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A comprehensive set of design, development, and operational guidelines for
aerospace vehicles arises from actual
engineering problems and mission needs
encountered in Earth’s atmosphere.

T

he natural environment is a significant input and
consideration in the design and operation of aerospace
vehicles and in the integrity of associated systems and
elements. An aerospace vehicle is typically defined as a
vehicle capable of flight within and outside the sensible atmosphere. A launch vehicle is a rocket or other vehicle used
to launch a spacecraft, satellite, or other object. A spacecraft
is a device, manned and unmanned, that is designed to be
placed into an orbit about Earth or into a trajectory to another celestial body. The term aerospace vehicle is usually
used to reflect the launch vehicle and spacecraft (see sidebar
for additional information about the history of aerospace
meteorology).
The natural environment consists of both the terrestrial
environment (0–90-km altitude) and the space environment
(>90-km altitude). This paper is based on the contents of the
report by Johnson (2008). The terrestrial environment design criteria guidelines given in the report are based on 

Space shuttle Discovery roars off Launch Pad 39A on the STS-119 mission atop twin towers of fire that light up the sky
after sunset at NASA’s Kennedy Space Center in Florida. Liftoff was on time at 7:43 p.m. EDT, on 15 March 2009. Photo
courtesy of Scott Andrews.

AMERICAN METEOROLOGICAL SOCIETY

september 2011

| 1149

Unauthenticated | Downloaded 01/10/23 12:01 AM UTC

the interpretation of statistics and models of atmospheric, climatic, and other terrestrial phenomena
relative to various aerospace vehicle design, development, and operational requirements. This current
revision of the document contains new and updated
material in all sections. Aerospace vehicle terrestrial
environment design guidelines are provided for the
following: winds; atmospheric models and thermodynamic properties; thermal radiation; U.S. and world
surface extremes; humidity; precipitation, fog, and
icing; cloud phenomena and cloud cover models;
atmospheric electricity; atmospheric constituents;
aerospace vehicle exhaust and toxic chemical release;
tornadoes, hurricanes, and severe weather; geologic
hazards; and sea state. Also included is information
on mission analysis, prelaunch monitoring, flight
evaluation, physical constants, and metric/English
unit conversion factors.
Most of the natural environment criteria guidelines presented in this National Aeronautics and Space
Administration (NASA) report (Johnson 2008) were
formulated based on mission requirements and discussions with, and requests from, engineers involved
in aerospace vehicle development, operations, and
mission planning. Therefore, they represent responses
regarding the terrestrial environment to actual engineering problems and mission requirements, and are
not just a general compilation of environmental data.
NASA centers, various other government agencies,
and their associated contractors responsible for the
design, mission planning, and operational studies
associated with aerospace vehicle development have
used this report extensively as a source for guidelines
relative to the formulation of terrestrial environment
design requirements and criteria. The first version of
the report was published in 1961 (Daniels 1961) and
has been updated periodically since that time by the

NASA Marshall Space Flight Center (MSFC). This
paper presents a variety of lessons learned regarding
terrestrial environment interpretation and application as reflected in Johnson (2008). They illustrate
how the various natural environment parameters
impact and help address engineering vehicle design
and development problems dealing with the natural
environment. Both the atmosphere and the oceanic
influences can impact vehicle launch or landing and
oceanic recovery (Figs. 1 and 2).
Another important document related to the scope
of this paper is by Vaughan (2010). The document
contains descriptions of more than 75 Earth and planetary reference and standard atmosphere models developed by national and international organizations.
It provides information on the models regarding the
scope, databases, uncertainties, sources for codes, and
applicable references. It was prepared based on the
contributions of numerous authors. The objective of
the guide is to enable readers to more readily ascertain
the applicability of a model for their intended use.
The space shuttle and the Saturn–Apollo vehicle
represent two of the major NASA aerospace vehicle
development and operational accomplishments of
the United States. Aerospace meteorology played
a key role relative to design, development, and operational requirements development and support.
Weather support for operations is a key element of
aerospace meteorology and provides a very important
contribution relative to enabling aerospace vehicles
to perform their missions with minimum risk. The
weather support provided to the space shuttle as an
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Fig . 1. The Florida Peninsula showing the Kennedy
Space Center and scope of both the atmosphere and
oceanic influences that can impact vehicle launch or
landing. Taken from NASA Shuttle Mission STS-95 on
31 Oct 1998 (courtesy: NASA).

