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A Glossary on the Environmental Impact of a Nuclear War

Michel M. Verstraete
National Center for Atmospheric Research

This glossary defines a number or words, expressions and acronyms used in the description of

the impact of nuclear war on the environment, and associated issues. Selected additional words

related to the problems of armaments, disarmament, and nuclear war in general have also been

added for convenience, although terms and expressions specifically related to the medical aspects

of the problem have not been included.

This glossary is an enlarged and updated version of the glossary that was published as part of

the SCOPE-Enuwar study on the same subject, and published by Wiley (Pittock et al., 1986). It

is based on the references listed at the end. Some acronym definitions are taken verbatim (with

permission) from the U.S. National Academy of Sciences report on Nuclear Arms Control. These

are clearly indicated by a t.

The environmental impacts of a nuclear war are so vast and complex that their study is nat-

urally and necessary of an interdisciplinary nature. Indeed, the SCOPE-Enuwar study mentioned

above was the result of consultations between hundreds of scientists from all continents working in

many different disciplines. For various reasons, different authors tend to use different-although

equivalent-sets of units; but the reader of the literature on this subject may often have to perform

conversions between different systems of units. For this reason, the precise definitions of a num-

ber of units of measurement, both within and outside of the Systeme International d'Unites (SI)

have been included in an appendix, together with the appropriate conversion factors. The symbol

adopted for each is indicated in brackets after the name of the unit.

There are extensive cross-references within the glossary: Any word printed in italics, whether

in the text or in the 'See also' sections, refers to a concept defined elsewhere in the glossary. When

such a cross-reference is indicated in the text, it is not repeated in the 'See also' section.

Comments and suggestions from readers will be greatly appreciated and will be incorporated

into later editions when appropriate.
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ABM:$ Acronym for Anti-Ballistic Missile. A missile designed to defend against a ballistic missile

attack by destroying incoming ballistic missile warheads.

A-bomb: Abbreviation for atomic bomb.

See also H-bomb, Nuclear weapon.

Absorption: The process whereby radiation incident on a substance is transformed into another

form of energy, often heat, and then retained by that substance. The amount of energy

absorbed depends on the intensity of radiation, the amount of absorbing material, and the

absorption coefficient.

The process of absorption also applies to a flux of particles which are retained by that sub-

stance and may provoke its ionization.

The absorption of solar radiation by the smoke and dust produced by nuclear explosions and

the resulting fires could cause heating of the aerosol layer.

See also Optical depth, Eztinction, Reflection, Scattering, Transmission.

Absorption coefficient: A physical parameter expressing the efficiency of a substance in absorb-

ing incoming radiation. The absorption coefficient of homogeneous materials depends on the

nature of the material and on the wavelength of the incident radiation. In the case of suspen-

sions, this coefficient also depends on the number density, size and shape of the suspended

particles. The linear energy absorption coefficient refers to the absorption per unit thickness

of absorbing material, and is expressed in m-l. The mass energy absorption coefficient is the

ratio of the linear energy absorption coefficient to the density of the absorbing material, and

is expressed in m 2 kg-1.

The absorption coefficient of smoke varies from 1500 to 12000 m2 kg-l, and the one for dust

varies from 500 to 6000 m 2 kg-l, depending on the particle size spectrum.

See also Absorption.

Absorption optical depth: The part of the optical depth due to the absorption process.

See also Scattering optical depth.

ACDA:t Acronym for United States rms Control and Disarmament Agency. The independent

U.S. Agency that deals with arms control matters.
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Advection: The process of transport of a fluid property as a result of the motion of the fluid itself.

In the context of atmospheric sciences, advection refers conventionally to the to ransport of a

quantity by the mostly horizontal large scale wind circulation, although advection can also

occur on a small scale. When the transport is vertical, the term convection is used instead.

The smoke, soot, and dust initially injected in the atmosphere by convection as a result of a

major nuclear war could spread over an entire hemisphere or even larger areas, due to the

(horizontal) advection by the winds.

AEC:t Acronym for the United States Atomic Energy Commission. The U.S. Agency for military

and peaceful atomic energy development from 1946 to 1975.

Aerosol: A suspension of liquid or solid particles in a gas, usually the atmosphere. Most of the

particles constituting the aerosols are 10 micrometers or less in diameter. Haze, most smokes,

and some fogs are aerosols, as isa the case o the sulphuric acid droplets produced by volcanic

eruptions, ocean spray (mostly salt particles), or pollution from fire and industrial processes.

The influence of an aerosol on the thermal structure of the atmosphere depends on its chemical

composition and size distribution - which defines its radiative properties, and its location in

the atmosphere.

See also Cloud condensation nuclei, Dust, Residence time, Soot.

AGL: Acronym for Above Ground Level.

AGM: Acronym for Air-to-Ground Missile.

Air burst: A nuclear explosion that takes place high enough in the atmosphere (at least a few

hundred meters) that the fireball does not reach the surface. As a consequence, air bursts do

not raise large quantities of dust in the atmosphere, nor do they give rise to local fallout.

See also Blast wave, Burst, EMP.

Alamogordo: Name of a location in New Mexico (USA), where the first atomic bomb was exploded,

on July 16, 1945. This explosion was the first and only test of a plutonium based bomb before

using one in the bombing of Nagasaki. No comparable test was ever performed before the

bombing of Hiroshima with a uranium based bomb.

Albedo: The ratio of the reflected to incident radiation flux density, usually for a large part

of the electromagnetic spectrum, such as visible light, or near-infrared radiation. This non-

dimensional parameter is often expressed either as a fraction or in percent. The planetary
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albedo of the Earth is about 30%. Typical values of the albedo of natural surfaces for solar

radiation are 3 - 20% for deep sea water, 8 - 25% for vegetation, 10 - 40% for soils, 40 - 95%

for clouds and snow, depending on the state of the surface and the solar zenith angle.

See also Reflection coefficient, Surface albedo.

ALCM:t Acronym for Air-Launched Cruise Missile. A cruise missile launched from an aircraft in

flight.

Alpha particle: A group of two protons and two neutrons emitted during a nuclear disintegration.

Aside from its nuclear origin, an alpha particle is equivalent to the nucleus of a helium atom.

Alpha particles are one of many ionizing radiations. They are basically absorbed wherever

they are emitted: they interact so readily with matter that they do not travel very far from

their source, except in a vacuum. With a relative biological effectiveness of 20 or so, alpha

particles are among the most damaging ionizing radiations, and can damage bones, skin,

tissues, etc.

See also Beta particle.

Amorphous carbon: Graphitic crystallites of carbon formed in flames.

See also Elemental carbon, Soot.

Aquifer: An underground porous layer of rocks that holds large amounts of water. Some aquifers

were formed in geological times and now contain fossil water. In most other cases, the water

that leaves the aquifer is slowly replaced with water from precipitation or runoff.

Contamination of surface waters from radioactive fallout or other chemical pollution could

affect the aquifers and jeopardize many long term water supplies.

ASAT:t Acronym for Anti-Satellite. A weapon used to attack satellites.

ASBM:t Acronym for Air-to-Surface Ballistic Missile. A ballistic missile launched from an airborne

carrier to hit a surface target.

ASM: Acronym for Air-to-Surface Missile.

ASW:t Acronym for Anti-Submarine Warfare. The complex of activities involved in the detection,

identification, tracking, and destruction of hostile submarines.

ATM: Acronym for Anti-Tank Missile.
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Atmosphere: The thin layer of gases, mostly nitrogen and oxygen, and aerosol that envelops the

planet Earth. A number of layers can be distinguished in the atmosphere, based on their

thermal or electrical properties. By extension, the gaseous envelope of other planets, although

these atmospheres have very different chemical composition and physical properties.

Depending on the context, an atmosphere is sometimes used as a unit of static pressure, equal

to the average atmospheric pressure at sea level (1013.25 hPa).

The chemical composition, optical properties, and thermal structure of the atmosphere could

be greatly perturbed by a major nuclear war. The atmosphere would also become contami-

nated by radioactivity, and suffer major electrical perturbations.

See also Climate, Mesosphere, Nuclear winter, Stratosphere, Troposphere.

Atmospheric pressure: The static pressure that results from the weight per unit surface of the

mass of air lying above a location. Although it is fairly variable, the atmospheric pressure

remains between 850 and 1050 hPa at sea level.

See also Atmosphere, Pascal.

Atom: The smallest unit of a chemical element. Atoms are composed of a nucleus, containing

most of the atomic mass, and a set of electrons. These electrons can be conceptualized as

orbiting around the nucleus. In the neutral state, an atom has as many electrons as it has

protons.

Atoms are characterized by two numbers: the atomic number, denoted Z, which is the number

of protons in the nucleus, and the mass number, denoted A, equal to the number of nucleons

in the nucleus. The number of neutrons is therefore equal to A - Z. There are only about

100 different types of elements in the Universe.

See also: Ion, Isotope.

Atomic bomb: A weapon that derives its destructive power from the energy released by the

splitting or fission of nuclei such as uranium and plutonium.

This expression is not much used any more, except to describe the weapons used against

Hiroshima and Nagasaki, and has been replaced by nuclear or thermonuclear weapon.

Attenuation: Synonym of extinction of.a directed flux of matter or energy, resulting from both

absorption and scattering.

Attenuation coefficient: Synonym of extinction coefficient.

AWACS: Acronym for Airborne Warning And Control System.
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Back-scattering: An instance of scattering where the change in direction of the photon or particle

relative to its direction before the interaction is more than 90°. The fraction of the number of
photons or particles back scattered in a particular direction depends on the scattering process.
See also Albedo, Forward-scattering, Reflection.

