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Abstract. No, this is not the definition of abstract! There is still some confu-
sion about meaning of some terms in the climate field. This “glossary of
terms” chapter aims at reducing the level of uncertainty of these key terms.
Note that when terms in this glossary are used within the definition of other
terms we refer to them by italicising the terms.

Accuracy: In the context of forecast verification, the magnitude of the er-
ror(s) in a single or a set of forecasts: an “accurate” forecast is one with a
small error. The accuracy of a set of forecasts is usually calculated by aver-
aging the error metric over the individual forecasts. In the context of data
quality, accuracy refers to the difference between the recorded values and
the observed values.

Aqua-planet: An idealised configuration used in Atmospheric Global Cir-
culation Models (AGCMs) in which the lower boundary is simply
represented by a water covered world. This simplified environment is used
to investigate atmospheric processes such as the distribution and variability
of convection in the tropics and of the storm-tracks in mid-latitudes.

Atmospheric General Circulation Model (AGCM): A Global Circula-
tion Model for the atmosphere.
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Adaptation: Change to accommodate to new circumstances. In the
UNFCCC this is change of activities to accommodate to Climate Change,
but can refer more broadly to any changes required to address Climate
Variability. Can take many forms, e.g. anticipatory/proactive, autonomous,
planned, private, public, reactive, future, baseline. Hence also ‘Adaptation
Strategy’. ‘Adaptation Capacity’ denotes the level of ability to adapt.

Analysis [Field]: The result of the combination of observations with model
data for a specific space-time interval, performed with a data assimilation
method. In the context of forecasts, it provides the initial conditions for
coupled integrations.

Analogue (U.S. spelling: Analog): In the context of seasonal forecasting,
an "analogue year" is a year in which the season in question is considered
similar to the farget season. The similarity is usually defined in terms of the
state of the predictors, and the outcome is therefore expected to be similar.
A commonly used example of applying analogue years is to use the ob-
served climate during past occurrences of £/ Nifio conditions to forecast the
climate during a subsequent E/ Nifio.

Anomaly: The difference between an observed value of a meteorological
variable (e.g., seasonally averaged temperature) for a single period (e.g.,
JFM 2000) and its long-term average (e.g. JFM 1961-1990). In the case of
seasonally averaged temperature, for example, a positive anomaly occurs
when the temperature for the season in question is higher than average, and
a negative anomaly occurs when the season is unusually cold.

Anomaly Correlation: The correlation between two sets of data in which
distinct mean values are first subtracted from different data points to re-
move, for example, a seasonal cycle, or a spatially varying climatology.
These seasonal and spatial effects would otherwise dominate the variances
in the data resulting in misleadingly strong correlations.

Application: An activity which makes use of c/imate information such as a
seasonal forecast.

Assistance Strategy: As used for determining aid for developing countries
by international aid agencies.

Assimilation Cycle: The sequence of operations necessary to produce an
assimilation analysis, normally carried out at regular time intervals (typi-
cally order of a few hours for the atmosphere and few days for the ocean).
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Background (or First Guess) [Field]: A reference model state that is com-
bined with observations to generate an analysis [field] using a data
assimilation method. Background is the best estimate of the system prior to
the use of the observations, which might be the direct model output, in
which case it is also called forecast field or, more generally, the combina-
tion of model output with other (pre-interpolated) data (e.g. a climatology).
The use of the background field ensures that the analysis provides a smooth
field from regions with good observation coverage to those with no or
sparse observations.

Bias: A measure of how far the average statistic lies from the parameter it is
estimating; i.e., the expected error that arises when estimating a quantity. In
the context of forecast verification and model validation, the difference is
between the average of the forecasts or simulations and the average of the
observed values. Forecasts of rainfall, for example, are positively biased if,
on average, they indicate conditions that are wetter than observed.

Biodiversity: The spectrum of life forms, and the width of this spectrum.

Bootstrap: A self-help start-off approach, in want of any standard starting
procedure, using whatever information is to hand. Originates from “picking
oneself up by the bootstraps”, and is used in many basic start-up contexts
(including starting computers after a power down).

Bottom Up: A management approach that examines and resolves issues at
the lowest, working levels, then ripples solutions upwards to the manage-
ment and policy levels (cf. top down).

