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OBJECTIVES AND SCOPE
Considerable controversy and substantial uncertainty exists worldwide concerning

the current state-of-the-art in weather forecasting and regarding recent trends in the
quality of local forecasts.

This controversy and uncertainty is due in part to the fact

that each nation uses different methods to verify its forecasts.

In particular, since a

wide variety of measures of performance are used in practice, it is frequently difficult
to compare or reconcile the verification statistics produced by different nations.

The

purpose of this report is to propose a possible standard set of procedures that could be
used to verify local weather forecasts, thereby facilitating comparisons of the quality
of forecasts prepared by various national weather services or other organizations.
Forecast verification is undertaken for a variety of purposes and the verification
process itself consists of several steps.

Moreover, local weather forecasts generally

contain statements concerning several variables and these statements can be expressed in
many different formats.

Thus, the development of a comprehensive set of standard

verification procedures is a formidable task.

As a result, the proposed set of

procedures described in this report is necessarily limited in scope and completeness.
First, the report focuses on short-range forecasts for specific sites (i.e., points).
Second, it is restricted to the scientific aspects of verification.

Finally, some

important topics in forecast verification (e.g., tests of significance, economic
verification) are not treated here.
Section 2 contains a discussion of some aspects of forecast verification and the
verification process that must be considered in order to provide a general framework and
rationale for the proposed set of procedures.

Some standard verification measures for

categorical and probabilistic forecasts are presented in Sections 3 and 4,
respectively.
predictands;

In each of these sections, measures are described for two types of
namely, nominal predictands and ordinal predictands.

Section 5 consists

of a short guide to useful references and source material related to forecast
verification, with special emphasis on some important topics not considered in this
report.

-

2.

SOME BASIC CONSIDERATIONS

2.1

Purposes of Verification

2 -

Forecast verification is undertaken for a variety of different purposes.

The

choice of a particular purpose (or set of purposes) necessarily plays an important role
in determining which procedures and measures should be used in the verification
process.

Many controversies associated with forecast verification have arisen because

of the failure to take proper account of the purposes of

v~rification

and the

implications of these purposes for verification procedures and practices.
Two overall purposes for verification can be identified:

(a) to measure the

quality of forecasts and (b) to assess the value of forecasts.
leads to a different type of verification.

Each general purpose

The first type is concerned principally with

the correspondence between forecasts and observations and is usually referred to as
scientific verification.

The second type involves assessment of the economic and/or

social benefits (positive or negative) associated with the use of forecasts and is
frequently called economic verification.

The procedures presented in this report are

concerned exclusively with the scientific aspects of verification.
Within the context of scientific verification, it is possible to identify several
specific purposes or objectives.

These objectives include: (a) to determine the state

of the art of weather forecasting and trends in the quality of forecasts over time; (b)
to establish a system to monitor, on a continuing basis, the quality of forecasts
(quality control); (c) to compare forecasts produced by different forecasters or
different forecasting techniques; (d) to provide feedback to forecasters concerning
their individual and/or collective performance; and (e) to investigate the errors in
forecasts as a basis for improving forecasting techniques.
involve several of these purposes.

Many verification programs

In this report we are concerned primarily with

verification procedures and measures that are suitable and useful for purposes {a) and
{c).

For further discussion of the purposes or objectives of verification, refer to
Brier and Allen (1951), Daan (1984), and Murphy and Daan (1985).

-

2.2
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Predictands and Forecasts
Verification procedures necessarily depend on the nature of the variables or events

for which forecasts are formulated and on the type of forecasts.
2.2.1

Nature of predictands
For the purposes of this discussion, it is appropriate to differentiate between two

types of predictands:

(a) nominal predictands and (b) ordinal predictands.

A nominal

predictand consists of two or more mutually exclusive and collectively exhaustive events
or states, and these events may be ordered or unordered.

Examples of nominal

predictands include ordered categories of temperature or precipitation values or
unordered sets of weather events (e.g., no obstructions to vision, haze or smoke, fog,
precipitation).

However, a predictand is treated as a nominal predictand when the

ordering of the events, if they are ordered, is not considered to be relevant from the
point of view of verification.
In situations involving only two events, nominal predictands are frequently
referred to as binary predictands.

Typical binary predictands include dichotomies such

as precipitation/no precipitation, fog/no fog, and tornado/no tornado.