Beta particle: A beta particle is an electron emitted in a nuclear disintegration.
Beta particles are one of many ionizing radiations, they interact readily with matter and do
not travel very far from their source.

See also Alpha particle, Particle, Relative biological effectiveness.

Bikini: The name of an atoll in the Pacific Ocean used by the USA as a thermonuclear weapon
test range. On March 1, 1954, a 15 Megaton (TNT) weapon was exploded 2 m above the
atoll surface, and the subsequent radioactive fallout lethally contaminated an area of 20000
km2 , including some of the Marshall Islands.

Biomass: The amount of carbon stored in the living tissues of an ecosystem. Sometimes also the
dry weight of living materials. Usually, this refers specifically to the vegetation component.
Biomass is expressed in kg (C), or in kg (dry matter), respectively.
See also Biomass loading.

Biomass loading: The biomass per unit surface, expressed in kg (C) m-2 or kg (dry matter)
m-2

The biomass loading is typically 0.5 to 4 kg (C) m- 2 for grass and shrub complexes, 3 to 6
kg (C) m- 2 for interrupted woods, and 4 to 25 kg (C) m- 2 for woodlands and forests.

Black rain: Name given to the type of rain that fell on some neighborhoods of Hiroshima and
Nagasaki shortly after the atomic bombings. The precipitation, produced by the intense
convection, contained some radioactivity, and was black due to the smoke and soot of the
fires.

See also Rainout, Washout.

Blast wave: A special case of shock wave where the pressure, temperature, and fluid velocity
discontinuities are very large. In the current context, the high pressure atmospheric wave
that results from the explosion of a nuclear weapon.

The blast wave, or blast for short, is responsible for most of the mechanical destruction
resulting from a nuclear explosion, as it knocks down trees, buildings and other constructions.
In air bursts, the blast wave contains about 50% of the energy released by the nuclear explosion
within the first two minutes.

See also Peak dynamic pressure, Peak overpressure.



6

BMD:t Acronym for Ballistic Missile Defense. Measures for defending against an attack by ballistic

missiles.

Boundary layer: The layer of fluid where the fluid motion is affected by the nature and charac-

teristics of the surface next to which the fluid flows. The atmospheric or planetary boundary

layer is typically about 600 m deep at night, and 2 to 6 km during the day, in the undisturbed

atmosphere.

Breakaway point: A flash of visible light and a large amount of energy is emitted as photons

by nuclear weapons at the moment of the explosion. The air in the immediate surrounding

is quickly heated to very large temperatures (typically of the order of 106 K), and becomes

opaque to light. The breakaway point is the instant at which the light is allowed to escape

the fireball again after it has cooled down enough to allow the light to escape the fireball

without being strongly absorbed. It is because of this phenomenon that nuclear explosions

seem to generate a double flash of light.

Burning: A process of high temperature combustion accompanied by open flames.

See also Heat of reaction, Smoldering.

Burst: Explosion or detonation. In this context, a nuclear explosion.

Five main types of nuclear bursts are distinguished: air, surface, underground, underwater,

and high altitude bursts. They have very different destruction capabilities, and are therefore

used to attain different military objectives. Ground bursts, a type of surface burst, produce

much more dust and radioactive fallout than air bursts over continents. Air bursts are more

effective at starting fires over large areas, and high altitude bursts may be used to gener-

ate electromagnetic pulses. Generally, different types of bursts have different environmental

impacts.

See also Primary ignition zone, Surface burst.

BW: Acronym for Biological Weapon.

C3: Acronym for Command, Control, and Communications, three components essential for the

management and operation of military forces. Because of their central role in the conduct of

war, such centers and facilities are considered primary targets of a counterintelligence attack.

See also CGI, Electromagnetic pulse.

C3I: Acronym for Command, Control, Communications, and Intelligence.

See also C>, Electromagnetic pulse.
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CBM: Acronym for Confidence-Building Measure.

CBW: Acronym for Chemical and Biological Warfare.

CCN: Acronym for Cloud Condensation Nuclei.

CD:t Acronym for the United Nations Committee on Disarmament. A negotiating body of the

United Nations for multilateral disarmament treaties set up in 1978. Renamed the Conference

on Disarmament in February 1984.

CEP: Acronym for Circular Error Probable.

Chain reaction: A neutron can stimulate the fission of a nucleus, which itself produces two or more

neutrons. These neutrons, in turn, can fission other nuclei. This process is self-generating,

as long as at least one neutron is produced for each one lost to absorption, escape, or a new

fission event. Although the fission of a few kg of uranium in a nuclear weapon could take

some tens of nanoseconds, most of the nuclei split in the last ten nanoseconds or so.

In nuclear weapons, the chain reaction is not controlled, and results in a powerful explosion.

In nuclear power plants, the number of neutrons is carefully controlled, so that the heat

liberated by the fission can be used. The design of the plant is such that no large nuclear

explosion could take place: the worst possible accident would be the melting of the nuclear

core and the release of large quantities of radioactive materials.

See also Critical mass.

Climate: The word climate is used in a number of ways, but usually refers to the description and

analysis of atmospheric and other physical phenomena averaged over some area and period

of time. Climate research includes the statistical analysis of long series of weather records

for different locations, but is now also encompassing a number of other physical, chemical or

biological processes that take place in the atmosphere, hydrosphere, or cryosphere.

See also Climate modeling.

Climate modeling: One of the methods of studying the climate. Climate modeling usually

involves the description of the processes of interest with mathematical equations, the selection

of numerical algorithms to solve those equations, and the implementation of these algorithms

as computers programs. Execution of these programs allows one to investigate what would

happen in reality if certain conditions or hypotheses were met, without having to perform an

actual experiment.
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This approach is of obvious value in the case of estimating the consequences of a nuclear war,

since experimentation with nuclear weapons is limited by treaties and common sense.

See also Parameterization, Scenario.

Cloud Condensation Nuclei [CCN]: Small usually hygroscopic particles of dust or organic

material on which water vapor condenses in clouds. These nuclei are essential for the for-

mation of clouds and precipitation, and therefore also for the scavenging of aerosols from the

atmosphere.

See also Aerosol, Washout.

CO: The chemical symbol for carbon monoxide, a gas produced in combustion processes, partic-

ularly when the availability of oxygen is limited. Carbon monoxide is toxic to humans at

relatively low concentrations.

CO 2: The chemical symbol for carbon dioxide, a gas produced in combustion processes. Car-

bon dioxide is radiatively active in the far-infrared spectral region, and is one of the major

atmospheric gases responsible for the so-called greenhouse effect.

Coagulation: Any process which agglomerates small particles into larger ones.

The importance of coagulation processes in the atmosphere results from the fact that the fate

and influence of aerosol particles depends very much on their size.

See also Rate of removal, Residence time, Washout.

Combustible material loading: The mass amount of fuel per unit area of building floor or

ground. This amount is expressed in kg m - 2.

See also Fuel loading.

Combustion: An exothermic chemical reaction involving oxigen.

See also Burning, Heat of reaction, Smoldering.

Conflagration: The spreading of fire due to thermal radiation, convection, and winds.

Convection: The process of transport of a fluid property as a result of the motion of the fluid itself.

In the context of atmospheric sciences, convection refers conventionally to the transport of a

quantity by the mostly vertical localized air motions. When the transport is horizontal, the

term advection is used instead. Free convection results from density differences in the fluid

(typically due to a differential heating of the fluid in the presence of a gravity field), while

forced convection results from a strong shear in the velocity field.
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The intense surface heating produced by fires after an air or ground burst is expected to

generate deep convection, as happened in Hiroshima and Nagasaki.

See also Black rain, Firestorm.

Countercontrol attack: Synonym of Counterintelligence attack.

Counterforce attack: A strategic attack that aims at destroying the military potential of the

adversary, such as missile silos, air and naval bases, military depots, etc.

See also Counterintelligence attack, Countervalue attack.

Counterintelligence attack: A strategic attack that aims at destroying the intelligence and con-

trol potential of the adversary, such as command and communications centers, headquarters,

etc.

See also C¶, C3I, Counterforce attack, Countervalue attack.

Countervalue attack: A strategic attack that aims at destroying the economic and social base

of the adversary, such as industries, natural resources, cities, etc.

See also Cs , Counterforce attack, Counterintelligence attack.

Critical mass: The minimum amount of fissionable nuclides that must be brought together to

provoke a chain reaction. Some of the neutrons responsible for the chain reaction escape the

mass of fissionable material. Those that do not escape travel on the average a few centimeters

before interacting with a nucleus. There must therefore be a minimum or critical mass of

radioactive material to guarantee that a chain reaction and possible explosion will take place.

The critical mass is a function of the nature and purity of the radioactive material, its spatial

distribution, and its pressure. The minimum critical mass for a bare sphere of plutonium is

of the order of 5 kg.

Cruise missile: A pilotless, aerodynamic vehicle with an air-breathing jet engine designed to

operate in the atmosphere, capable of carrying nuclear weapons.

CSCE: Acronym for Conference on Security and Co-operation in Europe.

CTB:t Acronym for Comprehensive Test Ban. A proposed ban on nuclear testing in all environ-

ments.

CW: Acronym for Chemical Weapon.

DC: Acronym for the United Nations Disarmament Commission.
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Delayed fallout: See Radioactive fallout.

Detonation: Synonym of burst.

