
RESEARCH ARTICLE

The accuracy of volunteer surveyors for obtaining tree
measurements in tropical forests

Barnabas Harrison, Thomas Edward Martin, Abdul Haris Mustari

Received: 22 February 2018 / Revised: 8 October 2018 / Accepted: 10 January 2019 / Published online: 15 February 2019

Abstract Volunteer-led surveys are increasingly used to

collect ecological information and may represent a means

for obtaining the tree measurement datasets necessary to

calculate carbon stocks in tropical forests in order to justify

funding like REDD?. However, the accuracy of tree

measurements collected by volunteers remains unassessed.

Here, we examine how tree measurements collected by

student volunteers vary compared to measurements

collected by trained ecologists using identical methods.

Measurements by both teams were collected at 11 habitat

plots on Buton Island, Indonesia. Both teams counted

similar numbers of trees per plot and obtained positively

correlated circumference-at-breast-height measurement

values at plot and individual tree scales of aggregation.

Volunteer and ecologist-generated median carbon stock

estimates differed by just 1.1%. We therefore suggest that

with sufficient training and supervision volunteers can be

used to obtain accurate tree measurement data for carbon

stock calculations.

Keywords Citizen science � Habitat � Indonesia �
Rainforest � REDD?

INTRODUCTION

Tropical forests continue to experience the highest rates of

destruction and degradation of all terrestrial ecosystems

globally (Hansen et al. 2013), with numerous ecological

and socio-economic consequences (Fearnside 2005; Brad-

shaw et al. 2009; Van der Werf et al. 2009). In response,

ambitious attempts to mitigate these impacts have been

developed, such as the United Nations REDD? pro-

gramme, which is facilitating provision of billions of dol-

lars to arrest trends in tropical deforestation (Agrawal et al.

2011; Goetz et al. 2015). However, while major funds for

these projects have already been pledged (McNeill 2015),

effectively allocating them can be inhibited by the data

‘vacuum’ inherent in most tropical forest ecosystems

(Gardner et al. 2007). Funding applications to systems such

as REDD? invariably require large ecological datasets to

provide evidence of the proposed project area’s value in

terms of biodiversity and carbon stocks (Verified Carbon

Standard 2012; Narasimhan et al. 2014). Assembling such

datasets is, however, time-consuming and expensive, a

major limitation considering the paucity of financial

resources available in the tropics (James et al. 1999).

One potential means of addressing this issue is the

mobilisation of volunteer ‘citizen scientists’ within tropical

forest ecosystems. Many examples of ecological projects

utilising large volunteer teams to collect diverse forms of

biological data have been documented in recent decades

(e.g. Prater 1981; Brown et al. 2001; Niinioja, et al. 2004;

Dickinson et al. 2010). Various advantages and disadvan-

tages of these volunteer-led surveys have been described.

Common limitations include an inability to effectively

identify taxa to a species level (Brandon et al. 2003; Kre-

men et al. 2011), as well as difficulties measuring complex

variables effectively (Galloway et al. 2006). Conversely,

numerous studies have also demonstrated that data from

volunteer-led surveys can be highly accurate, consistent,

and of comparable quality to that produced by profes-

sionals, provided that the goals of these surveys are suffi-

ciently simple (e.g. Darwall and Dulvy 1996; Newman

et al. 2003; Boudreau and Yan 2004; Delaney et al. 2008;

Roman et al. 2017). While challenges in their use remain

(Dickinson et al. 2010), the scale of volunteer-generated

datasets is swiftly growing (Silvertown 2009), due to

greater appreciation of volunteer-led data collection mod-

els within the scientific community and an increased desire
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by funding bodies for scientists to incorporate volunteers

into their research (Dickinson et al. 2012).

The growth of volunteer-led surveys has seen a corre-

sponding increase in citizen scientist projects focussing on

habitat structure measurements, as well as numerous

evaluations of the effectiveness of these projects (e.g.

Brandon et al. 2003; Galloway et al. 2006; Butt et al.

