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Only Strategic Plan graphics with more detailed captions
and/or source information have been included in this

annex—hence the gaps in figure numbering,

Figure 3-2: Schematic illustrating a comparison among
several factors that influence Earth's climate. These factors
can be broadly compared using the concept of radiative
forcing. The principal forcings arise from changes in
atmospheric composition of gases, aerosols, clouds, land
use, and solar output. The rectangular bars represent best
estimates of the contributions of these forcings, some of
which yield warming and some cooling. The forcing
contributions are shown for different aerosol types and for
those produced or emitted by aviation. The indirect effect
shown for aerosols is their effect on the size and number of
cloud droplets. A second indirect effect, namely the effect
on cloud lifetime, which would lead to a negative forcing, is
not shown. The vertical line about the rectangular bars
indicates the range of estimates. A vertical line without a
rectangular bar denotes a forcing for which no best estimate
can be given owing to large uncertainties. Aerosol forcings
are generally not uniform over the globe, unlike those of
well-mixed greenhouse gases (e.g., CO,). A more detailed
description of this schematic and its interpretation is

provided by the IPCC (IPCC, 2001a,d).

Figure 3-3: Schematic of the processes that cause the
formation and transformation of aerosol particles in the
atmosphere. Aerosols can be emitted directly into the
atmosphere or be formed there from the emissions of
gaseous precursors. Particles grow by condensation of gases
and by coagulation with other particles. Sizes of important
atmospheric particles vary over several orders of magnitude.
Reactions can occur on the surfaces of particles that can
alter the composition of the particle or the surrounding
atmosphere. Particles can also grow to become cloud
droplets or ice crystals. Particle number and composition
can influence the formation and radiative characteristics of
clouds. Particles scavenge a variety of gases from the
atmosphere and are eventually removed from the atmosphere
by wet or dry deposition to Earth's surface. Graphic adapted
from: Heintzenberg, J., F. Raes, and S.E. Schwartz, 2003:
Tropospheric aerosols. In: Atmospheric Chemistry in a
Changing World: An Integration and Synthesis of a Decade of
Tropospheric Chemistry Research [Brasseur, G.P., R.G. Prinn,
and A.A.P. Pszenny (eds)]. Springer-Verlag, New York, NY,
USA, pp. 125-156.

Figure 3-4: Schematic illustrating the estimated recovery
of stratospheric ozone in the coming decades. Observations
show the decline of global total ozone (top panel) and
minimum values of total ozone over Antarctica (lower
panel) beginning in 1980. In the future, the amounts of
chlorine- and bromine-containing gases are expected to
further diminish in the stratosphere as a result of international

compliance with the Montreal Protocol and, in response,

Graphics and Photography Source Information

ozone amounts are expected to recover significantly toward
values observed in 1980 and before. The range of recovery
times shown is based on predictions of atmospheric models.
The model results differ because they have different
assumptions about the composition and meteorology of the
future stratosphere. The research needs as outlined in
Section 3.4 address reducing the range of uncertainty in
ozone recovery estimates. More detail on the recovery of
stratospheric ozone is provided in the Scientific Assessment of

Ozone Depletion: 2002 (WMO, 2003).

Figure 4-1: The Earth's surface temperature has increased
by about 0.6°C over the record of direct temperature
measurements (1860-2000, top panel)—a rise that is
unprecedented, at least based on proxy temperature data
for the Northern Hemisphere, over the last millennium
(bottom panel). In the top panel the departures from global
mean surface temperature are shown year-by-year (red bars
with very likely ranges as thin black line) and approximately
decade-by-decade (continuous red line). Analyses take into
account data gaps, random instrumental errors and
uncertainties, uncertainties in bias corrections in the ocean
surface temperature data, and also uncertainties in adjustments
for urbanization over the land. The lower panel merges
proxy data (year-by-year blue line with very likely ranges as
gray band, 50-year-average purple line) and the direct
temperature measurements (red line) for the Northern
Hemisphere. The proxy data consist of tree rings, corals, ice
cores, and historical records that have been calibrated
against thermometer data. Insufficient data are available to
assess such changes in the Southern Hemisphere. Source:

IPCC (2001d).

Figure 4-2: Simulating the Earth's temperature variations
and comparing the results to the measured changes can
provide insight into the underlying causes of the major
changes. A climate model can be used to simulate the
temperature changes that occur from both natural and
anthropogenic causes. The simulations represented by the
band in (a) were done with only natural forcings: solar
variation and volcanic activity. Those encompassed by the
band in (b) were done with anthropogenic forcings:
greenhouse gases and an estimate of sulfate aerosols.
Those encompassed by the band in (c) were done with
both natural and anthropogenic forcings included. From
(b), it can be seen that the inclusion of anthropogenic
forcings provides a plausible explanation for a substantial
part of the observed temperature changes over the past
century, but the best match with observations is obtained in
(c) when both natural and anthropogenic factors are
included. These results show that the forcings included are
sufficient to explain the observed changes, but do not
exclude the possibility that other forcings may also have
contributed. Similar results to those in (b) are obtained
with other models with anthropogenic forcing. Source:

IPCC (2001d).
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Figure 5-1: Conceptualization of the global water cycle and its
interactions with all other components of the Earth-climate system.
The figure illustrates the transport and transformation of water
within the Earth system, and the distribution of freshwater over the
Earth’s surface. The cycling of water in the Earth system involves
water in all three of its phases: solid (snow, ice), liquid (precipitation,
the oceans, land water bodies, groundwater, rivers/lakes, etc.), and
gaseous (atmospheric water vapor, fluxes between the atmosphere
and the land surface in the form of evaporation, evapotranspiration
from vegetation, and evaporation from the oceans). The water cycle
operates on a continuum of time and space scales and exchanges
large amounts of energy as water undergoes phase changes and is
moved dynamically from one part of the Earth system to another.
The energy exchanges involving water in all its phases include
interactions with radiation and dynamics of the atmospheric
circulation; together, they intertwine the water and energy cycles
of the Earth system. Source: Paul Houser and Adam Schlosser,

NASA GSEC.

Figure 5-3: Observational evidence showing the effect of aerosols
on cloud formation and precipitation processes. TRMM Visible and
Infrared Scanner (VIRS) paints yellow pollution tracks in the clouds
over South Australia due to reduced droplet size (Area 2). The
TRMM Precipitation Radar shows precipitation as white patches
only outside the pollution tracks (Areas 1 and 3). TRMM
Microwave Imager (TMI) data (not shown) indicated ample water in
the polluted clouds. The effective droplet radius retrieved by
TRMM VIRS does not exceed 14 um in polluted clouds within
Area 2, lending credence to the hypothesis that pollution causes
effective cloud water droplet size to drop below this precipitation
threshold. Source: NASA GSFC (research results from Daniel
Rosenfield, The Hebrew University of Jerusalem).