Disintegration: The process in which a radionuclide splits into lighter pieces while releasing some

energy. Each radionuclide is characterized by a half-life, and the number, type and energy

of the particles it emits. Through successive disintegrations, radioactive isotopes transmute

into lighter and lighter elements, until the element is not radioactive anymore.

See also Electron-volt, Fission, Transmutation.

Dose: The energy density deposited by ionizing radiation and absorbed in a medium.

See also Gray.

Dry deposition: The return to the Earth's surface of the particles of an atmospheric aerosol, by

any process not involving clouds and precipitations.

See also Radioactive fallout, Precipitation scavenging.

Dust: Small, irregularly shaped solid particles (typically with a radius of 10 micrometers or less),

in suspension in the atmosphere. Dust is mostly composed of small soil particles picked up

by the winds, and its chemical composition therefore reflect the types of soils from which it

originated.

Nuclear ground bursts can raise large quantities of dust into the atmosphere.

See also Aerosol, Nuclear winter.

Dynamic pressure: The pressure resulting from the drag of fluid motion on an obstacle surface.

In the context of a nuclear explosion, the dynamic pressure is induced by the winds generated

by the explosion.

See also Overpressure, Peak overpressure, Static pressure.

Early fallout: See Radioactive fallout.

Electromagnetic pulse [EMP]: A nuclear explosion produces a sharp and intense pulse of elec-

tromagnetic radiation within the whole radio frequency spectrum. This pulse is also known

as nuclear EMP (NEMP).

An EMP can cause havoc in electrical power distribution systems, and destroy or render tem-

porarily inoperative most unprotected electrical and electronic equipment, including telecom-

munications networks and computer systems. For high altitude bursts, the EMP effects are
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very widespread but no other major effects would be experienced at ground level. For sur-
face bursts that produce unsymmetrical fireballs, an intense EMP is emitted within a few
kilometers range in addition to all other nuclear weapons effects.

See also C0 , C3I.

Electromagnetic radiation: A form of energy contained in oscillating electrical and magnetic
fields, traveling at the speed of light. High frequency electromagnetic waves, such as gamma
rays, sometimes exhibit particle-like behavior.

See also Electromagnetic spectrum, Photon.

Electromagnetic spectrum: The sequence of electromagnetic radiations, characterized by wave-
length or frequency. It includes cosmic rays, gamma rays, X-rays, ultraviolet radiation, visible
radiation, infrared radiation, and the radio frequency spectrum.

Electromagnetic wave: Synonym of Electromagnetic radiation.

Electron: An elementary particle with a rest mass of 9.109 10-3 kg (about 1800 times lighter

than the proton), and with a negative electric charge of 1.602 10- 19 C (equal in magnitude to
that of the proton).

In a neutral atom, there are as many electrons as there are protons.

See also Beta particle, Coulomb, Ion.

Elemental carbon: A very pure form of carbon, composed of either amorphous carbon or graphite

carbon, as distinguished from organic carbon or carbonates.

See also Soot.

EMP: Abbreviation for Electromagnetic Pulse.

ENDC:t Acronym for Eighteen Nation Disarmament Conference. A negotiating organ for multi-

lateral agreements established in 1961.

Enhanced Radiation Weapon: A type of thermonuclear weapon designed to produce large

quantities of neutrons. This is achieved by not installing the uranium mantle usually placed
around thermonuclear weapons.

ENMOD: Acronym for Environmental Modification.

Enrichment: An industrial process that aims at increasing the proportion of an isotope of a

chemical element with respect to other isotopes.

The uranium used to make nuclear weapons must be enriched in 23 U. Nuclear power plants

can also utilize enriched 2 35 U as fuel.
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Entrainment: The process of mixing air from the environment into a cloud, plume or fireball. It

contributes to the dilution and cooling of the cloud or fireball.

ENUWAR: Acronym for Environmental Consequences of Nuclear War, the name of the SCOPE

project studying this subject.

Epicenter: The location of the nuclear weapon at the time of the explosion.

See also Ground zero, Hypocenter.

ERW: Acronym for Enhanced Radiation Weapon.

See also Neutron Bomb.

Exposure: Amount of ionization caused by X or Gamma rays.

See also Dose, Rontgen.

Extinction: The depletion or reduction of a flux of radiation or particles, as the flux penetrates a

substance. The attenuation results from both absorption and scattering.

The extinction of solar radiation by the smoke and dust produced in a nuclear war could

reduce considerably the amount of visible light at the Earth's surface.

See also Extinction coefficient.

Extinction coefficient: A physical parameter expressing the efficiency of a substance in atten-

uating incoming radiation. The extinction coefficient depends on the nature of the material

and on the wavelength of the incident radiation. The linear energy extinction coefficient

refers to both the absorption and scattering per unit thickness of attenuating material, and

is expressed in m - 1. The mass energy extinction coefficient is the ratio of the linear energy

extinction coefficient to the density of the attenuating material, and is expressed in m2 kg - .

See also Absorption coefficient.

Fallout: See Radioactive fallout.

Far-infrared radiation: See Infrared radiation.

FBS:t Acronym for Forward-Based Systems. A Soviet term defining intermediate-range U.S.

nuclear delivery systems based in third countries or on aircraft carriers that can strike targets

in the Soviet Union.
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Fireball: The volume of hot air that forms immediately after the explosion of a nuclear weapon

in a surface or air burst. The fireball first increases rapidly in size, and then rises in the

atmosphere. The fireball is luminous due to the high temperature of these gases, which emit

visible light. The height reached by the top of the fireball depends on the yield of the nuclear

weapon, and the local meteorological conditions.

The fireball of a 1 Mt (TNT) weapon exploding at the surface grows to a diameter of 4.8 km

(3 miles) before it even begins to rise in the atmosphere.

See also Mushroom cloud.

Firestorm: The severe meteorological conditions resulting from an intense surface heating as a

result of extensive and vigorous stationary fires. Firestorms develop a radial air inflow and

loft smoke to great heights. They have been observed to occur after intense bombing, by both

conventional means (Hamburg, Dresden) and nuclear weapons (Hiroshima and Nagasaki).

In the case of a nuclear burst, thermal radiation and mechanical damages from the blast initiate

a number of primary and secondary fires throughout a large area. The intense surface heating

results in intense convection and generates a strong wind convergence at the surface, which,

in turn, tends to fan and enhance these fires. The latter merge into one large burning area.

This process continues until the fuel availability decreases, either because of the burning or

because of the burying under ashes and other debris.

See also Black rain.

Fission: The process of splitting the nucleus of heavy chemical elements, usually radionuclides,

into two or more smaller nuclei. This process is accompanied by an emission of energetic

elementary particles (such as neutrons, electrons, etc.), heavier compounds (such as alpha

particles), and the release of large amounts of energy in the form of gamma rays and kinetic

energy of the emitted particles.

Atomic bombs and the production of energy in nuclear power plants both rely on the fission

process. The fission of some nuclei can be induced with slow neutrons, and produces on

average 1 MeV of energy per nucleon involved, or about 4.01 10-11 J per atom. Since there

are 2.5 1024 atoms in 1 kg of plutonium, the energy released per kg of radionuclide is of the

order of 1.0 1014 J, or 23.8 kiloton (TNT), assuming all atoms are fissioned.

See also Chain reaction, Critical mass, Electron-volt, Fusion, Transmutation.
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Fluence: The radiative energy flux per unit surface integrated over a finite period of time, and

measured in J m 2 .

See also Ignition threshold.

FOBS: Acronym for Fractional Orbital Bombardment System.

Forward-scattering: An instance of scattering where the change in direction of the incident

photon or particle is less than 90°. The fraction of the number of photons or particles forward

scattered in a particular direction depends on the scattering process.

See also Back-scattering.

FRODs:t Acronym for Functionally Related Observable Differences. A SALT II term referring

to differences in the observable features of airplanes that provide for distinguishing between

those aircrafts that are and are not capable of performing certain functions limited by SALT.

Fuel loading: The mass amount of fuel per unit area. The specific fuel loading refers to the fuel

loading per unit building floor surface, while the areal fuel loading is relative to a unit ground

area.

The average areal fuel loading for Hamburg in 1945 has been estimated at 160 kg m 2 .

See also Combustible material loading.

Fusion: The process of combining the nuclei of light chemical elements, such as deuterium or

tritium, into larger nuclei. This process is accompanied by the release of between 1 and

3 MeV of energy per nucleon involved, as gamma rays, and kinetic energy of the resulting

particles.

Thermonuclear weapons rely mainly on the fusion process, although an atomic bomb is used

as a trigger to produce the very high temperature and pressure necessary for the fusion to

take place.

See also Fission.

Gamma radiation: Energetic photons of electromagnetic radiation, with wavelengths nominally

shorter than 0.1 nanometers. Gamma rays are produced in nuclear processes.

Gamma rays are one of many ionizing radiations, they travel (at the speed of light) farther

than alpha or beta particles. They also penetrate deeper than other ionizing radiations into

any material.

See also X-ray.

Gamma ray: Synonym of gamma radiation.
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GLCM:t Acronym for Ground-Launched Cruise Missile. A cruise missile launched from a land-
based platform.

Global fallout: See Radioactive fallout.

Greenhouse effect: The common name for designating several radiative processes where specific
atmospheric molecules (such as water vapor and carbon dioxide) allow much of the solar

radiation to enter the atmosphere and reach the surface, while most of the infrared radiation

emitted by the surface is intercepted by the atmosphere and re-emitted both downward and

upward. The downward re-radiation warms the surface, while the upward component is lost

to space. 'Greenhouse effect' is a misnomer because the main factor that causes greenhouses

to be relatively warm is the prevention of convective heat loss through the roof, rather than

the radiative process mentioned above.

