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Abstract. Volunteers have been trained to perform first-level 1  Introduction

inspections of hydraulic structures within campaigns pro-

moted by civil protection of Friuli Venezia Giulia (ltaly).

Two inspection forms and a learning session were prepared thhere is an increasing interest in the use of citizen-based ap-
standardize data collection on the functional status of bridge®roaches to better understand the environment and hazard-
and check dams. In all, 11 technicians and 25 volunteers infelated processes. To that end, there are different data-
spected a maximum of six structures in Pontebba, a mouncollection approaches according to the citizens’ skills and
tain community within the Fella Basin. Volunteers included time of involvement, e.g., crowdsourcingdiidson-Smith
civil-protection volunteers, geosciences and social science§t al. 2008, volunteered geographic informatioG¢od-
students. Some participants carried out the inspection withchild, 2007 or facilitated-volunteered geographic informa-
out attending the learning session. Thus, we used the modon (Seeger2008. Moreover, scientists have increasingly
of technicians in the learning group to distinguish accuracyconsidered management approaches based upon the broader
levels between volunteers and technicians. Data quality wa§oncept of citizen scienceBpnney et al. 2009. Thereby,
assessed by their accuracy, precision and completeness. \Welunteers are enlisted and trained according to survey and
assigned ordinal scores to the rating scales in order to gei'anagement needBgvictor et al, 2010).

an indication of the structure status. We also considered per- In disaster risk management, citizen science is linked
formance and feedback of participants to identify correc-to European and worldwide directives, such as the Hyogo
tive actions in survey procedures. Results showed that volframework European Commissior2007 United Nations
unteers could perform comparably to technicians, but On|y2005. Such directives promote citizen involvement to build
with a given range in precision. However, a completeness® culture of resilience before, during and after a disas-
ratio (questiorn/ parameter) was still needed any time vol- ter strikes European Commissior2012. Therefore, mod-
unteers used unspecified options. Then, volunteers’ rating§™ approaches for emergency management promote ex-
could be considered as preliminary assessments without reehange of information between local authorities and volun-

placing other procedures. Future research should considdfer groups to support preparedness and preventive actions

advantages of mobile applications for data-collection meth-(Enders200J). . _ _
ods. Hydro-meteorological events in mountain areas are of-

ten caused by multiple and sudden onset floods and debris
flows. Traditionally, hazard mitigation in the European Alps
is mainly organized by implementing structural measures.
However, the increasing frequency and influence of flow and
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sediment processes also affect the functional status of hy- This study considers regular inspections with citizen-
draulic structures, and vice verdadlub and Hiihl2008. volunteer groups that are promoted by civil protection and

The impact (i.e., damage) is evident to structures forlocal authorities of Friuli Venezia Giulia (FVG), Italy. We in-
debris-flow control, such as check dams. Evidence is alsoolved 11 technicians and 25 volunteers on a data-collection
found in the potential aggravation of flood hazard at the lo-exercise. Participants were invited according to their lo-
cation of bridges and culverts due to blocking material suchcation. Thus, 15 out of 25 volunteers were members of
as debris, large wood and other residudszzorana et al.  civil-protection groups in neighboring municipalities. In all,
2010. Stability of protection works is often threatened by 10 university students were also volunteers within a supple-
the erosion level at stream banks. mentary academic activity.

The need to enhance data-collection approaches to support In this paper, we evaluate data quality on preliminary in-
risk-management strategies is widely acknowledged (e.g.spections of bridges and check dams. Therefore, we address
Molinari et al, 2014). Besides situations where financial and the following research questions: (1) how well were partici-
human resources are limited, scientific monitoring may bepants able to report on the functional status by distinguishing
subject to additional complexity under dynamic environmen-between available rating classes? (2) How effectively were
tal conditions or remote settingdd Jong2013. data collected by volunteers compared to those collected by

Moreover, frequent inspection of hydraulic structures istechnicians? (3) How can survey procedures be improved?
especially important in mountain basins. Therefore, oppor-To that end, Sec® describes the methodology for data col-
tunities in promoting citizen science projects stem from thelection. In Sect3, we evaluate data quality by their accuracy,
increasing frequency, timeliness and coverage of surveillancgrecision and completeness. Finally, we highlight in the dis-
activities Flanaging and MetzgeR008. To be useful, sur-  cussion’s and conclusion’s (Sectsand5) key points for the
vey procedures should be tested and adapted according faractical use of citizen-based data.
quality requirements of decision-makeiBofdogna et aJ.

2014 EPA, 1997 Goodchild and Li2012 Gouveia and Fon-
Secazooa_ 2 Methods

Experiences of citizen science include data collection re-
garding water quality and biological aspectnfel and
Voshell Jr, 2002 Fore et al, 2001 Nicholson et al.2002);
forestry and ecosystem rehabilitatidBréndon et al.2003
Gollan et al, 2012); biodiversity Snéll 2011); stream mon-
itoring (Bjorkland et al, 2001, Yetman 2002 and hy-
drological processesCffelli et al., 2005 Rinderer et al.

In the first step of the methodology, we defined target groups.
The participants’ groups comprised of volunteers and tech-

nicians to evaluate the data quality. In the second step, two
inspection forms were designed for bridges and check dams.
The forms were created to carry out inspections with trained

volunteers.

