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Relevant coastal forecasts

Mitigation

prevent hazards from developing into disasters (prevention,
planning)

Preparation

change behavior to limit the impact of disaster (emergency
management)

Fedor Baart

Confidence in coastal forecasts



Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

http://www.youtube.com/watch?v=_f6s1TxXq3Y

Fedor Baart

Confidence in coastal forecasts

http://www.youtube.com/watch?v=_f6s1TxXq3Y


Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

Mitigation forecast: the 1/10000/year storm
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Mitigation forecast: sea level rise
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Mitigation forecast: sea level rise
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Mitigation forecasts: dune volume change
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Preparation forecasts: hydrodynamic & morphodynamic a
few days ahead
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Including confidence intervals
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Preparation forecasts: hydrodynamic a few days ahead

1.5 1.0 0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
forecasted surge [m]

2.0

1.5

1.0

0.5

0.0

0.5

1.0

1.5

2.0

fo
re

ca
st

 e
rr

o
r 

[m
]

2 0 2 4 6 8 10 12
forecast time [days]

fo
re

ca
st

 e
rr

o
r 

[m
]

0.0

1.5

3.0

4.5

6.0

7.5

9.0

fo
re

ca
st

 t
im

e
 [

d
a
y
s]

0.3

0.0

0.3

0.6

0.9

1.2

1.5

1.8

2.1

fo
re

ca
st

e
d
 s

u
rg

e
 [

m
]

Fedor Baart

Confidence in coastal forecasts



Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

Preparation forecasts: morphodynamic a few days ahead
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Types of forecasts

Numerical

Generalizable to where
assumptions hold

Increase to improve

Statistical

Applies to samples from the
same population

Reduce to improve
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Reducing confidence intervals

increase n

include confounders

stronger assumptions
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Qualitative versus Quantitative research

Quantitative

Verify hypothesis

Qualitative

Gain insight
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Measurements versus truth
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Terminology

reliability-
validity+

accuracy+
precision-

accuracy+
bias-
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Confidence...

• For findings with low agreement and limited evidence,
assign summary terms for your evaluation of evidence
and agreement.

• In any of these cases, the degree of certainty in findings
that are conditional on other findings should be evaluated
and reported separately.

9) A level of confidence is expressed using five qualifiers:
“very low,” “low,” “medium,” “high,” and “very high.” It
synthesizes the author teams’ judgments about the validity
of findings as determined through evaluation of evidence
and agreement. Figure 1 depicts summary statements
for evidence and agreement and their relationship to
confidence. There is flexibility in this relationship; for a given
evidence and agreement statement, different confidence
levels could be assigned, but increasing levels of evidence
and degrees of agreement are correlated with increasing
confidence. Confidence cannot necessarily be assigned for
all combinations of evidence and agreement in Figure 1
(see Paragraph 8). Presentation of findings with “low”
and “very low” confidence should be reserved for areas
of major concern, and the reasons for their presentation
should be carefully explained. Confidence should not
be interpreted probabilistically, and it is distinct from
“statistical confidence.” Additionally, a finding that includes
a probabilistic measure of uncertainty does not require
explicit mention of the level of confidence associated with
that finding if the level of confidence is “high” or “very
high.” 

10) Likelihood, as defined in Table 1, provides calibrated
language for describing quantified uncertainty. It can be
used to express a probabilistic estimate of the occurrence
of a single event or of an outcome (e.g., a climate parameter,
observed trend, or projected change lying in a given

range). Likelihood may be based on statistical or modeling
analyses, elicitation of expert views, or other quantitative
analyses. The categories defined in this table can be
considered to have “fuzzy” boundaries. A statement that
an outcome is “likely” means that the probability of this
outcome can range from ≥66% (fuzzy boundaries implied)
to 100% probability. This implies that all alternative
outcomes are “unlikely” (0-33% probability). When there
is sufficient information, it is preferable to specify the full
probability distribution or a probability range (e.g., 90-
95%) without using the terms in Table 1. “About as likely
as not” should not be used to express a lack of knowledge
(see Paragraph 8 for that situation). Additionally, there is
evidence that readers may adjust their interpretation of
this likelihood language according to the magnitude of
perceived potential consequences.11

11) Characterize key findings regarding a variable (e.g., a
measured, simulated, or derived quantity or its change)
using calibrated uncertainty language that conveys the
most information to the reader, based on the criteria (A-F)
below.12 These criteria provide guidance for selecting
among different alternatives for presenting uncertainty,
recognizing that in all cases it is important to include a
traceable account of relevant evidence and agreement in
your chapter text.