The progressive buildup of atmospheric carbon dioxide, as a result of to the burning of fossil

fuels and deforestation, is responsible for a greenhouse effect in the unperturbed atmosphere.

See also C0 2 .

Ground burst: A surface burst that takes place at or near the ground, so that the fireball does

reach the ground. Ground bursts raise large quantities of radioactive dust in the atmosphere,

and produce local fallout.

See also Burst.

Ground shock: A shock or pressure wave traveling in the ground as a result of the impact of the

air blast wave or resulting directly from a ground or underground burst.

See also Blast wave.

Ground zero: Synonym of hypocenter for an air, ground, or underground burst.

See also Epicenter, Surface zero.

Half-life: The time period required for the activity of a given radioactive material to decrease

to half of its value due to nuclear disintegrations. Each radionuclide is characterized by a

specific half-life, sometimes also called its radioactive period.

See also Plutonium, Uranium.

H-bomb: Synonym of hydrogen or thermonuclear weapon.

See also A-bomb.
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Heat of reaction: The amount of heat released to (in exothermic reactions) or removed from (in
endothermic reactions) the environment, as a result of a chemical reaction. This amount is
expressed in J kg-.

For example, the heat of reaction of burning wood is typically of the order of 18.6 MJ kg-.

See also Burning.

High altitude burst: A nuclear burst that takes place at an altitude of at least 30 km above

ground level. These bursts are of particular concern regarding their widespread EMP effects

on both terrestrial installations and space equipment, as well as their effects on radiowave

propagation.

Hiroshima: A Japanese city, the first city to have been destroyed by an atomic bomb, on August

5, 1945. The yield of this atomic bomb, dubbed "Little Boy", has been estimated to be about
15 kilotons (TNT), and the civilian death casualties were estimated at about 120000 as of

August 1946.

See also Alamogordo, Nagasaki.

Height of burst [HOB]: The altitude of the epicenter, i.e. the altitude of a nuclear weapon at

the time it explodes. The height of burst has a profound impact on the type of damage

generated.

See also Burst, Electromagnetic pulse.

Hypocenter: The location at the ground surface immediately below (for an air burst) or above

(for an underground burst) the epicenter, also called ground zero.

IAEA:t Acronym for International Atomic Energy Agency. An international organization estab-

lished in 1956 to promote peaceful uses of atomic energy and to provide safeguards to assure

that atomic installations are not used for weapons purposes.

ICBM:t Acronym for Intercontinental Ballistic Missile. A land-based rocket-propelled vehicle

capable of delivering a warhead through space to a target at ranges in excess of 5500 km.

ICRP: Acronym for International Commission on Radiological Protection.

ICSU: Acronym for International Council of Scientific Unions. ICSU is an international non-

governmental scientific organization whose principal objective is to encourage international

scientific activity for the benefit of humankind. It was created in Brussels (Belgium) in 1931

after the dissolution of the International Research Council, its immediate predecessor.
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ISS: Acronym for International Institute for Strategic Studies.

Ignition threshold: The fluence needed to ignite a given material. It is dependent on the type,
dryness, and orientation of the material, as well as on the duration of exposure and the
incendiary efficiency of the nuclear weapon.

Incendiary efficiency: The area ignited per kiloton of yield. The incendiary efficiency of smaller
nuclear weapons is relatively higher than that of larger ones because the thermal radiation
pulse is shorter, and the radiation transfer is less dependent on the turbidity of the atmosphere.

INF:t Acronym for Intermediate-range Nuclear Force. A U.S. term for land-based nuclear systems
with a range capability greater than that of short-range nuclear forces but less than that of
intercontinental forces (5500 km).

INFCE:$ Acronym for International Nuclear Fuel Cycle Evaluation. An international study initi-
ated by the Carter Administration to assess the comparative economic, technical, and political
advantages of various nuclear fuel cycles, with particular reference to the use of plutonium
for recycling and breeder reactors.

Infrared radiation: The band of electromagnetic radiation with a wavelength in the interval 0.7
to 100 micrometers. About half the solar energy available at the Earth surface is contained
in the radiation band from 0.7 to 5 micrometers: this is often called the near-infrared. In
contrast, radiation at longer wavelengths is called the thermal radiation, or thermal infrared.
The far-infrared band often refers to the band of radiation with wavelength greater than 10
micrometers.

Infrared radiation loss to space provides a major cooling mechanism of the Earth-atmosphere

system. The transfer of infrared radiation through the atmosphere is strongly dependent
on the composition of the atmosphere (especially in tri-atomic gases such as water vapor
and carbon dioxide) as well as on its temperature profile, both of which could be strongly
perturbed by multiple nuclear explosions.

See also Greenhouse effect, Radio frequency spectrum, Visible radiation.

Ion: An electrically charged atom or molecule. The most common ions are atoms or molecules that
have lost or acquired an electron, but much larger electrically charged dust particles are also
sometimes called 'large ions'.

Ions are much more reactive chemically than the corresponding neutral atom, and this, to-
gether with the heat dissipation in the tissues, is what makes them biologically damaging.

See also Ionization, Ionizing radiation, Relative biological effectiveness.
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Ionization: The process of producing ions, often by stripping an electron from an atom or a

molecule. This can be done through collisions with elementary particles or by interacting

with high energy photons and ionizing radiations.

The ionization process always produces a pair of electrically charged objects, usually an

electron and an ion.

See also Ionizing radiation.

Ionizing Radiation: A high energy photon (such as X or gamma ray) capable of ionizing an atom

or molecule. By extension, elementary particles that have the same effect, such as protons,

neutrons, electrons or groups of such particles, such as alpha particles.

The energy of the ionizing radiation is absorbed by specific molecules of the absorbing material

and is used to eject an electron or dissipated as heat.

See also Relative biological effectiveness.

IRBM: Acronym for Intermediate-Range Ballistic Missile.

ISMA: Acronym for International Satellite Monitoring Agency.

Isotope: Chemical elements differ from each other by the number of protons present in the nucleus

of each atom. Isotopes of a given element differ by the number of neutrons present in the

nucleus of the atom.

Isotopes have similar but not identical physical and chemical properties. In particular, dif-

ferent radioactive isotopes of the same element (such as Uranium 235 and 238) have different

nuclear properties and therefore generate different nuclear reaction products and amounts of

energy.

Lawrence Livermore National Laboratory [LLNL]: One of the two major U.S. nuclear

weapons laboratories, located in Livermore, California.

See also Los Alamos National Laboratory.

Local fallout: See Radioactive fallout.

Los Alamos National Laboratory [LANL]: One of the two major U.S. nuclear weapons labo-

ratories, located in Los Alamos, New Mexico.

See also Lawrence Livermore National Laboratory.

LRTNF: Acronym for Long-Range Theater Nuclear Force.
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LTB:4 Acronym for Limited Test Ban. A treaty initially signed by the United States, the United

Kingdom, and the Soviet Union in 1963 to prohibit the testing of nuclear weapons in the

atmosphere, in space, and underwater.

MAD:t Acronym for Mutual Assured Destruction. The concept of reciprocal deterrence that rests

on the inherent ability of the two nuclear superpowers to inflict unacceptable damage on one

another after surviving a nuclear first strike.

MARV:t Acronym for Maneuverable Reentry Vehicle. A ballistic missile reentry vehicle whose

ballistic trajectory can be adjusted by internal or external mechanisms, enabling it to evade

ABM defenses and/or strike its target with a high degree of accuracy.

Mass fire: A moving or stationary fire involving a large area.

See also Conflagration, Firestorm.

MBFR: Acronym for Mutual Balanced Force Reduction.

Mesosphere: The atmospheric layer between the stratopause and the mesopause, i.e. roughly

from 50 to 80 km above the surface. In the mesosphere, the air temperature decreases with

height.

MFR: Acronym for Mutual Force Reduction.

Microwave radiation: The band of the radio frequency spectrum with a wavelength in the interval

0.1 to 500 millimeters.

Microwaves are used in telecommunication and radar systems, and for passive and active

remote sensing.

See also Infrared radiation.

MIRV:t Acronym for Multiple Independently Targetable Reentry Vehicle. A package of two or

more reentry vehicles with nuclear warheads that can be carried by a single ballistic missile

and delivered to separate targets.

Missile silo: A hardened concrete building, usually partially or totally buried, that contains a

nuclear missile. Silos are build to sustain extreme overpressures from near-by explosions, and

allow operation even after a close hit. Missile silos are prime targets in a counterforce attack.
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Molecule: A set of two or more atoms bound by chemical bonds. There are two main types

of chemical bonds in molecules: ionic bonds, where one of the atoms gives an electron to

another atom, and covalent bonds, where the atoms share common electrons. Atoms can also

be bound by other types of bond (such as the metallic bond), and molecules can interact

through Van der Waals forces.

Molecules have physical and chemical properties completely different from those of the consti-

tuting atoms. A molecule is the smallest amount of a simple substance that has a molecular

structure, but many materials, such as most metals, do not have a molecular structure.

MRV: Acronym for Multiple Reentry Vehicle. This acronym is used specifically for vehicles that

cannot be independently targeted.

See also MIRV.

Mushroom cloud: The cloud formed just after an air or ground burst. From a distance, the rising

fireball and the column of smoke and dust it entrains look like a huge mushroom, hence the

name.

See also Convection.