2012. Despite the variety of projects, limited research De:spne available procedures for technicians, the yolun-
eers’ involvement demands more structured and simpler

has been devoted to evaluating the quality of CItIZ(:"n_base‘#orms to inspect the functional status. Similar Yetman

data} .Damelsen et al.2009. Furthermore, scientists and 2002, we used rating scales to standardize collected data in
decision-makers have a general lack of confidence due tothe. " =7’ "~ . . :
istinguishing minor problems from more serious concerns.

limited accuracy, non-comparability and incompleteness o The rating scales included visual schemes to guide inspec-
citizen-collected dataRjesch and Potte2014 Conrad and tors. In addition, the latter were required to take a photo to

Hilchey, 2011. support their choices
In spite of the challenges for citizen involvement, preci- bp '

. Finally, we organized a data-collection exercise to carry
sion and completeness of largely collected data depends on | .. : . )
. ) ; out first-level inspection of six structures, hereafter referred
the exhaustiveness of the inspection procedu@sdlgway ; " -
- - . to as “inspection tests”. There was 1 day for the training ses-
et al, 2006. Therefore, training activities are often required

before starting the inspection campaigns. However, the ey Sion and 1 day for the inspection tests. Participants were di-

. - . . - vided between control and learning groups to identify poten-
tension of these training sessions should consider avallablﬁal improvements in survey procedures
time, number and type of participaniByeddle et al.2012). '
To that endJordan et al(2011) suggested that identifica-
tion of technical data should be restricted while more gen-
eral indicators can still be accurately obtained. Those indicaCitizens were involved in the form of Civi|-protection volun-
tors may be quantitative and qualitative aspects that are easeers due to safety limitations and accessibility to hydraulic
ily recognizable from visual inspection&¢mmerman and  structures in mountain catchments. Citizens enrolled as civil-
Monrog 2012 Gouveia et al.2004. Then, qualitative field  protection volunteers traditionally received formative, infor-
methods are generally based on rating scales to report inmative and safety procedures while specialized training is se-
spected conditions. lectively provided Protezione Civile FVG2009.

2.1 Participants’ groups
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Table 1. Participants’ distribution between learning groups (LGs) and control groups (CGSs).

Participant's number 2-day LG 1-day CG
Civil protection volunteers 15 8 from Pontebba 1 from Pontebba (Date 1)
2 from Chiusaforte 1 from Dogna (Date 3)
2 from Dogna 1 from Malborghetto (Date 4)
Geo-sciences students 8 *4 4
Social science students 2 2 No participants
Volunteers (Vs) 25 18 learning (of which 14 testing) 7 testing
Civil protection (CP) 11 3 and*lfrom CP 1 from CP (Date 3)
Forestry service (FS) 1 from FS 1 from FS (Date 1)
Geological survey (GS) 1 from GS 3 from GS (Date 2)
Technicians (Ts) 11 6 learning (of which 5 testing) 5 testing
Participants 36 24 learning (of which 19 testing) 12 testing

* LG participants that attended only 1-day (pre-test and test 1 for bridges and check dams).

In addition, we widened the range of participants with Section | identifies the inspector. Section Il comprises simpli-
students to account for assumed differences in preliminanfied information on location, type, use and presence of con-
knowledge to fill the form. Then, volunteers included geol- nected structures, if available. Section Il accounts for the
ogy students and students from a master’s course on coopevel of accessibility, presence of stream water, occurrence
eration, both from the University of Trieste. The technicians of rainfall and snow. Thus, section Ill becomes relevant for
were employees from regional services with competences focomparing between campaigns carried out at different time
the inspection of hydraulic structures in the mountain com-periods. Thereafter, section IV of the form refers to the func-
munity. tional status of the inspected structure. Functional status is

Volunteers (Vs) and technicians (Ts) joined the activity ac- the susceptibility or physical conditions of the structure that
cording to their time-availability (Tabl#). The controlgroup  may affect the function type for which it was designed or
(CG) carried out the inspection tests without attending thebuilt (Uzielli et al, 2008. Furthermore, the functional status
learning session. Most citizen-volunteers were present in thés inspected by looking at three parameters, according to the
learning group (LG) as they are the target group of cam-structure type.
paigns promoted by civil protection. Students of geosciences Parameters in section IV are comprised of a maximum of
were only available for the inspection tests during the firstfour questions. For example, questions for check dams in pa-
day. Their involvement was important to facilitate knowledge rameter A are: (1) is the stream flow passing where it should
exchange during outdoor learning. Then, they were equallybe? (2) What is the status of the check dam? (3) How visible
divided into a volunteers’ learning group (VLG) and a vol- is the basis of the structure? (4) Is there any protection for
unteers’ control group (VCG). scouring at the downstream bottom of the check dam? Ques-

During registration to the data-collection exercise, partic-tions, rating options and visual schemes were defined ac-
ipants were asked to fill a questionnaire to characterize pareording to inspection procedures for technicians. Those were
ticipants’ groups (Tabl&1). Gathered information included mainly for check damsJakob and Hungr2005 Provinzia
demographics such as age, gender and level of education, #itonoma di Bolzanp2006 von Maravig 201Q Province
well as period of residence in the Fella Basin and FVG re-of British Columbig 2000 and bridgesBurke Engineering
gion. In addition, we measured the experience with hydro-1999 Ohio Department of Transportatip01Q Servizio
meteorological hazards (i.e., floods, debris flows and land+orestale FVG2002. The inspection forms adopted in this
slides). The questionnaire also included 20 questions to asstudy are available as the Supplement.
sess a prior knowledge of participants of debris-flow phe- For the case of bridges, parameter A focuses on the open-
nomena, functionality of check dams and culverts, as well asng for the water flow and erosion of the pillar or abutments.

emergency security guidelines. Parameter B assesses levels of lateral obstruction, either at
the structure location or at the stream channel. Therefore,
2.2 Design of the inspection forms guestions for these parameters were aimed at identifying

morphological changes immediately upstream, downstream

Table 2 summarizes the forms’ layouts divided by sections. and at the structure location. Such changes relate to either
We defined the latter with four risk managers of civil protec- 10cal erosion at protection structures and abutments, depo-
tion, the geological survey and the forestry service of FVG.Sition phenomena that is somehow perennial with presence
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of vegetation, or clogging of critical flow sections. Finally, stone and itis characterized by steep slopes and high tectonic
it accounts for additional elements, such as pipes, when thegrade. The area is prone to landslides, flash floods and debris
reduce the stream cross section. flows.