Calibration: The correction of model output for systematic errors. Model
calibration usually involves a correction only for a bias in the mean value,
and sometimes for the variance, but more sophisticated procedures can be
used (Chapter 8, section 8.3.3). See also Recalibration. Calibration can also
refer to the training of a statistical model (Chapter 7, section 7.3.3.¢).

Capacity: The resource (human, technological, environmental, manage-
ment) to complete activities and/or achieve goals. Hence also Capacity
Building.

Chaos: A mode of behaviour of certain non-linear dynamical systems in
which the most relevant characteristic is its sensitivity to initial conditions
(the “butterfly effect”): small variations in the initial conditions of two dy-
namic systems in otherwise identical states will lead to a dramatic
divergence in the behaviour of the systems over time. As a result of this
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sensitivity, systems that exhibit chaos often appear to be random. The ran-
domness, however, is only apparent as such systems are indeed
deterministic: they are in fact described by well defined mathematical ex-
pressions that do not contain random parameters.

Chilling Units: See Degree-Days.

Climate: The description in totality on all time scales of the atmosphere,
the oceans, the land and the cryosphere within which weather sits at the
short time scale. Relates also to the manner in which atmospheric and/or
oceanic and/or cryospheric processes are experienced, personally, environ-
mentally, or through process outcomes.

Climate Affairs: All aspects of policy and management related to proc-
esses to which climate is pertinent.

Climate (or Climatic) Change: Any real or perceived adjustment in any
aspect of the climate. Changes can occur over numerous time scales and
through a variety of forcing mechanisms. However the definition of Climate
Change used by the UNFCCC covers anthropogenically-forced change
only, on whatever time scales. Change occurring through natural causes on
whatever time scale comes under the heading of Climate Variability accord-
ing to the UNFCCC.

Climate Extreme: In the statistical sense, a climate event that sits towards
the outer limits of observed distribution, such as temperatures in the coldest
5% or rainfall in the wettest 1% of occurrences. However, often used to in-
dicate an undesirable societal and/or environmental consequence in which
climate is known or is perceived to have played a dominant role. This latter
use tends to ignore both any association with the statistical definition and
also any other factor(s) that might have been present, however key.

Climate Forcing: Any external or internal mechanism that determines in
part the form of the c/imate. Solar radiation and the earth’s rotation repre-
sent the two major external factors. Internal factors include distributions of
sea surface temperatures, of snow, etc.

Climate Information: Any information on climate available to be used in
informing decisions. Frequently used in the sole context of historical re-
cords of observation data, but can include predictions or any other
information produced using models.
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Climate Forecasting/Prediction: Official terminology of WMO for predic-
tions beyond 2 years; includes Climate Variability predictions that cover
interannual, decadal and multi-decadal climate anomalies and Climate Pre-
dictions that cover future cl/imate resulting both from natural variability and
from anthropogenic causes. Elsewhere often used in the sense of predicting
any and all changes in climate from all causes over the next century (this is
the sense used by the IPCC, whereas the UNFCCC uses it for anthropo-
genically-forced change only), and thus is broader than the official WMO
definition. Normally does not imply seasonal or interannual predictions, for
which the terms ‘Short-Range Climate Prediction’ and ‘Seasonal to Interan-
nual Prediction’ are used.

Climate Risk Management: The process of mitigating the consequences of
possible future, perhaps predicted, climate events on time scales of interest
in advance of those events, taking into account as many information streams
as feasible.

Climate Services: Any service that provides raw and/or interpreted Climate
Information to users. Normally part of the function of a National Meteoro-
logical and Hydrological Service (NMHS), but independent and/or
commercial climate services exist.

Climate Shock: The consequences of an unexpected climate event, strictly
regardless of time scale but often used in the sense of relatively short time
scale events.

Climate Uncertainty: That aspect(s) of future c/imate that cannot be pre-
dicted with certainty; often used also to indicate the perception of lack of
knowledge of the future.

Climate Variability: Differences in climate between any two, or a se-
quence of, periods; often used in the interannual sense. Variability can
occur over any time scales and through a variety of forcing mechanisms.
However, the definition of Climate Variability used by the UNFCCC covers
natural, i.e. not anthropogenically-forced, variability on whatever time
scales. Variability occurring through anthropogenic causes on whatever
time scale comes under the heading of Climate Change according to the
UNFCCC.

Climatology: The description and scientific study of c/imate in all its as-
pects. Often the term is used to refer to the observed distribution of a
meteorological parameter, or set of parameters, over a number of years
(typically a 30-year period).
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Cognitive Illusions: Perceptual difficulties that enable individuals to draw
fully or partially incorrect conclusions while remaining convinced of the
certainty of their arguments.