MX:4 Acronym for Missile Experimental. A new U.S. ICBM with ten warheads scheduled to be

deployed in the late 1980s.

Nagasaki: A Japanese city, the second city to have been destroyed by an atomic bomb, on August

9, 1945. The yield of this atomic bomb, dubbed "Fat Man", has been estimated to be about

22 kilotons (TNT), and the death casualties are estimated at about 74000 as of December

1945.

See also Alamogordo, Hiroshima.

Near-infrared radiation: See Infrared radiation.

Neutron: One of the two main nucleons, the neutron is an elementary particle characterized by

a rest mass of 1.674 10-27 kg, approximately equivalent to that of the proton, but has no

electrical charge.

Slow neutrons are particularly efficient in splitting 235U and 23 9Pu nuclei. Since the fission

process itself results in the emission of two or three neutrons, a mass of radioactive material

can react very rapidly in a chain reaction.

See also Nucleus.



21

Neutron bomb: The popular name of an Enhanced Radiation Weapon, selected because this type

of weapon emits relatively large quantities of neutrons.

New candle: See candela.

NNPA:4 Acronym for Nuclear Non-Proliferation Act. Legislation providing for the current (in

1985) U.S. policy controlling the export of nuclear materials and equipment.

NOW: A generic chemical symbol to designate any one of the oxides of nitrogen: NO, NO 2 , and

NO3. This category does not include N20.

Oxides of nitrogen react particularly strongly with ozone. The intense heating of the air in

the fireball produces large quantities of NO. compounds which, in turn, destroy ozone in the

stratosphere.

NPT:t Acronym for Non-Proliferation Treaty. A multilateral treaty to prevent the spread of

nuclear weapons while guaranteeing the peaceful uses of nuclear energy through cooperation.

NTM:$ Acronym for National Technical Means. A nation's technical intelligence assets that can

monitor another country's compliance with an arms control agreement from the outside

of that country. NTM includes satellite-based sensors such as photographic reconnaissance,

aircraft-based systems such as radars and optical systems, and sea- and ground-based systems

such as radars and antennas for collecting telemetry.

Nuclear exchange: Synonym of nuclear war, but implying a rapid volley of weapons by opposing

sides, rather than a protracted conflict.

Nuclear radiation: A loose term to designate both the electromagnetic waves and the elementary

particles emitted by a nucleus.

See also Alpha particle, Beta particle, Gamma radiation, Neutron, X-ray.

Nuclear war: An armed conflict in which nuclear weapons are used.

Nuclear weapon: A generic name for a weapon system that derives its explosive energy from

fission, fusion, or both.

See also Atomic bomb, Neutron bomb, Thermonuclear weapon.



22

Nuclear winter: The set of climatic conditions that could result from the injection of large quan-

tities of dust and smoke in the atmosphere as a consequence of nuclear war. The severity of

those conditions (reduced light levels, cold temperatures) depends on the amount of material

injected (itself a function of types of weapons used and targeting scenarios) and on the season,

with more dramatic effects expected in the summer months of the Northern Hemisphere. By

extension, the set of environmental consequences of a nuclear war.

See also Burst.

Nucleon: A generic term to designate either a proton or a neutron, the constitutive elements of

the atomic nucleus.

Nucleus: The central part of an atom, composed of protons, neutrons and other sub-atomic

particles. Most of the atomic mass and all positive electrical charges of the atom are contained

in the nucleus.

These nucleons are bound together by the nuclear force, and the energy released in nuclear

disintegrations, fissions, and fusions reflects changes in the binding of these nucleons.

NWFZ: Acronym for Nuclear Weapon Free Zone.

OPANAL: Acronym for the agency for the prohibition of nuclear weapons in Latin America.

Optical depth: A non-dimensional number used to describe the cumulative depletion, due to

either or both absorption and scattering, that a radiative flux experiences as it travels through

a material and interacts with it. The optical depth depends on the amount of radiatively

active material that interacts with the radiation field, and is different for different radiation

wavelengths. An extinction optical depth of 1 reduces the radiation flux to 37% of its original

value.

The optical depth of water clouds can be very large, from 2 to 50, but is due almost exclusively

to scattering. The total optical depth of the smoke produced by a nuclear exchange may only

be 1 to 5, but a third to a half of it would be due to the absorption optical depth, while the

remainder would be attributable to the scattering optical depth. Also, not more th-an half of

the Earth's surface is covered by water clouds, while a whole hemisphere could be covered by

layers of smoke and dust produced in a nuclear war.

Optical mass: The mass of an optically active material contained in a column of unit cross section

along the path of a radiation beam.

Optical thickness: Synonym of optical depth.



23
OST:t Acronym for Outer Space Treaty. A 1967 treaty that prohibits the placing of nuclear

weapons or other weapons of mass destruction in orbit around the earth and outlaws the
establishment of military bases, installations, and fortifications, the testing of any type of
weapons, and the conduct of military maneuvers in outer space.

Overpressure: The excess of the local static pressure above the normal atmospheric pressure.

See also Peak overpressure, Dynamic pressure.

Ozone [03]: A molecule composed of three atoms of oxygen. In the unperturbed atmosphere, ozone

is concentrated mainly in the lower stratosphere (20 - 50 km), although smaller concentrations

can be found at other levels. Ozone is continually generated and destroyed by a series of
photochemical and other reactions taking place mostly in the stratosphere, but also in the
troposphere.

Ozone absorbs very well harmful ultraviolet radiations, and therefore protects living organisms
at or near the surface. The ozone layer could be significantly affected by nuclear explosions,

and its reduction in the stratosphere would have a serious impact on the biosphere.

See also NO,.

PAR:$ Acronym for Perimeter Acquisition Radar. Radars on the perimeter of a nation designed to

detect incoming warheads and predict their trajectories while they are still several thousand
kilometers from their targets.

Parameterization: An analytical technique consisting in replacing an explicit detailed mathe-

matical representation of certain processes by a simpler formulation. This is done either to
simplify the models used, or to account in some way for processes not fully understood.

This approach is often used in climate modeling, for example to represent surface or cloud

processes in global circulation models.

Particle: A very small amount of matter. The exact meaning of the word depends on the context.
Aerosol or dust particles refer to particles with a radius of 10 micrometer or less, while ele-
mentary particles refer to protons, neutrons, electrons and other such subatomic components.

PD 59:t Acronym for United States Presidential Directive 59. A directive of the Carter Adminis-
tration formalizing the doctrine of countervailing strategy, which emphasized the importance
of flexible options and survivable command and control to assure deterrence against a wide
range of threats.
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Peak overpressure: The maximum value, above the normal atmospheric pressure, of the static

pressure attained during the passage of a shock or blast wave.

A peak overpressure of 1/10 to 1/2 of the atmospheric pressure produces major damages to

most buildings other than concrete and steel.

See also Dynamic pressure, Overpressure.

Photon: The electromagnetic energy propagation and interaction with matter is described dually

as a wave phenomenon and as a particle. A photon is the massless particle associated with

an electromagnetic wave.

See also Electromagnetic radiation.

Planetary albedo: The albedo of the whole planet Earth, as seen from space. This is the ratio of

the outgoing radiative flux density at the "top of the atmosphere" over the incoming radiative

flux density, for a specified band of electromagnetic radiations, such as the solar radiation

band.

Plutonium [Pu]: A radioactive chemical element (Z = 94, A = 239, 241), used to build some

atomic and nuclear weapons. The fission of nuclei of plutonium releases a great deal of energy.

Due to its emission of alpha particles, plutonium is an extremely toxic substance. Plutonium

does not normally exist in nature, but is a by-product of nuclear power stations and reactors

using uranium. The half-life of 23 9Pu is of the order of 24 000 years.

United States and the Soviet Union in 1976.

surface, as rain, dew, snow, or hail.

fallout from the atmosphere by precipitation processes. Precipitation scavenging includes

both rainout and washout.

See also Fallout, Scavenging.

Pressure: The force exerted per unit surface, and expressed in Pascal.

See also Atmospheric pressure, Dynamic pressure, Overpressure, Static pressure.
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Primary fire: A fire ignited by the thermal radiation flash at the time of the nuclear explosion.

The blast wave may suppress a number of primary fires, but start or stimulate secondary

fires.

See also Primary ignition zone.

Primary ignition zone: The area where primary fires ignite as a result of the thermal radiation

flash. The extent of this zone depends on the yield of the nuclear weapon, the height of

burst, the turbidity of the atmosphere, and the ignition threshold of the materials available

for burning.

Prompt Radiation: The radiation emitted during the first minute or so of a nuclear explosion,

as opposed to that emitted later by the local (first day) as well as global (beyond one day)

radioactive fallout. The prompt radiation contains about 5% of the total energy liberated by

the explosion.

Proton: One of the two main nucleons. The proton has a mass at rest of 1.672 10-27 kg, about

equivalent to that of a neutron, and a positive electrical charge of 1.602 10- 19 C, exactly equal

to that of an electron. The number of protons in the nucleus of an atom is called the atomic

number and determines the chemical nature of the element.

PTB: Acronym for Partial Test Ban.

PTBT: Acronym for Partial Test Ban Treaty.

Pyrotoxin: A generic term to designate toxic chemicals released in the process of combustion. The

burning of a wide variety of plastic and other man-made materials in cities after a nuclear

attack is expected to release large quantities of pyrotoxins.

R & D: Acronym for Research and Development.

Radiation: A generic term to designate electromagnetic radiations. By extension, also includes

particles emitted by radionuclides.

See also Nuclear radiation.