Figure 5-5: Factors affecting the predictability of precipitation in
summer (June, July, and August). The influence on the predictability
of precipitation is shown for (a) sea surface temperature (SST) alone
and (b) both SST and land surface moisture state. The values of the
predictability index were determined through an analysis of an
ensemble of multi-decade atmospheric general circulation model
simulations. The plotted precipitation predictability index varies
from O to 1. Areas with values close to 1 indicate that precipitation
is strongly determined by SST (and/or soil moisture), and is thus
“predictable” on seasonal time scales if the SSTs (and soil moisture)
themselves are predictable; whereas values close to 0 indicate that a
foreknowledge of these fields may not lead to useful seasonal
precipitation predictions. In the latter areas (values close to 0),
nonlinear turbulent atmospheric processes would appear to
dominate over SST (or soil moisture) control. Source: R.D. Koster,
M. Suarez, and M. Heiser, NASA.

Figure 6-2: Forest cover increase and abandonment of marginal
agricultural lands in Grand Traverse County, Michigan. Analyses of
the upper midwestern United States show an increase in forest cover
since 1970. This increase results in greater carbon sequestration
because forest cover is primarily replacing pastures and croplands.
The left image illustrates land-use change by parcel interpreted
from aerial photographs. Green colors are forest, beige/ yellow
agriculture, and pink color residential development. The right

image is forest cover from Landsat MSS satellite images. Green is

forest and light yellow not forest. The images illustrate the forest
regrowth that is occurring across the Upper Midwest concurrently
with parcel fragmentation, agricultural abandonment, and rural
residential development. Source: School of Natural Resources and

Environment, University of Michigan.

Figure 6-3: Land-cover change in eastern U.S. ecosystems, 1973-
2000. An analysis of land-use and land-cover change in eastern U.S.
ecological regions provides evidence of distinctive regional variation
in the rates and characteristics of changes. USGS, in cooperation
with EPA and NASA, used Landsat images from 5 years (1973,
1980, 1986, 1992, and 2000) to map the rates of ecoregion change
in each time interval (portrayed in ecoregion color), and the primary
land-cover transformations (portrayed in the pie charts). Land cover
of approximately 20 percent of the land in the Mid-Atlantic Coastal
Plain and Southeastern Plain changed during the nearly 30-year
period due to the rapid, cyclic harvesting and replanting of forests.
The adjacent Piedmont region also showed substantial change in
forest cover. Urbanization was the dominant conversion in the
Northern Piedmont and Atlantic Coast Pine Barrens. The two
Appalachian regions studied (Blue Ridge and North Central
Appalachia) had comparatively low overall change, with the primary
transformations being urban development and forest conversion,
respectively. Source: USGS EROS Data Center.

Figure 6-4: The map on the left is a true reflection of land use
types as of 1994 in the seven-county area of central Maryland and
the map on the right is the predicted distribution of land use types
based on a ‘polycentric’ city model. Comparing the two maps, one
sees remarkable similarity in commercial, high, and medium densities,
but disagreement in the low density residential category. This
finding is important because it is this fragmented, low density
residential development that is consuming a disproportionate
amount of open space and is causing high public service costs and
possibly large environmental costs. Models with better projections
of this type of development will better support development-related
decisionmaking. Work is being done with grants from NASA to
develop models that can predict this type of development. Source:
Nancy Bockstael, University of Maryland.

Figure 6-5: Increasing atmospheric carbon dioxide (CO,), climatic
variation, and fire disturbance play substantial roles in the historical
carbon dynamics of Alaska. Analyses of stand-age distribution in
Alaska indicate that fire has likely become less frequent compared
to the first half of the 20th century. The contemporary stand-age
distribution of forest in interior Alaska is reproduced by assuming
that fire return interval (FRI) prior to 1950 was 55% of FRI since
1950. Logging associated with the gold rush appears to be responsible
for the discrepancy between observed and simulated for stands that
are approximately 100 years old. Application of the Terrestrial
Ecosystem Model indicates that regrowth under a less frequent fire
regime leads to substantial carbon storage in the state between 1980
and 1989. Source: David McGuire and Dave Verbyla, University of
Alaska, Fairbanks.

Figure 7-1:The global carbon cycle. Storages [in petagrams carbon
(PgC)] and fluxes (in PgC yr-!) of carbon for the major components
of the Earth’s carbon cycle are estimated for the 1990s. The carbon
storage and flux figures are from the IPCC’s Third Assessment



Report (IPCC, 2001a). Carbon is exchanged among the atmosphere,
oceans, and land, and, more slowly, with sediments and sedimentary
rocks. The natural cycling of carbon within the Earth system is
fundamental to the capture and storage of the energy that fuels life
and human societies and to regulating the climate of the planet. In
this figure, the components are simplified and average values are
presented. There is strong evidence of significant year-to-year
fluctuations in many of the key fluxes (see, e.g., Figure 7-3), which
this static view cannot portray. Source: Graphic courtesy of David
Schimel and Lisa Dilling, NCAR; it is updated from UCAR, 2000:
The Carbon Cycle [Wigley T. and D. Schimel (eds.)]. Cambridge
University Press, New York, NY, 292 pp. Figure update courtesy of
D. Schimel and L. Dilling, NCAR.

Figure 7-3: Rate of increase of atmospheric CO, and fossil-fuel
emissions. The upper curve shows the annual global amount of
carbon added to the atmosphere (in PgC yr'!) in the form of CO,
by burning coal, oil, and natural gas. The strongly varying curve
shows the annual rate of increase of carbon in the atmosphere based
on measurements, originally at Mauna Loa Observatory, and later at
a global network of monitoring sites. The difference between the
two curves represents the total net amount of CO, absorbed each
year by the oceans and terrestrial ecosystems. Source: CMDL,
2002: Climate Monitoring and Diagnostics Laboratory Summary Report
26, 2000-2001 [King, D.B., et al. (eds.)]. Climate Monitoring and
Diagnostics Laboratory, Boulder, Colorado.