In the case of

binary predictands, it is generally sufficient for computational purposes to restrict
attention to one of the two events.
A predictand is treated as an ordinal predictand when it is represented either by
the values of a variable defined on an ordinal scale or by ordered events when this
ordering is considered to be essential for verification purposes.

Thus, ordinal

predictands may be either continuous or discrete variables, whereas nominal predictands
are necessarily discrete.

Examples of ordinal predictands include temperature,

precipitation amount, wind speed, and visibility.

It should be noted that discrete

variables (or sets of events) may be considered to be nominal predictands for some
purposes and ordinal predictands for other purposes.
2.2.2

Types of forecasts
Two types of forecasts can be identified, categorical forecasts and probabilistic

forecasts.

Categorical forecasts consist of statements indicating that certain events
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or values will or will not occur.

In the case of nominal predictands, a categorical

forecast is a statement that one of the set of events will occur and, by implication,
that the other events in the set will not occur.

A categorical forecast for an ordinal

predictand consists of a forecast of a specific event or value of the relevant variable.
Probabilistic forecasts for nominal predictands represent discrete probability
distributions, in which each probability represents the (stated) likelihood of
occurrence of the corresponding event.
of events must be equal to one.

The sum of the probabilities assigned to the set

In the case of an ordinal predictand, a probabilistic

forecast may be expressed as a discrete or continuous probability distribution or in
terms of the corresponding cumulative probability distribution.
2.3

Attributes of Forecasts
When the purposes of a verification program have been specified, it is

then usually possible to identify certain desirable properties, or attributes, of
forecasts with respect to these purposes.

In this paper, attention is restricted to

three attributes of categorical and probabilistic forecasts; namely, accuracy,
reliability, and skill.

For a more detailed discussion of these and other attributes,

see Murphy and Daan (1985).

The verification procedures to be described in Sections 3

and 4 generally are explicit measures of one or more of these attributes.
2.3.1

Accuracy
Accuracy is defined as the average degree of correspondence between individual

forecasts and observations.

In the case of categorical forecasts for nominal

predictands, a forecast is perfectly accurate if the event that is forecast is also
subsequently observed.

In this context, accurate and inaccurate forecasts often are

referred to as "hits" and "misses," respectively.

The percentage of hits in a sample of

forecasts (i.e., the "hit rate") frequently represents an important ingredient in the
process of formulating verification measures for categorical forecasts of nominal
predictands.

The accuracy of categorical forecasts for ordinal predictands can be

defined in terms of the average difference between the forecast and observed events or
values of the variable.

In the case of probabilistic forecasts, accuracy relates to the
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average degree of correspondence between individual discrete or continuous probability
distributions representing the forecasts and the corresponding distributions
representing the observations (cumulative distributions would be employed in the case of
ordinal variables).
2.3.2

Reliability
Reliability is defined as the degree of correspondence between forecasts

and observations over a sample of forecasts.

In the case of categorical forecasts for

nominal predictands, reliability is concerned with the correspondence between average
forecasts and average observations (or observed relative frequencies).

If these average

quantities are equal, then the forecasts are said to be perfectly reliable or completely
unbiased.

The reliability of categorical forecasts for ordinal predictands can be

defined in terms of the difference between the average forecast and observed events or
values of the variable.
In the case of probabilistic forecasts, it is important to distinguish between
reliability in-the-large and reliability in-the-small.

For a nominal predictand,

reliability in-the-large is defined in terms of the difference between the average
forecasts and the observed relative frequencies over the entire sample of forecasts.
Reliability in-the-small for such a predictand relates to the difference between an
average (or representative) forecast and the corresponding observed relative frequencies
for a particular probabilistic forecast or "range" of such forecasts.

An overall

indicator of reliability in-the-small can be obtained by taking a weighted average of
these individual differences.

For ordinal predictands, similar definitions of

reliability in-the-large and reliability in-the-small can be formulated in terms of
cumulative forecast probability distributions and the corresponding cumulative
observations.
2.3.3

Skill
Skill is a derived attribute and generally relates to the accuracy of the forecasts

of interest relative to the accuracy of forecasts produced by a standard of reference.
Thus, skill is sometimes referred to as "relative accuracy," and measures of skill are
by definition relative measures (see Section 2.4.2).