Cold Phase: The La Nifia stage of El Niiio/Southern Oscillation (ENSO)
during which sea surface temperatures over the eastern equatorial Pacific
Ocean are below average.

Coping Range/Strategies: The ability to handle climate variability, the
process(es) of doing so, and the limits of climate beyond which it is not
possible to manage.

Cost-Loss Model: A simple economic model covering the costs of protect-
ing against an adverse event and the benefits (losses reduced) gained from
that protection.

Coupled Model: Any two or more models which work independently but
are linked at set time intervals to provide mutual feedbacks. In the case of
seasonal to interannual forecasting this normally refers to the coupling of an
atmospheric model to an ocean model and possibly to other important com-
ponent models such as a land model and a sea-ice model.

Coupled General Circulation Model (CGCM): See Coupled Model and
General Circulation Model.

Cumulative [or Probability] Distribution Function (CDF): A function
that describes the probability distribution of a continuous or discrete vari-
able by defining the probability that all possible values of the variable will
be exceeded.

Data Assimilation: The combination of observations and model data, with
the objective to achieve the ‘best’ description of the system being modelled.
The ‘best’ description is normally the one in which the end result (also
called analysis) is as close as possible to the observations but with the con-
straints imposed by the system (e.g. its dynamics), as given by the model
data as well as by the statistics employed to relate observations and model
data (error covariance). Many data assimilation methods are available as
described in Chapter 5.

Decile: Each part of a distribution that divides the data into ten equal parts.

Decision Process: The methodology through which information is assessed
and a decision taken. Numerous factors, including cultural and policy fac-
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tors, determine each process; thus there is no universally-standard decision
process in any context.

Decision Maker/Taker: See User.

Degree-Days: A method of assessing the overall effect of temperature
across a period. Growing degree-days (or units), for example, are calculated
from the multiple of the number of hours the temperature is above a value
necessary for growth in a particular plant with the excess temperature above
that value; heating degree-days (or units) similarly are for those below a
value at which heating is required.

Determinism (deterministic): In the context of predictions, to forecast
specific values. A deterministic prediction offers a statement of an expected
future with no likelihood attached.

Downscaling: The translation of a forecast from one spatial and/or tempo-
ral resolution to a finer resolution. In spatial downscaling, the term is
frequently applied to the translation of a forecast from a gridded average to
a local point.

Drift (also Climate Drift): The tendency for the solution of a dynamical
(or numerical) model to move away from the observed state of the system
being simulated, due to the presence of systematic model errors. Normally
the drifting solution eventually reaches a new equilibrium, the so-called
model climate.

Drought: A shortfall in water supply for an extended period below a
threshold that is appropriate within each specific context (e.g. agriculture).

Dynamical Modelling: The process of simulating a system, such as the
atmosphere, by solving, usually on a computer, the basic equations of state
(the dynamics and the energy) for that system, in a numerical way.

El Nifio: The warm phase of ENSO.

El Niiio/Southern Oscillation (ENSO): A complex system of interaction
between the atmosphere and the oceans, specifically across the equatorial
Pacific Ocean. The strongest known internal forcing mechanism of climate
variability through atmospheric feleconnections to many parts of the globe.

Empirical Modelling: See Statistical Modelling.
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Empirical Orthogonal Function (EOF): See Principal Component.

End-to-End: The mono-directional approach frequently used in the deliv-
ery and use of meteorological products. At one end sit the raw data, in the
middle are data processing, perhaps forecasting, and processing, while at
the other end is the user and their application.

End User: See User.

Ensemble: A set of predictions (each referred to as a member) for a specific
target period designed to test the sensitivity of a forecast to various differ-
ences, such as in the type of model, the initial state (chaos), model physics,
etc. Typically uses one or more dynamical models but statistical models can
also be used independently or alongside dynamical models. A correctly-
created ensemble defines an estimated distribution of future states providing
a full set of the range of possibilities and their associated probabilities.

Equity: Used in the development community to indicate fairness in sharing
of resources.

Ensemble Member: One of a set of forecasts for the same target period.
The phrase is usually, but not necessarily, applied to refer to a single predic-
tion from a specific model.