2013). However, very few of these studies have focussed

specifically on tropical forest ecosystems, and those that

have (e.g. Holck 2008) did not specifically investigate the

measurement of habitat structure variables used in ground-

based methods for collecting the carbon stock data required

for applications to large-scale funding systems such as

REDD?. This is an important research gap, as while

allometric carbon calculations themselves can be complex,

most tend to use a single simple measurement derived from

tree circumference-at-breast-height (CBH) as a starting

point to determine above-ground biomass, and hence ulti-

mately carbon stocks (e.g. Brown 1997; Chave et al. 2005;

Verified Carbon Standard 2012; Narasimhan et al. 2014).

Demonstrating that volunteers can accurately record tree

measurements may therefore have implications for how

baseline data for programmes like REDD? are collected.

Here, we investigate this issue by comparing volunteer-led

tree measurement data from a tropical forest with data

generated by a team of trained ecologists working at the

same survey sites using identical methodologies. We

analyse the differences between these two datasets to

determine how accurate volunteer-led surveys can be in

providing the baseline data necessary for generating carbon

stock measurements, with an additional outcome of testing

whether increased time collecting project data makes vol-

unteer surveyors more reliable.

MATERIALS AND METHODS

Study area

Fieldwork was conducted over a 6-week period between

June and July 2008 on Buton Island, Southeast Sulawesi, in

the Indonesian archipelago (between 123�120–122�330E
and 5�440–4�210S) (Fig. 1). Buton experiences a tropical

monsoon climate with a dry season from August to October

and a wet season from November to April. The mean

annual rainfall of 2012 mm peaks between April and June,

and mean annual temperatures range from 25 to 27 �C
(Whitten et al. 2002). Altitude varies from 0 to 200 m in

coastal areas to between 400 and 800 m along the island’s

central spine, with isolated peaks reaching up to 1000 m

(O’Donovan 2001). Most of the island’s low-lying areas

are underlain by uplifted karstic limestone, while the

mountainous interior is a complex mix of sandstone, chert

and ultramafic soils overlying ophiolitic rock (Milsom et al.

1999).

The climax vegetation cover for most of the island is

seasonal lowland tropical forest, with mangroves occurring

in coastal areas (Martin et al. 2012). These forests hold

large carbon stocks and support a high biodiversity,

including many globally endemic and endangered species

(Martin et al. 2015) although due to inadequate protection,

they continue to be deforested at a rate of 0.54% per annum

(Martin et al. 2015).

Habitat surveys

We established 11 randomly placed 50 m 9 50 m survey

plots within a 2 km 9 2.8 km area of lowland (220–280 m

asl) tropical forest straddling the northern boundary of the

Lambusango Forest Reserve in central Buton (Fig. 1). Each

randomly generated plot co-ordinate corresponded to the

south-west corner of that plot. We reached this location

using a GPS (Garmin GPSMAP 60), and then set out the

north–south orientated perimeter of the plot using a com-

pass and four 50-m tape measures. To allow relocation of

the plot perimeter, the trees closest to the plot corners were

marked with brightly coloured spray paint. Each of these

plots was then subdivided, using eight 50-m ropes laid out

at 10-m intervals along both the north–south and east–west

axes of the plot, into 25 10 m x 10 m subplots. Plots were

either laid out by trained ecologists alone or volunteers

under the supervision of the ecologists, depending on the

survey treatment of the plot (see below). Our method-

ological protocols required that two variables be recorded

(using a pencil and paper) in each of these subplots: a count

of ‘large’ trees (as opposed to saplings), defined as any tree

species with a height of[ 1.3 m and a CBH of C 30 cm,

and CBH measurements of all these ‘large’ trees. Follow-

ing recommendations provided by Phillips et al. (2008), all

CBH measurements were taken at 1.3 m above the ground;

where buttresses were present, measurements were taken

immediately above the buttress, at a height slightly greater

than 1.3 m (if possible) or just below 1.3 m (if not possi-

ble). Measurements were also taken immediately above

abnormal growths or branchings if these were present at

1.3 m. Where trees were leaning or growing on a steep

slope, measurements were taken 1.3 m up the trunk in the

direction of the lean or in the direction of the slope,

respectively. If the tree split below 1.3 m, then CBH was

measured below the split. If multiple stems occurred from

the ground up, the CBH of all stems were measured. Once

a tree was measured, it was marked with a Latchsbacher

tree tag to allow it to be reliably relocated during both sets

of measurements. We did not attempt to identify the spe-

cies of the trees in our dataset as this does not improve the

accuracy of carbon stock assessment in our study area.
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Although species-specific allometric equations exist for

many tree species (e.g. Cole and Ewel 2006; Xiang et al.