Although any standard of reference
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could be. used in determining the skill of a sample of forecasts, skill is usually
defined with respect to naive standards of reference such as climatology, persistence,
or chance (see Section 2. 5).
2.4
2.4.1

Nature and Properties of Verification Measures
Proper and consistent measures
It is a general principle of forecast verification that the measures used to verify

forecasts should not influence forecasters (or forecast systems) to make forecast
statements that differ from their best judgments (these internal judgments are assumed
to be "expressed" in probabilistic terms).

Verification measures that encourage

complete correspondence between forecasts and judgments are referred to as proper
measures, and they are defined only for probabilistic forecasts.

Although the concept

of proper measures is not applicable to categorical forecasts, it is possible to
identify a less stringent condition that measures used to verify such forecasts should
satisfy.

If it is assumed that the forecaster receives a "directive" concerning the

procedure to be used in' translating judgments into forecasts (e.g., "forecast the mean
value of your judgmental distribution"), then the measure used to verify the forecasts
should be consistent with this directive (i.e., the mean square error).

Verification

measures which satisfy such a condition are referred to as consistent measures.
Whenever possible, it is desirable to use proper measures to verify probabilistic
forecasts and consistent measures to verify categorical forecasts.
2.4.2

Absolute and relative measures
It is important to distinguish between absolute and relative verification

measures.

An

absolute measure generally is a function of the forecasts of interest and

the corresponding observations and is concerned solely with the quality of these
forecasts.

A relative measure, on the other hand, is a function of both the forecasts

and observations of interest and the forecasts and observations associated with a
standard of reference.

Specifically, relative measures are concerned with the quality

of the forecasts of interest with respect to the quality of forecasts produced by the
reference system.

Thus, measures of skill are necessarily relative measures.

Since

.forecast verification is usually a comparative process, relative measures are of
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considerable importance, and such measures frequently are defined in terms of
differences between - or ratios of - absolute measures.
2.4.3

Standard range of scores
For some purposes it is useful to establish a standard range of scores.

Frequently, the range from zero to one is taken as such a standard, with one
representing the best possible score and zero representing the worst possible score (in
the case of relative measures, zero may represent the score associated with the standard
of reference).

If the best score and the worst (or reference) score are finite and

known constants, then it is relatively easy to transform the original measure into a
measure whose scores possess the desired range.
2.5

Standards of Reference
Standards of reference provide a baseline from which to judge the performance of

particular forecasters (or forecasting systems).

A variety of such standards can be

identified (depending on the situation), ranging from naive techniques such as chance to
sophisticated procedures such as a numerical-statistical model.

It is difficult to

establish a universal set of guidelines for choosing a suitable standard of reference.
Generally speaking, however, if several standards are available, then the most
successful of these standards should be used as the "official" standard of reference.
Here, we briefly describe three simple standards of reference; namely, persistence,
climatology, and chance.
Persistence, as a method of forecasting, specifies that the event (or value of the
variable) that is observed at the initial time also will occur at the valid time.
evident that persistence forecasts are inherently categorical in nature.

It is

Persistence

represents a particularly appropriate standard of reference for very short-range (i.e.,
0-2 hour) local weather forecasts.
As a standard of reference, climatology provides estimates of the probability of
occurrence of the relevant events on the basis of historical climatological data
(possibly stratified by spatial and/or temporal considerations).

In the absence of

historical data, it is possible to use the sample relative fequencies of the events as
surrogates for the long-term relative frequencies.

Climatology is a particularly
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suitable standard of reference for long-range forecasts, but it also is a reasonable
standard for short-range forecasts expressed in probabilistic terms.
In the absence of either persistence or climatological forecasts, chance can be
used as a minimally acceptable standard of reference.

As a method of forecasting,

chance generally involves assumptions such as "the events of interest are all equally
likely" or "the forecast and observed events are independent" (in the latter case, the
overall relative frequencies of occurrence of the forecast and observed events may be
specified by long-term or sample climatological probabilities).

Obviously, chance is

not a very stringent standard of reference.
Many other standards of reference could be defined.

For example, it is

possible to combine persistence and climatology to produce a composite standard of
reference (Daan, 1984).
in certain situations.