Figure 7-4: Map showing the climatological mean annual distribution
of net sea-air CO, flux (moles CO, m2 yr-!) over the global oceans
in a reference year 1995. The blue-magenta areas indicate that the
ocean is a sink for atmospheric CO,, and the yellow-red areas, a
source. The annual CO, uptake by the oceans has been estimated to
be in the range of 1.5 to 2.1 PgC. This map has been constructed
on the basis of about 1.4 million measurements of partial pressure
of CO, (pCO,) in surface waters made during the past 40 years.
The sea-air pCO, difference is computed using atmospheric CO,
concentrations from the GLOBALVIEW-CO, data set compiled by
CMDL/NOAA. The monthly net sea-air CO, flux in each 4° x 5°
pixel area has been estimated using the NCEP 41-mean wind speed
at 10 meters. Source: After Takahashi et al. (2002). Reference:
Takahashi, T., Sutherland, S.C., Sweeney, C., Poison, A., Metzl, N.,
Tilbrook, B., Bates, N., Wanninkhof, R., Feely, R.A., Sabine, C.,
Olafsson, J., and Nojiri, Y., 2002: Global sea-air CO, flux based on
climatological surface ocean pCO,, and seasonal biological and
temperature effects. Deep Sea Research II, 49, 1601-1622.

Figure 7-5: Soil processes influence carbon sequestration and
transport. The dynamics of carbon transformations and transport in
soil are complex and can result in sequestration in the soil as organic
matter or in groundwater as dissolved carbonates, increased emissions
of CO, to the atmosphere, or export of carbon in various forms
into aquatic systems. Source: DOE, 1999: Carbon Sequestration
Research and Development [Reichle, D., ]J. Houghton, B. Kane, ]J.
Ekmann (eds.), S. Benson, J. Clarke, R. Dahlman, G. Hendrey, H.
Herzog, ]J. Hunter-Cevera, G. Jacobs, R. Judkins, J. Ogden, A.
Palmisano, R. Socolow, J. Stringer, T. Surles, A. Wolsky, N.
Woodward, and M. York]. Department of Energy, Oak Ridge, TN.

Figure 9-2: Possible pathways of public health impacts from climate
change. Source: Adapted from Patz and Balbus, 1996: Methods for
assessing public health vulnerability to climate change. Climate

Research, 6, 113-125.

Figure 12-1a: Three-dimensional representation of the latitudinal
distribution of atmospheric carbon dioxide (CO,) in the marine
boundary layer. The data are from the NOAA Climate Monitoring
and Diagnostics Laboratory (CMDL) cooperative air sampling
network. The surface represents data smoothed in time and latitude.
Source: Pieter Tans and Thomas Conway, NOAA CMDL Carbon
Cycle Greenhouse Gases, Boulder, Colorado.

Figure 12-1b: The NOAA CMDL Carbon Cycle Greenhouse
Gases group operates four measurement programs. In situ
measurements are made at the CMDL baseline observatories:
Barrow, Alaska; Mauna Loa, Hawaii; Tutuila, American Samoa; and
South Pole, Antarctica. The cooperative air sampling network
includes samples from fixed sites and commercial ships.
Measurements from tall towers and aircraft began in 1992.
Presently, atmospheric CO,, methane, carbon monoxide, hydrogen,
nitrous oxide, sulfur hexafluoride, and the stable isotopes of CO,
and methane are measured. Source: Pieter Tans, NOAA CMDL
Carbon Cycle Greenhouse Gases, Boulder, Colorado.

Figure 12-2: The U.S. Geological Survey (USGS) Hydro-Climatic
Data Network (HCDN) was compiled in 1988 and included 854
gauges that were active and had at least 36 years of record. Stations
that are still active are shown in green. Stations discontinued since
1988 are shown in red. These stations would have at least 50 years
of record as of 2002 if they had been kept in operation. HCDN is a
subset of the USGS stream gauge network that includes continuous
long-record stations that have relatively accurate records and are
relatively free of overt regulation or diversions. Source: William

Kirby, Global Hydroclimatology Program, USGS.

Appendix 12.1: Adapted from Unninayar, S. and R.A. Schiffer,
2002: Earth Observing Systems. In: Encyclopedia of Global
Environmental Change,Volume 1:The Earth System: Physical and Chemical
Dimensions of Global Environmental Change [MacCracken, M.C. and
J. S. Perry (eds.)]. John Wiley & Sons, Ltd, Chichester, United
Kingdom, pp. 61-81.



194

Glossary of Terms

Acclimatization

The physiological adaptation to climatic variations.
Biologically, acclimation is a physiological (phenotypic)
adjustment by an organism to an environmental change

(distinguished from adaptation, which is genotypic).

Adaptation
Adjustment in natural or human systems to a new or changing
environment that exploits beneficial opportunities or

moderates negative effects.

Adaptive capacity

The ability of a system to adjust to climate change (including
climate variability and extremes) to moderate potential
damages, to take advantage of opportunities, or to cope

with the consequences.

Adaptive management
Operational decisions principally for managing entities that

are influenced by climate variability and change.

Adaptive management decisions

Operational decisions, principally for managing entities that
are influenced by climate variability and change. These decisions
can apply to the management of infrastructure (e.g., a waste
water treatment plant), the integrated management of a
natural resource (e.g., a watershed), or the operation of
societal response mechanisms (e.g., health alerts, water
restrictions). Adaptive management operates within existing
policy frameworks or uses existing infrastructure, and the
decisions usually occur on time scales of a year or less. See

policy decisions.

Aerosols

Airborne solid or liquid particles, with a typical size
between 0.01 and 10 pm that reside in the atmosphere for
at least several hours. Aerosols may be of either natural or
anthropogenic origin. Aerosols may influence climate in two
ways: directly through scattering and absorbing radiation,
and indirectly through acting as condensation nuclei for
cloud formation or modifying the optical properties and

lifetime of clouds.

Albedo

The fraction of solar radiation reflected by a surface or
object, often expressed as a percentage. Snow-covered
surfaces have a high albedo; the albedo of soil ranges from
high to low; vegetation-covered surfaces and oceans have a
low albedo. The Earth’s albedo varies mainly through varying

cloudiness, snow, ice, leaf area, and land-cover changes.

Assessments

Processes that involve analyzing and evaluating the state of

*Italicized words or phrases within definitions cross-reference to

other glossary terms.

scientific knowledge (and the associated degree of scientific
certainty) and, in interaction with users, developing

information applicable to a particular set of issues or decisions.