Radioactive fallout: The radioactive debris emitted from a nuclear explosion. Early or local

fallout refers to the surface deposition within one day of the larger contaminated particles in

the vicinity of the explosion. Global or delayed fallout refers to the later settling globally of

the smaller particles beyond the first day.
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Intermediate or tropospheric fallout generally is deposited within the first month after the

explosion. Long term or stratospheric fallout is deposited in the time scale of months to

years. The amount of radioactive fallout produced by a nuclear explosion depends, among

other things, on the yield and height of burst of the nuclear explosion. The area contaminated

by local fallout can be very large as was demonstrated by the nuclear tests made on Bikini

atoll.

See also Air burst, Black rain, Ground burst, Residence time, Scavenging, Washout.

Radioactive period: Synonym of half-life.

Radioactivity: A property of some chemical elements whose nuclei emit nuclear radiations and

transmute into other chemical elements. This property was discovered in 1896 by Henri

Becquerel.

See also Activity, Becquerel, Fission, Plutonium, Radionuclide, Transmutation, Uranium.

Radio frequency spectrum: The band of electromagnetic radiation with a wavelength between

1 millimeter (300 GHz) and 106 m (300 Hz).

See also Infrared radiation.

Radionuclide: A radioactive substance.

See also Plutonium, Radioactivity, Uranium.

Radiowave: A band of the radio frequency spectrum with a wavelength between 1 and 1000 meters,

used mostly for radio and television communications.

See also Microwave radiation.

Rain: A form of precipitation of liquid water. Rainfall provides one of the major mechanisms of

particle scavenging in the atmosphere.

See also Black rain, Rainout.

Rainout: The process of in-cloud removal of aerosols by cloud droplets due to attachment by Brow-

nian, phoretic, electrical and turbulent forces, or by condensation nucleation, and subsequent

deposition.

See also Black rain, Fallout, Precipitation scavenging, Scavenging, Washout.

Rayleigh scattering: A particular case of scattering where the wavelength of the incoming radia-

tion is 10 or more times larger than the typical dimension of the scattering particle. Conven-

tionally, this term is used to designate scattering by molecules, although any small particle

can behave as a Rayleigh scatterer.

The blue color of the cloudless sky is due to the Rayleigh scattering of solar radiation.
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Reflection: The process whereby a fraction of the radiation incident on the interface between
two media is returned into the original medium, without any energy transformation. The
amount of radiation reflected depends on the intensity of the radiation flux and the reflection

coefficient.

The direction in which the radiation is reflected depends on the nature of the reflecting
surface. The reflection is called specular if a collimated beam of radiation is still collimated
after reflection, otherwise, it is called diffuse reflection.

See also Absorption, Albedo, Back-scattering, Scattering, Transmission.

Reflection coefficient: A physical parameter expressing the efficiency of a substance in reflecting
incoming radiation. The reflection coefficient depends on the nature and properties of the
material, on the structure (roughness) of its reflecting surface, and on the characteristics of
the incident radiation, such as the the wavelength, the state of polarization, and the angle of
incidence.

See also Reflection.

Relative biological effectiveness [RBE]: A measure of the biological damage imposed by a
given dose of an ionizing radiation. It is measured as the dose of gamma rays that would be
required to generate the same damage as the dose of the radiation in question. For example,

the RBE of gamma rays and beta particles is 1, that of thermal neutrons is 5, that of fast
neutrons is 10, and alpha particles have an RBE of about 20. Therefore, fast neutrons are
typically ten times more damaging to humans per unit dose than gamma rays.

Residence time: For an open thermodynamical system in steady state, the average length of the
time period an entity would take to cycle through the system. It is computed by dividing
the estimated amount of the entity in the system by either the rate at which it is added to or
removed from the system. By extension, an estimate of the average time period a substance
is expected to remain within a given system.

The residence time of dust and smoke particles that would be injected by a major nuclear

war in the atmosphere is largely unknown at this time, but it has been observed that volcanic
dust and other chemicals can remain for very long periods of time in the stratosphere, up to

years, and that the residence time depends on altitude and chemical reactions, if any.

See also Scavenging, Washout.

RORSAT:t Acronym for Radar Ocean Reconnaissance Satellite. A Soviet satellite intended to
provide real time location of targets such as ships at sea.
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RV:t Acronym for Reentry Vehicle. The part of a ballistic missile designed to reenter the earth's

atmosphere in the terminal portion of its trajectory to deliver a warhead to a target.

RW: Acronym for Radiological Weapon.

SALT:t Acronym for Strategic Arms Limitation Talks. Negotiations initiated in 1969 between the

United States and the Soviet Union directed at limiting the strategic offensive and defensive

nuclear forces of the two sides.

SAM:? Acronym for Surface-to-Air Missile. A surface-launched missile designed to operate against

aircraft or other aerodynamic targets.

Scattering: An interaction between an incoming photon (or particle) and another particle, which

results in a change of the direction of propagation of the incoming photon or particle.

Two kinds of scattering are often distinguished: coherent or elastic scattering, where the

photon or particle changes direction but does not lose any energy, and Raman or inelastic

scattering, where the outgoing photon or particle carries less energy than before the interac-

tion, and is therefore characterized by a lower frequency or energy.

See also Absorption, Forward-scattering, Back-scattering, Rayleigh scattering.

Scattering optical depth: The fraction of the optical depth due to the scattering process.

See also Absorption optical depth.

Scavenging: The process of removing particles or materials from the atmosphere. This expression

often refers to the process of incorporation in a hydrometeor, but sometimes also includes

deposition on the ground.

See also Black rain, Rainout, Scavenging efficiency, Washout.

Scavenging efficiency: Efficiency of the removal of materials (e.g. dust and smoke particles) from

the atmosphere by the scavenging process.

SCC:t Acronym for Standing Consultative Commission. A permanent U.S.-Soviet commission

established in the SALT I agreements and incorporated in the SALT II agreement to deal

with questions of compliance and the working out of additional procedures to implement the

provisions of the SALT agreements.
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Scenario: A description of hypothetical historical and technical conditions and developments.

In the current context, scenarios are used to study and compare the impact of a nuclear

war on the environment, depending on specific assumptions about the number, yield, and

space and time distribution of nuclear explosions. This is because the amount of dust, smoke

and radioactive fallout (hence the intensity of environmental impacts) produced by a nuclear

attack depends on the targeting scenario.

SCOPE: Acronym for Scientific Committee on Problems of the Environment. SCOPE was estab-

lished in 1969 by ICSU to identify interdisciplinary environmental issues requiring the most

urgent attention. SCOPE publishes technical and state-of-the-art reports on these issues.

SDI:$ Acronym for Strategic Defense Initiative. The Reagan Administration's research and de-
velopment program to investigate the possibility of developing a nationwide ballistic missile

defense with the goal of ultimately eliminating the strategic role of nuclear weapons.

Shock wave: The moving interface between two domains of a fluid, characterized by a discontinuity

in fluid variables (density, pressure, temperature, velocity).

See also Blast wave.

Silo: Large cylindrical container, usually for storing grains. In the current context, a missile silo.

Single scattering albedo: The ratio of the scattering coefficient and the extinction coefficient.

SIPRI: Acronym for Stockholm International Peace Research Institute. SIPRI is an independent

institute for research into problems of peace and conflict, especially those of arms control and

disarmament. It was established in 1966 to commemorate Sweden's 150 years of unbroken

peace.

SLBM:t Acronym for Submarine-Launched Ballistic Missile. A ballistic missile launched from a
submarine.

SLCM: Acronym for Sea-Launched Cruise Missile.

See also Cruise missile.

Smoke: A suspension of solid and/or liquid particles and gases produced by combustion processes,

lifted in the atmosphere by convection. Smoke absorbs and scatters solar radiation.

Large amounts of smoke could be produced by multiple nuclear explosions and the resulting

fires, and this would greatly reduce the solar radiation available at the surface, especially if

the soot content is high.

See also Absorption, Black rain, Nuclear winter, Scattering.
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Smoldering: A process of low temperature combustion in the absence of open flames.

See also Burning.

Solar radiation: The electromagnetic radiation emitted by the Sun. Because the temperature

of the solar photosphere is about 6000 K, this emission is mainly taking place as visible and

near-infrared radiation.

See also Thermal radiation.

Soot: A smoke component composed of amorphous or elemental carbon. Soot is particularly

effective in absorbing solar radiation.

See also Absorption.

Specific heat: The energy increment required to raise the temperature of a unit mass of material

by one Kelvin, and expressed in J kg- 1 K- 1.

The specific heat of water is 4185 J kg-l K- 1, while that of coal is about 1000 J kg-l K- 1,

at room temperature.

SRAM:4 Acronym for Short-Range Attack Missile. A U.S. nuclear-armed short-range air-to-

surface missile deployed on B-52s for defense suppression as well as target attack.

SRBM: Acronym for Short-Range Ballistic Missile.

SSBN: Acronym for Ballistic missile-equiped nuclear-powered submarine.

START:t Acronym for Strategic Arms Reduction Talks. Negotiations between the United States

and the Soviet Union initiated in 1982 by the Reagan Administration to seek substantial

reductions in strategic nuclear weapons.

Static pressure: The pressure that can be observed and measured in a fluid in the absence of

fluid motion.

See also Dynamic pressure, Pascal.

Steradian [Sr]: The steradian is the solid angle which, having its vertex in the center of a sphere,

cuts off an area of the surface of the sphere equal to that of a square with sides of length

equal to the radius of the sphere.

