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ABSTRACT

First-level inspections could be provided by skilled volunteers or technicians to pre-screen the functional
status of check dams. This paper discusses the design and testing of a support method in collaboration with
the responsible technicians in evaluating inspection reports. Reports are based on linguistic rating scales
that are systematically aggregated into indices by means of a multi-criteria TOPSIS method with fuzzy terms.
The aggregation procedure is carried out for three parameters representing the structure’s status while
highlighting any lack of completeness of inspection reports. The method was evaluated using inspection
reports collected during a workshop in the Fella basin in the Italian Alps. The method allows the responsible
technicians to set rules to categorise the aggregated indices in one of three levels, each corresponding with
a course of action. Rules were useful to categorise the aggregated indices according to the structure’s status.
Disagreements on rating defects suggest that a weighted aggregation procedure to calculate the indices
might lead to overestimating or underestimating defects. Complementary data from historical inspections
or remote sensing are required to initiate specific actions. The method can be applied to pre-screen different
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types of hydraulic structures after adaptation to the local conditions and functional requirements.

1. Introduction

Check dams and other stabilisation structures aim to reduce the
risks of debris flows (Holub & Hubl, 2008). Without appropriate
inspection and maintenance, the functional condition of struc-
tures often declines (Jakob & Hungr, 2005). For planned main-
tenance, pre-screening inspections are fundamental (Van Riel,
Langeveld, Herder, & Clemens, 2014). The frequency and type of
inspections depend on local circumstances and available finan-
cial resources (Holub & Hubl, 2008; Mazzorana, Trenkwalder-
Platzer, Fuchs, & Hibl, 2014).

Collaboration between relevant authorities and community
organisations (Failing, Gregory, & Harstone, 2007) can take the
form of visual inspection campaigns with volunteers in support of
technicians (Cortes Arevalo et al., 2014). To evaluate inspections
performed by skilled volunteers or technicians, a method is pro-
posed that combines a well-established approach for multi-crite-
ria evaluation with linguistic inputs and expert-based rules. This
method aggregates ratings into indices and indicates reports’ com-
pleteness. Indices fall in one of three levels, each corresponding
with follow-up advice. This paper discusses the design and testing
of the support method in collaboration with the intended users.

2. Overview of criteria for inspection and
maintenance planning of check dams

Proactive maintenance strategies are based on the assessment of
the vulnerability of check dams (Suda, Strauss, Rudolf-Miklau,

& Hiibl, 2009), which results from the hazard intensity and the
susceptibility of the structure itself due to, for example, the state
of maintenance (Uzielli, Nadim, Lacasse, & Kaynia, 2008). No
straightforward relationship exists between the susceptibility of a
single check dam and other components of the protection system
(Dell’Agnese, Mazzorana, Comiti, Von Maravic, & D’Agostino,
2013). In addition, inspection and maintenance planning should
address the different functions that structures have and the value
of what is being protected (Mazzorana et al., 2014). Table 1 lists
the system criteria for sustainable maintenance planning (Sahely,
Kennedy, & Adams, 2005).

In decision support methods, actions can be modelled as a set
of alternatives for the decision-makers that are evaluated against
a set of criteria. According to Serre, Peyras, Maurel, Tourment
and Diab (2009), decisions about maintenance planning imply
sorting the set of structures by applying pre-established rules.
Support methods for the management of infrastructure are
often based on multi-criteria methods such as the weighted
sum approach (Kabir, Sadiq, & Tesfamariam, 2014). A variety
of examples exist for structures such as bridges (e.g. Dabous
& Alkass, 2010; Rashidi & Lemass, 2011), dams (e.g. Curt &
Gervais, 2014) and sewage systems (e.g. Tagherouit, Bennis, &
Bengassem, 2011).

The analytical hierarchy process method (AHP) (Saaty,
1987) facilitates pairwise comparisons in order to set the rel-
ative importance (weight) of criteria or actions (e.g. Najafi &
Bhattachar, 2011; Sun & Wenjun, 2011). In addition, indicator
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Table 1. Review of system criteria for the inspection and maintenance planning of check dams.

Criteria Sub-criteria Indicator References
Engineering Structure and function type « Type of standard and key structures Suda et al. (2009)
« Energy dissipation level through presence of grade control
structures
« Available retention volume for solid material
Functional condition - Structural and environmental factors affecting functionality and Dell’Agnese et al. (2013)
stability
« Changes in the functional status
Torrent processes and stress « Relevant inflow at the upstream boundary Cavalli, Trevisani, Comiti, and Marchi
over the stream system - Natural stability of the streambed (2013); Mazzorana, Comiti, Scherer, and
- Rainfall patterns at sub-basin level Fuchs (2012); Valentinotti (2012)
Geomorphic characteristics « Mean channel slope
« Variation of stream power index and sediment connectivity
« Channel confinement ratio
« Erodibility of the banks
Economical Operation and maintenance - Initial investment Pardo-Bosch and Aguado (2015)
« Resource allocation for inspection and maintenance
Consequences on the built « Exposed people and infrastructure at the structure location and Holub and Hubl (2008); Mazzorana,
environment the affected area Simoni, Kobald, Formaggioni, and
« Occupancy type, buildings exposed, essential services affected Lanni (2015)
and other land use types
Social Awareness of socio-institution-  « Competences and institutional requirements Holub and Fuchs (2009)

al organisations

« Involvement of community organisations

schemes are often required to aggregate knowledge and informa-
tion about the performance of a given set of criteria. Curt, Talon
and Mauris (2011) used such a scheme to represent and aggregate
measurements, sensory evaluations and expert knowledge on
dam conditions. The uncertainty embedded in the indicators is
generally handled with fuzzy logic theory and expert-based rules
(Janssen, Krol, Schielen, Hoekstra, & de Kok, 2010).

To improve the use of decision support methods, active
involvement of potential users helps refine the initial require-
ments for designing and testing decision support methods
(McIntosh et al., 2011). Rhee and Raghav Rao (2008, Chapter
51) also suggest involving persons external to the design pro-
cess to supply fresh perspectives. A combination of ease of use,
perceived usefulness and validity of decision support methods
contribute to actually being used (Diez & McIntosh, 2009; Junier
& Mostert, 2014).