2016), these are largely lacking in the poorly studied

Wallacea region. This is quantitatively demonstrated by the

fact that, of the 222 tree species known to occur on Buton

(Martin et al. 2015), only 1.7% possess a species-specific

equation on the authoritative Globallometree database

(Globallometree 2017).

Our overall sample size equated to 275 subplots for tree

count data and 250 subplots for CBH measurements for

both volunteers and ecologists (which together comprised

1044 individual tree CBH measurements). The sample size

analysed for CBH measurements was lower than that for

tree counts because the measurements from one 50 m 9

50 m plot (equalling 25 subplots) represented an extreme

outlier in the dataset. The average difference in CBH val-

ues between volunteers and ecologists in this plot

(10.2 cm) was over four times larger than the average

difference in the other ten plots (2.5 cm). We believe this to

be due to a data entry error, rather than an issue inherent to

unusually shaped trees or other environmental factors

(given that this anomaly was exclusive to this one plot,

while trees with unusually large buttresses, multiple stems,

and other complex shapes are found throughout the study

area) and so excluded these data points from further

analysis.

The variables within each plot were sampled twice

during the study period, once by a team of two student

volunteers (aged between 16 and 18) operating under the

close supervision of a team of trained ecologists (two

British scientists) who observed and directed but did not

measure any variables, and once by the ecologists working

alone. The two student volunteers assigned to tree mea-

surements were part of a larger team which included six

Fig. 1 Map showing the location of Buton within the Indonesian archipelago, and the location of our study area on the northern boundary of

Lambusango Forest Reserve
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more students tasked with collecting other habitat structure

and physical geography variables unrelated to carbon stock

assessments. The data from these other teams were not

used in this study, but we highlight that the supervisory

attention of the two ecologists was split between eight

students spread out across the 50 m 9 50 m plot. These two

ecologists constituted a team leader, who possessed 6

months’ experience of conducting habitat surveys in trop-

ical forests using the described methodologies, and an

assistant with 8 weeks’ experience completing habitat

surveys in temperate woodland, although no prior tropical

experience. Before volunteers completed any survey work,

each team was given 6 hours training by the ecologists,

following minimum requirements recommended, e.g. by

Holck (2008), in which a ‘practice plot’ was completed.

Once training was completed, each student team completed

two plots before being replaced by a new volunteer team.

Data analysis

Data analysis was focussed towards comparing data quality

between volunteers and ecologists, with an assumption that

data collected by ecologists are ‘correct’ and that the closer

volunteer-derived data correlate with ecologist-derived

data, the more accurate it can be considered to be. While

this assumption provides a practically useful framework for

statistically analysing the performance of volunteers, it

should be acknowledged that variability is also often pre-

sent within ‘expert-derived’ data (Bloniarz and Ryan 1996;

Lewandowski and Specht 2015) and this should be taken

into consideration with regard to interpreting our results.

Once fieldwork was completed, we first compared

congruence between tree counts and median tree CBH

measurements (both aggregated by subplot) collected by

volunteers and ecologists using Pearson correlations (Zar

2010). For tree CBH measurements, we also completed a

finer-scale Pearson correlation analysis comparing con-

gruence between volunteer and ecologist measurements for

all individual trees in our dataset. We then tested if any

significant differences occurred between the values of tree

count and CBH measurements collected by volunteers and

ecologists (also aggregated by subplot, with an additional

individual tree-scale analysis for CBH values) using Wil-

coxon signed-rank tests (Zar 2010). We also examined

whether volunteers’ measurements for both variables

matched ecologists’ measurements more closely with

increased time spent recording data for the project, using

Kendall rank correlations (Zar 2010) to assess changes in

similarity of volunteer and ecologist data between each

volunteer group’s first and second survey plot. This anal-

ysis was aggregated on a plot (rather than subplot) scale, to

provide a view of overall convergence of volunteer vs.

ecologist surveys that would be less affected by fine-

grained subplot-level values (and as such was not com-

pleted at all for the CBH comparisons of individual trees).