Error Covariance [Matrix]: The statistical relationship between a variable
and another variable (including itself), in space and time, used to determine
the relative weight of these variables when they are combined to produce an
analysis. Error covariance is central to data assimilation as it determines the
relative importance of, for example, observations and model, or more gen-
erally background, data. Hence ‘Observation Error Covariance’ and
‘Background Error Covariance’.

Equatorial Under Current (EUC): A jetlike ocean current flowing just
below the sea surface toward the east and within a few degrees of the equa-
tor, especially in the Pacific and Atlantic oceans. It can reach speeds of
more than 1 metre per second at a depth of about 100 metres.

Event: In forecast verification, an event is an observation, during the target
period of a forecast, of a specific outcome of interest. The outcome is ex-
plicitly binary: either an event occurs during the target period, or it does not
occur. For some meteorological variables, occurrence is inherently binary
(precipitation occurrence, for example), but for continuous variables, an
event can be defined if the observed value lies within the limits defining the
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category of interest (temperature above 30°C, for example, defines an event
for a category with no upper bound).

Extended-Range Weather Forecasting: Official terminology of the WMO
to indicate predictions from 10 days to 30 days (in general provided as av-
erages across periods of several days).

Extension Service: Normally used regarding agriculture, typically a gov-
ernment service that provides expert advice to farmers.

First Guess [Field]: Same as Background.

Forcing: The source of the disturbance of a dynamical system, which nor-
mally appears on the right-hand-side of the equation of the system. For
example, wind stress is one of the forcings of the ocean (models). See also
Climate Forcing.

Forecast [field]: In data assimilation, model output used to form the back-
ground field, so called because it is usually the result of a model integration
started from an analysis produced in the previous assimilation cycle.

Forecasting System: Ranges in meaning from a comprehensive view inte-
grating all the components that go into making a forecast - from the
generation of initial conditions of the dynamical models used for the fore-
casts, to the running of the coupled dynamical models, to the calibration
and assessment of the model output, to the application of forecast products
to specific users - to contiguous parts of this comprehensive definition. The
meaning should be clear by its context.

Gambler’s Ruin: Risk management under uncertainty leads to a sequence
of gains and losses that on overage should produce a net gain. Gambler’s
Ruin occurs when catastrophic losses are taken that prevent further activity.

General Circulation Model (GCM): A set of equations describing the
three-dimensional evolution of the system to be modelled (e.g. the atmos-
phere) in a numerical form. The equations include those of the dynamics
and energy of the system, as well as those of any other relevant process (e.g.
chemical reactions).

Global Producing Centre: A WMO designation conferred from November
2006 on Centres that produce and distribute a minimum suite of global sea-
sonal forecast products, typically using some form of GCM.
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Group velocity: The rate at which wave energy propagates. For nondisper-
sive waves, such as a Kelvin wave, the phase and group velocities are the
same. For dispersive waves, such as Rossby waves, the group and phase
velocities are generally different.

Hindcast: See Re-forecast.

Homoscedasticity: The property of homogeneity of variance. A set of data
has the property of homoscedasticity if there is equality in the variances of
subsets of the data defined a priori (e.g., by time or by value of a second
parameter).

Impact: Often used in the sense of the consequence(s) of a climate event,
frequently a climate extreme or climate change, sometimes without due
consideration of any other factors that may be present.

Increment: See Observation Increment.

Indigenous Knowledge: That knowledge built over centuries, and passed
down through generations, that defines a society’s learnt response(s) to
events.

Initialisation: All the steps required to prepare a coupled model (for an in-
tegration) normally performed via a data assimilation method. Sometimes
it refers only to the final step of ensuring dynamical balance intra- and inter-
components of a coupled model, required to avoid jumps (also called
shocks) in the solution of the model in the early stages of the integration.

Integration [of a Numerical Model]: The advancement in time of the solu-
tion of the numerical equations which constitute the model. When the
integration refers to future times it is often called a forecast, whereas for
past times it can be referred to as re-forecast or hindcast.

Internal waves: Waves that can propagate through a fluid because it is
stratified. In the tropical ocean, the speed of internal waves is 3 ms™ or less.
Internal Kelvin and Rossby waves are important in equatorial processes
such as El Niflo. They can travel large distances in the ocean (up to
10,000 km). Internal Kelvin waves also exist in the atmosphere where
speeds are somewhat higher than in the ocean.

