K

The reason for that is that the Earth is not a pure black body;

it also reflects part of the sunlight

Our model also does not include an atmosphere, so the

greenhouse effect is completely missing

By tuning the model equation we could address these

issues (e.g. by adding an emissivity factor)

 However, this simple model should give an idea how changes in

solar radiation and albedo could affect the Earth's temperature