september 2011
Unauthenticated | Downloaded 01/10/23 12:01 AM UTC

element of aerospace meteorology is addressed in the
paper by Bellue et al. (2006).
Engineering importance. It is important
to recognize the need to define the terrestrial environment requirements very early in the design and development cycle of any aerospace vehicle (Johnson et al.
1997). The further reading list provides a number of
documents that address this and related subjects in
the paper. Using the desired operational capabilities,
launch locations, and flight profiles for the vehicle,
specific definitions of the terrestrial environment can
be provided that, if the aerospace vehicle is designed
to accommodate, will ensure the desired operational
capability within the defined design risk level. It is Fig. 2. Oceanic recovery: divers from NASA’s Kennedy
very important that those responsible for the terrestri- Space Center, Florida , work to recover a spent
al environment definitions and requirements for the space shuttle solid rocket booster (SRB) (courtesy:
design of an aerospace vehicle have a close working NASA).
relationship with program
management and design
AEROSPACE METEOROLOGY
engineers. This will ensure
that the desired operational
historical note regarding the origin and development of the term aerospace
capabilities are reflected in
meteorology by the coauthor William W. Vaughan. Based on recollections
the terrestrial environment
and a preliminary search of some past issues of the Bulletin of the American
Meteorological Society, in March 1964 the American Meteorological Society
requirements specified for
(AMS)’s Bulletin made reference to a proposed statement on meteorology
design and development
and aerospace vehicles prepared by the AMS Committee on Atmospheric
of the vehicle and, accordProblems of Aerospace Vehicles and the American Institute of Aeronautics and
ingly, their interpretation
Astronautics (AIAA) Atmospheric Environment Technical Committee. The
relative to engineering apstatement was published in the June 1964 issue of the Bulletin. From 2 to 6 March
plications.
1964, the AMS’s Fifth Conference on Applied Meteorology: Atmospheric
An aerospace vehicle’s
Problems of Aerospace Vehicles was held in Atlantic City, New Jersey. Prior to
this time, conferences on applied meteorology included wordage associated with
response to terrestrial enupper atmosphere and satellite exploration, meteorological rocketry, support
vironment design criteria
of aerospace testing and operations, and atmospheric problems of aerospace
must be carefully evaluated
vehicles. It seems the first conference to use the words aerospace meteorology
to ensure an acceptable dewas entitled Sixth National Conference on Applied Meteorology (aerospace
sign relative to desired opmeteorology), cosponsored with the AIAA Atmospheric Environment Technical
erational requirements. The
Committee and held on 28–31 March 1966 in Los Angeles, California. Just who
choice of criteria depends
“coined” the term aerospace meteorology I am not sure.
The term aerospace meteorology encompassed both meteorological support
on the specific launch and
activities at the various test ranges and within the organizations developing
landing location(s), vehicle
meteorological requirements for the design and development of aerospace
configuration, and expected
vehicles. Somewhere along the way, there was an attempt within AMS to distinmission(s). Vehicle design,
guish between the two support activities as aerospace meteorology and range
operation, and flight prometeorology (rather like distinguishing between aviation meteorology activities
cedures can be separated
as being aviation meteorology and airport meteorology). This subsequently led
into particular categories
to the usage by AMS of the term ARAM to represent aviation, range, and aerofor proper assessment of
space meteorology activities. The Bulletin contains an announcement about the
Seventh Conference on Aviation, Range, and Aerospace Meteorology, held on
environmental influences
2–7 February 1997 in Long Beach, California. It evidently took the conference
and impact on the life hisnumber from the previous numbering of the aviation weather system conferences.
tory of each vehicle and all
The AMS Aviation, Range, and Aerospace Meteorology Technical Committee,
associated systems. These
often in collaboration with the AIAA Atmospheric Environment Technical
include categories such as i)
Committee, subsequently cosponsored many of AMS’s aviation, range, and aerothe purpose and concept of
space meteorology conferences.
the vehicle; ii) preliminary
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engineering design; iii) structural design; iv) control
system design; v) flight mechanics, orbital mechanics,
and performance (trajectory shaping); vi) optimization of design limits regarding the various natural
environmental factors; and vii) final assessment of
the terrestrial environmental capability for launch
and flight operations.
One must remember that the f light profile
of all aerospace vehicles includes the terrestrial
environment. Thus, an aerospace vehicle’s operations will always be influenced to some degree by the
terrestrial environment with which it interacts. As a
result, the definition of the terrestrial environment
and its interpretation is one of the significant aerospace vehicle design and development inputs. This
definition plays key roles, for example, in the areas
of structures, control systems, trajectory shaping
(performance), aerodynamic heating, and takeoff/