3. The design process of the decision support
method

Our method was developed in collaboration with decision-mak-
ers working in the Fella basin, in the Friuli Venezia Giulia (FVG)
region, located in the north-eastern Italian Alps (Figure 1(a)).
The Fella basin (Figure 1(b)) is a mountainous basin prone to
landslides, flash floods and debris flows, where the management
of inspection and maintenance is a priority due to the increased
number of protection works. After the debris flow event in 2003,
the Regional Civil Protection suggested involving their volunteers
to support the technicians in pre-screening visual inspections.
Cortes Arevalo et al. (2014) describe the collaborative design
and testing of inspections forms with support of technicians and
volunteers, followed by a data collection exercise (Figure 1(c) in
Dec and May/2013). The form’s content and layout were devel-
oped in collaboration with decision-makers from the relevant
management organisations in the FVG region. Questions, rating
options and visual schemes to guide the inspection (see example
in Figure 2) were based on existing procedures in FVG (Servizio
Forestale FVG, 2002) and neighbouring regions (Provincia

Autonoma di Bolzano - Alto Adige, 2006; as referred to in Von
Maravic, 2010). During the data collection exercise, inspections
were carried out both by technicians and volunteers. The results
from that exercise showed that volunteers” reports had higher
variance than technicians’ reports. To cope with the differences
in precision, we generalised rating scales to calculate the mode
according to the questions and rating options provided in the
form. For a five-option rating scale, we simply generalised into
three options, namely: very low-to-low concerns, medium and
high-to-very-high concerns. However, the reports of both groups
were comparable in their limited reproducibility. Therefore, a
method was required to support the decision-making of techni-
cians by systematically evaluating the inspection reports.

In order to test the proposed decision support method, a
workshop was organised in September 2014 (Figure 1(c) in
Sep/2014). The method was evaluated by comparing the par-
ticipants’ inspection reports of each of the three check dams
that were selected by the technicians of Civil Protection (Figure
1(b)). Check dam 1 (Figure 3 (a) and (b)) is a consolidation
check dam with a secondary dam for downstream scouring pro-
tection. Its function as part of a series of structures along the
stream channel is to reduce flow and sediment processes, and to
control channel erosion. Check dam 2 (Figure 3 (c) and (d)) is
located downstream along the same channel and is meant mainly
for the retention of wood and debris. Check dam 3 is located
downstream in the alluvial fan near the Ugovizza town. Check
dam 3 (Figure 3 (e) and (f)) is a key check dam as it retains large
amounts of wood and debris.

Fourteen participants attended the workshop. They formed
two equal groups: users and new-users. The users consisted of six
decision-makers of the FVG region who had participated in the
design stages and a scientist. The new-users were a mixed group
of two technicians of FVG, one from the intra-basin authority,
two from neighbouring regions and two final-year students of
geo-sciences. The workshop consisted of outdoor and indoor
activities in a one and a half-day programme. During the first day,
atrial check dam inspection (trial CD in Figure 1(b)) introduced
the inspection procedures to all participants. Subsequently, all
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Figure 1. (a) FVG and neighbouring regions; (b) the study area and location of the check dams (CD) inspected during the workshop; and (c) summary of the method design

process.

A1) Deviation of the flow |
through the spillway
(Example of no deviation)

[ — ]

\ 1/

A2) Structural status of the
check dam

A3) How visible is the base of the
structure

(Examples of visibility of the lower and
upper part)

11

A4) Example of the protection for
scouring at the downstream bottom
of the check dam

(Example of a sill structure)

Figure 2. Example of questions and visual schemes to guide the inspection for
parameter A, Damage level of the structure. Adapted from existing procedures in
(Servizio Forestale FVG, 2002, p. 27) and neighbouring regions (Dell'Agnese et al.,
2013, p. 13: Provincia Autonoma di Bolzano - Alto Adige, 2006. The latter is referred
to in Von Maravic (2010, Annex 2) as EF30-Vulnerability evaluation form)

participants inspected the three check dams of Figure 3. Next,
the prototype — web-based — decision support method was intro-
duced to the participants. During the second day, 10 participants
applied the decision support method using their field data, and
provided feedback afterwards.

The effect of data quality on the final condition of the check
dams was assessed as follows: no defects, unclear conditions
and defect(s). The most frequent rating was assumed the ‘true

condition’ (modal rating). The agreement on the modal rating
was the accuracy indicator for each question at parameter level.
For each question, the following accuracy levels were used: equal
to or larger than 90%, 70-90%, 50-70% and smaller than 50%.
The precision was evaluated through the maximum and min-
imum rating that participants reported, while a completeness
ratio accounted for unanswered questions. False positives (FP)
are reported defects or unclear conditions that were not pres-
ent. False negatives (FN) are defects or unclear conditions that
were not reported. The consistency of the outputs was analysed
through comparing the aggregated indices calculated using the
decision support method with the expert advice after the field
inspection.

4. The decision support method to systematically
screen structures’ status

After the visual inspection (Figure 4), the reported ratings were
aggregated and indices were calculated using the multi-criteria
TOPSIS method, representing the functional status for three
parameters:

(1) damage level of the structure,

(2) obstruction level at the structure and

(3) erosion level in the stream banks.

The technicians set rules to assess the three indicators deter-
mining the functional status of the structure and, with that, an
advised action. The best functional level requires no action, the
medium level signifies routine maintenance and the worst level
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Figure 3. Photos of the structures inspected: (a) downstream view of check dam 1; (b) check dam 1 and sill structures located in series; (c) downstream view of check dam
2; (d) level of obstruction in check dam 2; (e) upstream deposit in check dam 3; and (f) level of obstruction in check dam 3.

requires a second level or more detailed inspection to determine
the type of maintenance or repairing.

4.1. Conversion of rating options into scores

To convert the ratings into scores, fuzzy terms were assigned
to the rating options for each question and subsequently sys-
tematically converted into scores. The membership functions of
Chen and Hwang (1992) were chosen (Figure 5) because they
include fuzzy terms (e.g. poor to very poor) that account for the
differences in precision between the rating options provided in
the form. Table 2 presents the conversion scores assigned to all

rating options. For example, for parameter A and question A3,
the option “The base of the structure is covered with sediment’
was qualified as ‘Good’ Decision-makers can use the report plot
(Figure 6) to compare the reported conditions with the best and
worst possible ratings for each question.

4.2. Aggregation into indices at parameter level

The scores were aggregated into indices at parameter level using
the multi-criteria method TOPSIS with fuzzy inputs (Hwang &
Yoon, 1981). The TOPSIS method has been originally applied for
the ranking of management alternatives (e.g. Almoradie, Cortes,
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Figure 4. Flow diagram for inspections actions to be implemented.
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Figure 5. Nine fuzzy terms scale for the systematic conversion of rating options
based on Chen and Hwang (1992) and adapted from Jonoski (2002).

& Jonoski, 2015). As adopted here, an index is derived from
Equation (1), according to the relative distances to the best and
worst conditions. The best functional status is defined as close
to 100 and the worst as close to 0.