We also included a question referring to the maximum free  The latest severe alluvial event was on 29 August 2003.
height of the structure. However, it was, in the end, not con-The total rainfall amount of the event was equal to 389.6 mm.
sidered due to safety limitations for citizen volunteers whenDetected intensities were particularly strong for values corre-
accessing the stream channel. Limitations are based on theponding to 3 and 6 IBprga et al, 2007). The event caused
dynamic distribution of deposits and eroding surfaces alongsevere damage, created gullies and expanded existing river
steep mountain channelRémaitre et al.2005. Therefore, beds. The most affected villages were Ugovizza, Valbruna,
volunteers should follow safety procedures according to theMalborgehtto and Pontebb&#lligaris and Zini2012.
environmental and meteorological conditions during the in-  After the 2003 event, technical services updated the inven-
spection period. tory of debris flows. Civil protection realized several mitiga-

For check dams, the focus of parameter A is on the statusion measures in the affected areas. The basin authorities pro-
of the structure itself and downstream scouring. Parameter Bluced an updated version of the hazard maps, P.A.I-FELLA
distinguishes between consolidation and open check damgADBVE, 2012. Thus, 22 % of total check dams and 50 %
Then, upstream obstruction is limited to the open check dantotal of bridges within Fella Basin are accounted at the dif-
type. That distinction is due to the relevance of open checlferent hazardous areas defined in the P.A.l. upstream of the
dams for retention of sediments, if there is a retention basirPontebba location. That corresponds to 230 and 115 struc-
connected to the structure. Therefore, we included a “Doedures respectively.
not apply” option for inspecting consolidation check dams.  Civil protection selected the structures for the inspection

In contrast, parameter C addresses the same questions ftests (Fig.1b). The complexity of the inspection tests dif-
bridges and check dams. It refers to the worst condition whilefered according to the functional status of the structures.
looking at the presence of protection works and erosion levelThen, structures for the inspection tests accounted for a range
at the stream banks. Then, we established a control distandeom minimal to serious concerns. Structures also included
of 20 m upstream and downstream of the structure. This diseonnected elements, such as retention basins and secondary
tance was defined to reduce variability of assessments ducheck dams for scouring protection.
ing the inspection. The 20 m allow inspectors to observe and Finally, Table4 describes the organization of the exer-
to take pictures, even if accessibility to the structure is re-cise, divided by sessions and inspection tests. The registra-
stricted. Section V of the form reports the critical infrastruc- tion questionnaire was open until the exercise day, which
ture within the same control distance. Finally, section VI dis- took place on May 2013. See the website of the activity
tinguishes required actions to follow up the inspection basednore details on the questionnaire and training material.
on the options provided in the form. After a common introductory session, participants in-

Data-quality evaluation focuses on sections IV and VI of spected the same structures according to the CG or LG pro-
the inspection form. Tabl8 summarized the rating scales gram. Every test took 15 min on average, which was actually
we used. When the question itself did not specify the loca-faster than expected. First, all participants carried out an in-
tion to report, a multiple choice was included by specifying door pretest by looking at a poster. Then, the CG initiated
the problem’s location: right, left or in correspondence with inspections directly in the field without attending the learn-
the structure. In addition, all questions had alternative op-ing session. The CG program was on different dates based on
tions to report unspecified answers such as “I don’t know” the participants’ availability.
and “Could not be answered”. The latter represents condi- Instead, the LG continued their first-day with the learning
tions at the structure location (e.g., water level) that did notsession. The learning had an indoor program followed by an
allow inspectors to provide an assessment. outdoor session that included the structures of the pretest. In

In addition, we assigned ordinal scores to the rating classethe outdoor session, the LG was divided into teams with rep-
to get an indication on the functional status. For the data-resentatives of each participant’s group (one technician, civil-
quality evaluation, we aggregated scores according to therotection volunteers and one student). At first, each partic-
given range in precision while generalizing the rating scalesipant compiled the test 1 for check dams and bridges. Then,

they filled it out by teams for knowledge exchange. Senior
2.3 Data-collection exercise technicians clarified further aspects, if needed. On the sec-

ond day, the LG continued with test 2 and 3, divided in two
The data-collection exercise was carried out in the munici-groups to reach the structure location. At the end, all partici-
pality of Pontebba (FVG, Italy) within the mountain com- pants provided feedback and submitted the pictures they took
munity in the Fella Basin (Fidla). The only settlement with  during the inspections, if any.
over 4000 inhabitants is Tarvisio, bordered by Austria and
Slovenia. The Fella catchment has an area of 708 kvith Lhttps://horatius.irpi.pd.cnr.it/changes-fella/changes-fella/
a mean altitude of 1140 ma.s.l. It consists mostly of lime- index.php/relazione-dell-attivita
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Table 2. Form’s layout for bridges and check dams.

Sections Aim of each section

I. Inspector’'s name and period of the inspection  Identify person responsible for form compiling
Identify time and inspection period based on rainfall conditions
during last 24 h, if known

II. Structure and function type Precompiled with data available from regional databases of hydraulic structures
Ill. Inspection conditions Distinguish conditions of regular inspections from those to intensify surveillance
IV. Functional status: Distinguish among the following possible actions:

A. Condition of the structure No action is required

B. Level of obstruction at the structure Requires routine cleaning of blockages by hand

with a maximum group of 10 volunteers
C. Presence of protection works and Requires cleaning with support of equipment
erosion level at the stream bank Second level inspection; actions other than cleaning are required

V. Presence of anthropic elements Refer critical infrastructure next to the structure
VI. Synthesis of the inspection Provide general recommendation from available options

Table 3.Rating scales used in the inspection form.