landing capabilities. The aerospace vehicle’s capabilities that result from the design, in turn, determine
the constraints and flight opportunities for tests and
operations.
The close association between the design and test
engineering groups and those responsible (central
control point) for the terrestrial environment inputs
is important to the success of the vehicle’s development process. This procedure has been followed in
many NASA aerospace vehicle developments and
is of particular importance for any new aerospace
vehicle. Figure 3 illustrates the necessary interactions
relative to terrestrial environment definition and
engineering application. Feedback is critical to the
vehicle development process relative to the terrestrial
environment requirements and their interpretation,
and thus to the ability to produce a viable vehicle
design and operational capability.

F ig . 3. Natural terrestrial environment definition
and analysis for aerospace vehicle engineering
application.

Some terrestrial environment
issues. For extremes in the terrestrial environments, there generally is no known physical upper or
lower bound. However, wind speed does have a strict
physical lower bound of zero. Essentially all observed
extreme conditions have a finite probability of being
exceeded. Consequently, terrestrial environment
extremes used for the development of design requirements must be accepted with the knowledge that there
is some risk of the values being exceeded. The measurement of many environmental parameters is not as
accurate as desired. In some cases, theoretical model
estimates are believed to be more useful for design
use than those indicated by empirical measured distributions from short periods of record. Therefore,
theoretical values can be given considerable weight
in selecting the extreme values for some parameters,
for example, peak surface winds. Criteria guidelines
are presented for various percentiles based on the
available data. Caution should be exercised in the
interpretation of these percentiles in aerospace vehicle
studies to ensure consistency with physical reality
and the specific design and operational problems of
concern.
Aerospace vehicles are not normally designed
for launch and f light in severe weather, such as
hurricanes, thunderstorms, ice storms, and squalls.
Environmental parameters associated with severe
weather that may be hazardous to aerospace vehicles
and associated ground support equipment include
strong ground and in-flight winds, strong upper-level
wind shears and gusts, turbulence, icing conditions,
and electrical activity. The terrestrial environment
guidelines report (Johnson 2008) noted in this
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paper provides information relative to those severe
weather characteristics that should be included in
vehicle flight, on-pad, and associated facilities’ design
requirements and specifications, where required
to meet the vehicle program’s mission operational
requirements. For example, the Saturn and shuttle
vehicles were designed for the “worst wind month”
at the 95% winds (with 99% shear and gust) launch
capability level for structural and control requirements at max Q (dynamic pressure), thereby producing higher launch capability levels for other months—
thus, a maximum of 5% launch delay risk for worst
wind month and less for other months relative to
in-flight winds. This philosophy also provides some
flexibility to accommodate design and development
issues that may arise. Given that one has prelaunch
wind monitoring and flight simulation inputs for
use in making the final decision to launch, there is
essentially zero chance of compromising a vehicle
because of design-level ascent wind loads or control
capability being exceeded.
Although a vehicle design should ideally accommodate all expected operational natural environment
conditions, it is neither economically nor technically
feasible to design an aerospace vehicle to withstand
all natural environment extremes. For this reason,
consideration should be given to protecting a vehicle
from some extremes. This can be achieved by using
support equipment and specialized forecast personnel
to advise on the expected occurrence—for example,
of critical terrestrial environment conditions—so
necessary actions can be taken accordingly. The services of specialized forecast personnel may be very
economical compared to the more expensive vehicle
designs that would be required to cope with all the
terrestrial environment possibilities.
Table 1 provides an excellent reference guide for
the aerospace terrestrial environment specialist,
program managers, design engineers, and others on
the development team for a new aerospace vehicle
program. It provides an excellent overview of the
elements and scope of aerospace meteorology relative
to influences on an aerospace vehicle. This information summarizes potential terrestrial environment
areas of engineering concern when first surveying
the design requirements for a vehicle project. As the
table indicates, terrestrial environment phenomena
may significantly affect multiple areas of an aerospace vehicle’s design and thus operational capabilities, including areas involving structure; control;
trajectory shaping (performance); heating; takeoff,
in-flight, and landing capabilities; and materials,
among others.
AMERICAN METEOROLOGICAL SOCIETY