Finally, we used the CBH measurements generated by

volunteers and ecologists to calculate per plot carbon stock

estimates for both groups. This scale of analysis was used

as plot-scale aggregations of carbon data are the base unit

of measurement recommended for calculating a project

area’s carbon stocks in guidelines used for REDD? pro-

jects (i.e. Verified Carbon Standard 2012). Given the lack

of species-specific allometric equations for most Wallacean

tree species (see above), we chose the general allometric

equation for calculating above-ground biomass (AGB)

provided by Brown (1997), which was empirically

designed for use in moist tropical forest and has been

authoritatively applied in several other locations in the

tropics, including within South-East Asia (Foody et al.

2001; Widayati and Carlisle 2012), and its use has been

recommended by organisations such as the United Nations

Development Programme (Watson 2009) and the Center

for International Forestry Research (Kurnianto and Mur-

diyarso 2010). This equation is expressed as

AGB = exp{- 2.134 ? 2.530*ln(D)} where exp is the

exponent and ln is the natural logarithm. AGB is expressed

in Kg, and D is diameter at breast height (DBH) expressed

in cm. DBH was calculated by dividing all tree CBH

measurements by p. Once AGB was calculated, a root-to-

shoot ration of 0.26 was applied to determine an estimate

of below-ground biomass (BGB) (Cairns et al. 1997;

Ravindranath and Ostwald 2008; Watson 2009). These

AGB and BGB values were then added to calculate a total

biomass estimate for each tree, expressed in Kg. The bio-

mass values were then converted into carbon estimates

using the standard conversion rate of multiplying biomass

scores by 0.5 (IPCC 2000). While proportions of carbon-

as-biomass vary between different species of tropical trees

(Martin and Thomas 2011), using the standard assumption

of 50% carbon-as-biomass ratio was deemed a pragmatic

approach given the poorly studied nature of Wallacean

forests.

RESULTS

Our results indicate that counts of large trees per subplot by

volunteers and ecologists were significantly correlated

(R = 0.618, P B 0.001), as were CBH measurements

aggregated by subplot (R = 0.473, P B 0.001) and CBH

measurements for individual trees (R = 0.790, P B 0.001)

(Table 1). We also found no significant difference between

volunteer and ecologist measurements of both median tree

count values (V = 9454, P = 0.189) and median CBH

values aggregated on a subplot scale (V = 13 675,

P = 0.856). However, we found differences in CBH values
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of individual trees to be strongly significant (V = 150 067,

P B 0.001) (Table 1). The median number of trees counted

per subplot was identical for volunteers and ecologists (five

trees each), while the average difference in median CBH

measurements for volunteers compared to the ecologist

measurements was just 1 cm when aggregated on the

Table 1 Summary data for comparisons of habitat structure data generated by volunteers and ecologists within 11 50 m 9 50 m survey plots on

Buton Island, Indonesia. Median numbers of trees and circumference-at-breast-height (CBH) values per subplot have values of 1 standard

deviation provided in parenthesis. The Wilcoxon Signed-rank column displays Wilcoxon Signed-rank test values for comparisons of median tree

count and CBH values generated by volunteers and ecologists. The Pearson’s R and Kendall’s Tau columns show correlation co-efficient values

for comparisons between volunteer and ecologist-derived datasets. Test statistics denoted * are significant (P\ 0.05). For Wilcoxon Signed-rank

tests and Pearson’s correlations, data were aggregated by 10 m 9 10 m subplots (N = 275 for tree count analysis and N = 250 for CBH

measurement analysis). The same tests were applied to all individual trees in our dataset (N = 1044). As these test statistics are based on the

whole tree dataset, and not median values, these are reported in a separate row. For Kendall’s Tau correlations, data were aggregated on a plot

scale (N = 11) for tree count analysis and N = 10 for CBH measurement analysis)

Volunteers Ecologists Wilcoxon

signed-rank V

Pearson’s R Kendall’s

Tau

Median number of trees counted per subplot 5 (± 2.69) 5 (± 2.75) 9454 0.618* 0.087

Median value of CBH measurements

generated (cm) per subplot

64 (± 28.22) 63 (± 32.45) 13 675 0.473* 0.001

Median value of CBH measurements

generated (cm) per tree

52 (± 54.14) 49 (± 46.21) N/A N/A N/A

Test statistics for comparisons of individual

tree CBH values (cm)