Rating classes Criteria Score’s meaning Generalized classes  Questions

(Scores) (Precision range)

Five classes Minimumto 1: Best condition Three classes Bridges: B1 & B2

(1,2,3,4and5) maximum 5: Worst condition (1-2, 3 and 4-5) Check dams: A2, A3 ,B1 & B3
concerns Both: C2.1,2,3 &4

Three classes Differences  1: Best condition Three classes

(1,3 andb5) are not for 3: Medium condition (None) Check dams: A4 & B1
five classes 5: Worst condition

Three classes Relevance 1: Total absence Two classes Briddes: Al

(1,4 and5) to present 4: Presence (1 and 4-5) Check darfis: Al
aspects 5: Presence beyond reference aspect Both: C1.1,2,3&4

Two classes Yes/no 1: Absence Two classes . . "

(1 and 5) 5: Presence (None) Bridges: AZ, A3 & B3

Synthesis Management options for Two classes .

(1,2,4andb) synthesis of the inspection (1-2 and 4-5) Section V1 of the form

* Includes multiple choice to specify the location of the problem.

3 Evaluation on the quality of collected data fines. This consideration was based upon the relatively low
by volunteers sample, size and difference in number between the groups.
We referred to the mode score for the data evaluation as it
Tablesb and6 summarize results according to the componentrepresents the class with the highest frequency. In addition,
questions per parameter. Mean ordinal scg®egsand stan-  we used the following criteria to assess the quality of col-
dard deviations (SD) were calculated from the ratings thatiected datafEPA, 1997, p. 19-20):
participants reported in test 1, 2 and 3.

Then, we evaluated how effectively data were collected by — Accuracy is a “degree of agreement between the data
Vs as compared to that collected by Ts. Figu#e8 summa- collected and the true value on the condition being mea-
rize results according to the pretest, tests 1, 2 and 3. Distinc-  sured”. Then, we referred to as “true value” as the mode
tion was done between Vs and Ts within participants of the score for Ts in the learning group. Figurgss aggre-
learning and control groups. For that purpose, a frequency  gate the relative frequencies in four frequency classes
analysis was applied to the ordinal scores that Taotke- with reference to the true value: equal to or larger than
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Figure 1. Study area(a) overview of the study area and Fella Bagi). Map indicating the location of the structures for the inspection tests.

Table 4. Description of the data-collection exercise.

Session Inspection test Description of activities
(Duration) (Structure) 2-day LG 1-day CG
1) Registration Filling the registration questionnaire.
(12 month)
2) Introduction Pretest with a poster Scope of the activity.
(1h) (Bridge 1 and check dam 1)  Safety advice and recommendations
for form compiling.
Pre-test to establish the initial
understanding of participants to fill the form.
(3a) Indoorslearning  Presentations of 45 min separated by breaks in-between. Participants divided in four groups.
(3h)
(3b) Outdoor learning  Test 1 Participants divided in two teams Each group made the testin
3h) (Bridge 1 and check dam 1)  guided by a senior technician. one of three optional dates.
Individual form compiled for two structures. Individual form compiled
Team divided in five sub teams of five participants. for six structures.
Group form compiled per sub team.
4) Testing Test2 and 3 Participants divided in two teams to minimize interaction.
(3h) (Bridge 2 and 3) Individual forms compiled for four structures
(Check dam 2 and 3)
(5) Feedback Feedback form (15 min) and during learning sessions.

90, 70-90 and 50-70%, and smaller than 50%. We
chose this aggregation to distinguish different accuracy
levels for each group. In addition, we assumed agree-
ment among group members when a question had a rel-
ative frequency of at least 70 %. Then, the overall agree-

Nat. Hazards Earth Syst. Sci., 14, 26812698 2014

ment per parameter was calculated by the ratio ques-
tion / parameter, i.e., the number of questions with fre-
guencies of at least 70% between total questions per
parameter.
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MODE SCORES MODE OFF BY ONE LEVEL
Relative frequencies (%) Only increments to the relative frequencies
BRIDGE TESTS Learning Testing Learning Testing
PRE-TEST TEST-1 TEST-2 TEST-3 PRE-TEST TEST-1 TEST-2 TEST-3
T \ ) v T V T \ T Vv T v T \") T \
" Sle 9|0 |0 d|le e -0
< e e 9| & e e (L)
o
£l Sl e |0 | e
=
§ “le o || e |0 | e
a.
- e | |0 3| 9
“ e ® * & (e O ® @
Questions/ | CG |EEJENIES 2/3 | 1 - 1 1
Parameter LG Y 1 1 1 1/3 1/3 1/3  1/3 |8 1
o sl e oo ol o|(le 3] -e]e e 9
@ 1P @@ |G | OB @ © O O (I e @
E - Gl O e & |0 O 2 O ® 9 -S| ® DS @
g Ll d» @ | > S| &P & ® @& ® o % 9| o
2|, Glo 9|l @@ e o N | | |
- I ) ® @ /| P> & ® <9
Questions/ CG 1/3 1/3 - - 1/3 - 2/3 1 1 1 1/3 | BN 2/3
Parameter |G| 13 1/3 - 1/3 1/3 1 1 1 1 1 1
Accuracy levels: . " ) N
(Frequensy Eveid) @ >90% @ 70-90% @ 50-70% (™ <50%
ifi ‘Could not be More than one "Unspecified" option
Unspecified ‘No answer’ ‘| don’t know’ , ) ¢ P
answers: answered applies

Figure 2. Relative frequencies for Vs and Ts of learning groups (LGs) and control groups (CGs). Parameters A and B in inspection tests for
bridges.