Some terrestrial-environmentrelated lessons learned. The NASA
MSFC Natural Environments Branch and its predecessor organizations have more than 50 yr of
experience in the development and interpretation of
terrestrial environment requirements for use in the
design and operation of aerospace vehicles. During
this period, in addition to issues identified with the
terrestrial environment inputs, a large number of
“lessons learned” have formed the basis for the definition and interpretation of terrestrial environment
design criteria. A few of these lessons learned are
summarized in the following list.
Wind vectors versus engineering vector conventions.
• Background: Flight mechanics’ use of wind vectors
versus conventional meteorological usage created
some errors in the calculation of structural loads
and control requirements. In the case of flight
mechanics, the vector is stated relative to the
direction that force is being applied. However, in
meteorology, the wind vector is stated relative to
the direction from which wind force is coming.
• Lesson: The proper interpretation and application
of wind vectors is important to avoid a 180° error
in structural loads and control system response
calculations.
Design requirements, not climatology.
• Background: Although based on climatology and
models, both physical and statistical, natural environment requirements are a part of the overall
vehicle design effort and philosophy necessary to
ensure that mission operational requirements are
met. Thus, they must be selected and defined on
this basis. Simply making reference to climatological
databases will not produce the desired design requirements or desired robust vehicle performance.
• Lesson: Members of the natural environments
group assigned as the control point for inputs to
a program must also be an integral part of the
vehicle design team and participate in all reviews,
among others. This is necessary to ensure proper
interpretation and application of natural environment definitions/requirements relative to overall
vehicle design requirements and thus operational
capabilities to meet mission needs.
Early input of natural environment requirements based
on interpretation of mission purpose and operational
expectations.
• Background: The natural environment definitions and requirements for a program need to be
september 2011
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Table 1. Key terrestrial environment parameters needed versus engineering systems (X) and mission phase (P).