Inter Tropical Convergence Zone (ITCZ): A belt of high rainfall near the
equator. It is formed by the vertical ascent of warm, moist air converging
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from the north and south. It is usually found a few degrees to the north of
the equator but moves north and south with the seasons.

La Niifia: The cold phase of ENSO.

Lead-Time: The time between the earliest moment at which the forecast
could be released and the starting-time for which the forecast applies. The
lead-time is not the same as the amount of advanced warning that is pro-
vided by the forecast: a forecast released at the beginning of the target
period has a lead-time of zero, but does not imply that there is no advanced
warning.

Long-Range Forecasting: Official terminology of the WMO to indicate
predictions from 30 days to 2 years, usually provided as averages across a
sub-period; includes Monthly Outlooks, Three-month or 90-Day Outlooks,
and Seasonal Outlooks.

Madden-Julian Oscillation (MJO): A tropical atmospheric phenomenon
characterised by an oscillation on the intraseasonal time scale (about 40-60
day). Some aspects of the MJO may have predictability beyond ten days
(the Medium Range).

Medium-Range Weather Forecasting: Official terminology of the WMO
to indicate predictions from 72 hours (3 days) to 240 hours (10 days).

Member: See Ensemble Member.

Metadata: Information about the data themselves. In the context of mete-
orological observations, metadata typically are data about the instruments
and their location, and the recording procedures.

Millennium Development Goals (MDGs): A set of 8 Goals, originally
agreed at the UN Millennium Summit in New York in 2000, that provides a
time-bound (2015) international coordination framework for development
activities. For all Goals there are certain quantifiable targets, each with sets
of indicators.

Millennium Project: A project to assess approaches to achieving the Mil-
lennium Development Goals.

Mitigation: To reduce the consequences of an adverse event. In the
UNFCCC mitigation is used in the context of reducing anthropogenically-
forced Climate Change through the reduction of greenhouse gas emissions.
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Neutral Phase: That phase of ENSO that lies between the warm phase and
the cold phase.

NIN03.4: One commonly used measure (or metric) of the state of ENSO
based on sea surface temperatures over the tropical Pacific Ocean (similarly
NINO3, NINO4, etc.). Specifically, the metric is calculated as the spatially
averaged sea surface temperature over the domain 5°N-5°S, 170°W-
120°W.

Normal: Used variously by climatologists and stakeholders, and thus prone
to misinterpretation. Statistically it is the average value of a distribution. In
seasonal forecasts, it is often used to indicate the central (i.e. inter-tercile)
category (i.e. the middle third of data); thus also in this context above-
normal and below-normal.

North Atlantic Oscillation: An atmospheric see-saw of pressure across the
North Atlantic Ocean with two standard ‘centres of action’, one over Ice-
land and the other on the Azores. Swings from one phase to another
produce large changes in the mean wind speed and direction over the Atlan-
tic. Influential on European and North African climate.

Nowecasting: Official terminology of the WMO to indicate a description of
current weather conditions and predictions out to 2 hours.

Numerical Modelling: The utilisation of a set of mathematical equations
solved by means of computational procedures. In principle it should refer to
either Dynamical Modelling or Statistical Modelling, but in practice it is
more often used as synonymous with the former.

Observation Increment [or just Increment]: The difference between an
observation and the interpolated model background value at the location of
that observation. In other words, it determines the strength of the correction
due to the data assimilation process. Normally, the first step in any data
assimilation procedure: in the limiting case of an increment being equal to
zero (i.e. model datum identical to the observation), no further calculations
are required.

Oceanic (or Ocean) General Circulation Model (OGCM): A Global Cir-
culation Model for the ocean.

Outlier: A datum that is numerically distant from other data in the same
dataset. Outliers may be indicative of observational errors in which case
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they should be corrected or omitted from analyses, but when they represent
climate extremes they may have an undue influence on the analysis.

Parameterisation: Normally utilised in dynamical models for simulating
physical processes at scales smaller than those resolved by the model: radia-
tive processes, clouds, convection of various kinds, large-scale latent heat
release, etc. - the cumulative statistical effects of these processes are repre-
sented in terms of the model variables themselves rather than being
represented explicitly.

Percentile: Each part of a distribution that divides the data into one hun-
dred equal parts.

Poverty: The social condition of having access to insufficient resources to
maintain a satisfactory basic state of living. Poverty reduction is the main
focus of the World Bank, and is included in the Millennium Development
Goals.