For each question i, the difference was calculated between
the reported conditions (Sc,) and the best (Sc;") and worst (Sc;’)
reference conditions. Equation (2) was used to calculate the dis-
tance (D) to the best rating score (Sc;") and Equation (3) for the
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distance (D7) to the worst one (Sc;’). The term W, accounts for
the relative importance of each question i. Setting weights can
change the outcomes considerably; therefore, decision-makers
should set these weights with great care. To support the weights
elicitation, we suggested the pairwise comparisons of the AHP
method (Saaty, 1987). Thereby, decision-makers can assess the
relative importance between questions at parameter level, based,
for instance, on the structure’s design criteria or their expert
knowledge of check dams (e.g. Dell'Agnese et al., 2013). In this
study, equal weights (un-weighted ratings) were used to specif-
ically evaluate the effect of the quality of the input data on the
output of the method. By including the weights, we would have
clouded the effect of the input data quality by introducing addi-
tional factors in the evaluation of inspection reports.

The reported ratings (Figure 7) were aggregated into two val-
ues at parameter level, the functional status and the completeness
ratio of Equation (4). Where conditions were reported as unspec-
ified, or questions were unanswered, the index was calculated
assuming a ‘fair’ condition. An alternative option for the analysis
of incomplete reports may have been by neglecting unanswered
questions, assigning them a zero weight in Equations (2) and
(3) for the index calculation. However, this will also alter the
weights for other questions and therefore it would increase
the complexity for decision-makers and limit the comparabil-
ity of reports. Overestimations may be introduced, for exam-
ple, by assuming a poor condition to remain on the safe side.
Thus, we opted for maintaining the same weights and assum-
ing a ‘fair’ condition to limit the effect on the calculated index.
Furthermore, the completeness ratio calculated by Equation (4)
draws the decision-maker’s attention to unanswered questions.
Lastly, decision-makers can modify the rating condition and
corresponding score for unspecified or unanswered questions
according to their assessment of the functional requirements of
the structure itself (see Table 2). The aforementioned equations
are defined as follows:

D

IdxA,B or C parameter = m X 100% (1)

DX B or C parameter = \ Z(Sci - SC:—)Z W12 (2)
i=1

D; B or C parameter = \ Z(Sci - Sci_)2 W12 (3)
i=1

#questions — #Unspecified ratings @

Completeness (%) 4 o ¢ = Fquestions

4.3. Rules to identify levels of functional status per
parameter

To arrive at an advised action, decision-makers define a status
that is acceptable, by setting two rules at the parameter level: the
lowest acceptable aggregated index Idx and the worst acceptable
rating condition. To be assigned the worst level, the aggregated
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Table 2. Scores assigned to all rating options for each question per parameter on the inspection form.

Rating options per question at parameter level

Rating condition Conversion score

(A) Damage level of the structure

(A1) Deviation of the flow passing through the spillway
(4) Outside of the structure to the left
(3) On the left wing
(2) Slight deviation to the left wing.
(1) Through the spillway
(2) Slight deviation to the right wing.
(3) On the right wing
(4) Outside of the structure to the right
There is now flow, | can’t assess it
(A2) Structural status of the check dam
(1) Structural elements are in good status, ‘in order’
(2) Elements have slight deterioration without cracks
(3) Elements have visible deterioration with cracks
(4) Elements have deep erosion with missing parts
(5) Structural damage that compromise the stability of the structure
Not assessable, the structure is covered by sediment or water
(A3) How visible is the base of the structure
(1) The base of the structure is covered with sediment
(2) The upper part of the base is visible
(3) The lower part of the base is visible
(4) There is an opening path below the base of the structure
(5) Scouring at the base of the structure
Not assessable to much water

(A4) Status of the protection for scouring at the downstream bottom of the check dam

(1) Not visible protection, it's covered with sediment.

(2) Protection present in good status

(3) No protection but there is no erosion

(4) No protection but there is deep erosion

(5) Protection with strong erosion or missing parts
Not assessable, too much water

(B) Obstruction level at the structure

(B1) Obstruction level at the open check dam

No obstruction

<20%

20-40%

40-60%

>60%

Not assessable (consolidation check dam)
(B2) Level of sedimentation in the retention basin

>66%

33-66%

<33%

Not assessable (consolidation check dam)
(B3) Upstream lateral obstruction
(B4) Downstream lateral obstruction

No obstruction

<20%

20-40%

40-60% with deviation of the flow

>60%

Not assessable too much water

(C) Erosion level in the stream banks within 20 m upstream and downstream of the structure**

(C1) LEFT bank downstream/(C2) RIGHT bank downstream/(C3) LEFT bank upstream/(C4) RIGHT bank upstream

(1) Bank in good status ‘in order’

(2) Bank with slight erosion or slight irregularities in the protection works
(3) Bank with visible erosion or visible irregularities in the protection works
(4) Erosion with opening flow path below the bank or protection work

(5) Important drift of the bank or missing parts in the protection works
Not assessable too much water

Eight options
Very poor 917 (Sc)
Poor to very poor 875
Fair sufficient 370
Good .250 (Sc)
Fair sufficient 370
Poor to very poor 875
Very poor 917 (Sc)
Fair .500
Six options
Good to very good 125 (Sct)
Good 250
Fair deficient .630
Poor .750
Poor to very poor 875 (Sc)
Fair .500
Six options
Good .250 (Sc*)
Fair sufficient 370
Fair sufficient 370
Poor to very poor .875
Very poor 917 (Sc)
Fair .500
Six options
Good to very good 125 (Sct)
Good 250
Fair sufficient 370
Poor to very poor 875
Very poor 917 (Sc)
Fair .500
Six options
Good to very good 125 (Sc*)
Good 250
Fair deficient .630
Poor .750
Poor to very poor 875 (Sc)
Fair .500
Four options
Poor to very poor 875 (Sc)
Fair deficient .630
Good to very good 125 (Sc*)
Fair .500
Six options
Good to very good 125 (Sc*)
Good 250
Fair deficient .630
Poor .750
Poor to very poor 875 (Sc)
Fair .500
Six options
Good to very good 125 (Sc*)
Good 250
Fair .500
Poor to very poor 875
Very poor 917 (Sc)
Fair .500

Note: Sc* and Sc™ indicate the best or worst reference scores, respectively.

index has to be smaller than Idx and the worst rating score has
to be larger or equal to the given condition. Idx can range from 0
to 100. A condition can be selected from fair deficient (FD), fair
(F), poor (P), poor to very poor (PVP) and very poor (VP). The
combination of the two rules leads to the assigned functional
status at parameter level (Table 3).

In this study, Idx was set to 70 and conditionto Poor. This leads
to an outcome space with four areas according to their func-
tional levels. A report results in the worst functional level when
the combination of the two rules is true (Table 3). In the exam-
ple of the index comparison plot (Figure 8), the dark grey dots
are the aggregated indices for all possible rating combinations
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A1) A2) A3) Ad)
Questions in parameter A

Figure 6. Example report plot to compare reported status (bars) against the
reference best (lower line) and worst conditions (upper line).