A) A variable is ambiguous, or the processes determining
it are poorly known or not amenable to measurement:
Confidence should not be assigned; assign summary
terms for evidence and agreement (see Paragraph 8).
Explain the governing factors, key indicators, and

3

ipcc guidance note

High agreementLimited evidence High agreementRobust evidence

Low agreementLimited evidence Low agreementRobust evidence

Evidence (type, amount, quality, consistency)

Agreement 

Low agreementMedium evidence
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Figure 1: A depiction of evidence and agreement statements and their relationship to
confidence. Confidence increases towards the top-right corner as suggested by the
increasing strength of shading. Generally, evidence is most robust when there are multiple,
consistent independent lines of high-quality evidence.

Table 1. Likelihood Scale

Term* Likelihood of the Outcome

Virtually certain 99-100% probability

Very likely 90-100% probability

Likely 66-100% probability

About as likely as not 33 to 66% probability

Unlikely 0-33% probability

Very unlikely 0-10% probability

Exceptionally unlikely 0-1% probability

* Additional terms that were used in limited circumstances in the AR4 (extremely likely –
95-100% probability, more likely than not – >50-100% probability, and extremely
unlikely – 0-5% probability) may also be used in the AR5 when appropriate.
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Certainty...

• For findings with low agreement and limited evidence,
assign summary terms for your evaluation of evidence
and agreement.

• In any of these cases, the degree of certainty in findings
that are conditional on other findings should be evaluated
and reported separately.

9) A level of confidence is expressed using five qualifiers:
“very low,” “low,” “medium,” “high,” and “very high.” It
synthesizes the author teams’ judgments about the validity
of findings as determined through evaluation of evidence
and agreement. Figure 1 depicts summary statements
for evidence and agreement and their relationship to
confidence. There is flexibility in this relationship; for a given
evidence and agreement statement, different confidence
levels could be assigned, but increasing levels of evidence
and degrees of agreement are correlated with increasing
confidence. Confidence cannot necessarily be assigned for
all combinations of evidence and agreement in Figure 1
(see Paragraph 8). Presentation of findings with “low”
and “very low” confidence should be reserved for areas
of major concern, and the reasons for their presentation
should be carefully explained. Confidence should not
be interpreted probabilistically, and it is distinct from
“statistical confidence.” Additionally, a finding that includes
a probabilistic measure of uncertainty does not require
explicit mention of the level of confidence associated with
that finding if the level of confidence is “high” or “very
high.” 

10) Likelihood, as defined in Table 1, provides calibrated
language for describing quantified uncertainty. It can be
used to express a probabilistic estimate of the occurrence
of a single event or of an outcome (e.g., a climate parameter,
observed trend, or projected change lying in a given

range). Likelihood may be based on statistical or modeling
analyses, elicitation of expert views, or other quantitative
analyses. The categories defined in this table can be
considered to have “fuzzy” boundaries. A statement that
an outcome is “likely” means that the probability of this
outcome can range from ≥66% (fuzzy boundaries implied)
to 100% probability. This implies that all alternative
outcomes are “unlikely” (0-33% probability). When there
is sufficient information, it is preferable to specify the full
probability distribution or a probability range (e.g., 90-
95%) without using the terms in Table 1. “About as likely
as not” should not be used to express a lack of knowledge
(see Paragraph 8 for that situation). Additionally, there is
evidence that readers may adjust their interpretation of
this likelihood language according to the magnitude of
perceived potential consequences.11

11) Characterize key findings regarding a variable (e.g., a
measured, simulated, or derived quantity or its change)
using calibrated uncertainty language that conveys the
most information to the reader, based on the criteria (A-F)
below.12 These criteria provide guidance for selecting
among different alternatives for presenting uncertainty,
recognizing that in all cases it is important to include a
traceable account of relevant evidence and agreement in
your chapter text.