Prandtl Number: The ratio of kinematic viscosity to thermal diffusivity.
Small Prandtl number means heat diffuses more rapidly compared to mo-
mentum.

Predictability: The extent to which future states of a system may be pre-
dicted based on knowledge of current and past states of the system. Since
knowledge of the system’s past and current states is generally imperfect, as
are the models that utilize this knowledge to produce a prediction, predict-
ability is inherently limited. Even with arbitrarily accurate models and
observations, there may still be limits to the predictability of a physical sys-
tem.

Predictand: Sometimes called a “target” or “response” or “dependent”
variable, a predictand is a variable for which a forecast is to be made.
Common predictands in seasonal climate forecasting are 3-month rainfall
totals and 3-month average air temperature.

Prediction System: Synonymous with Forecasting System.

Predictor: Sometimes called an “explanatory” or “independent” variable, a
predictor is a variable which is used to make a forecast, and in many cases
is some measurement of the forcing mechanism that makes seasonal predic-
tion possible. Common predictors in seasonal climate forecasting are
monthly averaged sea surface temperatures, and the Southern Oscillation
Index.
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Principal Component: A new variable, calculated similarly to a weighted
average of an original set of variables, with the property that as much of the
variance of the original variables as possible is represented, and with the
total squared weights adding to one. Additional new variables, or principal
components, can be defined that represent as much of the remaining vari-
ance as possible. Principal components exploit correlations between the
original variables, and thus can act as efficient summaries of large datasets:
much of the total variance of the original data may be represented by only a
few principal components. Principal components are sometimes called em-
pirical orthogonal functions (EOFs), although, strictly speaking, the EOFs
are the weights that define the principal components.

Probability Density Function (PDF or pdf): A function that describes the
probability of the value of a continuous variable being within any interval
that must be calculated by integration. For discrete variables the probability
is described by a probability mass function.

Probability Distribution: A complete mathematical description of the
probabilities of all measurable subsets of a variable.

Projection: An estimate of a future state, or a series of envisaged possible
future states, obtained from expert interpretation of available information.

Quality: In the context of predictions used as a generic term to indicate the
technical level of excellence of the forecasts; e.g. deterministic forecasts
that are consistently accurate are of relatively high quality. Compare with
Skill. There is no necessary direct correlation between skill and value, value
being dependent on the actual use of a prediction and the manner of that
use.

Quintile: Each part of a distribution that divides the data into five equal
parts.

Random Error: The imprecision in a given process due to the hard-to-
control (sometimes uncontrollable) nature of some elements of the process.
For example, repeated measurements of the same quantity are bound to
yield different values (if precision of the instrument is sufficiently high)
because the conditions of measurement vary, even if ever so slightly, from
one measurement to the other. To sample such error, coupled models are
often started from initial conditions that differ by small amounts.

Reanalysis: Use of the very latest numerical models and all available ob-
servations to create new analyses of the state of the atmosphere and/or
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oceans over past years. This approach produces consistent data sets over a
number of years of higher quality than previously available, and that are
invaluable for meteorological and climatological research.

Recalibration: The statistical adjustment of model output to improve the
similarity between the model simulations/forecasts and the observed climate
(Chapter 8, section 8.3.3). See also Calibration.

Reference Climatology: A standard climatology for a model generated
through integrations over many years; changes, such as climate changes,
may be detected against this in late work with the model.

Re-forecast: A model integration over past times. Implementation of such
integrations serves several purposes, two of which are highlighted here: 1)
to assess and/or calibrate model integrations for future times (i.e. forecasts)
and ii) investigate performance of latest models over past events (e.g. the
1997-98 El Nifio).

Regional Climate Model: A numerical model working over a smaller geo-
graphical region than a Global Circulation Model but at much higher
resolution in order to provide enhanced spatial and temporal detail over that
region. It typically employs boundary conditions taken from a Global Cir-
culation Model.

Resilience: A measure of the extent to which a society or a system, such as
an agricultural system, is capable of withstanding the deleterious conse-
quences of some adverse event. Hence ‘building resilience’.

Richardson number: The ratio of the static stability squared to the wind
shear squared. It gives a measure of the likelihood of a fluid to develop in-
stabilities.

Risk: Uncertainty for which the probability distribution of an outcome
(e.g., the objective of a decision making process) is known.

Risk assessment: A study to determine the outcomes of decisions along
with their probabilities.

Scenario: One vision of the future created through expert interpretation of
available information.