Parameter A: DAMAGE LEVEL OF THE STRUCTURE (ID: Example report)

A1) Deviation of the flow
passing through the
spillway:

25%
4. Outside of the structure ¥
(Very poor)

A2) Structural status of the
check dam:

25% —
3. Elements have visible ~
(Fair deficient)

A3) How visible is the basis 25%

of the structure: Not assessable too much v

(Fair)
A4 Status of the protection 25%
for scouring at the
downstream bottom of
the check dam:

4. No protection but there ¥
(Poor to very poor)

GetAindex§ = 29.7 (% Completeness) 75%

Figure 7. Example report illustrating the aggregation of rating scores including
very poor conditions and unspecified answers.

(horizontal axis) against the average scores (vertical axis). The
white dots indicate the aggregated indices (horizontal axis)
against the worst rating of every possible combination (verti-
cal axis). As an example, in Figure 8, the report (R) is given by
the combination of ratings of ‘very poor’ for question Al, ‘fair
deficient’ for A2, ‘fair’ for A3 and ‘poor to very poor’ for A4 that
leads to an index of 29.7. In Figure 8, (R) is indicated as a dark
grey dot with the index (29.7) and the average score of reported
ratings (18.3). The index of the report (R) is also plotted as a
white dot against the worst reported rating (22.9). In addition,

Table 3. Levels of functional status at parameter level.
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other possible rating combinations leading to the same index are
indicated within the index annotations.

To further assist decision-makers in defining the acceptable
minimum index and the worst acceptable rating, the cumulative
frequency of the occurrence of a given index F[Idx]was analysed
for all possible rating combinations. For example, indices were
calculated for all 1728 possible rating combinations according
to the rating options listed in Table 2 for parameter A. In this
frequency analysis, F[Idx]shows the cumulative frequency of cal-
culated indices and the position of a given index in the outcome
space of the method, Idx range. Table 4 presents as an example
the frequency analysis regarding parameter A.

As all questions are weighted equally, all possible rating com-
binations (Table 4) have a normal cumulative frequency distri-
bution (F[Idx]). In addition, the column > F[Idx|condition]
indicates the cumulative frequency of rating combinations pro-
vided, given that at least one question was reported worse or
equal to the condition selected for the worst rating. For column
F[Idx|condition), the condition was set as fair (F), fair deficient
(FD), poor (P), poor to very poor (PVP) and very poor (VP).
F[Idx|condition] presents the cumulative percentage of occur-
rences below the index range (< F[Idx]) for each possible con-
dition. In this study, the acceptable index and the worst rating
were set at 70 and at poor. Thus, this example shows that from
all 1728 possible rating combinations, 91% have a cumulative
frequency of indices lower than 70 (see column <F[Idx]and Idx
range 60-70 in Table 4). From that 91%, 93% have at least one
rating worst or equal to poor (F[Idx|P]). If the decision-maker
sets the worst acceptable condition at very poor (VP), then 53%
of that 91% will be in very poor condition for at least one ques-
tion (> F[Idx|VP)). Moreover, Table 4 illustrates the cumulative
frequencies below the index range when varying the worst rating
condition (see columns [Idx|F],[Idx|FD),[Idx|P],[Idx|PVP]and
[Idx|VP]).

5. Results of using the decision support method

This section presents the results of applying this method in the
September 2014 workshop. To see whether there is a positive
effect of being involved in the design process, users that were
and those that were not involved before the workshop were com-
pared. First, the results of the method will be assessed in terms of
differences in the decision outcomes within groups and between
groups. Next, the perceived usefulness of the inspection form
and the proposed method according to participants will be dis-
cussed. The reported ratings and the aggregated indices for the
three check dams inspected are available in Appendix 1 (Tables
A1-A3) together with an overview of the feedback provided by
participants (Tables A4 and A5).

Functional level Proposed action

Rule combination

Best No action is required The rules for the acceptable index AND the worst
rating are FALSE

Medium Need for routine maintenance Either the acceptable index OR the worst rating rule
is FALSE

Worst Second-level inspection or more detailed engineer-  The rule for the acceptable index AND the worst

ing procedures are required to take a decision about
the maintenance type

reported rating areTRUE
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Plot using: Un-weighted ratings v .| All rating combinations
Plot ratings: () Best @ Average (ave) i} Worst

Hover over the plot to see index annotations
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Figure 8. Example of index comparison plot for parameter A.

Table 4. Cumulative frequencies of aggregated indices for each possible rating combination according to the index range and worst rating condition for Parameter A.

Cumulative frequency of indices given the set worst rating condition

ldx range <Flldx] (%) >Fldx|F] (%) >F[ldx|FD] (%) >F[ldx|P] (%) >F[ldx|PVP] (%) >F[ldx|VP] (%)
0-10 [<10] 2 100 88
10-20 [<20] 3 100 88
20-30 [<30] 7 100 85
30-40 [<40] 23 100 76
40-50 [<50] 52 100 100 67
50-60 [<60] 78 100 100 98 96 58
60-70 [<70] 91 100 97 93 89 53
70-80 [<80] 97 1 4

80-90 [<90] 100 8

90-100 [<100] 100

100 [=100] 100

Notes: ldx range: the outcome space of the method.

<Flldx]: cumulative frequency of occurrences of indices that are lower than the upper limit of the /dx Range.
>F[ldx|condition]: cumulative frequency of indices, given the set worst rating condition.

condition can take the values: F: Fair; FD: Fair deficient; P: Poor; P-VP: Poor to very poor; and VP: Very poor.

5.1. Differences in the decision outcomes due to of inputs (ratings) and outputs (advice) per individual inspec-
differences in individual reports tions and structures, the following issues were addressed:

The individual reports consisted of ratings for questions at the « Differences in the reported ratings for each question
parameter level together with a synthesis advice for further action depending on the accuracy, precision and completeness of
that inspectors gave in the field by selecting one of the following inspection reports.

management actions: (1) no action required; (2) routine mainte- « Differences in the aggregated indices and comparison of
nance with support of volunteers; (3) routine maintenance using the inspectors’” advice with the functional levels that were

equipment; and (4) second-level inspection. After a comparison assigned in the decision support method.
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5.1.1. Differences in the reported ratings for each question very poor (VP) and poor (P). The middle area stands for ratings
Figure 9 summarises the reported ratings for each question by  in which a defect is not clearly recognisable or information is
participants’ group and check dam. The scores in the upper area  limited. Those are ratings between fair deficient (FD) and fair
represent a reported defect and correspond to ratings between

Rating scores of first level inspections (New-users group)
Check dam 1 Check dam 2 Check dam 3
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Figure 9. Differences in the reported ratings for (a) users and (b) new-users groups
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sufficient (FS). The lower area stands for no defects with ratings
between to very good (VG) and good (G).