Other "natural" standards of reference may present themselves
For example, when objective forecasts are provided to

forecasters as guidance, these forecasts represent an obvious and frequently highly
competitive standard of reference for the official subjective forecasts.

-
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STANDARD VERIFICATION MEASURES FOR CATEGORICAL FORECASTS
This section describes the proposed standard verification measures for categorical

forecasts.

Two types of predictands are considered, nominal predictands and ordinal

predictands.

For each type of predictand, verification measures are presented for three

attributes; namely, accuracy, reliability, and skill.
3.1

Notation
The set of verification data is assumed to consist of K categorical forecasts and

the corresponding observations.

Let~= (c1k• ••• ,cNkl denote the kth

categorical forecast for a nominal predictand, where cnk = 1 if the nth event is
forecast to occur on the kth occasion and Cnk = 0 if the nth event is not forecast
to occur on the kth occasion (n=l, ••• ,N; k=l, ••• ,K).

The corresponding observation

will be denoted by~= (d1k•···•dNk), where dnk = 1 if the nth event occurs

=

on the kth occasion and dnk

0 otherwise.

observation for such a sample are denoted by

The average forecast and average
~

=

(c1 ,

K

respectively, in which Cn

=

••• ,eN)
K

and d = (d1 ,

•••

,dN),

(1/K) E cnk and dn = (1/K) E dnk (n=l, ••• ,N).

It should be
k=1
k=1
noted that the average observation (~) represents the sample climatological probabili-

ties of the events.

The long-term climatological probabilities for these events are
N

denoted by

i =

(o 1 , ••• ,oN)

E on=1).

(o~O,

can be simplified; specifically,

For binary predictands, this notation

n=1
~k

=

(C1k•C2kl = (c1k•1-c1kl = (ck,1-ck),

~k

=

( o, 1-o l.
For categorical forecasts of ordinal predictands, different notation will be
employed.

Let Yk denote the forecast event or value on the kth occasion and let

zk denote the corresponding observation (k=1, ..• ,K).

The average forecast and

average observation in this situation are denoted by y and z, respectively, where y
K

(1/K) E yk and

z=

K
( 1/K) E zk.

k=1
3.2
3.2.1

k=1

Nominal Predictands
Accuracy
The basic measure of accuracy for a sample of K categorical forecasts for a nominal
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predictand consisting of N events is the hit rate (HRN), where
K
(1/K)

(a prime denotes a transpose).
forecasts

E ~k~k
k=1

-c

d

HRN ranges from zero for completely incorrect

all k) to one for perfect forecasts

(~*~for

(1)

I •

(~=~for

all k),

and it is consistent with a directive which states "forecast the event with the largest
judgmental probability."

In the case of a binary predictand (N=2), HRN in (1) becomes

HR 2 , where
1 - c - d + 2cd.

(2)

The measure HRN represents a "complete" measure of accuracy, in the sense that it
considers all N events.

Partial measures of accuracy are also of interest, especially

in situations involving rare but significant events.

In such situations, it is

frequently desirable to compute the probability of detection (POD) and false alarm rate
(FAR) for the rare event, where

POD

( 3)

and
FAR

in which c0 and

do

refer to the forecasts and observations, respectively, for the

event in question.

POD ranges from zero for completely incorrect forecasts (c d
0

to one for perfect forecasts (c d
0

forecasts (c d
0

0

(4)

c

0

)

0

= d

0

),

0

0)

whereas FAR ranges from zero for perfect

to one for completely incorrect forecasts (c d
0

0

=

0).

It should

be noted that POD is identical to the post agreement and that FAR is the complement of
the prefigurance.
3.2.2

Reliability
A reasonable measure of the overall reliability or bias of a sample of K

categorical forecasts for nominal predictands consisting of N events is the bias measure

- 11 -

B

N

in which b = c forecasts (b

d.

0).

(5)

= b b',

--

BN is nonnegative and equals zero for completely unbiased
For binary predictands, BN in (5) becomes B2 , where
(6)

3.2.3

Skill
An

appropriate skill score for categorical forecasts of nominal predictands·is the

performance index (PIN), where
(c d'- £_§_')/(1- ll ll')

(Hanssen and Kuipers, 1965; see also Daan, 1984).

( 7)

The standard of reference in the

definition of PIN is the set of long-term climatological probabilities (_§_).

