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Preface 
This handbook is designed as a technical reference for all who operate in the National Airspace System 
(NAS). Pilots, dispatchers, and operators will find this handbook a valuable resource for flight planning 
and decision making. 

This handbook conforms to pilot weather training and certification concepts established by the Federal 
Aviation Administration (FAA). The discussion and explanations reflect the most commonly used weather 
products and information. 

It is essential for persons using this handbook to also become familiar with and apply the pertinent parts of 
Title 14 of the Code of Federal Regulations (14 CFR) and the Aeronautical Information Manual (AIM). 
Title 14 CFR, the AIM, this handbook, current advisory circulars (AC), and other FAA technical references 
are available via the internet at the FAA home page at https://www.faa.gov. 

This handbook is available for download in Portable Document Format (PDF) from the FAA’s Regulations 
and Policies web page at https://www.faa.gov/regulations_policies/handbooks_manuals/aviation. 

This handbook is published by the U.S. Department of Transportation (DOT), FAA Aviation Safety, Flight 
Standards Service (FS) Office of Safety Standards (OSS), Flight Technologies and Procedures Division. 

The guidance and recommendations in this handbook are not legally binding in their own right and will not 
be relied upon by the FAA as a separate basis for affirmative enforcement action or other administrative 
penalty. Conformity with the guidance and recommendations is voluntary only and nonconformity will not 
affect rights and obligations under existing statutes and regulations. 

Comments regarding this publication should be sent, in email form, to the following address:  
9-AWA-AFS400-Coord@faa.gov. 

Timothy R. Adams for 
Lawrence Fields 
Executive Director, Flight Standards Service 
11/26/24 

https://www.faa.gov/
https://www.faa.gov/regulations_policies/handbooks_manuals/aviation
mailto:9-AWA-AFS400-Coord@faa.gov
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The regions of the stratosphere and the mesosphere, along with the stratopause and mesopause, are called 
the middle atmosphere. The transition boundary that separates the stratosphere from the mesosphere is 
called the stratopause. 

Figure 4-1. Vertical Structure of the Atmosphere 

4.4 The Standard Atmosphere 
Continuous fluctuations of atmospheric properties create problems for engineers and meteorologists who 
need a fixed standard for reference. To solve this problem, they defined a standard atmosphere that 
represents an average of conditions throughout the atmosphere for all latitudes, seasons, and altitudes. 

Standard atmosphere is a hypothetical vertical distribution of atmospheric temperature, pressure, and 
density that, by international agreement, is taken to be representative of the atmosphere for purposes of 
pressure altimeter calibrations, aircraft performance calculations, aircraft and missile design, ballistic 
tables, etc. (see Table 4-2 and Figure 4-2). Weather-related processes are generally referenced to the 
standard atmosphere, as are the examples in this handbook. 
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6.2 The Hydrologic Cycle 
The hydrologic cycle (see Figure 6-1) involves the continuous circulation of water in the Earth-atmosphere 
system. Water vapor plays a critical role in the cycle. 

Figure 6-1. The Hydrologic Cycle 

6.2.1 Evaporation 
Evaporation is the phase transition by which a liquid is changed to a vapor (gas). In meteorology, the 
substance meteorologists are concerned about the most is water, and the primary source is the ocean. On 
average, about 120 cm (47 in) is evaporated into the atmosphere from the ocean each year. For evaporation 
to take place, energy is required. The energy can come from any source: the Sun, the atmosphere, the Earth, 
or objects on the Earth, such as humans. 

Humans experience evaporation in their body. When the body heats up due to the air temperature or through 
exercise, the body sweats, secreting water onto the skin. The purpose is to cause the body to use its heat to 
evaporate the liquid, thereby removing heat and cooling the body. The same effect can be seen when 
stepping out of a shower or swimming pool. The coolness felt is from the removal of bodily heat used to 
evaporate the water on the skin. 

6.2.2 Transpiration 
Transpiration is the evaporation of water from plants. In most plants, transpiration is a passive process 
largely controlled by the humidity of the atmosphere and the moisture content of the soil. Of the transpired 
water passing through a plant, only 1 percent is used in the growth process of the plant. The remaining 
99 percent is passed into the atmosphere. 

6.2.3 Sublimation 
Sublimation is the phase transition by which a solid is changed into vapor (a gas) without passing through 
the liquid phase. In the atmosphere, sublimation of water occurs when ice and snow (solids) change into 
water vapor (a gas). 
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8.3.2 Changes in Density 
In general, the density of an air parcel can be changed by changing its mass, pressure, or temperature. 
Boyle’s law says that the density of an ideal gas (ρ, the Greek letter rho) is given by: 

𝜌𝜌 =
𝑀𝑀𝑀𝑀
𝑅𝑅𝑅𝑅

Where M is the molar mass, P is the pressure, R is the universal gas constant, and T is the absolute 
temperature. 

8.3.3 Density’s Effects on Pressure 
Density is directly related to pressure. Assuming constant mass and temperature, an air parcel with a higher 
pressure is denser than an air parcel with a lower pressure. 

As previously discussed, air pressure decreases with height in the atmosphere. Therefore, the density also 
decreases with height (see Figure 8-9). In the atmosphere, pressure has the greatest effect on density in the 
vertical direction. 

Figure 8-9. Pressure’s Effects on Density in the Atmosphere 
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Coriolis force varies with latitude from zero at the Equator to a maximum at the poles. It influences wind 
direction everywhere except immediately at the Equator, but the effects are more pronounced in middle and 
high latitudes. 

Figure 10-4. Coriolis Force Variations Across the Earth 

Coriolis force deflects moving objects to the right of their path in the Northern Hemisphere and to the left 
of their path in the Southern Hemisphere. Coriolis deflection is maximized at the poles and zero at 
the Equator. 
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Figure 11-1. Air Mass Classification 

11.2.2 Air Mass Modification 
As these air masses move around the Earth, they can begin to acquire different attributes. For example, in 
winter, an arctic air mass (very cold and dry air) can move over the ocean, picking up some warmth and 
moisture from the warmer ocean and becoming a maritime polar (mP) air mass—one that is still fairly cold 
but contains moisture. If that same polar air mass moves south from Canada into the southern United States, 
it will pick up some of the warmth of the ground, but due to lack of moisture, it remains very dry. This is 
called a continental polar (cP) air mass. 

The Gulf Coast states and the eastern third of the country commonly experience the tropical air mass in the 
summer. Continental tropical (cT) air is dry air pumped north off of the Mexican Plateau. If it becomes 
stagnant over the Midwest, a drought may result. Maritime tropical (mT) air is air from the tropics that has 
moved north over cooler water. 

A warm, moist air mass moving over a cold surface (see Figure 11-2) produces stable air associated with 
stratiform clouds, fog, and drizzle. 

Figure 11-2. Air Mass Modification—Warm, Moist Air Mass Moving Over a Cold Surface 