The modal score of users and new-users were the same in most
cases (Figure 9), despite the differences in precision (maximum
and minimums reported ratings). By aggregating the results of
all participants, only the modal score of one question resulted in
assigning a ‘poor’ status (A1 for check dam 3). The mode for five
questions resulted in an ‘unclear’ status (A1 for check dam 1 and
2, A3 for check dam 2 and 3 and B1 for check dam 2). The other
questions resulted in a ‘good’ status, for example, the modal scores
for parameter C. In addition, regarding the probability of errors,
Table 5 summarises the frequency of false positives (FP) and false
negatives (FN) at parameter level. For parameter A, for all partici-
pants, the frequency of FN is somewhat higher than the FP. In con-
trast, for parameters B and C, the error frequencies of FP are higher.

5.1.2. Differences in the aggregated indices and comparison
of the inspectors’ advice with the calculated functional levels
To compare the outcomes of the users and new-users groups,
the individual inspection reports were aggregated at parameter
level. Figure 10 shows the differences in the calculated indices

Table 5. Frequency of errors for all inspected check dams at parameter level.

at parameter level for each check dam. The relative frequencies
of resultant indices (bars) are plotted for each group, whereas
the cumulative frequencies (line) are plotted for all participants.

Regarding check dams 1 and 2, the range of calculated indices
for parameter A is mostly above 70. Regarding check dam 3, the
most frequent indices are in a wider range between 60 and 70
and 80 and 90. It turned out to be unclear whether the sectional
barriers in the open check dams were to be reported in question
A2 (condition of the structure). Some technicians only reported
the damage of the bars in the comments and did not include them
in answering question A2.

Regarding check dams 2 and 3, calculated indices for param-
eter B had a larger variability (between 40 and 70). Parameter
C comprised most unanswered questions of all parameters.
However, the indices were calculated by assuming ‘Fair’ con-
ditions and indicating the completeness ratio, Equation (4) in
Section 4.2. Despite the lack of completeness, the range of cal-
culated indices for parameter C was mostly above 70 with some
outliers for both check dams 1 and 2.

To analyse the consistency of the outputs, the inspectors’
advice was compared with the outcome of the decision support

Parameter Error type All Participants (%) Users (%) New-users (%)
A FP 833 4.76 11.91
FN 13.69 17.86 9.52
B FP 14.29 12.86 15.71
FN 7.86 571 10.00
C FP 19.05 19.05 19.05
FN .00 .00 .00
Notes: False positives (FP): answers reporting defects or unclear conditions that were not present.
False negatives (FN): present defects or unclear conditions that were not reported.
Check dam 1 Check dam 2 Check dam 3

Parameter A: Damage of the structure

/nill

'l

Parameter B: Obstruction level at the structure

HHL

Parameter C: Erosion level in the stream banks
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Figure 10. Frequency analysis for the calculated indices at parameter level per inspected check dam. The percentages are calculated referring to the total number of
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method (Figure 11). The inspectors’ advice varied, but the
majority considered check dam 1 in good condition, requiring
no action. The majority of inspectors considered check dam 2 in
need of cleaning of sediments using equipment. Regarding check
dam 3, the majority was divided between the need of a routine
cleaning and one with support of equipment.

As aresult of the calculations by the decision support method,
check dam 1 was assigned the best level for parameters A, B
and C, although the results were divided for parameters B and
C. Check dam 2, was assigned the best level for parameters A
and C. The result for parameter B shows a medium level, which
implies cleaning of obstructions. In comparison, for check dam 3,
parameters B and C were mostly rated the best level and parame-
ter A shows a divided opinion between best and worst levels. The
results of the inspector’s advice and the output of the decision
support method correspond fairly well. In both cases, some rat-
ings resulted in assigning low functional levels, slightly more so
for the new-users group.

5.2. Participants’ perception of the usefulness of the
method

Figure 12 depicts the views of both groups on: (a) rating options
and conditions in the design of the inspection form and (b) per-
ceived clarity, reliability and usefulness of first-level inspections.
Participants rated their level of agreement from -3 (full disagree-
ment) to +3 (full agreement) and provided comments to explain

Check dam 1

Check dam 2
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their judgement. Feedback from new-users on the inspection
form was particularly relevant as they had a fresh perspective.

Figure 12(a) shows the level of agreement regarding the fuzzy
terms assigned to the rating options (Table 2). To that end, par-
ticipants checked the fuzzy terms assigned for each question for
all parameters. Although the mean agreement level was positive
for both groups, the users group was more positive, which may
be due to their previous involvement. All participants provided
suggestions for improvements of the inspection form as summa-
rised in Table A5 (see Appendix 1).

Figure 12(b) depicts the results regarding the perceived clarity,
reliability and usefulness of first-level inspection reports. The
participants specifically judged the following statements:

 The questions and options to report are clear enough.

« Reliable information can be collected with these questions.

« The information collected this way is useful to set priori-
ties for the maintenance of hydraulic structures.

Figure 12 reflects the need for improvements (Table A5 in the
Appendix 1). Concerning the reliability, participants remarked
upon the need for training and instructions with photo examples
that can be taken to the field. The inspectors, whether volunteers
or technicians, should always supplement their ratings with the
photo record of the inspection and compare these with available
previous inspections. The users group suggested carrying out
first-level inspections after an important rainfall event to estab-
lish the check dams’ status.

Check dam 3

Synthesis advice from field inspection
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7%

14%
7%

T% 7%

21% 21%

Synthesis advice

36%
%
7%

14%

7%
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Functional levels obtained by using the decision support method
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4%  14%

B) Obstruction
level
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Figure 11. Comparison of the assigned advice in the synthesis from the field inspection and the calculated functional levels.
Note: the advice distinguishes four levels, but the decision support method distinguishes three, merging the two middle categories.
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6. Discussion on the use of first-level inspection
reports for decision-making

The usefulness of methods proposed depends on how well the
limitations of rating systems are understood and handled by deci-
sion-makers (Swets, 1988). In our study, an undisputed “True
condition’ cannot be established, but the modal result was defined
as true and the disagreement can be seen as a lack of precision
or an error. Thus, the differences in outcomes, resulting from
the disagreements in the reports, were analysed (Figure 9) and
explored to improve the inspection form. Based on the categories
distinguished by Van der Steen, Dirksen and Clemens (2014), the
following causes for disagreement can be distinguished:

(1) Questions or support schemes did not clearly specify
the condition to observe. For example, question A1l asks
about the deviation of the flow in the spillway. Although
there was no deviation in the spillway of check dam 1,
a deviation was reported (Figure 3(a)), mainly by the
new-users group, because there was a deviation of the
stream flow downstream of the check dam. To avoid mis-
understandings, participants suggested transferring this
question to parameter B.

(2) Observed conditions could not be reported through the
options provided. This is illustrated by parameter B for
check dams 2 and 3 (Figure 3(c) and (e)). The accumu-
lated debris was deposited in the retention basin after
recent rainfall events. Some participants did not report
them because sediments may be washed away in future
rainfall event.