PIN is

consistent with a directive which states "forecast all events for which the judgmental
probability exceeds the long-term climatological probability."

Note that this directive

implies that more than one event may be forecast to occur on some occasions.
cases, it is necessary to replace
perfect forecasts

(£~'

= 1)

~k

by

~k'

where

~k

=

In such

N
~k/( E

cnk). PIN equals one for
n=1
and zero for a constant forecast equal to the climatologi-

cal probabilities (assuming, in both cases, that d =Ill.

In the case of a binary

predictand, PIN in (7) becomes PI 2 , where
[(ll- d)+ 2(cd- cll)l/[21)(1- ll)].
3.3
3.3.1

( 8)

Ordinal Predictands
Accuracy
Two measures of the accuracy for categorical forecasts of ordinal predictands are

described, the mean absolute error (MAE) and the mean square error (MSE).

These

measures are defined as follows:
K

MAE

(1/K) E lyk - zkl
k=1

(9)
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and
K

MSE

( 1 0)

( 1/K) l: ( yk - zk) 2.
k=1

Both measures are nonnegative and equal zero for perfectly accurate forecasts (Yk
Zk for all k).

The MAE is consistent with a directive which states "forecast the

event or value corresponding to the median of the judgmental probability distribution,"
whereas the MSE is consistent with a directive which states "forecast the event or value
corresponding to the mean of the judgmental probability distribution."

When the

predictand of interest has a unimodal and approximately symmetric distribution, the MSE
appears to be a particularly appropriate measure of accuracy.

On the other hand, for

predictands with asymmetric and/or multi-modal distributions, the MAE would appear to be
a more suitable measure of accuracy than the MSE.
3.3.2

Reliability
For ordinal predictands, overall reliability or bias can be measured in terms of

the difference between the mean forecast and the mean observation.

This mean or

systematic error can be denoted by ME, where
ME=y-z.

( 11)

ME equals zero for completely reliable (or completely unbiased) forecasts.
3.3.3

Skill
Measures of skill for categorical forecasts of ordinal predictands can be defined

directly in terms of the basic measures of accuracy.

Thus, skill scores (or indices)

corresponding to the MAE and MSE can be formulated as follows:
1 - (MAE/MAERS)

( 12)

1 - ( MSE/MSERS ) ,

( 13)

and

where MAERs and MSERs refer to the mean absolute error and mean square error,
respectively, of forecasts produced by the reference system.
one for perfectly accurate forecasts (MAE = MSE

=

SSMAE and SSMSE equal

0) and equal zero for forecasts whose

accuracy is identical to that of the reference system (MAE

= MAERs

and MSE

= MSERs>·
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4.

STANDARD VERIFICATION MEASURES FOR PROBABILISTIC FORECASTS

4.1

Notation
The set of verification data is assumed to consist of K probabilistic forecasts and
Let~= (r1k•···•rNkl denote the kth

the corresponding observations.

probabilistic forecast for a nominal predictand, where rnk represents the forecast
N

probability of the nth event on the kth occasion (r ~0, Er k=1). The average
n
n=1 n
K
forecast for the sample is denoted byE= (rl'"'"'rN), where r = (1/K) Er k' For
n
k=1 n

(r1 ,1-r 1 ) = (r,1-r).

As in the case of verification measures for categorical forecasts,

the kth observation, average observation, and long-term climatological probabilities
are denoted by ~k' ~' and~' respectively (see Section 3.1).
When only a finite number of probability values are used in expressing the
forecasts (e.g., the eleven values 0.0, 0.1, ... , 1.0), it is possible to divide the
sample of K forecasts into a finite number (T say) of subsamples.

Then the tth

T

Et ( r Kt=K), where Et =
t=1
The corresponding subsample relative frequencies of

subsample consists of the Kt forecasts for which
N

(rlt'"'"'rNt)

(rnt~O,

~

E rnt=1).
n=1
the events are denoted by ~t = (d 1t, ••. ,dNt)' in which dnt represents the relative
frequency of the nth event in the tth subsample (n=1, .•• ,N; t=1, •.. ,T).

1-d tl = (dt,1-dt).
1

For binary

In such cases, the number of subsamples (T) equals the number of

distinct probability values.
For ordinal predictands, it is necessary to consider cumulative forecasts and
cumulative observations.