Atmosphere

The gaseous envelope surrounding the Earth. The dry
atmosphere consists almost entirely of nitrogen (78.1%
volume mixing ratio) and oxygen (20.9% volume mixing
ratio), together with a number of trace gases such as argon
(0.93% volume mixing ratio), helium, and radiatively active
greenhouse gases such as carbon dioxide (0.035% volume
mixing ratio) and ozone. In addition, the atmosphere contains
water vapor, whose amount is highly variable but typically
1% volume mixing ratio. The atmosphere also contains

clouds and aerosols.

Attribution

See detection and attribution.

Biosphere

The part of the Earth system comprising all ecosystems and
living organisms in the atmosphere, on land (terrestrial
biosphere), or in the oceans (marine biosphere), including
derived dead organic matter such as litter, soil organic

matter, and oceanic detritus.

Carbon cycle

The term used to describe the flow of carbon [in various
forms such as carbon dioxide (CO,), organic matter, and
carbonates] through the atmosphere, ocean, terrestrial

biosphere, and lithosphere.

Climate

Climate can be defined as the statistical description in terms
of the mean and variability of relevant measures of the
atmosphere-ocean system over periods of time ranging

from weeks to thousands or millions of years.

Climate change

A statistically significant variation in either the mean state of
the climate or in its variability, persisting for an extended
period (typically decades or longer). Climate change may be
due to natural internal processes or to external forcing,
including changes in solar radiation and volcanic eruptions,
or to persistent human-induced changes in atmospheric

composition or in land use. See also climate variability.

Climate feedback

An interaction among processes in the climate system in
which a change in one process triggers a secondary process
that influences the first one. A positive feedback intensifies
the change in the original process, and a negative feedback

reduces it.

Climate model

A numerical representation of the climate system based on



the physical, chemical, and biological properties of its components,
their interactions and feedback processes, and accounting for all or
some of its known properties. The climate system can be represented
by models of varying complexity—that is, for any one component
or combination of components a “hierarchy” of models can be
identified, differing in such aspects as the number of spatial
dimensions, the extent to which physical, chemical or biological
processes are explicitly represented, or the level at which empirical
parametrizations are involved. Coupled atmosphere/ocean/sea-ice
general circulation models provide a comprehensive representation
of the climate system. There is an evolution towards more complex
models with active chemistry and biology. Climate models are
applied, as a research tool, to study and simulate the climate, but
also for operational purposes, including monthly, seasonal, and

interannual climate predictions.

Climate scenario

A plausible and often simplified representation of the future climate,
based on an internally consistent set of climatological relationships,
that has been constructed for explicit use in investigating the potential
consequences of anthropogenic climate change, often serving as input
to impact models. Climate projections often serve as the raw material
for constructing climate scenarios, but climate scenarios usually
require additional information such as about the observed current
climate. A “climate change scenario” is the difference between a

climate scenario and the current climate.

Climate sensitivity

In IPCC assessments, “equilibrium climate sensitivity” refers to the
equilibrium change in global mean surface temperature following a
doubling of the atmospheric (equivalent) CO, concentration. More
generally, equilibrium climate sensitivity refers to the equilibrium
change in surface air temperature following a unit change in radiative
forcing (°C/Wm). In practice, the evaluation of the equilibrium
climate sensitivity requires very long simulations with coupled
general circulation models. The “effective climate sensitivity” is a
related measure that circumvents this requirement. It is evaluated
from model output for evolving non-equilibrium conditions. It is a
measure of the strengths of the feedbacks at a particular time and
may vary with forcing history and climate state. See also climate

model.

Climate system

The highly complex system consisting of five major components:
the atmosphere, the hydrosphere, the cryosphere, the land surface, and
the biosphere, and the interactions among them. The climate system
evolves in time under the influence of its own internal dynamics
and because of external forcings such as volcanic eruptions, solar
variations, and human-induced forcings such as the changing

composition of the atmosphere and land-use change.

Climate variability

Variations in the mean state and other statistics of climatic features
on temporal and spatial scales beyond those of individual weather
events. These often are due to internal processes within the climate
system. Examples of cyclical forms of climate variability include

El Nino-Southern Oscillation, the North Atlantic Oscillation

(NAO), and Pacific Decadal Variability (PDV). See also climate
change.

Critical dependencies
Topics within the Strategic Plan for which progress in one research
element is only possible if related research is first completed in

other areas.

Cryosphere
The component of the climate system consisting of all snow, ice, and

permafrost on and beneath the surface of the Earth and ocean.

Decision support
The provision of timely and useful information that addresses

specific questions. See also decision support resources.

Decision support resources

The set of observations, analyses, interdisciplinary research products,
communication mechanisms, and operational services that provide
timely and useful information to address questions confronting
policymakers, resource managers, and other users. See also decision

SUPPOI‘[.

Detection and attribution

Climate varies continually on all time scales. Detection of climate
change is the process of demonstrating that climate has changed in
some defined statistical sense, without providing a reason for that
change. Attribution of causes of climate change is the process of
establishing the most likely causes for the detected change with

some defined level of confidence.

Ecosystem

A community (i.e., an assemblage of populations of plants, animals,
fungi, and microorganisms that live in an environment and interact
with one another, forming together a distinctive living system with its
own composition, structure, environmental relations, development,
and function) and its environment treated together as a functional
system of complementary relationships and transfer and circulation

of energy and matter.

Ecosystem goods and services

Through numerous biological, chemical, and physical processes,
ecosystems provide both goods and services to humanity. Goods
include food, feed, fiber, fuel, pharmaceutical products, and wildlife.
Services include maintenance of hydrologic cycles, cleansing of
water and air, regulation of climate and weather, storage and cycling
of nutrients, and provision of beauty and inspiration. Many goods

pass through markets, but services rarely do.

El Nifio-Southern Oscillation (ENSO)

El Nifio, in its original sense, is a warmwater current that periodically
flows along the coast of Ecuador and Peru, disrupting the local
fishery. This oceanic event is associated with a fluctuation of the
intertropical surface pressure pattern and circulation in the Indian
and Pacific Oceans, called the Southern Oscillation. This coupled
atmosphere-ocean phenomenon is collectively known as El Nino-
Southern Oscillation. During an El Nifio event, the prevailing trade
winds weaken and the equatorial countercurrent strengthens,
causing warm surface waters in the Indonesian area to flow eastward
to overlie the cold waters of the Peru current. This event has great
impact on the wind, sea surface temperature, and precipitation

patterns in the tropical Pacific. It has climatic effects throughout the



Pacific region and in many other parts of the world. The opposite of

an El Nifo event is called La Nifa.

