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Towards a cost-effectiveness analysis of the measurement of

biodiversity indicators
Targetti S., Viaggi D., Cuming D., Sarthou J.P.p{SIs J.P.

Abstract
A comprehensive quantification of biodiversity arnfiing systems would require a very
significant amount of work (and funds) even fonab area. Therefore, biodiversity indicators
are needed to solve the problem of the measurefa@asibility. Even though the issue of cost
and effectiveness is central for the evaluationhefindicators, only the latter is discussed in
detail in the scientific literature.
This work presents a cost analysis based on trectdgathering of records from a farm-scale
biodiversity survey (EU-FP7, BioBio - “Indicator®rf biodiversity in organic and low-input
farming systems”) where the analysis of costs i4 pathe project. It is a simple method for
comparing different indicators by their ratio of stteffectiveness. Here we present the results
from the French case study (Gascony Hills, Mididhges Region).

Keywords: biodiversity, cost-effectiveness, indicabsts

JEL classification: Q2

1. INTRODUCTION

Biodiversity loss is defined as the quantitativegaalitative reduction in components of
the biological diversity and their potential to pide goods and services (Convention on
Biological Diversity, adopted 1992). Agriculture a&knowledged as being among the main
human activities responsible for the rapid accélmmaof species extinction over the past 50
years (Polasky,et al., 2005). Agro-environmental policies seek to balaragriculture
production and ecosystem services such as biodtivezsnservation or pollination, but the
difficulties in assessing the benefits stemmingrfrearious agriculture practices constitute a
significant limitation to the adoption arek-postevaluation of agro-environmental schemes.
The evaluation of the effects of farming activities biodiversity is limited mainly by the
difficulty in proposing efficient and widely-appéble indicators of biodiversity at farm-scale.
Although the identification of the most efficiemidicators of biodiversity should be based on a
cost-effectiveness analysis, literature and datathencost analysis of the measurement of
biodiversity are currently lacking (Juutinen and Mékdnen, 2004). Thus, cost-effectiveness
analysis could be one of the main tools able tarawp environmental policies and optimise the
limited budgets available for biodiversity measueetrand conservation.

This study is based on the cost analysis resutis1 fthe measurement of a set of
biodiversity indicators at farm-scale. Cost datates to the fieldwork activities of the French
research unit involved in the BioBio research pbjéEU-FP7, BioBio - “Indicators for
biodiversity in organic and low-input farming sysi&’) which is endeavouring to develop
sound and useful biodiversity indicators for orgaamd low-input farming in and out of Europe.
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The case study is located in the Gascony Hills \&alkys and straddles the Gers and Haute-
Garonne Departments, in a sub-Mediterranean climate

Our objective is to propose a methodology for at-edfectiveness analysis of the
indicator measurement that allows for the comparisfodifferent indicators and their protocol
of sampling and to identify the most efficient madk of biodiversity measurement. Our results
highlight significant differences between fieldwafort, cost per sample and cost per farm for
the indicators studied. These differences are eyepldurther to discuss the effectiveness of
measurement.

This work begins with a general description of fineblems inherent in the cost analysis
of biodiversity indicators and a brief review ofkthliterature on cost-effectiveness analysis of
biodiversity measurement. Section 3 focuses orapproach for the assessment of the costs of
the indicator measurement. In this section we pe@osimple method for the estimation of the
cost-effectiveness of the measurement. Sectiondéeases the cost assessment results and
evaluates how the different costs influence theeatifeness of the indicators. Section 5
provides a discussion of the results and conclgsion

2. BACKGROUND

Indicators of biodiversity translate an economigun(cost of the measurement) into an
ecological output (value of the information on biasity). The cost of the measurement of the
indicators can be estimated through the assessofettte monetary costs of efforts and
resources spent in the gathering and processimgfarnation (Chambers, 1988). The goal of
this analysis is the optimisation of resources eygd in the measurement and the assessment
of the cost of the information, both are necessagy for monitoring activities linked to
environmental policies or for the assessment of dffectiveness of a given conservation
programme.

A significant amount of literature is available dmodiversity indicators and their
ecological performance. Despite the fact that #esibility and cost-effectiveness of sampling
methods are among the key attributes acknowledgeth@ose good indicators of biodiversity
(OECD, 2001; Millennium Ecosystem Assessment, 208&ce and Baillie, 2007), the amount
of works focusing on the costs and effectivenessndfcator measurement is particularly
limited. This field of research is generally domawh by naturalists and biologists who tend to
focus more on the ecological issues related taatdrs than on economic aspects. The lack of
interdisciplinary studies in this area has leachtpenury of data, methodologies and papers
integrating ecological and economic approaches di@e the assessment of biodiversity
indicators and the improvement of environmentaigies (Munier et al., 2004; Watzold and
Schwerdtner, 2005).