A) A variable is ambiguous, or the processes determining
it are poorly known or not amenable to measurement:
Confidence should not be assigned; assign summary
terms for evidence and agreement (see Paragraph 8).
Explain the governing factors, key indicators, and

3

ipcc guidance note
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Figure 1: A depiction of evidence and agreement statements and their relationship to
confidence. Confidence increases towards the top-right corner as suggested by the
increasing strength of shading. Generally, evidence is most robust when there are multiple,
consistent independent lines of high-quality evidence.

Table 1. Likelihood Scale

Term* Likelihood of the Outcome

Virtually certain 99-100% probability

Very likely 90-100% probability

Likely 66-100% probability

About as likely as not 33 to 66% probability

Unlikely 0-33% probability

Very unlikely 0-10% probability

Exceptionally unlikely 0-1% probability

* Additional terms that were used in limited circumstances in the AR4 (extremely likely –
95-100% probability, more likely than not – >50-100% probability, and extremely
unlikely – 0-5% probability) may also be used in the AR5 when appropriate.
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Forecast quality checklist

Reliability degree to which the forecast is consistent.

Reproducible does the forecast change when it is
recreated?

Sensitive does the forecast depend on
perturbations of input variables or
parameters?

Stability does the forecast magnify numerical
approximation errors?

Fedor Baart
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Validity degree to which the forecast corresponds to the real
world and is well founded.

Predictive does the forecast correlate with
measurements?

Sharpness does the forecast predict uncommon
events?

Concurrent does the forecast predict the event at
the correct time?

Spatial does the forecast predict the event at
the correct location?

Discriminant does the forecast produce different
outcomes when the measurements are
different.

Construct does the forecast predict the intended
quantity?

Fedor Baart
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Validity degree to which the forecast corresponds to the real
world and is well founded.

Calibrated was the forecast calibrated?
Content does the forecast predict a

representative sample of the domain of
interest?

Resolution does the forecast predict at a high
enough resolution to describe the
features of interest?

Internal does the forecast depend on causality?
Integrity is the quality of the forecast system

guaranteed?
External does the forecast system predict in new

situations?

Fedor Baart
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Validity degree to which the forecast corresponds to the real
world and is well founded.

Criterion does the forecast correlate with related
quantities?

Convergent does the forecast correlate with other
forecasts made by other models?

Skill does the forecast do better than a
reference forecast?

Persistence does the forecast do better than a
persistent forecast?

Face does the forecast appear to predict
what it should?

Fedor Baart
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Visualization methods

Fedor Baart

Confidence in coastal forecasts



Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

Outline

1 Five coastal forecasts
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Formalizing eyeballing

Rorschach card 9
Spatial mismatch

under study now include 24-h forecasts of 1-h pre-
cipitation from three configurations of the Weather 
Research and Forecasting (WRF) model, known per-
turbations of one of these cases, and simple geometric 
cases with prescribed spatial displacement and/or 
spatial extent errors (Fig. 1 shows some example test 
cases). The geometric cases (Fig. 1a) are simple ellip-
tically shaped precipitation patterns with common 
forecast errors and provide useful information about 
the output of each method. Perturbed “real” cases 
(Fig. 1b) illustrate the capabilities of each method with 
more complex precipitation scenes and similar errors 
to the geometric cases. For nine real WRF cases, a 
subjective evaluation was carried out to compare the 

human ranking to the spatial verification methods, 
though subjective evaluations can be varied, and even 
misleading. More detailed information about the test 
cases and the subjective evaluations can be found in 
Ahijevych et al. (2009). 

THE METHODS. Most of the techniques pro-
posed can be classified into one of the following four 
categories: a) scale separation (or decomposition), 
b) neighborhood (or fuzzy), c) features based (or 
objects based), and d) field deformation. The first 
two could be further generalized as filter methods 
where the scale-separation methods take advantage 
of bandpass filters to separate forecast performance 

at different physical scales, 
and t he neighborhood 
methods utilize smooth-
ing filters. An advantage 
of both approaches is the 
general ability to describe 
the “scale” at which the 
forecast attains a particular 
level of skill. Similarly, the 
features-based and field-
deformation approaches 
could be grouped together 
as spatia l displacement 
methods, although both 
can give more information 
about forecast skill than 
just spatial displacement. 