Specifically, let ~k = (R1k•···•RNkl denote the kth
n

cumulative forecast, where Rnk =

E rmk, and
m=1 n

let~=

(D k, .•• ,DNk) denote the kth
1

cumulative observation, where Dnk =
average cumulative observation
be defined in the usual manner.

Q

E dmk. An average cumulative forecast R and an
m=1
for the sample of K forecasts and observations can

Moreover, since one-to-one correspondences exist

between forecasts and cumulative forecasts and between observations and cumulative
observations, the partition of the basic sample into subsamples of distinct forecasts
also applies to cumulative forecasts.

The distinct cumulative forecasts are denoted by

- 14 -

~t

and the corresponding observed relative frequencies are denoted by E_t

(t=1, .•• ,T).
4.2
4.2.1

Nominal Predictands
Accuracy
The basic measure of accuracy for a sample of K probabilistic forecasts for a

nominal predictand consisting of N events is the Brier score (BSN), where
K

( 14)

(1/K) E <.~k - ~)(~ - ~)I

k=1
(Brier, 1950).

BSN ranges from zero for perfectly accurate forecasts

all k) to two for completely inaccurate forecasts.

(£k

=~for

It should also be noted that BSN

represents the mean square error of forecasts expressed in probabilistic terms and that
BSN is a proper measure.

In the case of a binary predictand (N=2), BSN in (14)

becomes BS 2 , where
K
E

(2/K)

(rk- ~)2.

( 15)

k=1
4.2.2

Reliability
Reliability in-the-large (or global bias) for probabilistic forecasts of nominal

predictands consisting of N events can be measured by GBN, where

<E:-

GBN =

~)(E:- ~)'.

(16)

GBN is nonnegative and equals zero for completely unbiased forecasts

(r =d).

For

binary predictands, GBN in (16) becomes GB 2 , where
( 17)

Reliability in-the-small for probabilistic forecasts in this context can be
measured by RELN, where
T
(1/K) E Kt(E_t -

t=1

(see Murphy and Daan, 1985).

~t)

(E_t - dt)

I

( 18)

-

RELN is nonnegative and equals zero for probabilistic
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forecasts that are completely reliable in-the-small (£t

it for all t).

In the case

of binary predictands, RELN in (18) becomes REL 2 , where

( 19)

REL 2

4.2.3

Skill
A suitable measure of skill in this context is the skill score SSBSr where
(20)

in which BS~ is the Brier score for forecasts based solely on the long-term
climatological probabilities (!).

In this regard, SSBS equals one for perfect

0) and equals zero for forecasts whose accuracy is identical to that

forecasts (BSN

of the long-term climatological probabilities (BSN

c
= BSN).

As defined in (20), SSBs

represents the fractional improvement in the accuracy of the forecasts of interest over
the accuracy of the climatological probabilities.
4.3

Ordinal Predictands
In this section we consider only discrete ordinal predictands.

4.3.1

Accuracy
The basic measure of accuracy for a sample of K probabilistic forecasts for an

ordinal predictand consisting of N events is the ranked probability score (RPSN),
where
K

( 1/K) l: (~k - E_k)(~k - E_k)
k=1

in

which~=

(R 1k, .•• ,RNk) and

Ek

n

= (D 1k, .•• ,DNk), with Rnk

(Epstein, 1969; see also Murphy, 1971).
forecasts
and dNk

=

(£k
1 or

=

ik
~k

(21)

11

l: rmk and Dnk
m=1
RPSN ranges from zero for completely accurate
=

for all k) to N-1 for completely inaccurate forecasts (rlk
and dJk

=

1 for all k).

Since

Bx

and

Ek

=

1

represent

cumulative forecasts and observations, RPSN in (21) is the mean square error of such
forecasts.

RPSN is a proper measure.

Finally, RPS 2 = (1/2) BS 2 .
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4.3.2

Reliability
Reliability in-the-large (or global bias) for probabilistic forecasts of ordinal

predictands consisting of N events can be assessed by a measure analogous to GBN in
(16).

If we denote this measure by GBN, then
GB~ =

(~ -

E_)

(~

-

D)

1

(22)

•

GBN is nonnegative and equals zero for completely unbiased forecasts
equivalent to £ =

(R = Q,

which is

~).