— Precision “refers to how well data collected are able to ness. It corresponds approximately to an absolute fre-
reproduce the result on the same group”. For all partic- quency of one participant in the control group or two
ipants, we represented precision by using the standard  participants in the learning group.
deviation (SD) in Table$ and6. Instead, in Figs2—

6, we compare each group while looking at the mode Other criteria, such as comparability and representativeness,
scores and the mode-off by one level. The mode-offwere only considered in designing the form. “Comparabil-
is a range in precision given by generalizing the ex-ity represents how well data from one form can be com-
treme scores of the rating classes. For example, accordPared to data from another. Representativeness is the degree
ing to Table3, we generalize rating scales from five to to Which collected data actually represent the structure be-
three classes by grouping: very low to low concerns,ing inspected.” EPA, 1997 p. 19-20). Then, we referred to
medium concerns and high to very high concerns. Thosecomparability by using a standard form for bridges and check
are ordinal scores 1 and 2 on one side; scores 4 and §ams. For representativeness, we required a photo record
on the other. Mode-off by one level in Figg-6 only from the inspector to support their choices and to provide ad-
distinguished questions where the scale generalizatiodlitional information for the later examination of inspections.
brought forth increments to the relative frequencies. Finally, we used comments provided by participants dur-
ing the sessions and the comments provided in the feedback

— Completeness is the “measure of the amount of validform to define corrective actions (TabR®. Following sub-

data actually obtained vs. the amount expected to be obparts present results according to specific aspects for bridges

tained”. In Tables5 and 6, completeness is evaluated and check dams, then into common aspects for both struc-
by the amount of answers obtained between the rattyres.

ing scales as compared to the selection of unspecified

answers. In Figs2—6, we evaluated completeness by 3.1 Functional status of bridges for A and B parameters
distinguishing questions with relative frequencies larger

than 14 % in the options: “l don’t know”, “Could not be Table5 shows that A and B parameters in test 1 have mean
answered” and “No answer”. We chose a threshold ofscores between 1 and 2 in the functional status. Lower ordi-
14 % to highlight questions with the lower complete- nal scores represent the best condition for inspected aspects
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That is the case of question A3, which should explicitly ad-
dress the status of protection works for downstream scouring
in bridges (Fig3c). For parameter B, Ts and Vs only reached
accuracy levels above 70% when looking at the mode-off
by one level, indistinctly of the test. However, question B3
(presence of islands with shrubs or man-made structures that
reduce the opening for the flow) had the lowest precision in
Table5 and Fig.2. Then, question B3 should be split for bet-
ter distinguishing presence of islands with vegetation from
man-made obstructions.

3.2 Functional status of check dams for parameters A
and B

Table6 highlights the questions with more serious concerns
and standard deviations above 1. Despite the functional sta-
tus, the presence of connected elements to the structures con-
tributed to larger standard deviations. Thus, complexity in
the inspection was higher due to the presence of a secondary
structure in check dam 1 and a retention basin in check dam
2 (Fig.3d and e).

Figure 4 shows the lower accuracy levels and overall
agreement ratio for parameter A in test 3. Then, question Al
Figure 3. Photo record of the structures inspectéal upstream  \yas the least accurate for Vs in test 2 and 3. Those results
view of bridge 1: pretes.t and te;t (b) Upstream view of bridge may be explained on the rating scale we used, (see Supple-
2: test 2.(c) Upstream view of bridge 3: teSt_ad) check dam 1 pont for check dams). For question Al, rating classes did
pretest and test _Ie) Opening of Chec_k dam 2: test @) Upstream not distinguish slight deviations from the strong ones. Then,
to downstream view of check dam 3: test 3. . . g .

medium concerns were not explicitly within the available op-

tions.

In addition, Fig.4 shows higher frequencies of unspeci-

(Fig. 3a). Despite Ts in the control group, Fig.presents fied answers for questions A2 and A3 in test 1 and 2. In test
overall agreement near to one for parameter A. That is thel, unspecified answers were due to the water level at the ba-
ratio questiony parameter for parameter A and test 1. For pa-sis of the structure. “Could not be answered” was even the
rameter B, overall agreement was reached only in the modepreferred option for the TLG. In test 2, visibility at the basis
off by one level. That represents lower precision in the B rat-of the structure was limited due to the sediment accumula-
ings indistinctly of the groups. tion. Finally, question A4 denoted higher frequencies of un-

However, performance in test 1 contrasts with the one inspecified answers for all structures (Tabland Fig.4). De-
test 2. Inspection complexity of bridge 2 was higher due toscription of question A4 should be reviewed to avoid misun-
stream water flowing along the structure’s pillars and abut-derstanding with question A2. That is the case of connected
ments (Fig.3b). For parameter A, Tablg highlights higher  structures for protection of downstream scouring. Classes to
frequency of unspecified answers and ordinal scores witlreport in question A4 should be extended to consider all pos-
standard deviations larger than 1. For Parameter A, Fig. sible functional conditions.
shows accuracy levels below the relative frequency of 70%. For parameter B, questions B1 and B2 have the lowest
Consequently, there is disagreement in the mode score be&ompleteness in pretest and test 1. Those questions were not
tween Vs and Ts, indistinctly of the groups. The presence ofrelevant for the consolidation check dam. Despite the “Does
erosion in test 2, i.e., question Al, was mostly rated by parnot apply” option, VLG and TLG still preferred not to an-
ticipants as “Could not be answered”, “No answer” or “No swer.
erosion”. Moreover, those who reported erosion in the pil-
lar and abutment did not distinguish among erosion presenc8.3 Common aspects for the functional status:
with or without the stream water along the basis. parameter C and synthesis

For parameter A, in test 3, Fi@ shows better perfor-
mance for the TLG and VLG as compared to the TCG andin questions C1 and C2 for bridges and check dams, partici-
VCG. The difference in performance could represent somepants only distinguished the upstream and downstream loca-
influence of the learning session. However, it also denotegion from the field inspection (test 1). That is comparing to
the need for adjusting questions to avoid misunderstandingshe pretest results, which was the preliminary inspection test
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Figure 4. Relative frequencies for Vs and Ts of learning groups (LGs) and control groups (CGs). Parameter A and B in inspection tests for

check dams.