Few examples exist in the literature directly cono® the cost-assessment of
biodiversity measurement and, to our knowledgecost data based on direct recording are
available for studies covering large areas.
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Carlson and Schmiegelow (2002) proposed a costtefémess analysis design for the
large-scale monitoring of birds in the province Aiberta (Canada). The effectiveness of
sampling was assessed through a power analysigedgpl a simulated sampling design, and
costs were estimated through a simplified modebating for transport, labour and equipment
costs. The work aimed at designing low cost andh limdormative monitoring programs. The
authors highlighted how the power of detection #red costs of the surveys were not linearly
related and that great differences of cost-effectdss existed depending on the bird species
targeted.

Bisevac and Majer (2002) measured the costs aedteféness of different indicators of
biodiversity. Costs were expressed as time requoquerform the phases of the measurement
per plot. The effectiveness was assessed throughultivariate analysis of the different
indicators and their capacity to reflect indicat@riability. The authors demonstrated how
invertebrate data could be cost-effective compaf@dexample, to vegetation data thanks to
their high information content.

Franco et al. (2007) proposed a sub-sampling method able to acenphe effort-
effectiveness of two different techniques for tlssessment of a bird species population. The
authors proposed a reliable method for compariegeftfort involved in sampling (cost) and the
ecological effectiveness of indicators.

Qi et al. (2008) undertook a study of cost-efficatyneasuring farmland diversity based
on operational data from a vast scale study conmgpigenetically modified crops in the United
Kingdom. The authors analysed operational dataeterchine the financial and time related
costs of the study’s protocols for 113 experimemitds. In their cost analysis, the authors
focused on the direct costs of the ecological memsent protocols used in the research
excluding the government and industry costs inwblie establishing the project. The costs
assessed were between £217 and £4548 per siteddegpem the protocol adopted. The paper
concluded with a hypothesis concerning the podsilaf optimising the measurement protocols
with the aim to enhancing the efficiency of theiaadors.

Gardner et al. (2008) compared the costs and lenefi different indicators of
biodiversity in the Amazonian Forest with the aifidentifying “high performance indicators”.
These were meant to be species or groups of spdwesombined feasibility (in terms of
survey efforts) and ecological value or, in otheords, that maximisedtlie amount of
information returned for any given investnierithe authors considered standardised costs and
split the analysis between field and laboratory kv@urprisingly, the results indicated that,
from an ecological point of view, the inexpensiadicators were often the most effective. The
authors concluded that biodiversity conservatiod dacision-making could gain significant
benefits from a locally-designed cost-effectiverasalysis of measurement protocols.

Cantarello and Newton (2008) sought to identifyterffective indicators and evaluate
their suitability for evaluating the conservatiaiatas of forested habitats that are part of the
Natura 2000 framework. The authors concluded thatimdicators should be adapted to the
different characteristics of individual sites.
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3. METHODOLOGY

The cost assessment was applied to the field memasmt of four different indicators of
biodiversity: wild, domestic and bumble bees, hwafier called bees (B), earthworms (EW),
spiders (S) and vegetation (V).

Cost data collection was performed from March tedber 2010 through the gathering
of records related to staff time, distance and tthumaof travel, consumables and equipment.
Cost data for the measurement efforts were gatlmredweekly basis by the research field unit
and stored in a relational data-base which wasnesgd in order to trace the effort costs per
indicator, farm, activity and type of resource. Eaecord contained the following information:
date, identification of farm site, staff qualificat level, time spent per field worker and was
linked to different tables indicating the salaryntaof staff, the distance of the farm site from
the research centre, transport time, equipmentcamdumable costs, and the type of work
(fieldwork, deskwork, laboratory, taxonomy - Figure

Figure 1: Structure of the database for the assm#srof costs of biodiversity
measurement.