developed as soon as possible after the operational
requirements for the program’s mission have been
defined. Thus, all concerned with the vehicle development will have a common base for natural
environment inputs to design and mission analysis
calculations. This will also provide an associated
control for any recommended changes to natural
environment definitions/requirements. Vehicle
operational impacts of changes in requirements
can then be readily identified.
• Lesson: The definition and control of the natural
environment requirements for a vehicle design
and development are necessary. This will ensure
that the mission requirements are met by all concerned with the program. This will also provide
visibility to all, especially the program manager
and systems engineers, regarding the impact on
the operation of the vehicle concerning any recommended changes in the natural environment
design requirements.
Natural environment elements that cannot be monitored
prior to operational decision must be at the lowest risk
level possible to be consistent with mission capability
requirements.
• Background: For an aerospace vehicle launch,
most terrestrial environment elements can be
monitored and thus taken into account before
making a launch decision. The same is true for
some on-orbit and deep-space spacecraft operational environment requirements. In such cases,
lower-value design requirement natural environments may be considered, consistent with mission
requirements, along with subsequent savings
on design. Vehicle ascent wind requirements
through max Q versus reentry wind requirements
are an example of a higher risk of occurrence
versus a lower risk of occurrence natural environment design requirement for a vehicle where
monitoring can be taken into account. Lower risk
of occurrence higher-value natural environment
requirements must be used for design to ensure
acceptable operational capability when natural
environments cannot be readily measured or
monitored.
• Lesson: It is necessary to carefully analyze the
mission requirements relative to vehicle operations
and provide the natural environment definitions
and requirements accordingly. This needs to be
done in collaboration with the vehicle program
manager to ensure understanding of the operational implications of environments provided for
design.
AMERICAN METEOROLOGICAL SOCIETY

Maintain natural environment requirements for design
as separate document but integral to overall mission
requirements for vehicle.
• Background: The natural environment definitions
and requirements for the space shuttle and space
station were provided so they could be controlled
and available in separate program documents as
part of the overall design requirements documentation. This not only provided direct access and
reference for all concerned with the use of natural
environment inputs in design and mission planning but also provided an easy control of inputs.
Changes, where required, were readily possible
with the change of one document that had application for all natural environment inputs to the
program’s space vehicle design, development, and
operations.
• Lesson: Each vehicle development program should
have only one natural environment definition and
requirements document. It should be an integral
part of the overall mission requirements documentation for the vehicle design, development,
and operations, and be controlled accordingly.
Atmospheric and space parameter analysis model.
• Background: The ability for a program manager
to easily access information on the operational
impact of a vehicle design change relative to the
natural environment is an important tool for decision making. In addition, such a tool provides
additional insight into mission planning activities,
including launch and landing delay probabilities.
• Lesson: Knowledge of mission managers, chief
engineers, mission planners, among others, on the
availability of an “atmospheric and space parameter analysis model” is a valuable decision-making
tool and should be used in making tradeoff decisions when the desired operational natural environment is a factor.
Reference period for design statements of natural environment definitions and requirements relative to launch
and on-orbit operations.
• Background: For launch statements on natural
environment definitions and requirements, the
worst reference month (i.e., for a given design risk
level, the most adverse monthly environment value
is selected) should be used for ascent and entry.
This provides an operational capability relative to
the natural environment that ensures that for any
given month, the desired operational capability
will be met relative to the defined natural environment element. Thus, for the worst month reference
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period, the minimum desired risk of launch delay
due to the natural environment will occur with all
other months having less probabilities of launch
or descent delay. The same type of situation exists
for natural environments associated with on-orbit
operational capability and deep-space operations.
In other words, for these cases, the anticipated
lifetime in these operational conditions must be
taken into account along with the acceptable risk
for compromising the mission relative to operational natural environment conditions exceeding
the design requirements.
• Lesson: All launch and descent terrestrial environment definitions and requirements for the design
of a vehicle must be made with respect to a worst
month reference period. For natural environments
associated with on-orbit and deep-space operations, the anticipated lifetime in these operational
conditions must be taken into account along with
acceptable risks for operations.
Consistent input from all users is more important for
tradeoff and design studies than different inputs on
natural environment topic.
• Background: The natural environment is one of
the key drivers for much of the design efforts on an
aerospace vehicle’s thermal, structural, and control
system. Difference in the natural environment
inputs used by different design groups can mask
critical engineering design inputs and decisions if
they are not avoided by the control of consistent
and coordinated natural environment inputs and
interpretations for engineering applications.
• Lesson: The need exists for a focused natural
environment group responsible for providing
coordinated and consistent natural environment
definitions/requirements/interpretations. This
group then functions as the control group for
these inputs. It is key to having all those concerned
direct their efforts toward the same inputs, thus
contributing to engineering applications and
results that can readily be interpreted from a common natural environment input base.
Need to maintain natural environment requirements for
design and operation of a vehicle as a basis for determining other requirements.
• Background: This action provides for a viable
and robust operational vehicle capability that will
meet the vehicle’s mission operational natural
environment requirements. Otherwise, a vehicle
will be produced that may well have a lower operational capability based on natural environment
1156 |