Figure 2 shows a sche-
matic of the general catego-
ries. For the filter methods, 
the summary statistics are 
applied at different scales; 
in the case of the neighbor-
hood methods (Fig. 2a), 
these statistics are calcu-
lated for a range of neigh-
borhood sizes, whereas for 
scale separation (Fig. 2b) 
they are calculated for dif-
ferent spectral bands that 
isolate phenomena of a 
particular size. To illus-
trate the scale-separation 
approach, Fig. 2b shows the 
binary difference between 
a forecast and observation, 
and constituent wavelet 
components. The displace-
ment methods attempt to 

FIG. 1. Select examples of the artificial cases used to test the various verifica-
tion methods. (a) Three geometric cases and (b) one of the perturbed cases 
are shown. The full set of test cases is described in Ahijevych et al. (2009).
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Error as transformation function

displace the forecast field 
spatially to better match the 
observations. Information 
about the amount of dis-
placement that is necessary 
can be gleaned along with 
various other diagnostics 
and summary statistics. 
The primary difference 
between the methods is 
that the features-based ap-
proaches (Fig. 2c) identify 
individual features (or ob-
jects) within a field and 
analyze these structures 
separately, whereas the 
field-deformation methods 
(Fig. 2d) apply to the entire 
field as a whole. The fol-
lowing subsections provide 
brief descriptions of the 
methods by type. A more 
complete literature review 
and qualitative compari-
son of the methods can be 
found in Gilleland et al. 
(2009).

Neighborhood approaches. 
Neighborhood approaches 
differ from one another 
primarily by the type of 
smoothing filter applied. 
The filter is applied to the 
forecast field, and in most 
cases also the observed field 
(some neighborhood methods verify forecasts against 
point observations), and the summary statistics (e.g., 
traditional verification statistics) are applied to the 
filtered fields. Further, most filters preserve the peak 
values, which are important for capturing forecasting 
capabilities for extreme events such as severe winds 
or large hail. Information about the scales at which a 
forecast attains a desired level of skill can be obtained 
by iteratively increasing the neighborhood size to 
which the filter is applied. In this sense, the term 
“scale” differs from that used in conjunction with 
the scale-separation methods in that here one scale is 
not independent from another; as the scale increases, 
the overall field becomes less sharply defined, usu-
ally resulting in better skill. Ebert (2008) provides a 
thorough review of the neighborhood approaches, 
and the reader is directed there for more information 

and references. Mittermaier and Roberts (2010) apply 
the fractions skill score (FSS) of Roberts and Lean 
(2008) to the ICP test cases, and find it to be a good 
measure of spatial accuracy in addition to being able 
to identify which scales have useful skill.

Scale-separation approaches. Scale-separation tech-
niques are not new to forecast verification (Briggs 
and Levine 1997; Tustison et al. 2001). Typically, each 
field is decomposed using some type of bandpass 
filter (Fourier, wavelets, etc.), and the two fields are 
compared using traditional verification techniques 
at each spectral scale. Note that the term “scale” 
used here can be linked to physical features, such as 
large-scale frontal systems or smaller-scale convective 
showers. The techniques attempt to assess the scale-
dependent error, determine the scales where a forecast 

FIG. 2. A schematic showing the characteristics of the various types of spatial 
verification methods (reproduced from Gilleland et al. 2009). Filtering 
methods apply a smoothing filter at increasingly coarser scales. (a) neigh-
borhood techniques apply smoothing filters as illustrated by the image with 
an upscaled (fuzzier) counterpart, whereas (b) scale-separation methods 
employ a bandpass filter to address performance at independent scales. The 
displacement methods address location errors (among others). (c) features-
based methods address individual structures within a field as depicted by the 
individually numbered “blobs,” whereas (d) field-deformation approaches 
are generally applied to the entire field as a whole unit.
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Chain of evidence