Emissions
In the climate change context, emissions refer to the release of
greenhouse gases and/ or their precursors and aerosols into the

atmosphere over a specified area and period of time.

Emissions scenario

A plausible representation of the future development of emissions of
substances that are potentially radiatively active (e.g., greenhouse
gases, aerosols), based on a coherent and internally consistent set
of assumptions about driving forces (such as demographic and
socio-economic development, technological change) and their key
relationships. Concentration scenarios, derived from emissions
scenarios, are used as input into a climate model to compute climate

projections.

Evapotranspiration
The combined process of evaporation from the Earth’s surface and

transpiration from ve getation.

External forcing

See climate system.

Extreme weather event

An extreme weather event is an event that is rare within its statistical
reference distribution at a particular place. Definitions of “rare”
vary, but an extreme weather event would normally be as rare as
or rarer than the 10th or 90th percentile. By definition, the
characteristics of what is called extreme weather may vary from
place to place. An extreme climate event is an average of a number
of weather events over a certain period of time, an average which is

itself extreme (e.g., rainfall over a season).

Feedback
See climate feedback.

Full carbon accounting
Complete accounting of all carbon stocks and changes in them for

all carbon pools related to a given spatial area in a given time period.

Global change

Changes in the global environment (including alterations in climate,
land productivity, oceans or other water resources, atmospheric
chemistry, and ecological systems) that may alter the capacity of the
Earth to sustain life (from the Global Change Research Act of 1990,
PL 101-606).

Global change research

Study, monitoring, assessment, prediction, and information management
activities to describe and understand the interactive physical, chemical,
and biological processes that regulate the total Earth system; the
unique environment that the Earth provides for life; changes that
are occurring in the Earth system; and the manner in which such

system, environment, and changes are influenced by human actions.

Greenhouse gas

Greenhouse gases are those gaseous constituents of the atmosphere,

both natural and anthropogenic, that absorb and emit radiation at
specific wavelengths within the spectrum of infrared radiation
emitted by the Earth’s surface, the atmosphere, and clouds. This
property causes the greenhouse effect. Water vapor (H,0), carbon
dioxide (CO,), nitrous oxide (N,O), methane (CH,), and ozone
(O3) are the primary greenhouse gases in the Earth’s atmosphere.
Moreover there are a number of entirely human-made greenhouse
gases in the atmosphere, such as the halocarbons and other chlorine-
and bromine-containing substances, dealt with under the Montreal

Protocol.

Human system

Any system in which human organizations play a major role. Often,
but not always, the term is synonymous with “society” or “social
system” (e.g., agricultural system, political system, technological

system, economic system).

Hydrosphere
The component of the climate system composed of liquid surface and
subterranean water, such as oceans, seas, rivers, freshwater lakes,

underground water, etc.

(Climate) Impact assessment
The practice of identifying and evaluating the detrimental and

beneficial consequences of climate change on natural and human systems.

(Climate) Impacts

Consequences of climate change on natural and human systems.

Depending on the consideration of adaptation, one can distinguish

between potential impacts and residual impacts.

¢ Potential impacts: All impacts that may occur given a projected
change in climate, without considering adaptation.

*  Residual impacts: The impacts of climate change that would

occur after adaptation.

Information

Knowledge derived from study, experience, or instruction.

Integrated assessment

A method of analysis that combines results and models from the
physical, biological, economic, and social sciences, and the interactions
between these components, in a consistent framework, to evaluate
the status and the consequences of environmental change and the

policy responses to it.

Land cover

The vegetation and artificial built-up materials covering the land
surface. This includes areas of vegetation (forests, shrublands, crops,
deserts, lawns), bare soil, developed surfaces (paved land, buildings),

and wet areas and bodies of water (watercourses, wetlands).

Land use

The total of arrangements, activities, and inputs undertaken in a
certain land cover type (a set of human actions). The social and
economic purposes for which land is managed (e.g., grazing, timber

extraction, and conservation).

Land-use change

A change in the use or management of land by humans, which may



lead to a change in land cover. Land cover and land-use change may
have an impact on the albedo, evapotranspiration, sources, and sinks
of greenhouse gases, or other properties of the climate system, and may

thus have an impact on climate, locally or globally.

Lifetime

Lifetime is a general term used for various time scales

characterizing the rate of processes affecting the concentration

of trace gases. In general, lifetime denotes the average length of

time that an atom or molecule spends in a given reservoir, such as

the atmosphere or oceans. The following lifetimes may be
distinguished:

*  “Turnover time” (T) or “atmospheric lifetime” is the ratio of
the mass M of a reservoir (e.g., a gaseous compound in the
atmosphere) and the total rate of removal S from the reservoir:
T = M/S. For each removal process separate turnover times can
be defined.

*  “Adjustment time,” “response time,” or “perturbation lifetime”
(T,) is the time scale characterizing the decay of an instantaneous
pulse input into the reservoir. The term adjustment time is also
used to characterize the adjustment of the mass of a reservoir
following a step change in the source strength. Half-life or decay
constant is used to quantify a first-order exponential decay
process. See response time for a different definition pertinent to
climate variations. The term “lifetime” is sometimes used, for
simplicity, as a surrogate for “adjustment time.”

In simple cases, where the global removal of the compound is

directly proportional to the total mass of the reservoir, the adjustment

time equals the turnover time: T =T,. An example is CFC-11
which is removed from the atmosphere only by photochemical
processes in the stratosphere. In more complicated cases, where several
reservoirs are involved or where the removal is not proportional to
the total mass, the equality T =T, no longer holds. CO, is an
extreme example. Its turnover time is only about 4 years because of
the rapid exchange between atmosphere and the ocean and terrestrial
biota. However, a large part of that CO, is returned to the atmosphere
within a few years. Thus, the adjustment time of CO, in the
atmosphere is actually determined by the rate of removal of carbon
from the surface layer of the oceans into its deeper layers. Although
an approximate value of 100 years may be given for the adjustment
time of CO, in the atmosphere, the actual adjustment is faster initially
and slower later on. In the case of CHy, the adjustment time is
different from the turnover time, because the removal is mainly
through a chemical reaction with the hydroxyl radical OH, the
concentration of which itself depends on the CH, concentration.

Therefore the CH, removal S is not proportional to its total

mass M.

Mitigation (climate change)

An intervention to reduce the causes of change in climate. This
could include approaches devised to reduce emissions of greenhouse
gases to the atmosphere; to enhance their removal from the
atmosphere through storage in geological formations, soils, biomass,
or the ocean; or to alter incoming solar radiation through several

“oeo-engineering” options.
g g g op

Mitigative capacity
The social, political, and economic structures and conditions that

are required for effective mitigation.