Strategic nuclear weapon: There is a lack of consensus internationally on the exact definition

of what is a strategic nuclear weapon. Generally speaking, it designates a high yield nuclear

weapon (typically 0.1 - 10 megatons (TNT)). Strategic nuclear weapons are placed on inter-

continental missiles (ICBMs) and other long range delivery systems (SLBMs, bombers with

intercontinental range).

See also Tactical nuclear weapon, Theater nuclear weapon.
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Stratosphere: The atmospheric layer between the tropopause and the stratopause, roughly between

12 and 50 km above the surface. In the stratosphere, the temperature is either constant or

increasing with height. The air circulation in the stratosphere is mostly horizontal, with

very little vertical mixing. Most of the atmospheric ozone is located in the stratosphere,

and the residence time of gases and particles in the stratosphere is much longer than in the

troposphere.

In the event of a large scale nuclear war, it is possible that the thermal structure of the

atmosphere would be affected to such an extent that the troposphere could drastically shrink,

as if the tropopause had been pulled downward towards the surface. The residence time of

particles is much longer in the stratosphere than in the troposphere.

Stratopause: The boundary between the stratosphere and the mesosphere, at an altitude of

approximately 50 km.

Surface albedo: The albedo of the surface of the Earth, whether continental or oceanic. This is

the ratio of the radiative flux density reflected by that surface over the incoming radiative

flux density, for a specified band of electromagnetic radiations.

Surface burst: A nuclear explosion occuring at or close to the surface, either over water or ground,

so that the fireball intercepts the surface.

See also Burst.

Surface zero: Synonym of Hypocenter for water and underwater bursts.

See also Epicenter, Ground zero.

Tactical nuclear weapon: There is a lack of consensus internationally on the exact definition

of what is a tactical nuclear weapon. Generally speaking, it designates a low yield nuclear

weapon (typically 1 - 10 kilotons (TNT)). Tactical nuclear weapons are usually mounted on

short range (less than 200 km) delivery systems, and built to be used on the battlefield.

See also Strategic nuclear weapon, Theater nuclear weapon.

Temperature inversion: A layer of the atmosphere where temperature is constant or increases

with height. Such layers are stable, and any smoke or pollutants trapped under such an

inversion would tend to stay there, instead of being mixed with the rest of the atmosphere.

The soot, smoke and dust raised in the atmosphere by numerous nuclear explosions at the

surface could create a strong temperature inversion.
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Theater nuclear weapon: There is a lack of consensus internationally on the exact definition of

what is a theater nuclear weapon. Generally speaking, it designates a medium yield nuclear

weapon (typically 10 - 100 kilotons (TNT)). The USSR terminology calls for 'medium-range

weapons' with a range between 1000 and 5500 km, while the USA terminology refers to

'intermediate-range weapons' with a range between 200 km and 5500 km.

See also Strategic nuclear weapon, Tactical nuclear weapon.

Thermal radiation: The electromagnetic radiation emitted by any body or substance as a result

of its energy content (as measured by its temperature) and physical properties (such as its

emissivity). For substances at temperatures usually found in the natural environment of the

Earth (250 to 320 K), the thermal radiation is in the far-infrared.

Thermal radiation flash: The intense but short-lived emission of electromagnetic radiation in

a nuclear explosion. For reasons related to the physics of the nuclear explosion process, this

flash, or pulse, is actually composed of two visible flashes.

See also Breakaway point, Primary fires.

Thermal radiation pulse: Synonym of Thermal radiation flash.

Thermonuclear weapon: A nuclear weapon that derives a substantial part of its explosive power

from the process of fusion. Such weapons are sometimes called H-bombs, because they use

hydrogen isotopes (typically a few kg of deuterium and tritium) as the fuel for the fusion

process. Thermonuclear weapons use fission based nuclear weapons as a trigger, and often

also contain a uranium mantle.

The energy yield of thermonuclear weapons can be much larger than that of atomic bombs of

comparable size.

Transmutation: The process of transformation of one chemical element into another one of

comparable atomic weight. Transmutations usually take place when nuclei are bombarded

with neutrons or alpha particles. The newly created element may or may not be radioactive.

Radionuclides transmute naturally into other ones or into stable chemical elements.

See also Disintegration, Fission, Half-life.

TNT: Trinitrotoluene, a conventional high intensity explosive, also known as dynamite. The

explosive power of nuclear weapons is expressed in equivalents of kilotons or megatons of

TNT. TNT is used to trigger nuclear weapons.
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Triage: The process of classifying casualties in 3 categories: those who will survive without medical

help, those who will die irrespective of the treatment applied, and those who could survive

with adequate medical support.

After a nuclear attack, and to the extent that any medical facilities and personnel would be

available, the latter group would supposedly receive priority attention.

Troposphere: The bottom layer of the atmosphere, 8 to 16 kilometers deep, characterized by

a general decrease of temperature with increasing altitude, above the surface layers. The

troposphere contains 90% of the total mass of air, and most of the water vapor of the atmo-

sphere. It is very well mixed outside of surface layers by both advection and convection, and

the majority of weather phenomena (in particular all precipitation processes) take place in it.

See also Stratosphere, Tropopause.

Tropopause: The boundary between the troposphere and the stratosphere, at an atmospheric

pressure between 100 and 200 hPa, depending on latitude.

The location of the tropopause is not always well defined because the temperature gradient

in the lower stratosphere is often very weak. The height of the tropopause is larger in the

tropics (about 16 km) than over polar regions (about 8 km), and undergoes subtantial seasonal

variations.

TTB: Acronym for Threshold Test Ban.

See also TTBT.

TTBT:t Acronym for Threshold Test Ban Treaty. A treaty signed by the United States and the

Soviet Union in 1974 to prohibit underground tests of nuclear weapons with a yield greater

than 150 kt.

Ultraviolet radiation: The band of electromagnetic radiation with a wavelength in the interval

100 to 400 nanometers. This radiation band is further divided into three other regions: UV-A

(320 - 400 nanometers), UV-B (290 - 320 nanometers), and UV-C (200 - 290 nanometers).

This classification is based on the phenomenology of the effects of ultraviolet radiation on

living organisms, and is therefore somewhat arbitrary. Ultraviolet radiation of wavelength

shorter than 200 nanometers does not travel to any appreciable distance in air.

Solar ultraviolet radiation dissociates oxygen molecules in the upper atmosphere, and some

of the atoms recombine to produce ozone. Ultraviolet radiation is damaging to living tissues,

and excessive or prolonged exposure can cause various damages, including blindness and skin

cancers.

See also Stratosphere, Visible radiation, X-rays.
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Underground burst: A nuclear explosion that takes place below the soil surface. It is possible

that underground bursts could generate landslides and earthquakes, although there is little

positive evidence that these effects would indeed happen.

See also Burst.

Underwater burst: A nuclear explosion that takes place below the surface of the water, in a sea

or ocean. High yield underwater bursts can generate very destructive surface waves behaving

like tsunamis.

See also Burst.

UNIDIR: Acronym for United Nations Institute for Disarmament Research.

UNSCEAR: Acronym for United Nations Scientific Committee on the Effects of Atomic Radia-

tion.

Uranium [U]: A radioactive chemical element (Z = 92, A = 233, 234, 235, 238). Uranium is

the heaviest element found in nature. A sample of uranium extracted from a mine contains

99.3% of 238U, 0.7% of 235U, and traces of 234U. Its isotopes 235 and 238 are used to build

nuclear weapons, as well as to operate nuclear power stations, although these different uses

require different enrichment procedures.

UV-A, UV-B, UV-C: See Ultraviolet radiation.

Visible light: Synonym of Visible radiation.

Visible radiation: The band of electromagnetic radiation with a wavelength in the interval 0.4

to 0.7 micrometers. About half of the solar energy received at the surface is in the visible

radiation band.

See also Infrared radiation, Solar radiation, Ultraviolet radiation.

Washout: The process of removing aerosols from the atmosphere by inertial capture on raindrops,

often below the cloud base, and subsequent deposition.

See also Fallout, Rainout, Scavenging.

Water burst: A surface burst that takes place at or close to the surface of the water, in a sea or

ocean.

See also Burst.
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X-ray: The band of electromagnetic radiation with wavelengths nominally in the interval 0.1 to
10 nanometers. X-rays are produced by atomic processes, while gamma rays are produced
by nuclear reactions.

See also Ultraviolet radiation.

Yield: The amount of energy released by a nuclear explosion. The yield of nuclear weapons is
often expressed in terms of kilotons or megatons of TNT equivalent.

The energy released by radioactive fallout is not usually accounted for in the computation of
the yield of a nuclear weapon.

See also Atomic bomb, Hiroshima, Nagasaki, Strategic nuclear weapon, Tactical nuclear

weapon, Theater nuclear weapon.
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Appendix: The SI Sytem of Units

Activity: The number of nuclear disintegrations per second in a radioactive substance. The SI

unit of activity is the Becquerel.

See also Curie.

Ampere [A]: The SI unit of electric current defined as the constant current which, if maintained

in two straight parallel conductors of infinite length, of negligible circular cross-section, and

placed 1 meter apart in vacuum, would produce between these conductors a force equal to

2.0 10 - 7 Newton per meter of length.

A current of 1 A is equivalent to the transport of an electrical charge of 1 Coulomb per second.

Typical house electrical appliances use currents of a few Amperes.

Angstrom [A]: A non-SI unit of length equal to 10- 4 micrometer or 10-10 meter.

Light atoms typically have a radius of 2 to 5 A.

Atto- [a]: The SI prefix to designate the 10- 18 multiple of a unit.