conditions. The natural environment operational
requirements can then be readily monitored and
decisions can made regarding launch operations,
among others. Should monitoring not be practical
or in an emergency, the vehicle will be functional
relative to established design natural environment
requirements.
• Lesson: An aerospace vehicle should not be designed with the responses to the natural environment design requirements included as one of the
non-nominal inputs and then root-sum-squared
(RSS) in the final determination of the vehicle’s
structural, thermal, and control system design
decisions. Rather, the natural environment design
requirements should be the nominal design basis
to which the respective RSS of non-nominal design
parameters are added.
Life cycle cost estimates and natural environment operational constraints of vehicle.
• Background: Once a vehicle has been developed,
the constraints relative to operations in the natural
environment should be assessed based on the resulting performance capability of the vehicle. This
is the case for launch, on-orbit, reentry, and deepspace aspects of the mission. An atmospheric and
space environment parameter analysis model can
be especially helpful in this regard. The resulting
information should be incorporated into the development of the full life cycle cost estimates and
model for the vehicle program.
• Lesson: Consideration needs to be given to the
natural environmental constraints on launch
and spacecraft operations based on performance
capability when developing full life cycle cost
estimates.
Accelerated schedule without the infrastructure.
• Background: The decision to accelerate a program
development schedule needs to be made in light
of in-place competences, resources, and management operations. A number of factors can affect
this decision, including recognizing the issues and
necessary work involved, availability of natural
environment skills within the contractor community, and the interaction between the program
offices interfacing with contractors. Isolation
of natural environments skills from systems
engineering teams working the program actions
should be avoided.
• Lesson: Program systems engineering offices
should have a “skills checklist” and routinely
review government and contractor capabilities to
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ensure that all necessary expertise is available and
tied in appropriately relative to natural environment skills and associated engineering activities.
Summary remarks. Aerospace meteorology
plays an important role in the design, development,
and operation of aerospace vehicles and in the
associated integrity of aerospace systems and elements. The lessons learned from the examples presented relative to use of the information in Johnson
(2008) indicate typical ways in which the natural
environment inputs can be more effectively used in
aerospace vehicle design, development, and mission
planning/support.

REFERENCES
Bellue, D. G., B. F. Boyd, W. W. Vaughan, J. T. Madura,
T. Garner, K. A. Winters, J. W. Weems, and H. C.
Herring, 2006: Shuttle weather support from design
to launch to return to flight. Preprints, 12th Conf. on
Aviation Range and Aerospace Meteorology, Atlanta,
GA, Amer. Meteor. Soc., 8.1. [Available online at
http://ams.confex.com/ams/Annual2006/techprogram/paper_101298.htm.]
Daniels, G. E., 1961: Probable climatic extremes for
use in MSFC-space vehicle booster and associated
equipment development. NASA Tech. Rep. MTPAERO-61-93, 56 pp.
Johnson, D. L., Ed., 2008: Terrestrial environment
(climatic) criteria guidelines for use in aerospace
vehicle development, 2008 revision. NASA Tech.
Memo. NASA/TM—2008-215633, 856 pp. [Available
online at http://ntrs.nasa.gov/archive/nasa/casi.ntrs.
nasa.gov/20090022159_2009021428.pdf.]
—, S. D. Pearson, W. W. Vaughan, and G. W. Batts,
1997: Role of aerospace meteorology in the design,
development, and operation of new advance launch
vehicles”, Preprints, Seventh Conference on Aviation,
Range and Aerospace Meteorology, Long Beach, CA,
Amer. Meteor. Soc., P1.2
Vaughan, W. W., Ed., 2010: AIAA guide to reference and
standard atmosphere models. American Institute of
Aeronautics and Astronautics Rep. AIAA-G-003C-2010, 154 pp. [Available online at www.aiaa.org/
content.cfm?pageid=363&id=1886.]