to the learning session. For the pretests, mode scores weraore technical and detailed inspections. Potential use espe-
only assessable during the field inspections (test 1) due taially holds on dynamic environments with a large number of
the participants’ difficulty in compiling the form in front of hydraulic structures or where financial and human resources
a poster (pretest). Similar performance of the pretests holdare limited Danielsen et al2005 Holub and Hiib|2008 de
for check dam 1 and bridge 1, indistinctly of the parameterJong 2013.
inspected (Fig2-6). In this research, we combined rating scales with ordinal
When looking at the overall agreement, the most subjecscores to get an indication on the functional status. However,
tive aspects were the level of erosion at the stream bank (pawe still acknowledge the usefulness of photo and videos to
rameter C) and synthesis of the inspection. For the first onesupport detailed descriptionBifksen et al. 2013 Yetman
the description coming along with the rating classes should?2002. Regardless of their importance, not all volunteers took
be improved. The scheme that supports this aspect shoulghotographs. They expressed difficulties to relate the photo
also be adjusted in order to minimize misunderstandings berecord in the form. Then, we made distinction among vol-
tween the left and right bank. For the latter, the synthesisunteer data with those obtained by professional staff. Refer-
should remain optional for volunteer inspectors. However, Tsring to participants’ characteristics, both the Ts and Vs were
did not agree for all structures. Then participants still requiremostly adult men. However, Vs were younger participants,
a short handout which can be taken with them to the field toas groups included students. Ts generally had higher level of
support their choices. education than Vs. This can be explained again by the pres-
ence of students but also by the fact that volunteering for civil
protection does not require high level of education. Most Ts
and half of the Vs were local inhabitants of the Fella Basin.
Vs who do not live there were mostly the students who live

4 Discussion

First-level inspection of hydraulic structures is a citizen sci- 1argely in the FVG region. _
ence project that aims to support decisions about obstruc- Compared with data collected by Ts, Vs often had higher
tions of hydraulic structures, or to pre-screen problems forvarnance. Differences in accuracy can be explained from their
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Figure 5. Relative frequencies for Vs and Ts of learning groups (LGs) and control groups (CGs). Parameter C and Synthesis of the inspection
tests for bridges.

hazard experience and preliminary knowledge for the inspec2002 and the combination of classes depending on the ques-
tion of hydraulic structures. The experience with natural haz-tions to be answeredR{nderer et al.2012. However, visual
ards varied greatly for all the groups, some participants hadnspections are subjected to various sources of biases, both
never experienced natural hazards when some had more thdor the volunteers and technicians. For example, limitations
10 times. Not surprisingly, Ts had very good a prior knowl- on the accuracy for the recognition of defects, precision to
edge for debris-flow phenomena, functionality of check damsdescribe defects according to a rating scale and completeness
and culverts, as well as on emergency security guidelinesof the inspection report&ouveia et a].2004 Dirksen et al.
Vs scored lower especially in the VLG. 2013. Therefore, it was useful to include unspecified options
Survey procedures were discussed with the LG. Thusdistinguishing limitations such as water level and inspection
forms may be differently interpreted when comparing be-conditions, which are also complementary information to an-
tween the TLG and TCG. Similarly, the preliminary knowl- alyze the reports.
edge of geosciences students may also influence their per- Furthermore, we referred to potential improvements in
formance in the VCG. That is by comparing with the VLG, survey procedures. Rating scales should consider all possible
which were mostly composed of citizen volunteers of civil functional conditions, only when distinction among different
protection. Differences between Vs and Ts can evidencedoncerns is possible. Improvements in the forms are still re-
lack of training and unfamiliarity with survey protocols. quired. For example, a separated form could be defined for
We found that the use of rating scales with a range in preculverts to address specific aspects of such structiiasf
cision of one level could cope with some variance. Previousand Bhattacha”011). However, surveys procedures should
studies indicated the advantages of rating clasgesman remain as simple as possible.
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Figure 6. Relative frequencies for Vs and Ts of learning groups (LGs) and control groups (CGs). Parameter C and Synthesis of the inspection
tests for check dams.

Despite the needs for improvement, several comment®ds. Finally, participants should have feedback on the quality
proved the utility of the activity: “as a good initiative to in- evaluation following every inspection campaign. It may con-
struct volunteers on the observation of the territory with pre-tribute to maintaining data quality during the design phase
ventive scope, it joined theory and practice together on thebut also on a long-term basis.
field, it helped to understand and inspect the functionality of Moreover, citizen-based approaches require the effec-
the structure”. tive combination of two practical aspects in order to be

Nevertheless, iterative design and additional testing is refully useful: recruiting and training strategies. Then, quality-
quired before making a perennial activity from this pilot. assurance methods for data collection, comparison and ex-
First, improvements on the inspection procedures should bamination Crall et al, 2011 Riesch and Potte014).
separately tested with technicians to improve robustness of From the social perspective, a cornerstone beyond our re-
methods. Thus, we could validate the iterative design withinsearch scope is the increasing volunteers’ awareness of the
the reference group. Then, we could discuss procedures witlvater-sediment processes being address€zmliet et al.
the technicians for later examination of data and the use fo2008. From the technical perspective, geoinformatic tools
decision-making. and mobile devices could facilitate data collection, access

The involvement of a mixed group of participants was in- and validation lewman et al.2012. Data management sys-
teresting for knowledge exchange, particularly in the outdoortems could support technicians to compare and use collected
session. However, it also facilitated interaction during the in-data for later examination.
spection tests, which was ideally not desired. Then, replica- In addition, participants could exploit smartphone applica-
tion exercises should be carried out on a separate day fations for form compiling, completeness checking, data trans-
each participant’s group to improve consistency on the methferring and photo record. Additional tools could be included,
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Table 5. Evaluation of scores for the data collected in the inspection tests for bridges. The values in bold distinguish the lowest performance.