Farm

Transport

Indicator

Record

Consumables rirce
Resource

Labour

Activity

Fieldwork included the cost of field sampling aittes and the cost of transportation to
and from the sampling plots (vehicle + labour tispent in travel). Taxonomy included the cost
of identifying the invertebrate species (bees,hwatms and spiders); the identification of
vegetation species was accounted for in the lalsosts. The equipment and consumables
included all of the materials used during the fiedk as well as the field lunches for staff. The
cost of equipment was assessed as the cost per uest new of the equipment / lifetime
expressed in the same unit of use. Labour inclutiedcost of taxonomy identification of
invertebrate species (bees and bumblebees, eanttswamd spiders) performed by specialists,
the labour time devoted to measurement activitigsthe transportation of the field team to and
from the plots. Transport included only vehicleted$uel + car insurance and maintenance per
km). Costs related to general organisation, seectf sampling plots (stratification), and
reporting are not included in the present analysiscosts are related to 2010.
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The survey concerns the measurement of biodivecsityl6 arable farms in the Midi-
Pyrénées Region of France (Figure 2) where whedtsamflower were the main crops. A
biodiversity assessment was performed through ectsa set of indicators following the
defined protocol of the BioBio project.

Figure 2: Location of the case study: Midi PyrenRegion, France.

Bees sampling was carried out during 15 minutesgla journey covering the main
attractive points of a habitat and within 2 m oftdhnce on each side of the journey, catching
insects with an hand entomological net during 1Butgs. Captured specimens were transferred
to a jar containing potassium cyanide and storea icool box. Bees were then frozen in
laboratory until taxonomic identification (only @dult specimens to identify were then
prepared and pined, the others were identified avithany physical preparation). The
measurement protocol needed only one person amd there three sessions in the season
(spring, summer, autumn).

Earthworm sampling was carried out following twoceessive and complementary
methods: 1) pouring an allyl-isothiocyanate plusaabl solution diluted with water, into wood
frames (30 cm x 30 cm x 20 cm) which were placedhenground (a person standing on it to
provide a good contact between frame and soil), esitbcting the earthworms that came
upward during the first 20 minutes; 2) extractihg soil core delimited by the wood frame (20
cm depth) and hand-sorting the earthworms on atiplakeet. This way of sampling was
realised simultaneously (or repeated in the samssi@e if less than three workers available)
three times in each plot. Samples were placed ohaxes containing formalin and transferred
to refrigerators in the laboratory. The measurerpestibcol assumed ideally a sampling team of
5 persons and there was only one session in tiserséar earthworms.

Spider sampling was carried out with the aid of adified vacuum/blower shredder
(Stihl SH 86-D), and 5 suction samples were takeerach plot (each suction had an area of 0.1
mz2 and lasted 30 seconds). The samples were darethe spiders were separated from other
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material such soil or organic matter) and placedais with 70% alcohol during the fieldwork.
The protocol of measurement considered ideallyn@piag team of 3-4 persons and there were
three sessions in the season (spring, summer, autum

Vegetation sampling was carried out by recordirgguaiscular plants present in each plot
(with the exception of lichens and bryophytes) asdessing the percentage of coverage for
each species using 5% categories (for further Idatai the indicator protocols of measurement
see Dennigt al.,2010).

We propose a cost-effectiveness analysis assessethearatio between cost and
effectiveness C/E, where the measurement of thecteféness is performed through the
following equation (equation 1):

Hi=
=a. 1 V> ixi— R

whereE; = effectiveness of the indicator

x= biodiversity value for th& sample,

R = value of biodiversity of reference (see eq. 2),
n, = number of samples gathered for the indicator

R is the average value of biodiversity assessedugiir the set of indicators and is
calculated following the equation (equation 2).

_ BbhtBe+Bs+bv

Eq. 2 R
a 4

whereBb, Be, BsandBv are respectively the mean values of biodiverssgeased through the
B, EW, S and V indicators. The values of biodivigrare expressed in the same unit of measure
e.g. Shannon and Wiener index (Margalef, 1958}leers and measured in the same plots.

The equation 2 gives the same weight to each itatic@gardless of their accuracy.
Therefore, a meaningful estimation of effectivertissugh this method implies the comparison
of sound and validated protocols of measuremebiagfiversity (this is the case of the BioBio
indicators).
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4. RESULTS

The records gathered by the research field unithi@ranalysis of costs were 1.306 in total
and included 31 types of resources: 9 for consuesaldls for labour and 6 for transport; only 1
type of equipment (the vacuum/blower) was record@able 1). Sixteen farms (8 organic and 8
conventional) were sampled to test the performanicéne various biodiversity indicators of.
The average area per farm was 79 ha (range 8-222rdhthe survey covered an aggregate area
of 1.260 ha. An average of 17 plots per farm (raBe2 plots per farm) and 270 plots in
aggregate were sampled, and a total of 5.940 sam@ee gathered and processed for the study
(371 samples on average per farm — with a randd @704 samples per farm). More than 100
visits to the farms were necessary to completdidgiak activities with an average of 130 minutes
of transportation time spent to get to the farntsvigt (time for go and back).