Monitoring
A scientifically designed system of continuing standardized

measurements and observations and the evaluation thereof.

North Atlantic Oscillation (NAO)

The North Atlantic Oscillation consists of opposing variations of
barometric pressure near Iceland and near the Azores. On average, a
westerly current, between the Icelandic low pressure area and the
Azores high pressure area, carries cyclones with their associated
frontal systems towards Europe. However, the pressure difference
between Iceland and the Azores fluctuates on time scales of days to
decades, and can be reversed at times. It is the dominant mode of
winter climate variability in the North Atlantic region, ranging from

central North America to Europe.

Observations
Standardized measurements (either continuing or episodic) of

variables in climate and related systems.

Parameterization

In climate models, this term refers to the technique of representing
processes that cannot be explicitly resolved at the spatial or temporal
resolution of the model (sub-grid-scale processes), by relationships
between the area- or time-averaged effect of such sub-grid-scale

processes and the larger scale flow.

Place-based
Related to the locus (regional, sectoral, cultural) of a particular

object or action (e.g., place-based decisions).

Planning
A process inherently important for both policy decisions and adaptive
management. It usually occurs in the framework of established or

projected policy options.

Policy decisions

Decisions that result in laws, regulations, or other public actions.
These decisions are typically made in government settings (federal,
state, local) by elected or appointed officials. These decisions, which
usually involve balancing competing value issues, can be assisted
by—but not specified by—scientific analyses. See adaptive

management decisions.

Prediction (climate)

A probabilistic description or forecast of a future climate outcome
based on observations of past and current climatological conditions
and quantitative models of climate processes (e.g., a prediction of

an El Nifio event).

Projection (climate)

A description of the response of the climate system to an assumed
level of future radiative forcing, Changes in radiative forcing may be
due to either natural sources (e.g., volcanic emissions) or human-
induced causes (e.g., emissions of greenhouse gases and aerosols, or
changes in land use and land cover). Climate “projections” are
distinguished from climate “predictions” in order to emphasize that
climate projections depend on scenarios of future socioeconomic,
technological, and policy developments that may or may not be

realized.



Radiative forcing

A process that directly changes the average energy balance of the
Earth-atmosphere system by affecting the balance between incoming
solar radiation and outgoing or “back” radiation. A positive forcing
tends to warm the surface of the Earth and a negative forcing tends

to cool the surface.

Rapid climate change

The non-linearity of the climate system may lead to rapid climate
change, sometimes called abrupt events or even surprises. Some such
abrupt events may be imaginable, such as a dramatic reorganization
of the thermohaline circulation, rapid deglaciation, or massive
melting of permafrost leading to fast changes in the carbon cycle.
Others may be truly unexpected, as a consequence of a strong,

rapidly changing, forcing of a non-linear system.

Regional reanalysis

The process of “freezing” or holding constant a recent version of
a regional climate or weather model with the latest process
representations and assimilation capabilities, and rerunning that
model with historical satellite and in situ data sets to generate
products for the period covered by the historic records. This process
allows climatological analyses to be carried out using the best

consistent data products possible.

Resilience
The ability of an organism or other entity to recover from or to

adjust easily to change or other stress.

Response time

The response time or adjustment time is the time needed for the
climate system or its components to re-equilibrate to a new state,
following a forcing resulting from external and internal processes
or feedbacks. It is very different for various components of the climate
system. The response time of the troposphere is relatively short, from
days to weeks, whereas the stratosphere comes into equilibrium on a
time scale of typically a few months. Due to their large heat capacity,
the oceans have a much longer response time, typically decades, but
up to centuries or millennia. The response time of the strongly
coupled surface-troposphere system is, therefore, slow compared to
that of the stratosphere, and mainly determined by the oceans. The
biosphere may respond fast (e.g., to droughts), but also very slowly
to imposed changes. See lifetime for a different definition of
response time pertinent to the rate of processes affecting the

concentration of trace gases.

Scenario
A coherent description of a potential future situation that serves as
input to more detailed analyses or modeling. Scenarios are tools to

»

explore, “if ..., then...” statements, and are not predictions of or

prescriptions for the future. See climate scenario and emissions scenario.

Sensitivity

Sensitivity is the degree to which a system is affected, either
adversely or beneficially, by climate-related stimuli. The effect may
be direct (e.g., a change in crop yield in response to a change in the
mean, range, or variability of temperature) or indirect (e.g., damages
caused by an increase in the frequency of coastal flooding due to

sea-level rise). See also climate sensitivity.

Sequential decisionmaking

Stepwise decisionmaking aiming to identify short-term strategies
in the face of long-term uncertainties, by incorporating
additional information over time and making mid-course

corrections.

Sequestration

The process of increasing the carbon content of a carbon reservoir
other than the atmosphere. Biological approaches to sequestration
include direct removal of CO, from the atmosphere through land-
use change, afforestation, reforestation, and practices that enhance
soil carbon in agriculture. Physical approaches include separation
and disposal of CO, from flue gases or from processing fossil fuels
to produce hydrogen- and CO,-rich fractions and long-term storage
in underground depleted oil and gas reservoirs, coal seams, and

saline aquifers.

Sink
Any process, activity, or mechanism that removes a greenhouse gas,
an aerosol, or a precursor of a greenhouse gas or aerosol from the

atmosphere.

Socio-economic potential

The socio-economic potential represents the level of greenhouse
gas mitigation that would be approached by overcoming social
and cultural obstacles to the use of technologies that are

cost-effective.

Source
Any process, activity, or mechanism that releases a greenhouse gas, an
aerosol, or a precursor of a greenhouse gas or aerosol into the

atmosphere.

Spatial and temporal scales

Climate may vary on a large range of spatial and temporal scales.
Spatial scales may range from local (less than 100,000 km?),
through regional (100,000 to 10 million km?) to continental

(10 to 100 million km?). Temporal scales may range from seasonal

to geological (up to hundreds of millions of years).

Stabilization
The achievement of stabilization of atmospheric concentrations of

one or more greenhouse gases.

Stakeholders

Individuals or groups whose interests (financial, cultural, value-
based, or other) are affected by climate variability, climate change, or
options for adapting to or mitigating these phenomena.
Stakeholders are important partners with the research community

for development of decision support resources.