Bar [b]: A non-SI unit of pressure, equal to 105 Pa.

See also Atmosphere, Pascal.

Becquerel [Bq]: The unit of radioactivity, equal to one nuclear disintegration per second.

See also Activity, Curie.

Calorie [cal]: A non-SI unit of heat. There are three different units called calorie: the 15°C

calorie, defined as 1 calls = 4.1855 J, the International Steam Table calorie defined by 1 IT

cal = 4.1868 J, and the thermochemical calorie defined as 1 calth = 4.1840 J. The SI unit of

heat and energy is the Joule.

The mean solar radiation flux density outside the atmosphere is about 1367 W m - 2, or

approximately 2 calls cm -2 min- .

See also Ignition threshold.

Candela [cd]: The SI unit of luminous intensity, defined as the luminous intensity, in the perpen-

dicular direction, of a surface of 1/600000 square meter of a black body at the temperature

of freezing platinum under a pressure of 101325 Pascals. The candela is sometimes also called

the new candle.
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Celsius: See Degree Celsius.

Centi- [c]: The SI prefix to designate the 10-2 multiple of a unit.

Coulomb [C]: The SI unit of electrical charge, defined as the quantity of electricity carried in 1

second by a current of 1 Ampere. The combined electrical charge of 6.242 1018 electrons is

one Coulomb.

Curie [Ci]: A non-SI unit of activity, equivalent to 3.7 1010 Bq. Originally, the Curie referred to

the radioactivity of 1 gram of Radium.

See also Becquerel.

Deca- [da]: The SI prefix to designate the 101 multiple of a unit.

Deci- [d]: The SI prefix to designate the 10-1 multiple of a unit.

Degree Celsius [°C]: A temperature scale t defined such that t = T - To, where T is the thermo-

dynamic temperature, in K, and To = 273.15 K by definition. The degree Celsius is equal to

the Kelvin.

The degree Celsius was originally a linear temperature scale defined by the physical properties

of pure water under standard atmospheric pressure: 0°C at the freezing point, and 100°C at

the boiling point, and was also sometimes called degree centigrade or centesimal degree.

Electron-volt [eV]: A non-SIunit of energy commonly used in atomic and nuclear physics, defined

as the energy acquired by a charged particle having an electrical charge equivalent to that of

an electron when subjected to a potential difference of 1 Volt. This energy is equivalent to

1.602 10-19 Joule.

The disintegration of a radionuclide typically produces a few Mev of energy, while the fission

of a radionuclide liberates of the order of 250 MeV.

Erg [erg]: A non-SI unit of energy in the centimeter-gram-second system of units; it is the energy

required to displace the point of application of a force of 1 dyne by 1 cm in the direction of

the force. The SI unit of energy is the Joule, and 1 erg = 10- 7 J.

Exa- [E]: The SI prefix to designate the 1018 multiple of a unit.

Femto- [f]: The SI prefix to designate the 10- 15 multiple of a unit.

Giga- [G]: The SI prefix to designate the 109 multiple of a unit.
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Gray [Gy]: The SI unit of ionizing radiation absorbed by a medium. It is equivalent to the

absorption of 1 Joule per kilogram of medium.

See also Rad, Rem.

Hecto- [h]: The SI prefix to designate the 102 multiple of a unit.

Joule [J]: The SI unit of energy, defined as the work done when the point of application of 1

Newton is displaced a distance of 1 meter in the direction of the force. The battery of a

flashlight typically has an energy content of 104 Joules.

See also Calorie, Erg.

Kelvin [K]: The SI unit of thermodynamic temperature, defined as the fraction 1/273.16 of the

thermodynamic temperature of the triple point of water. The latter is defined as the pressure

and temperature at which the three phases (solid, liquid, and gas) of a substance can co-exist.

See also Degree Celsius.

Kilo- [k]: The SI prefix to designate the 103 multiple of a unit.

Kilogram [kg]: The SI unit of mass, equal to the mass of the international prototype made of

platinum-iridium and kept under strict environmental conditions at the International Bureau

of Weights and Measures in Paris, France.

Kiloton (TNT): An amount of energy equal to 4.2 1012 J. This is approximately the amount of

energy that would be released by the simultaneous explosion of a thousand metric tons of

TNT.

See also Hiroshima, Megaton (TNT), Nagasaki, Yield.

Lumen [im]: The SI unit of luminous flux, defined as the luminous flux emitted in a solid angle

of 1 steradian by a uniform point source having an intensity of 1 candela.

Mega- [M]: The SI prefix to designate the 106 multiple of a unit.

Megaton (TNT): An amount of energy equal to 4.2 1015 J. This is approximately the amount of

energy that would be released by the simultaneous explosion of a million metric tons of TNT.

See also Kiloton (TNT), Yield.
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Meter [m]: The SI unit of length, defined as the length equal to 1650763.73 wavelengths in
vacuum of the radiation corresponding to the transition between the levels 2 pio and 5 d5 of
the krypton-86 atom.

The meter used to be defined (until 1960) in terms of an international prototype in platinum-
iridium kept under strict environmental conditions at the International Bureau of Weights

and Measures in Paris, France, and was originally defined as the 1/40 000 part of the meridian

of the Earth.

Metric ton: Synonym of tonne.

Micro- [pI]: The SI prefix to designate the 10-6 multiple of a unit.

Milli- [m]: The SI prefix to designate the 10- 3 multiple of a unit.

Millibar [mb]: A non-SI unit of pressure often used in atmospheric sciences, equal to 100 Pa.

See also Pascal.

Mole [mol]: The SI unit of amount of matter, defined as the amount of substance of a system
which contains as many elementary entities as there are atoms in 0.012 kilogram of carbon-12,

i.e. approximately 6.02 1023 entities. When the mole is used, the elementary entities must

be specified and may be atoms, molecules, ions, electrons, other particles, or specified groups
of such particles.

Nano- [n]: The SI prefix to designate the 10- 9 multiple of a unit.

Newton: The SI unit of force, defined as the force which gives to a mass of 1 kilogram an acceler-

ation of 1 meter per second per second.

Pascal [Pa]: The SI unit of pressure, equal to one Newton per square meter. Non-SI units of

pressure include the bar (1 bar = 105 Pa), the millibar (1 mbar = 102 Pa), the millimeter

of mercury (1 mm Hg = 1.333 102 Pa), the atmosphere (1 atm = 1.01325 105 Pa), and the

pound per square inch (1 psi = 6.894 103 Pa).

Peta- [P]: The SI prefix to designate the 1015 multiple of a unit.

Pico- [p]: The SI prefix to designate the 10-12 multiple of a unit.

Psi [psi]: A non-SI unit of pressure equal to one pound per square inch. The SI unit of pressure

is the Pascal (1 psi = 6894 Pa).
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Rad [rad]: A non-SIunit of absorbed energy from ionizing radiation, equivalent to the absorption

of 100 ergs per gram, or 10-2 Joule per kilogram. The corresponding SI unit is the Gray, and

1 Gy = 100 rads. The name of this unit derives from the abbreviation of Radiation Absorbed

Dose.

An absorbed acute whole body-surface dose of 450 rads would be lethal to about half of a

healthy adult population, while a whole body bone-marrow dose of 250 rads would have the

same effect. At doses of 600 rads or more, no individual is expected to survive.

See also Rem.

Radian: The radian is the plane angle between two radii of a circle which cut off on the circum-

ference an arc equal in length to the radius.

Rem: A non-SI unit of absorbed radiation dose, defined as that dose that will produce the same

biological effect as the absorption of 1 Rontgen of moderate-energy gamma rays. For gamma

rays, 1 rad is equivalent to 1 rem. The name of this unit derives from the abbreviation for

Rontgen Equivalent Man.

See also Relative biological effectiveness.

Rontgen [R]: A non-SI unit to measure exposure to X or Gamma rays (1 R = 2.57976 C kg-').

Second [s]: The SI unit of time, defined as the duration of 9192631770 periods of the radiation

corresponding to the transition between the two hyperfine levels of the ground state of the

caesium-133 atom.

The second was defined (until 1967) as the fraction 1/86400 of the mean solar day. Other

common units of time are the minute (60 seconds), the hour (3600 seconds), the day (86400

seconds), and the year (365 or 366 days).

SI: Acronym for Systeme International of units. SI is a coherent system of units based on the

meter, the kilogram, the second, the ampere, the kelvin, the mole, and the candela. A large

number of derived units can be created by combining these 7 base units.

The SI system admits some supplementary units and also defines standard prefixes to des-

ignate multiples and fractions of the standard units. It has been adopted internationally in

1960 by the 'Conference Generale des Poids et Mesures' (CGPM).

Tera- [T]: The SI prefix to designate the 1012 multiple of a unit. For example, a teragram is a

mass equal to 1012 gram, or 109 kilogram, or one megatonne. Do not confuse this with a

megaton (TNT).
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Ton: A non-SI unit of mass. There are actually three different tons: the short ton, equivalent to

2000 pounds and equal to 907.1847 kg, the long ton, defined as 1016.046 kg, and the metric
ton, or tonne, equal to exactly 1000 kg.

See also Kilogram.

Tonne: Synonym of Metric ton.

See also Ton.

Volt [V]: The SI unit of electrical potential defined as the difference of electric potential between
two points of a conducting wire carrying a constant current of 1 ampere, when the power
dissipated between these points is equal to 1 watt.

Watt [W]: The SI unit of power, defined as the power which gives rise to the production of energy
at the rate of 1 Joule per second.
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