Seamless Decision Making System: The implementation of a sequence of
related or interlinked decisions across climatic time scales, adjusted as time
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scales change (cf. Seamless Forecasting System). Those decisions may be
related only to a specific portion of the time scales, but that portion may
readily extend within, beyond or across the artificial time scale boundaries
set up by the scientists.

Seamless Forecasting System: The implementation of unified procedures
aimed to provide information which appears transparent to the wuser. In
weather/climate forecasting it usually refers to the use of a single dynamical
(coupled) model, which is integrated over different time and space scales,
e.g. from a few days to many decades, with an essentially fixed setup. Cur-
rently, artificial time scale boundaries between medium-range, monthly,
seasonal, decadal and climate change are common in the production of
forecasts. Given the absence of such boundaries in nature, Seamless Fore-
casting seems a natural approach. Note that purely from a user perspective,
a Seamless Forecasting System is not strictly necessary if model output
were provided in a seamless way.

Shock: A jump in the numerical solution of a model integration caused by
an abrupt change in the initial conditions. Hence ‘Coupling shock’ or, more
generally, ‘Forecast shock’.

Short-Range Weather Forecasting: Official terminology of the WMO to
indicate predictions from 12 hours to 72 hours (3 days).

Singular Value Decomposition (SVD): The decomposition of a matrix
into a diagonal matrix and two orthonormal (orthogonal and with unit
length) matrices. Somewhat confusingly, “SVD analysis” is often used to
refer to maximum covariance analysis (Chapter 7, section 7.4.3), which is
one of many possible uses of SVD; for example, SVD is often used to cal-
culate principal components in multiple regression and canonical
correlation analyses.

Skewness: A measure of the asymmetry of the frequency distribution of
records of a single variable. If there are more large positive than negative
departures from the median then the data are positively skewed. Con-
versely, if there are fewer large positive than negative departures from the
median then the data are negatively skewed. Skewness can affect the results
of some statistical tests, and so distributional assumptions always should be
considered.

Skill: A relative measure of the quality of a series of forecasts taken against
an alternate forecast approach, usually a much simpler and cheaper ap-
proach such as guessing, or use of climatology, or persisting recent
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observations. Calculated such that a skill of 0% indicates the forecasts and
the alternates are of identical quality, and positive values are desirable with
100% indicating perfect forecasts.

Solid body rotation: When a fluid rotates as if it were a solid.

Southern Oscillation (SO): An atmospheric see-saw of pressure across the
Pacific Ocean with two standard ‘centres of action’, Darwin in Northern
Australia and Tabhiti in the central South Pacific Ocean. At these centres of
action long-term sea-level atmospheric pressures are strongly inversely cor-
related such that when pressure is higher than normal at one it is lower than
normal at the other. The atmospheric component of a major atmosphere-
ocean interaction across the Pacific, part of which is the E/ Nifio — hence
ENSO.

Southern Oscillation Index (SOI): A measure of the state of the Southern
Oscillation (q.v.); various approaches used.

Stakeholders: See User.

Statistical Modelling: In the broad sense using statistics to represent link-
ages within a system, but used within this book to indicate the employment
of statistical relationships between predictors and predictands to create a
predictive equation.

Statistical significance: A standard procedure for interpreting the strength
of a test statistic, such as the correlation between a set of forecasts and the
corresponding observations. Statistical significance tests estimate how
likely it is that a score that is at least as large as the calculated score on the
test statistic could have been achieved purely as a result of a sampling acci-
dent. If this probability, known as a p-value, is sufficiently low (typically
<5%, although other thresholds are used), then the result is said to be “sta-
tistically significant”.

Sustainable Development: Probably the most controversial of the terms in
this glossary. Here a few alternatives are given: pick your choice.

1. Development that meets the needs of the present without compromising
the ability of future generations to meet their own needs. Report of the
Brundtland Commission, Our Common Future (1987).

2. The management and conservation of the natural resources base, and the
orientation of technological and institutional change, in such a manner
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as to ensure the attainment and continued satisfaction of human needs
for present and future generations.

3. Within a country or region, gradual change characterized by economic
growth, increased social equity, constructive modification of ecosys-
tems, and maintenance of the natural resource base.

Systematic error: Any difference between the observed and model cli-
mates caused by non-random sampling errors. The most commonly
considered systematic error is the bias in the mean climate of the model.

Target period: The period for which the forecast applies.