In this context, reliability in-the-small can be measured by

RELN,

where

T
REL~

RELN

(23)

I.

is nonnegative and equals zero for probabilistic forecasts that are completely

reliable in-the-small
4.3.3

( 1/K) L Kt (~t - Qt )(~t - Qt)
t=1

(~t

= E.t

for all t, which is equivalent to

~t

= ~t

for all t).

Skill
A suitable measure of skill in this context is the skill score SSRPS• where
(24)

in which RPS~ is the ranked probability score based solely on the long-term cumulative
climatological probabilities.

SSRPS equals one for perfect forecasts (RPSN = 0) and

equals zero for forecasts whose accuracy is identical to that of the long-term
cumulative climatological probabilities (RPSN

= RPS~).

As defined in (24), SSRPS

represents the fractional improvement in the accuracy of the cumulative forecasts of
interest over the accuracy of the cumulative climatological probabilities.
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5.

SHORT GUIDE TO VERIFICATION LITERATURE
The literature on forecast verification is now quite extensive, and it ranges from

reviews and general treatments of the subject as a whole to papers and reports concerned
with particular aspects of verification or with specific verification measures.

This

section attempts to provide the interested reader with an initial guide to the
verification literature (or at least to the portion of this literature that has appeared
in the English language).

Additional lists of references can be found in the works

cited here.
Several attempts have been made to review or summarize the verification literature
and/or to describe various components of a general approach to the problem of forecast
verification.

Some useful references of this type include Brier and Allen (1951),

Gringorten (1951), Johnson (1957), Dobryshman (1972), Murphy (1974), Daan (1984), Murphy
and Winkler (1984), and Murphy and Daan (1985).

Significant collections of papers

treating various aspects of the subject have appeared in publications issued by the
National Center for Atmospheric Research (1976) and the World Meteorological
Organization (1980).

Bibliographies concerned with the verification literature have

been prepared by Muller (1944), Meglis (1960), and Murphy and Allen (1970).
Numerous verification measures have been proposed over the years, and most of these
measures are described in one or more of the review papers cited in the previous
paragraph.

Recently, some attention has been focused on the need to identify and/or

develop criteria that can be used to judge the relative merits of alternative measures.
The results of a particularly noteworthy study of this type are contained in the report
by Daan (1984).

The standard verification measures proposed here are consistent with

the "recommended scores" identified in this earlier report.
Many important aspects of forecast verification have not been considered in this
report.

Such aspects include (a) verification tables and diagrams; (b) verification

measures and procedures for forecasts of rare events; (c) detection of differences or
trends in forecast quality; and (d) economic verification.
provide a few recent references concerning these topics.

In this paragraph, we
Some discussion of

verification tables and diagrams appears in the recent chapter by Murphy and Daan
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(1985).

Verification of forecasts of rare events is a difficult task, especially when

the forecasts are expressed in categorical terms.

This topic is treated within the

context of severe local storm forecasting in a paper by Weiss et al. (1980).

The

development of procedures to detect differences or trends in forecast quality has
received relatively little attention in recent years (difficulties encountered in this
area, which frequently preclude the use of standard statistical procedures, include
non-normality and the lack of independence among the forecasts and observations in their
respective samples).

For discussion and application of some procedures of this type,

the reader is referred to reports by Hicks (1983) and Glahn (1984).

Economic

verification also presents the meteorologist with a formidable challenge, since
estimates of the payoffs or expenses associated with the use of forecasts are generally
difficult to obtain.

Some references to recent work in this area include Daan (1984),

Murphy (1974, 1977), and Stuart (1982).

In a related vein, a paper by Katz et al.

(1982) summarizes the results of a detailed study of the economic value of short-range
forecasts to orchardists in the United States concerned with protecting their fruit
trees against freezing temperatures.
Other important topics not discussed in this report include the development and
implementation of national verification programs and the use of the output of such
programs to improve forecasting procedures in the future [the latter topic relates to
specific objectives (d) and (e) in Section 2.1].

With regard to the former, a plan was

recently developed for a national verification program in the United States (National
Weather Service, 1982), and the implementation of this program is currently in
progress.

Discussion of the use of verification data to improve forecasts was

considered to be beyond the scope of the report.
subject of a future report in this series.

Perhaps this topic could be the
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