(3) The difference between the rating options was unclear.
This is derived from the accuracy levels and range in pre-
cision presented in Figure 9. A larger range in precision
indicates a difficulty to distinguish differences between
the rating options, but a smaller range increases the accu-
racy error. Regardless of who performs the inspection,
technician or volunteer, a supporting manual regarding
how to fill out the form is useful to clarify differences
between rating options. Overall, the precision of the
users group was slightly better than new-users. The lack
of completeness was mainly the result of unanswered
questions by users. The completeness ratio was slightly
better for the new-users than the users group.

As shown in Table 5, disagreements can be due to an inspector
failing to recognise a defect (FN) and a defect being reported,
although there is none (FP). Dirksen et al. (2013) indicated for
visual inspections in sewage infrastructure that the probability
of FN is significantly larger that the probability of FP. In our case,
FN was somewhat higher only for parameter A (Damage level).
Inspectors may have erred on the side of caution when it was
not possible to distinguish between rating options. Such could
be the case for parameters B (obstruction level) and C (erosion
level). The rated defects are higher than reality demands (see also
Curt et al.,, 2011) and the probability of FP increases. Training
and longer experience of participants using the form may reduce
the number of FP.

By facilitating the definition of expert-based rules to catego-
rise the indices, some flexibility in the application of the method
is introduced. In this study, we used equal weights at parameter

(a) Agreement level with rating conditions of questions
in the inspection form
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Figure 12. Overview of participants’ level of agreement (Table A4 in Appendix
1). The difference in the participants’ number was because not all users group
attended the second-day programme.

level to evaluate the effect of the input data quality on the output
of the method. By applying the same relative importance for all
questions, errors within the data equally affected all calculated
indices. The findings regarding the probability of errors (Table 5)
suggest that using different weights for the aggregation of ratings
lead to underestimating or overestimating defects. Weights may
still be relevant for the damage level (parameter A) to distinguish
the effect of damages in different parts of the structure, but per-
haps not for erosion and obstruction levels (B and C parameters).
In either case, we suggest that assumptions for setting up the
method (i.e. weights and treatment of unanswered questions) are
made only once for every structure inspected. Changing assump-
tions will affect the comparability of all future reports of the same
structure. A statistical analysis of the weights for different types
of structures would be required to understand their effect in the
evaluation of reports and priorities of interventions.

The effect of errors on the output of the method also depends
on the pre-established rules to classify the indices into functional
levels. The analysis of the cumulative occurrence of a given index
F[Idx] (Table 4) suggests that combined rules become neces-
sary to choose between the worst and medium functional levels.
In this study, worst functional levels were assigned by Idx < 70



and condition > Poor. Using Idx < 70, (too) many combinations
were considered in the worst level (Table 4). Decision-makers
can decrease the acceptable index or increase the limiting worst
condition.

Regarding the differences between inspection advice and
outputs of the decision support method, most parameters were
categorised as having the best or medium status requiring only
cleaning. However, both users and new-users show a bias to
the lower functional levels (Figure 11). Advice from new-users
(mainly technicians from other regions and students) were gen-
erally lower than the users. New-users had less knowledge of the
inspected structures and the study area, which probably led to
(overly) cautious ratings.

To validate the inspections and set expert-based rules, addi-
tional information is required that can come from the photo
taken to support the reports or from previous inspections reports.
It is important to maintain and update the database of hydraulic
structures of first-level inspections carried out at different peri-
ods. The imperfections and limitations of visual inspections can
be countered using remote sensing techniques and vice versa.
Some studies are already using multi-temporal data-sets for the
impact analysis of check dams and hydrogeological mapping at
sub-basin level (Raghu & Reddy, 2011). The morphometric anal-
ysis of remote sensing data can support the susceptibility anal-
ysis of the system of protection works at sub-basin level rather
than limiting it to the individual structures (e.g. D’Agostino &
Bertoldi, 2014; Patel, Gajjar, & Srivastava, 2013).

The decision support method provides options to set rules
distinguishing the functional status at parameter level. According
to Vuillet, Peyras, Serre and Diab (2012), multi-criteria meth-
ods may be useful for intermediate aggregations about the per-
formance of relevant criteria, but expert-based rules are more
suitable to get an overall judgement about the functional status.
By indicating the functional status at parameter level instead of
aggregating the parameters score in a global index, compensation
of extremes or errors in one parameter by the other two param-
eters is avoided. A sorting of inspected structures is required
for prioritising management actions. The sorting (see Figure 4)
could be based on the assessment of each of the three parameters.
Alternatively, sorting could consider the completeness ratio of
inspection reports.

The focus was on the functional status because it is a prelim-
inary, but essential, criterion towards a proactive management
approach (Mazzorana et al., 2014). Other important criteria that
should be further investigated to set priorities for maintenance
planning are (Table 1 in Section 2): for example, changes in the
functional status at different periods; dominant water-sediment
processes in the system; functional type of the check dam within
the system; and type and relevance of exposed elements that are
being protected by the check dam. Moreover, the outputs of this
method could be further evaluated with alternative approaches
such as Bayesian inference (Schweckendiek, Vrouwenvelder, &
Calle, 2014) and fault tree analysis (Ten Veldhuis, Harder, &
Loog, 2013) to analyse changes of the functional status over time.

Finally, the collaboration with the responsible technicians was
key to addressing the user requirements for decision support
from the early stages. A group of 14 participants attended the
organised workshop; half of them were involved in the design
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process. Involvement of users and new participants in the process
was valuable to analyse differences in decision outcomes and to
identify the need for improvements or further research.

A combination of usefulness and validity is particularly
important (Junier & Mostert, 2014). Balancing those aspects
required less complex scientific methods in favour of the users’
understanding of underlying assumptions behind the support
applications (Rao, 2007). In our application, the use of fuzzy
terms was limited to systematically converting inputs to the
support method. The conversion of scores could perhaps be
improved by modelling the membership functions for the fuzzy
terms with experts and by carrying out a sensitivity analysis on
the effect of the gradient and shifting of membership functions
(Chou & Yuan, 1992). To enable the assessment of the effect of
choosing certain rules, the decision-makers need to be provided
with easy to interpret information. Weighing of individual ques-
tions may introduce more complexity. Another possibility to give
some flexibility for setting the rules without necessarily intro-
ducing more factors (weights) would be, for example, instead of
using the worst condition from at least one question to two or
more reported questions.

7. Conclusions

The presented decision support method used the multi-crite-
ria TOPSIS method to provide an indication of the functional
status of check dams by aggregating the reported scores into
indices. Check dams can have different functions in the system
of protection works due to their influence on flow and sediment
processes. Management organisations can optimise their use
of human resources by, for example, having skilled volunteers
inspect complementary check dam structures, while regular
technicians teamed up with volunteers inspect more critical
check dams. Regardless of these management choices, an impor-
tant advantage of the decision support method is that it allows
inspections by either skilled volunteers or technicians, while
ensuring that responsible decision-makers can systematically
evaluate the reports.