Stratosphere

The highly stratified region of the atmosphere above the troposphere
extending from about 10 km (ranging from 9 km in high latitudes
to 16 km in the tropics on average) to about 50 km.

System
Integration of interrelated, interacting, or interdependent components

into a complex whole.
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Technology
A piece of equipment or a technique for performing a particular

activity.

Technology transfer

The broad set of processes that cover the exchange of knowledge,
money, and goods among different stakeholders that lead to the
spreading of technology for adapting to or mitigating climate change.
As a generic concept, the term is used to encompass both diffusion
of technologies and technological cooperation across and within

countries.

Time scale

Characteristic time for a process to be expressed. Since many
processes exhibit most of their effects early, and then have a long
period during which they gradually approach full expression, for
the purpose of this report the time scale is numerically defined as

the time required for a perturbation in a process to show at least

half of its final effect.

Troposphere

The lowest part of the atmosphere from the surface to about 10 km
in altitude in mid-latitudes (ranging from 9 km in high latitudes to
16 km in the tropics on average) where clouds and “weather”
phenomena occur. In the troposphere, temperatures generally

decrease with height.

{nnex D. Glossary of Terms

Uncertainty

An expression of the degree to which a value (e.g,, the future state
of the climate system) is unknown. Uncertainty can result from lack
of information or from disagreement about what is known or even
knowable. It may have many types of sources, from quantifiable
errors in the data to ambiguously defined concepts or terminology,
or uncertain projections of human behavior. Uncertainty can
therefore be represented by quantitative measures (e.g., a range of
values calculated by various models) or by qualitative statements

(e.g., reflecting the judgment of a team of experts).

Vulnerability

The degree to which a system is susceptible to, or unable to cope
with, adverse effects of climate change, including climate variability
and extremes. Vulnerability is a function of the character, magnitude,
and rate of climate variation to which a system is exposed, its

sensitivity, and its adaptive capacity.

Weather

The specific condition of the atmosphere at a particular place
and time. It is measured in terms of parameters such as wind,
temperature, humidity, atmospheric pressure, cloudiness, and

precipitation.
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ACIA
ACRIM

ACSYS
AMIP

AMSR

AOSB
APN

AQRS
ARM
ASOF
ATBD
AVHRR

BAHC

BER
CAP
CART
CCCSTI

CCGG
CCRI
CCSM
CCSp
CCSPO
CCTP
CDC

CDR

CDST
CEOP
CEOS

CEQ
CERES

CFC
CGIAR

CH,SCH;,
CH,

clic
CLIVAR
CMDL

CMI
CMIP

co

o,

COLA
CONCAUSA

Arctic Climate Impact Assessment
Active Cavity Radiometer Irradiance
Monitor

Arctic Climate System Study
Atmospheric Model Intercomparison
Project

Advanced Microwave Scanning
Radiometer

Arctic Ocean Sciences Board
Asia-Pacific Network for Global Change
Research

Air Quality Research Subcommittee
Atmospheric Radiation Measurement
Arctic and Subarctic Ocean Fluxes Study
Algorithm Theoretical Basis Document
Advanced Very High Resolution
Radiometer

Biospheric Aspects of the Hydrological
Cycle (IGBP core project)

Biological and Environmental Research
Climate Action Partnership

Cloud Atmospheric Radiation Testbed
Committee on Climate Change Science
Science and Technology Integration
Carbon Cycle Greenhouse Gases
Climate Change Research Initiative
Community Climate System Model
Climate Change Science Program
Climate Change Science Program Office
Climate Change Technology Program
Centers for Disease Control and
Prevention

Climate Data Record

Climate Data Science Team
Coordinated Enhanced Observing Period
Committee on Earth Observation
Satellites

Council on Environmental Quality
Clouds and the Earth’s Radiant Energy
System

chlorofluorocarbon

Consultative Group on International
Agricultural Research

dimethyl sulfide

methane

Climate and Cryosphere

Climate Variability and Predictability
Climate Monitoring and Diagnostics
Laboratory

Common Modeling Infrastructure
Coupled Model Intercomparison Project
carbon monoxide

carbon dioxide

Center for Ocean-Land-Atmosphere Studies
Central American-United States of

America Joint Accord

CPT
DIF
DIS

DL
DMWG
DOC
DOD
DOE
DOI
DOS
DOT
DPC
EMF
ENSO
EOS
EPA
ESA
ESG
ESMF
ESS-P
EU

FAO
FAQ
FCS
FEWS NET
FGDC
FRI
GACC
GAW
GCM
GCMD
GCP
GCOS
GCTE
GECAFS

GEF
GEOHAB

GEWEX

GFDL

GHG

GIS

GLOBEC
GOFC-GOLD

GOIN
GOOS
GOS
GPM
GSFC
GSN
GTOS
GUAN

Climate Process and Modeling Team
Directory Interchange Format

Data and Information System

Digital Library

Data Management Working Group
Department of Commerce

Department of Defense

Department of Energy

Department of the Interior
Department of State

Department of Transportation
Domestic Policy Council

Energy Modeling Forum

El Nifo-Southern Oscillation

Earth Observing System
Environmental Protection Agency
European Space Agency

Earth System Grid

Earth System Modeling Framework
Earth System Science Partnership
European Union

Food and Agriculture Organization
Frequently Asked Question
Fire-Climate-Society

Famine Early Warning System Network
Federal Geographic Data Clearinghouse
Fire Return Interval

Geographic Area Coordination Center
Global Atmosphere Watch Programme
general circulation model

Global Change Master Directory
Global Carbon Project

Global Climate Observing System
Global Climate and Terrestrial Ecosystems
Global Environmental Change and Food
Systems

Global Environment Facility

Global Ecology and Oceanography of
Harmful Algal Bloom

Global Energy and Water Cycle
Experiment

Geophysical Fluid Dynamics Laboratory
greenhouse gas

geographic information system

Global Ocean Ecosystem Dynamics
Global Observation of Forest Cover and
Global Observations of Land Cover
Dynamics

Global Observation Information Network
Global Ocean Observing System
Global Observing System

