
Heat Transfer
Chapter 4: Atmospheric Energy and Global Temperatures



Surface-Energy Budget

• Systems through which the 
earth balances the amount of 
incoming energy
• Most of sun’s energy is reflected 

before getting to surface
• Earth must expel roughly 48% of 

energy that reaches surface
• About 25% by evaporation
• About 5% by convection
• About 17% by thermal radiation
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Energy Balance Lag

• Takes time for surface to heat up and reach maximum amount of 
energy being reemited



Energy

• Ability to do work (or) changes the state or matter of something
• Can not be created or destroyed, only changes forms



Heat

• Heat is thermal energy transferred from a warmer object to a cooler 
object
• Any object over absolute 0 has heat energy



Temperature

• Temperature is the measurement 
of average kinetic energy of 
molecules (heat)
• Fahrenheit 

• Used in the US and a few others
• Celsius

• Most commonly used
• Kelvin

• Primarily used for scientific purposes

• Commonly measured with a 
thermometer
• Expansion and contraction of a 

known liquid



Types of Heat Energy Transfer

• Radiation
• Conduction
• Convection



Types of Heat Energy Transfer: Radiation

• Radiation: The transfer of heat through electromagnetic waves



Electromagnetic Radiation

• Forms of Energy that is emitted or reflected as electric or magnetic 
wavelengths
• Wavelengths that are able to travel through space without loss of energy
• The Sun is Earth’s ONLY source of energy



Insolation

• Incoming Solar Radiation
• Factors that affect Insolation

• Direct Radiation: Transmission 
of energy more or less un-
inhibited
• Diffuse Radiation: Muted 

transmission due to disruption 
of passage of radiation
• Reflected Radiation: Energy 

that is reemitted by a surface 
(aka Albedo Radiation)



Transmission, Refraction, and Scattering

• Transmission refers to the 
passage of shortwave and 
longwave energy through 
gases or liquids
• Scattering refers to 

molecules that are reflected 
back into space during 
insolation
• Refraction is the redirection 

of transmission



Refraction and Sunrise/Sunset

• When the sun is low it has to go through more layers of air leading to 
more refraction and bending of the light



The Albedo Effect

• The Albedo effect refers 
to the ability of different 
sections of the Earth’s 
surface to reflect the 
sun’s rays



Nebraska’s Albedo Capability 
(Darker=More Absorption)



Agricultural Implications of Albedo



The Heat Island Effect





Land-Water Heating Differences

• Land freezes and 
warms much 
quicker than water
• Water more 

affected by 
evaporation, 
transparency, 
movement
• Specific Heat:

Water has more 
ability to store 
heat 



Case Study: Duluth, Minnesota



Types of Heat Energy Transfer: Convection

• The transfer of heat by mixing or circulation 
• Especially through the movement of liquid or gasses



Types of Heat Energy Transfer: Conduction

• Heat is transferred by direct contact with a surface
• The Sun’s energy is absorbed by the planet’s surface and is radiated 

back 





Heat Index

• Humidity is connected 
to the amount of 
water vapor in the air, 
wind, and other 
factors
• Heat index is 

calculated by pairing 
humidity with air 
temperature



Wind Chill

• Wind chill is calculated by pairing air temperature with wind velocity