Participant’s number 36 31 31
Component questions per parameter Test 1. Bridge 1 Test 2. Bridge 2 Test 3. Bridge 3
(Rating classes: assigned scores) X SD  %Us X SD  %Us X SD  %Us

(A) Condition of the structure

Al. Erosion at the pillar or abutment. 13+1.0 3% 25 £16 19% 1.0 - 3%
(3 classes: 1, 4 and 5)

A2. Natural jumps created by the stream. 1.2+0.9 - 1.7 £15 13% 11 +£07 3%
(2 classes: 1 and 5)

A3. Other damage at the foot of the structure. 1.0 - 3% 1817 13% 1.0 - 10%

(2 classes: 1 and 5)

(B) Level of obstruction at the structure

B1. Obstruction upstream 1.3+05 - 17 +09 3% 1.8 +09 -
(5classes: 1, 2, 3,4 and 5)

B2. Obstruction downstream 1.3+0.5 - 1.7 +£08 3% 15 +06 3%
(5classes: 1, 2, 3,4 and 5)

B3. Islands with vegetation (shrub) or other 1.AL15 - 29 %20 - 1.8 +£1.6 -

man-made obstructions (2 classes: 1 and 5)

(C1) Presence of protection works within 20 m upstream and downstream

C1.1. Left bank — upstream 49+07 3% 16 +1.3 13% 44 +1.2 -

(3 classes: 1, 4 and 5)

C1.2. Left bank — downstream 4.8+0.7 - 16 +£14 3% 44 +£1.0 3%
(3 classes: 1, 4 and 5)

C1.3. Right bank — upstream 50+02 6% 35 19 3% 31 +£18 3%
(3 classes: 1, 4 and 5)

C1.4. Right bank — downstream 4.8+0.7 - 42 %14 10% 45 =£0.8 -

(3 classes: 1, 4 and 5)

(C2) Level of erosion at the stream bank within the same distance

C2.1. Left bank — upstream 11403 19% 16 +06 19% 16 +£09 3%
(5classes: 1, 2, 3,4 and 5)

C2.2. Left bank — downstream 1.14+03 14% 24 £1.3 16% 1.7 x10 3%
(5classes: 1, 2, 3,4 and 5)

C2.3. Right bank — upstream 1.1+02 17% 1.3 +05 10% 20 £09 3%
(5classes: 1, 2, 3,4 and 5)

C2.4. Right bank — downstream 1.1+03 22% 20 +08 6% 23 £1.3 -

(5classes: 1, 2, 3,4 and 5)

Synthesis of the inspection

(4 classes: 1, 2, 4 and 5) 15+11 19% 26 15 6% 32 +18 6%

X: average ordinal score; SD: standard deviation; %Us: relative frequency of unspecified answers.

such as an embedded glossary or a systematic tag. GPS sigrial Conclusions

coverage of mobile devices is especially limited in mountain

catchments. Therefore, a known ID of the structure may stillResults showed that citizen volunteers could carry out first-

be relevant. Future research using such applications shoulgve| inspections with comparable performance to techni-

address data-quality requirements. Usability should exploresians. Differences among the 11 technicians and 25 volun-

advantages for the diversity of volunteers getting involvedteers do not have a high statistical significance when distinc-

(Newman et a.2010. tion is done among control and learning groups. However,
key points can still be extracted from this data set. Those con-
siderations are relevant for the use of volunteers’ data on the
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Table 6. Evaluation of scores for the data collected in the inspection tests for check dams. The values in bold distinguish the lowest perfor-
mance.

Participant's number 35 31 31
Component questions per parameter Test 1. Check dam 1 Test 2. Check dam 2 Test 3. Check dam 3
(Rating classes: assigned scores) X SD  %Us X SD  %Us X SD  %Us

(A) Condition of the structure

Al. Stream flow passing where it should be  1.1H0.7 - 20 #£15 - 20 14 -
(3 classes: 1, 4 and 5)

A2. Status of the check dam 22415 9% 10 £0.2 6% 1.1 403 -
(5classes: 1, 2, 3,4 and 5)

A3. Visibility of the basis of the structure. 2.2 +1.7 23% 13 +06 3% 13 +06 3%

(5classes: 1, 2, 3,4 and 5)
A4. Protection for dowmstream scouring. 4.7 +£09 11% 32 406 32% 19 +10 16%
(3 classes: 3, 1 and 5)

(B) Level of obstruction at the structure

B1. At the opening of the check dam, ifany 1.0 - 26% 44 408 - 21 £05 3%
(5classes: 1, 2, 3,4 and 5)

B2. Upstream in the retention basin, if any 1.2+08 26% 40 =£14 13% 12 +05 16%
(3 classes: 1, 3and 5)

B3. Downstream obstruction 1.1 +0.2 9% 25 +13 3% 1.8 +0.9 -
(5classes: 1, 2, 3,4 and 5)

(C1) Presence of protection works within 20 m upstream and downstream

C1.1. Left bank — upstream 1.7+15 6% 1.3 +09 13% 44 408 6%
(3 classes: 1, 4 and 5)

C1.2. Left bank — downstream 49403 3% 45 408 3% 46 +£1.0 -
(3 classes: 1, 4 and 5)

C1.3. Right bank — upstream 46+1.2 6% 11 +06 16% 40 =+1.3 -
(3 classes: 1, 4 and 5)

C1.4. Right bank — downstream 49+03 3% 29 *1.7 3% 46 =+£10 3%

(3 classes: 1, 4 and 5)

(C2) Level of erosion at the stream bank within the same distance

C2.1. Left bank — upstream 14407 26% 1.8 £1.2 39% 13 +04 3%
(5classes: 1, 2, 3,4 and 5)

C2.2. Left bank — downstream 12405 11% 15 409 19% 1.3 +04 -
(5classes: 1, 2, 3,4 and 5)

C2.3. Right bank — upstream 1.1+03 14% 19 £1.2 39% 16 +08 6%
(5classes: 1, 2, 3,4 and 5)