Global Precipitation Measurement
Goddard Space Flight Center

GCOS Surface Network

Global Terrestrial Observing System
GCOS Upper-Air Network



GWS
HAB
HCDN
HCFC
HECRTF
HELP
HEFC
HHS
HLC
HPS
HRDLS
HSB
IAI

IASC
ICSU
IDN

IGAC
IGBP
IGFA

IGOS
IGOS-P

IHDP
ILTER
10C
10DP
IPCC
IRC
IRI

ITCZ
IWG
IWGCCST

JGOFS
LBA

LOICZ

Lucc
MA
MEXT

MMV
MODIS
MOPITT
MSS
msu

N

N,O
NACIP
NACP
NAM
NAO
NAS
NASA
NASDA

Global Water System

harmful algal bloom

Hydro-Climatic Data Network
hydrochlorofluorocarbon

High-End Computing Revitalization Task Force
Hydrology for Environment, Life, and Policy
hydrofluorocarbon

Department of Health and Human Services
High-Level Consultations on Climate Change
hantavirus pulmonary syndrome
High-Resolution Dynamics Limb Sounder
Humidity Sounder for Brazil

Inter-American Institute for Global Change
Research

International Arctic Sciences Committee
International Council of Scientific Unions
International Directory Network

International Global Atmospheric Chemistry
International Geosphere-Biosphere Programme
International Group of Funding Agencies for
Global Change Research

International Global Observing Strategy
International Global Observing Strategy
Partnership

International Human Dimensions Programme
International Long-Term Ecological Research
Intergovernmental Oceanographic Commission
Integrated Ocean Drilling Program
Intergovernmental Panel on Climate Change
International Research and Cooperation
International Research Institute for Climate
Prediction

Intertropical Convergence Zone

Interagency Working Group

Interagency Working Group on Climate Change
Science and Technology Integration

Joint Global Ocean Flux Study

Large-Scale Biosphere-Atmosphere Experiment in
Amazonia

Land-Ocean Interactions in the Coastal Zone proj-
ect

Land-Use and Land-Cover Change

Millennium Ecosystem Assessment

Ministry of Education, Culture, Sport, Science and
Technology

Measurement, Monitoring, and Verification
Moderate-Resolution Imaging Spectroradiometer
Measurement of Pollution in the Troposphere
Multispectral Scanner

Microwave Sounding Unit

nitrogen

nitrous oxide

National Aerosol—Climate Interactions Program
North American Carbon Program

northern hemisphere annular mode

North Atlantic Oscillation

National Academy of Sciences

National Aeronautics and Space Administration

Japan’s National Space Development Agency

NCAR
NCEP
NEC
NEESPI

NERSC
NGO
NH,
NIEHS

NIH
NIST
NOAA
NOPP
NO,

NPEO
NPOESS

NRC
NSC
NSF

PMIP
PNNL
RCM
RESACs
RISA
SAGE
SAM
SBSTA
SCAR
SCOR
SeaWiFS
SF,
SGCR
SGP
SO,
SOLAS
SPARC
SSS

SST
START

SWAQ
TAV

National Center for Atmospheric Research
National Centers for Environmental Prediction
National Economic Council

Northern Eurasia Earth Science Partnership
Initiative

National Energy Research Scientific Computing
Non—governmental organization

ammonia

National Institute of Environmental Health
Sciences

National Institutes of Health

National Institute of Standards and Technology
National Oceanic and Atmospheric Administration
National Oceanographic Partnership Program
nitrogen oxides

North Pole Environmental Observatory
National Polar-Orbiting Operational
Environmental Satellite System

National Research Council

National Security Council

National Science Foundation

oxygen

ozone

Ocean Drilling Program

hydroxyl radical

Office of Management and Budget

Office of Naval Research

Observing System Management Executive Council
Observing System Operations Executive Council
Observation System Simulation Experiment
Observing System Science Executive Council
Office of Science and Technology Policy

Past Global Changes

Palmer Drought Severity Index

Pacific Decadal Variability

perfluorocarbon

Paleoclimate Model Intercomparison Project
Pacific Northwest National Laboratory

regional climate model

Regional Earth Science Applications Centers
Regional Integrated Sciences and Assessments
Stratospheric Aerosol and Gas Experiment
southern hemisphere annular mode

Subsidiary Body for Scientific and Technical Advice
Scientific Committee on Antarctic Research
Scientific Committee on Oceanic Research
Sea-Viewing Wide Field-of-View Sensor

sulfur hexafluoride

Subcommittee on Global Change Research
Southern Great Plains

sulfur dioxide

Surface Ocean—Lower Atmosphere Study
Stratospheric Processes and their Role in Climate
sea surface salinity

sea surface temperature

Global Change SysTem for Analysis, Research, and
Training

Sub-committee on Water Availability and Quality
Tropical Atlantic Variability



Annex E. Acronyms, Abbreviations, and Units

TISO Tropical Intra-Seasonal Oscillation
™ Thematic Mapper

TMI TRMM Microwave Imager

TOGA Tropical Ocean and Global Atmosphere project

TOMS Total Ozone Mapping Spectrometer

TRMM Tropical Rainfall Measuring Mission

UNDP United Nations Development Programme

UNEP United Nations Environment Programme

UNESCO United Nations Educational, Scientific, and
Cultural Organization

UNFCCC United Nations Framework Convention on
Climate Change

USAID U.S. Agency for International Development

USDA U.S. Department of Agriculture

USGCRP

USGS
uv-B
VIRS
vocC
VAMOS
WCRP
WDCS
WGCM
WHO
WMO
WOCE
WRAP
Www

Climate Change Science Program Strategic Plan

U.S. Global Change Research Program
U.S. Geological Survey

ultraviolet-B

Visible and Infrared Scanner

volatile organic carbon

Variability of the American Monsoon Systems
World Climate Research Programme
World Data Center System

Working Group on Coupled Modeling
World Health Organization

World Meteorological Organization
World Ocean Circulation Experiment
‘Water Resources Applications Project
World Weather Watch

UNITS

SI (Systeme Internationale) Units

Physical Quantity Name of Unit Symbol
length meter m
mass kilogram kg
time second s
thermodynamic temperature kelvin K
amount of substance mole mol

Special Names and Symbols for Certain SI-Derived Units

Physical Quantity Name of SI Unit

Symbol for SI Unit

Definition of Unit

force newton N kg m 52
pressure pascal Pa kg m! 52 (= Nm?)
energy joule ] kg m? 52
power watt W kg m? 53 (= Js1)
frequency hertz Hz s (cycle per second)
Decimal Fractions and Multiples of SI Units Having Special Names

Physical Quantity Name of Unit Symbol for Unit Definition of Unit
length dngstrom A 10-19m = 10-8cm
length micrometer um 10-m = um
area hectare ha 10* m2

force dyne dyn 10-° N
pressure bar bar 10° N m~2
pressure millibar mb 1hPa

weight ton t 10° kg