Teleconnection: A simultaneous or successive association between climate
anomalies in separate parts of the globe. The climate anomalies in the dis-
parate regions are related by having a common forcing mechanism
broadcast over distances through a mechanism generically referred to as a
teleconnection. The best known example of a teleconnection is the Southern
Oscillation, which involves opposite tendencies in sea-level pressure in the
western and east-central tropical South Pacific Ocean, and which is then
transmitted to distant parts of the globe.

Tercile: Each part of a distribution that divides the data into three equal
parts. Note that there are two terciles (the upper and lower), which define
three categories. Sometimes, somewhat confusingly, the “tercile” is used to
refer to the categories defined by the division (e.g., “above-normal tercile”
refers to the category above the upper tercile).

Top Down: A management approach that examines and resolves issues at
the highest policy and management levels, then ripples solutions down-
wards to the working levels (cf. bottom up).

Tropical Atmosphere Ocean (TAQO) Array: An array of moored buoys
across the tropical Pacific Ocean. These relay latest oceanic and atmos-
pheric data via satellite links that are used in many seasonal prediction
models.

Type I Error: The rejection of a null hypothesis when the null hypothesis
is true. A type I error is made when the result of a statistical test is accepted
as statistically significant when the strength of the result is only a result of
sampling error. In statistical modelling, for example, type I errors include
accepting spurious predictors, which results in operational forecasts being
of lower quality than anticipated.
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Type II Error: The acceptance of a null hypothesis when the alternative
hypothesis is true. A type II error is made when the result of a statistical test
is accepted as statistically insignificant when the weakness of the result is a
result of sampling error or insufficient data. In statistical modelling, for ex-
ample, type II errors result in actual forecast quality being less than the
potential predictability.

Useful: Often used by climatologists in the context of their perceived value
of their predictions, but frequently unfounded until proven to have value.

User: Many terms have been used to name those to whom seasonal predic-
tions are directed — decision makers, decision takers, recipients,
stakeholders, end-users, and so on. There is no clear distinction between
these terms, and each may be interpreted differently at distinct stages of the
delivery chain. Hence ‘user’ is employed here in a generic sense to cover
the interpretation intended in this book. A ‘user’ is anyone that makes use
of Climate Information available at any stage of the (comprehensive) fore-
casting system. As a consequence, there are different levels of users
including intermediate or end/final users.

United National Framework Convention on Climate Change
(UNFCCC): One of the so-called Rio Conventions that emerged from
UNCED in 1992. The UNFCCC provides the framework under which in-
tergovernmental climate change negotiations are held, and from which the
Kyoto Protocol emerged.

Validation: The evaluation of the ability of a model to make good forecasts
and/or to reproduce observed features of the climate system. Sometimes
used as synonymous with Verification.

Value: Value is provided when information, such as a prediction, is em-
ployed actively to adjust an existing decision or to illuminate or confirm a
new decision; predictions, of whatever quality, that are not used in, or do
not contribute towards, any decision processes have no value. It is also used
to indicate a measure of the benefit achieved through climate information
use. Contrast with quality.

Verification: The measurement of the quality of a forecast or of a sequence
of forecasts. The term is sometimes used to refer to the eventual outcome to
which the forecast was targeted; thus a forecast is compared to its verifica-
tion in assessing the quality of the former.
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Very Short Range Weather Forecasting: Official terminology of the
WMO to signify predictions from 2 hours to 12 hours.

Vulnerability: A measure of the extent to which a society or a system
might be affected adversely by an event; hence vulnerability reduction.

Warm Phase: The E/ Nifio stage of ENSO during which sea surface tem-
peratures over the eastern equatorial Pacific Ocean are above average.

Weather: The day-to-day evolution of the atmosphere, as measured by
variables such as temperature, wind and precipitation. Given its shorter av-
eraging time, weather undergoes larger fluctuations than climate, which
therefore acts as a weather smoother or integrator. Thus, at any given loca-
tion, daily temperature anomalies of many degrees are normal whereas
seasonal temperature anomalies are usually only a few degrees.

Wind stress: Force exerted on surfaces with small irregularities (typically
the oceans) by the atmosphere, due to pressure differences and viscosity. It
is proportional to the square of the wind speed and it is the main driver of
upper ocean circulation.

World Meteorological Organization (WMO): A Specialised Agency of
the UN, based in Geneva, responsible for the international management
concerning the atmosphere and oceans.