AMERICAN METEOROLOGICAL SOCIETY

for Further Reading
Allen, W. H., Ed., 1965: Dictionary of Technical Terms
for Aerospace Use. NASA Scientific and Technical
Information Division, NASA SP-7, 314 pp.
Blair, J., R. S. Ryan, L. A. Schutzenhofer, and W. R.
Humphries, 2001: Launch vehicle design process:
Characterization, technical integration, and lessons learned. NASA Tech. Rep. TP-2001-210992,
260 pp.
Johnson, D. L., C. K. Hill, W. W. Vaughan, S. C. Brown,
and G. W. Batts, 1993: Natural environment requirements definition and significance for aerospace
plane development. Preprints, Fifth Int. Aerospace
Planes and Hypersonic Technologies Conf., Munich,
Germany, American Institute of Aeronautics and
Astronautics, 1993-5074.
Pearson, S. D., W. W. Vaughan, G. W. Batts, and G. L.
Jasper, 1996: Importance of the natural terrestrial
environment with regard to advanced launch vehicle design and development. NASA Tech. Memo.
TM-108511, 30 pp.
Ryan, R., J. Blair, J. Townsend, and V. Verderaime,
1996: Working on the boundaries: Philosophies
and practices of the design process. NASA Tech.
Rep. NASA TP-3642, 118 pp.
Vaughan, W. W., and S. C. Brown, 1985: Natural
environment considerations for space shuttle
system development support. J. Spacecr. Rockets,
22, 355–360.
—, and D. L. Johnson, 2010a: Aerospace meteorology: Some lessons learned. Preprints, 14th Conf. on
Aviation, Range, and Aerospace Meteorology, Atlanta,
GA, Amer. Meteor. Soc., 7.1. [Available online at
http://ams.confex.com/ams/90annual/techprogram/paper_157285.htm.]
—, and —, 2010b: Natural environment and aerospace vehicles: Some lessons learned. Preprints,
48th AIAA Aerospace Sciences Meeting, Orlando, FL,
AIAA, 2010-333.

september 2011

| 1157

Unauthenticated | Downloaded 01/10/23 12:01 AM UTC

AMS members

Give a great gift
at a Great price
Looking for the perfect
present for the weather
enthusiast in your life?
Want to make a valuable
contribution to your local
library or community
college? Send a subscription
to Weatherwise magazine
(6 issues) for just
$24.95*—That’s nearly 50%
off the list price!
Written for a general
audience, Weatherwise
offers a colorful and
nontechnical look at recent
discoveries in meteorology
and climatology. Check out
the latest table of contents at
www.weatherwise.org.
Want your own?
Then order a personal
subscription at the same
great price.
Contact Member Services by e-mail at amsmem@ametsoc.org or by phone at
617-226-3998 to place all of your Weatherwise orders today!
*Cost for delivery outside of the U.S. is $40.95.
Weatherwise is available to AMS Members through a cooperative agreement with Taylor & Francis Group LLC, the publishers of Weatherwise.

1158 |

september 2011
Unauthenticated | Downloaded 01/10/23 12:01 AM UTC