C2.4. Right bank — downstream 11403 17% 26 £1.4 23% 1.3 +05 -

(5classes: 1, 2, 3,4 and 5)

Synthesis of the inspection

(4 classes: 1, 2, 4 and 5) 3.1+19 11% 43 £04 19% 27 +1.4 10%

X: average ordinal score; SD: standard deviation; %Us: relative frequency of unspecified answers.

functional status of hydraulic structures. It may also provide dures that are clear enough require iterative design and
some guidance to researchers and practitioners interested in  testing to avoid uncertainty and misunderstandings.
citizen-based data.
2. In spite of the need to standardize reports, unstructured
data such as comments and pictures are still required

1. Volunteers could carry out first-level inspections with by managers to validate completeness and precision of
comparable performance to technicians, but with a pre- volunteers’ data. Then, the systematic tagging and ref-
required range in precision. However, survey proce- erencing of that data is crucial.
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Table 7.Feedback of participants to initiate corrective actions in survey procedures.

Feedback form Comments received Corrective actions

Was the inspection form clear Protection works for scouring should Rating classes and schemes will be adapted

enough to carry out the inspection?  be inspected not only for check dams according to participants’ comments and
but also for bridges when it applies. recommendations from the results section.
For bridges, obstructions in the floodplain Brief guidelines and glossary must be provided
should be also reported. together with the inspection form.

Upstream obstruction should be reported for open
and consolidation check dams.

Did you find the options When possible, rating scales with three or two classes  To avoid misunderstandings, the question regarding
provided in the form useful should be extended to rate all possible status. the presence of protection works will better refer to
to answer the questions? Presence of human infrastructure should be their length within the control distance.

open question to report other infrastructure The form will emphasize to report the infrastructure

besides roads and buildings. that may be affected in case of high water levels.
Which aspects you did not All structures to inspect should have available Information regarding the type of structure
like about the activity? information for the function type. will be always precompiled in the form.

Participants with technical background The learning should start directly with

considered the indoor session long while the outdoor session and finishes with

citizen-volunteers requested more time the indoor session.

to better understand the theory and The indoor session will be carried out

to carry out the inspections. separately for each group of participants.

The inspection in front of the poster Interaction between groups will be limited

could be better used after both theory to the outdoor session.

and practice have been explained.

3. Unspecified answers may persist according to the comeould involve students of geosciences or social sciences to
plexity of connected elements to the structure, and thegain practical knowledge or better understand their territory
unexpected conditions for the inspection. Rating classegSavan et a].2003.
should specify when water or sediment did not allow the  For the latter, future research should test the effectiveness
assessment. However, other options should be limited t@f the learning session according to differences in prelim-
facilitate the later examination of data. inary knowledge of participants. In the study area, volun-

4. \olunteer ratings should be considered as first-level as_teer groups offered oppqrtupities to carry out fir.st-level in-.

stpectlons. However, replication exercises are still needed in

sessment. Managers could combine these ratings to ge . .
; ther study areas to improve the consistency and robustness
indexes on the status of the structure at parameter level

S of the data evaluation. In addition, survey procedures could
However, an indication of the overall completeness per

parameter would still be needed for the later examina—be adapted to other target groups, €.g., last-year high SChO.OI
tion students who are not aware/involved in management activi-

ties. That could be an alternative approach to enhance their
5. The use of scores to convert volunteer ratings is im-awareness of hydro-meteorological hazards.

portant for getting an indication of the functional sta-

tus. Since the rating scales are expressed in linguistic

terms, ratings could be converted into numbers by using

a fuzzy set theory instead of ordinal scores. Conversion

of the volunteers’ data using scales of fuzzy terms could

handle the pre-required ranges in precision (e.g., from

low to very low).

Important considerations to improve and promote citizen
science projects are firstly related to limitations on citizen
involvement due to different culture of volunteer activities
and interest in participating. Secondly, training is relevant for
the performance of volunteers, but also for increasing aware-
ness and preparedness on the causes and consequences of hy-
dro meteorological hazardgfders2007). For the first one,
students are an alternative approach for the citizens’ recruit-
ment, where there is limited volunteer culture. Universities
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Appendix A

Table Al. Participants’ characteristics for Vs and Ts of learning
groups (LGs) and control groups (CGSs).

Participant’s TLG TCG VLG VCG
number 4 5 18 7
Age (years)

16-24 - - 7 4
25-44 2 2 7 2
45-64 2 3 4 1
Gender

Female - 1 3 2
Male 4 4 15 5
Highest level of education

Elementary school - - 2 -
College - - 4 2
High school 1 1 10 3
Technical degree - - 2 2
Master's degree 2 3 -
PhD 1 1 - -

Period of residence in the Fella Basin

More than 20 years 3 4 7 5
Never 1 1 11 2
Period of residence in the FVG region

Less than a year 2 -
1-5years - - 1 1
More than 20 years 4 5 14 4
Never - - 1 2

Table Al. Continued.

2695

Participant’s TLG TCG
number 4 5

VLG
18

VCG
7

Experiences with floods

Never 1
Once -
2-5times 2
6-10 times - -
More than 10 times 1
No data - -

NS I

N

6

1
8
1
1

1

Wk w

Experiences with debris flows

Never 1
Once

2-5 times
6-10 times
More than 10 times -
No data -

N
Hl—‘l\)lH

[ N RS

Experiences with landslides

Never -
Once —
2-5 times 2
6-10 times -
More than 10 times 2
No Data - -

N

HI—\H|

7
2
3
3
2

1

A prior knowledge (% of correct answers on 20 questions)

0-25% - -
26-50% - -
51-75% - -
76-100 % 4 5

1

3
8
6

6
1

www.nat-hazards-earth-syst-sci.net/14/2681/2014/

* 2 TLG did not fill the questionnaire. Table summarize data for 34

participants.
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