Table 1: General information about the samplingvagtaccomplished by the research
unit in the case study (numbers in brackets amesvely 1st and 3rd quartiles).

Records 1.306
Number of farms 16

Total farm hectares 1.260
Hectares per farm 79 (24-112)
Total plots sampled 270

Number of plots per farm 17 (11-23)
Total number of samples 5.940
Number of samples per farm 371 (231-506)

The total cost for the measurement of the four ibEdity indicators was €119.165.
Evident differences in costs among the categoriegtivity and resources were highlighted in
the analysis. The largest share of costs was deévotthe fieldwork sampling, which accounted
for 75% of total costs (€89.934 - Figure 3-A). Tthge, taxonomy identification of invertebrate
species (€23.602) and fieldwork accounted for % @f total costs of the survey. The analysis
pointed to the secondary importance of deskwork &atmbratory activities (€5.629 on
aggregate). Laboratory work (€3.652) was requirednip for the B, EW and S indicators,
whereas deskwork (€ 1.977) was necessary onlyhévegetation indicator.

As expected, labour was by far the highest resotwse(€105.391 on aggregate — Figure
3-B), accounting for almost 90% of total costs. Tegearch unit needed 3.757 labour hours to
complete the measurement of the four biodiversityidators (470 person days with 8 hours
work per day; hours spent in taxonomy are not ihetliin the hours amount as they were not
paid in hours of labour). The cost share of theeotksources was always under 7%: transport
and consumables costs (€5.516 and €8.246 respgitiwere less than 12% of costs on
aggregate, whereas equipment accounted for a idgljgprtion of costs.
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Figure 3: Percentage of total costs per categocovbity (A) and type of resource (B)
spent by the research unit for the measuremetiedbibdiversity indicators of.

Taxonomy
20%
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eskwork
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Consumables
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Transport
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The range of costs for the measurement of the andlis was between €22.475
(vegetation indicator) and €39.003 (spider indicatdrable 2). The cost of the earthworm
indicator was close to that of the spiders butritmaber of samples gathered for the latter was 5
times higher than for EW. These two indicators thgeaccounted for 61% of total costs. The
cost of the wild, domestic and bumble bee indicatas comparable to the vegetation costs,
even though the sampling intensity of the B indicalvas three times higher than the V
indicator. The total measurement cost of the fowutidator set was considerable and was
assessed at €441 per plot, €7.448 per farm ang&9ectare.

Table 2: Cost of the measurement of the four biadity indicators, number of samples
gathered in the case study and average cost ointlieators per sample, total cost of the
aggregate measurement for the four indicators lpérfarm, and hectare.

Wild, domestic and bumble bees  Earthworms Spiderggetation

Cost of the indicator (€) 24.128 33.558 39.003 22.475
Percentage on total costs (%) 20 28 33 19
Number of samples 810 810 4.050 270
Cost of the indicator per sample (€) 30 41 10 83

Total cost of the 4 indicators (€)

per plot 441
per farm 7.448
per ha 95
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Considering the case of an equivalent cost-effenggs scenario for the four indicators
and given the costs of the measurement assesseel pmesent work, we present in Table 3 the
effectiveness of B, EW and V compared to the sgidaticator. In the first column of the table
the effectiveness are presented by way of a valde fer the effectiveness of the spiders
indicator. In the second column the values of theased deviation frorR are presented by way
of a value for S = 1. In an equivalent cost-effemtiess scenario, the effectiveness of the B, EW
and V indicators should be respectively 38%, 14% 4206 lower than S. Employing equation
1 as proposed in the methodology, we can assessjtlaged deviation from R per sample for
the different indicators. This could be used to pare the average efficiency per sample
necessary for the indicators to reach equivalelniegaof cost-effectiveness. Because of the high
number of samples, the spider indicator shouldhreasquared deviation from R per sample
three times lower than the V indicator, 2,6 timasdr than the B indicator and 1,4 times lower
than the EW indicator. In other words, followingethnalysed protocol of measurement, the
spider indicator samples should be able to askesR tvalue with an estimated precision three
times higher than the vegetation samples to rea@dgaivalent value of cost-effectiveness.

Table 3: Values of effectiveness calculated by #gomal in an equivalent cost-
effectiveness scenario for the four indicators. Tieasurement costs assessed in the present
work are included in the calculation.