Participants in the workshop considered it fundamental for
all volunteers to be well-trained. We suggest that quality control
campaigns should be regularly carried out to evaluate the data
that are being collected; for example, by asking at least three
inspectors to inspect the same structure. In addition, technicians
can carry out inspections campaigns teamed up with volunteers.
In that way, technicians can benefit from understanding the local
stream patterns from volunteers’ knowledge and volunteers
can get additional training and experience on carrying out the
inspections themselves.

By indicating the functional status at parameter level instead
of a global index that aggregates the result of A, B and C parame-
ters, compensation of extreme conditions or errors into an overall
judgement for all parameters is avoided. Moreover, a sorting of
structures is required to prioritise management actions. For such
sorting, additional consideration should be given to combine
outputs of preliminary inspections with other available knowl-
edge about the relevant criteria at pre-screening level (Table 1).
Thereby, decision-makers can assess the results of the individual
parameters from a broader perspective and then choose what
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action is to be taken. However, a balance between complexity and
user-friendliness should be maintained for further development
stages in the decision support method.

It is expected that the steps of the method as described in the
design section can easily be adapted to other situations where
an evaluation of qualitative data is required. Certainly, for other
structures or in other regions, other questions will become rele-
vant and it is suggested to develop the inspection form together
with the users. However, the translation of the answers to indexes
and the combination with expert-based rules can be applied in
many situations. Future research should evaluate the use of this
method for other types of hydraulic structures that may be rel-
evant within a system of protection works. That is, for example,
the case for culverts and box culverts in mountain basins, where
blocking materials such as debris, large wood and other residues
can aggravate flood hazard. An integrated monitoring approach
based on the combination of visual inspections with available
information from high-resolution images and sensors can be
useful to handle limitations of the different methods.
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Appendix 1

Table A1. Reported ratings and aggregated indices for check dam 1.

New-user group User group
Inspector ID/ nUG nUG nUG nUG nUG nUG nUG uG uG uG uG uG uG uG
Questions 4 5 6 8 1 12 13 1 2 3 7 9 10 14
Al FS G FS G FS G FS FS FS G FS G G P-vP
A2 G-VG GVG GVG GVG GVG GVG G-VG GVG GVG G-VG GVG GVG GVG GVG
A3 G G G G G G FS G FS FS G G G G
A4 G G-VG GVG G G G G-VG GVG GVG G G G GVG G-VG
B3 FD P G G G G P G G N/A G G G FD
B4 G P G GVG GVG G G G G N/A GVG G G FD
C1-1 G-VG G-VG N/A GVG GVG G-VG G-VG GVG GVG F GVG GVG GVG G
C1-2 G-VG P-vP GVG GVG G G-VG G-VG GVG GVG F GVG GVG GVG P-VP
13 G-VG GVG GVG GVG GVG GVG G-VG GVG G G-VG GVG GVG GVG G
C1-4 G P-vP G F G VP VP G F P-vP G G N/A P-vP
Inspector’s advice 1 3 2 1 1 4 4 3 4 1 2 1 1 4
ldx, 88.4 1000 921 91.7 88.4 91.7 88.7 92.1 88.7 88.4 88.4 91.7 1000 67.2
%Compl,, 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100% 100%  100%  100%
Fun_Level N Best Best Best Best Best Best Best Best Best Best Best Best Best Worst
ldxg 56.3 16.7 83.3 88.7 88.7 83.3 50.0 83.3 83.3 50.0 88.7 83.3 83.3 32.7
%Compl, 100% 100% 100% 100% 100% 100% 100% 100% 100% 0% 100% 100%  100%  100%
Fun_Level, Medium Worst  Best Best Best Best Worst  Best Best Medium Best Best Best Medium
ldx, 92.4 51.4 77.5 79.3 89.2 63.4 63.4 92.4 77.6 51.8 924 92.4 79.3 46.8
%Compl, 100% 100%  75% 100% 100% 100%  100%  100% 100%  100% 100% 100% 75% 100%
Fun_Level B Best Worst  Best Best Best Worst ~ Worst  Best Best Worst Best Best Best Worst

Notes: Table 2 provides details about the questions and rating code.
VG: Very good; G-VG: Good to very good, FS: Fair sufficient; F: Fair; FD: Fair deficient; P: Poor; P-VP: Poor to very poor; and VP: Very poor.
“For a consolidation dam (Check dam 1), questions B1 and B2 do not apply.

Table A2. Reported ratings and aggregated indices for check dam 2.

New-user group User group
Inspector ID/ nUG nUG nUG nUG nUG nUG nUG uG uG uG uG uG uG uG
Questions 4 5 6 8 1 12 13 1 2 3 7 9 10 14
Al G FS FS FS FS G FS G FS G FS G G G
A2 G GVG GVG GVG G-VG P P-vP G-VG G-VG GVG G-VG G-VG G-VG G-VG
A3 FS FS FS FS G FS FS G FS FS G G G FS
A4 G G G G G G G-VG G-VG G G G G G G
B1 G FD G FD FD FD FD FD FD G FD FD FD FD
B2 GVG GVG GVG GVG GVG G-VG G-VG G-VG G-VG G-VG FD G-VG G-VG G-VG
B3 GVG P G G FD G FD FD FD G-VG FD G FD P
B4 G P GVG GVG G G G G G GVG GVG G G-VG G
C1-1 GVG GVG GVG GVG GVG G-VG G-VG G-VG G-VG GVG GVG G-VG G-VG G
C1-2 GVG F GVG GVG G-VG G-VG G-VG G-VG G-VG P-VP  G-VG G-VG G-VG P-vP
13 GVG GVG GVG GVG GVG G-VG G-VG G-VG G-VG GVG GVG G-VG G-VG G
C1-4 G F G G G-VG G-VG P-vP G-VG G-VG PVP G G-VG N/A P-vP
Inspector’s advice 2 3 3 3 3 4 4 3 3 2 3 3 1 3
ldx, 855 857 857 857 884 62.9 59.0 100.0 85.7 884 884 91.7 91.7 88.4
%Compl,, 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Fun_Level N Best  Best Best Best  Best Worst Worst Best Best Best Best Best Best Best
ldx, 88.7 443 887 707 588 68.9 58.8 58.8 58.8 920 49.6 68.9 61.0 55.5
%Compl, 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Fun_Level, Best Worst Best Best Medium Medium Medium Medium Medium Best Medium Medium Medium Worst
ldx, 924 705 924 924 100.0 100.0 64.7 100.0 100.0 514 924 100.0 79.3 46.8
%Compl, 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 75% 100%
Fun_Level B Best  Best Best Best  Best Best Worst Best Best Worst  Best Best Best Worst

Notes: Table 2 provides details about the questions and rating code.
VG: Very good; G-VG: Good to very good, FS: Fair sufficient; F: Fair; FD: Fair deficient; P: Poor; P-VP: Poor to very poor; and VP: Very poor.
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Table A3. Reported ratings and aggregated indices for check dam 3.