Model chain used for sea level rise forecasts

I © CO2 © T © SST ©

H2Os−l ©

ρ «

H̄ ©

Fedor Baart

Confidence in coastal forecasts



Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

I © CO2 © T © SST ©

H2Os−l ©

ρ «

H̄ ©
0.8 0.8 0.8

0.8

0.8

0.8

0.8

I © H̄ ©
0.8n

Fedor Baart

Confidence in coastal forecasts



Five coastal forecasts Discussion topics Comparison with other fields Evidence based coastal research

bloodletting waterletting

| Rijkswaterstaat2 3WINN – Innovatieprogramma voor Wateruitdagingen |

De zee gee! en de zee neemt en doet dat ook met zand. Om die reden 
suppleert Rijkswaterstaat jaarlijks twaalf miljoen kuub zand om de 
kustlijn in stand te houden.

De natuur  
doet haar werk

Deze zandsuppleties kosten veel tijd en geld. Het zand vasthouden zou  
een ideale oplossing zijn. Maar hoe? Koninklijke BAM Groep kwam met 
een revolutionair, eenvoudig voorstel: drainagebuizen in het zand in  
de branding. Naar idee van een Deense uitvinder, die ontdekte dat een 
natuurlijke aanwas van zand niet onmogelijk is. Samen met BAM onder-
zoekt WINN of dit systeem ook onder Nederlandse omstandigheden werkt. 

Een golvende aanwas 
Ecobeach is een innovatief en eenvoudig te installeren systeem, dat met 
behulp van natuurlijke aanzanding een breder en droger strand creëert. 
Dat is niet alleen goed voor het kustbeheer, maar ook voor de recreatie. 
Het is de taak van Rijkswaterstaat om de Nederlandse kustlijn in stand te 
houden. Daarom voert zij regelmatig zandsuppleties uit. Deze suppleties 
vinden zowel voor het strand in de zee plaats (vooroeversuppletie),  
als op het strand zelf. De strandsuppleties zorgen voor een verbreding van 
het strand, maar zijn duurder dan de vooroeversuppleties. Om die reden 
kijkt WINN of Ecobeach een aanvulling kan zijn op de strandsuppleties.

Efficiënter kustbeheer 
Proefprojecten in Denemarken, Ghana, 
Maleisië en Australië tonen aan dat Ecobeach 
mogelijk leidt tot een natuurlijke aanwas 
van het strand. BAM en WINN onderzoeken 
of Ecobeach ook onder Nederlandse 
omstandigheden werkt. In Nederland  
zijn de stranden van Egmond aan Zee en 
Castricum aangewezen als proeflocaties. 
Deze worden intensief gebruikt en een 

De drainagebuizen zorgen voor de aanwas  
van zand. Ze hebben een doorsnee van tien  
centimeter en zijn twee of drie meter lang.  
De buizen staan na plaatsing onder het zand.

‘Ecobeach vraagt om een pragmatische  
insteek bij onderzoek en samenwerken’ 
Leon Wijnker, projectleider Ecobeach, Rijkswaterstaat

breder strand hee! een aarde voor de 
recreatie en het toerisme. Sinds begin 2007 
zijn de systemen in de Hollandse kust-
gebieden operationeel. Tot nu toe levert  
de proef veel informatie op, onder andere 
over de grote invloed van het weer en de 
seizoenen op het kustsysteem. Pas als  
de test op zijn eind loopt, weten we of 
Ecobeach bijdraagt aan een steviger en 
breder strand en efficiënter kustbeheer.
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Developments in the scientific method

Figure : src: the-scientist.com

1926 Randomized design

1934 Falsifiability

1937 Placebo

1946 Computer
simulation

1950 Double blind

1962 Meta analysis

1964 Strong inference
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Evidence Based Practice

Figure : Florence Nightingale
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Evidence Based Coastal Management

Coastal interventions should be based on effect studies.

Effect studies are selected based on norms (disregard
theoretical and qualitative studies).

Effect studies are combined using meta analysis, resulting in
the current evidence.
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