Effectiveness S(xi - RPN,
S - Spiders 1 1
B - Wild, domestic and bumble bees 0,62 2,6
EW - Earthworms 0,86 1,4
V - Vegetation 0,58 3,0

5. DISCUSSION AND CONCLUSIONS

Indicators were originally proposed to solve thebbem of the feasibility of the
measurement of biodiversity. The ability of indimat to fulfil such task is however dependent
on their cost, particular if a day to day use igular policy evaluation is to be envisaged.
Therefore, in light of budgetary constraints, aatde cost-effectiveness analysis should be
developed in order to assess the best set of modscgiven a budget constraint and a specific
policy evaluation issue.

One of the aims of this work was to develop a &lgtand reliable methodology for the
assessment of the costs generated by the meastrexhdniodiversity. This task was
accomplished by combining the expertise from bhthftelds of ecology and economics. This
method was based on the direct recording of effath inad-hoc built cost-forms. To our
knowledge, this approach is largely absent in srgditerature, where the common method for
the assessment of these costs is indirectpst or by estimation based on proxies (such as
labour effort) or expert judgement.
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The significant costs assessed for this surveybmafustified in part by the scientific
targets of the research which could lead to ovepiam On the other hand, the research unit
could employ lower-cost labour (e.g. students) rideo to contain costs. Moreover, the total
costs should be higher when also considering osgtion, reporting and the preparation of
sampling activities. Given the costs assessed is work, the employment of this set of
indicators for periodical monitoring should be eaxskd carefully. Most likely, a detailed
organisation of the work could improve the effigigrof the measurement. For example, the
high costs of taxonomy identification lead one éfiact on the possibility of testing indicators
based on groups of species and which require tegdvement of specialists. This issue is not
only related to the identification costs but alee tncreasing difficulty in finding taxonomists
for some groups of species which leads to a taxgriompediment (MacLeod, 2010).

The analysis of costs pointed out noteworthy déffeles between the types of activity and
resource spent in the measurement. This kind dysisaurns out to be a valid tool for the
optimisation of the utilisation of available resces. This evidence is of significant importance
considering the gap between the need for, and thdahility of funds for biodiversity. An
increased availability of reliable cost data conoeg the measurement of biodiversity will be of
primary importance for the development of cost@ffeness analysis and in the enhancement
of biodiversity assessments and conservation pnogees.

The diversity of costs per sample and per plohmgtudied indicators should stress the
importance of cost-effectiveness analyses for tigardsation of biodiversity surveys and for
the implementation of measurement protocols.

In this work, the high cost of the spider indicatequires greater effectiveness to reach a
comparable level of efficiency with respect to tither indicators. The possibility of reducing
the number of samples for S could reduce the tatstis for this indicator, but from our analysis
the higher costs are mainly linked to the threesueament sessions scheduled in the protocol.
Three separate visits to each farm necessarilyitresthigh costs for labour time spent in
transportation. On the contrary, the use of theiva@blower tool allowed for the gathering of a
high number of samples with low equipment use co3isis evidence, for example, points to
the possibility of optimising the spider indicatiwrough the gathering of a higher number of
samples per travel. Even though the wild, domeamtid bumble bee indicator required three
sessions of sampling, the costs for this indicatere considerably lower than for S. This is
likely related to the lower time effort for the beellection which allowed the team to visit
many farms in one single trip.

The Millennium Ecosystem Assessment points to tiiearcement of cost-effectiveness
among the main future targets of biodiversity cowston. This can be accomplished by
improving the effectiveness of the measurementtbegewith a more rational utilisation of
funds. A thorough analysis of reliable cost dath widoubtedly be a fundamental part of this
process.

This methodology of cost-effectiveness analysisofas low-cost and high precision
indicators, but no conclusions can be drawn froesé¢results with regard to the accuracy of the
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indicators given that we do not have informationwithe accuracy of the value of reference of
biodiversity (R) for the case study, e.g. the mdtbmployed for the assessment of R (equation
2) gives the same weight to the indicators regasdlef the number of samples gathered.
Nevertheless, our objective was to propose a dtettereness analysis that allowed for the
comparison of different indicators of biodiversifand their protocol of measurement)
considering the cost of the measurement weighethstgids effectiveness. By that way, this
method should be able to assess the most effigiditator within a given set of indicators..
The next step is to test and improve the performanfcthe methodology with both cost and
biodiversity data from the BioBio project.
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