New-user group User group
Inspector ID/ nUG nUG nUG nUG nUG nUG nUG uG uG uG uG uG uG uG
Questions 4 5 6 8 11 12 13 1 2 3 7 9 10 14
Al P-vVP FS FS FS FS P-vP P-vP P-vP FS G P-vP G P-vP FS
A2 G-VG G-VG G-VG GVG GVG GVG P-VP GVG GVG GVG GVG GVG GVG G-VG
A3 FS FS FS FS FS FS FS G FS FS G G FS FS
A4 G G G G G G VP G G G G G G G
B1 G G FD G G G FD G G G G G G FD
B2 G-VG G-VG G-VG GVG GVG GVG FD GVG G-VG GVG GVG GVG GVG G-VG
B3 FD G FD G G G P G FD FD FD G G G
B4 G G-VG G-VG GVG GVG GVG G GVG G GVG GVG GVG G G-VG
c1-1 G-VG F G-VG G GVG GVG P-VP GVG G-VG GVG GVG N/A GVG G
-2 G-VG G-VG G-VG GVG GVG GVG P-VP GVG G-VG G GVG N/A GVG G-VG
C1-3 G-VG F G-VG G GVG GVG P-VP GVG G-VG GVG GVG G-VG N/A G
14 G-VG G G-VG F GVG G P-vP G G-VG GVG G G N/A G
Inspector’s advice 2 1 3 3 1 3 4 3 2 2 3 2 1 1
ldx, 63.8 85.7 85.7 85.7 85.7 63.8 30.3 65.4 85.7 88.4 65.4 91.7 63.8 85.7
%Compl,, 100% 100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100%  100%
Fun_Level A Worst Best Best Best Best Worst  Worst  Worst  Best Best Worst  Best Worst  Best
ldxg 68.9 88.7 61.0 88.7 88.7 88.7 43.1 88.7 68.9 70.7 70.7 88.7 85.9 70.7
%Compl, 100% 100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  100% 100%  100%
Fun_Level, Medium  Best Medium  Best Best Best Worst  Best Medium  Best Best Best Best Best
ldx, 100.0 68.6 100.0 75.8 1000 924 53 92.4 100.0 92.4 92.4 68.6 70.5 86.6
%Compl, 100% 100% 100% 100% 100% 100% 100% 100%  100% 100% 100%  50% 50% 100%
FunfLeveIC Best Medium  Best Best Best Best Worst  Best Best Best Best Medium  Best Best

Note: Table 2 provides details about the questions and rating code.
VG: Very good; G-VG: Good to very good, FS: Fair sufficient; F: Fair; FD: Fair deficient; P: Poor; P-VP: Poor to very poor; and VP: Very poor.

Table A4. Participants’agreement about the usefulness of the method.

Participant ID 1 2 3 5 6 7 8 9 10 1 12 13

(a) Rating conditions of questions in inspection form Al 3 - 3 3 3 3 - - - -2 -2 2
A2 3 3 - 3 3 3 3 - - - -1 2 2
A3 -3 -3 - -3 -3 -3 -3 - - - 0 0 2
A4 3 3 - 3 3 3 3 - - - 0 -2 2
B1 3 3 - 3 3 3 3 - - - -2 1 1
B2 3 3 - 3 3 3 3 - - - -2 1 1
B3 3 3 - 3 3 3 3 - - - 0 -1 -1
B4 3 3 - 3 3 3 3 - - - 0 -1 -1
a1 3 2 - 3 3 3 3 - - - 0 0 0
Q 3 2 - 3 3 3 3 - - - 0 0 0
3 3 2 - 3 3 3 3 - - - 0 0 0
c4 3 - - 3 - 3 3 - - - - 0 0

(b) Inspection form at parameter level

Clarity A 2 2 3 2 2 2 2 2 2 -1 -1 -1 2
B 2 1 1 1 1 0 1 2 3 3 -1 1 2
C 2 2 2 3 1 2 1 3 1 2 1 -1 2

Reliability A 2 2 2 2 2 2 2 2 3 3 3 -2 1
B 2 2 2 2 2 1 3 2 3 2 3 1 1
C 2 2 3 3 1 2 2 3 2 3 3 -1 1

Usefulness A 2 2 2 2 2 2 3 3 2 2 3 -2 2
B 2 2 3 2 2 1 3 3 2 2 3 1 2
@ 2 2 3 3 1 2 3 3 2 2 3 -1 2

Notes: Figure 12 provides an overview of participants’ agreement

Participants rated their level of agreement from -3 (full disagreement) to +3 (full agreement)

The difference in participants’ number was because not all participants attended the second-day programme and one participant did not fill in the
second-day feedback.
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Table A5. Overview of participants’ suggestions for improvements in the inspection form.

Aspects of the inspection form

Participants’comments

Section 1" Inspector’s ID

Section 2" Structure’s ID

Section 3": Conditions of the inspec-
tion

Simplified information about the structure type, if available in the database
New-users from neighbouring regions suggested to keep only the question 2 about the condition of the stream during the
inspection, e.g. dry, ponding and flowing

Section 4: Aspects that can limit the functional status of the structure

Question A1

Question A2
Question A4

Question B1 and B2
Question B3

Rating scale about parameter C

Questions Parameter C

Section 5": Elements that could be
affected in case of flood

Section 6: Inspector’s advice

Paper-based format and recommen-
dations for data collection

Questions A1 (Deviation of the flow passing through the spillway), B2 and B3 (level of obstruction upstream and down-
stream) should be integrated into one within Parameter B

Question about the condition of the structure could be further divided according to the wings and the body of the structure
The option ‘protection present but slight deterioration without missing parts’is missing. When the protection for scouring
is a secondary check dam or a sill, the question is rated. Even so, such structures should have their own first-level inspection
report

Have a different format for open check dams in which these questions do not appear

Level of sedimentation in the retention basin should include an additional option to report the presence of consolidated
vegetation in the deposit

Add in the description for option 1, when the bank is naturally a rock or bare bank. In such cases, there is not a specific
option to report

The extension of the erosion level should be referred to in the provided scheme and not as independent question
New-users suggested that if available in the database, we could omit this part

Itis relevant only when technicians carry out the inspection not for volunteers

Adjust the format to four sides (two pages) to have the information clearer and more readable. However, data collection may
benefit from an ICT application for acquiring pictures in an automatic way and visualise minimum information about the
structure

Have a manual portable to the field to carry out the inspections with some reference pictures serving as example. To fill in
the form is fundamental a training course

Notes: "The decision support methodology considers only the responses to the questions about the functional status (see Table 2). Other sections were
only used as background information for the inspection.
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