N/A N/A 150 067* 0.791* N/A

Fig. 2 Box and whisker diagrams showing distribution of values generated by volunteers and ecologists on Buton Island, Indonesia for a number

of trees counted per subplot, b median circumference-at-breast-height (CBH) values aggregated by subplot, c circumference-at-breast-height

(CBH) values for individual trees. Box plots underscored by a ‘V’ indicate values generated by volunteers, while box plots underscored by an ‘E’

indicate values generated by ecologists
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subplot level, and 3 cm when aggregated on the level of

individual trees (Table 1). Figure 2 provides graphical

representations of these results. Carbon stock estimates

were also similar between volunteers (45 426 kg per plot)

and ecologists (44 930 kg per plot)—an average difference

of 1.1%. However, results also indicate little change in

congruence between student and ecologist data with

increasing time students spent collecting data, both for tree

counts (Kendall’s Tau = 0.087 P = 0.734) and for CBH

measurements (Kendall’s Tau = 0.001 P = 0.098)

(Table 1).

DISCUSSION

Our results indicate student volunteers, when provided with

basic training, can produce tree counts and CBH mea-

surements statistically similar to those produced by trained

ecologists, at least when aggregated on the spatial scales

generally used in the analysis of carbon stocks. However,

finer-scale analysis examining CBH measurements of

individual trees shows that volunteer and ecologist mea-

surements, while positively correlated, still possess sig-

nificant discrepancies in values. This may be a result of

particular plots or unusually shaped trees being difficult to

survey, individual survey teams being less motivated than

others, or potentially shorter volunteers instinctively taking

measurements lower than the 1.3 m to which they were

trained. The differences observed in this fine-scale analysis

indicate a source of error in volunteer-derived datasets that

requires further research to clarify and develop appropriate

mitigation strategies against. However, at a broader scale

of analysis that is more pertinent to how carbon stock data

are generally calculated for the purposes of REDD? and

similar projects, these fine-scale differences seem to be less

pronounced, and our overall results are similar to those

reported from studies completed in temperate forest

ecosystems. For example, the 3-cm average difference

between volunteer and ecologist measurements we report

from our individual tree scale analysis of median CBH is

comparable to the 2.54-cm difference reported in Roman

et al. (2017), while the 1.1% deviation of carbon stock

estimates between our two treatments is similar to the 1.7%

difference in biomass estimates between teams of volun-

teers and experts reported in Butt et al. (2013). Our finding

that volunteers can, at least on broad ecological scales,

source forest structure data of similar quality to ecologists

also matches results reported from temperate forest

ecosystems more broadly (e.g. Galloway et al. 2006) and

corroborates previous evaluations that volunteers can

generate valuable data when set sufficiently simple tasks

(Boudreau and Yan 2004; Delaney et al. 2008). Our results

may suggest that volunteer surveyors could represent a

means of collating ground-based tree measurement data for

producing robust carbon stock estimates for prospective

REDD? and other similar funding applications. However,

some care should be taken with this assumption given that

seemingly low-cost citizen scientist projects often require

extensive ‘hidden costs’ in order to operate effectively

(Wiggins 2013). Cost assessments of large-scale volunteer-

driven carbon survey projects in tropical forests therefore

represent an important avenue for future research. It should

also be noted that the applications of volunteer-led carbon

stock surveys in tropical forests could change in the future,

as the growth of species-specific allometric equation

libraries (e.g. Globallometree 2017) may see standard

requirements for carbon calculations changing to incorpo-

rate species-level identifications as well as tree volume

measurements. This would in likelihood be beyond the

abilities of most volunteer surveyors to provide, as has

been demonstrated to be the case even in less speciose

temperate ecosystems (e.g. Brandon et al. 2003; Roman

et al. 2017; Bancks et al. 2018). However, given the current

shortfall of these species-specific equations for locations in

many tropical regions, simple volume-based equations

should remain standard for most carbon stock calculations,

for the near future at least.

While all REDD? projects are by necessity long-term

endeavours requiring regular monitoring of carbon stocks

to provide evidence that emissions reductions targets are

being met (Narasimhan et al. 2014), volunteer-led surveys

are perhaps best positioned to make contributions to the

initial application process, where ground-based methods to

estimate existing carbon stocks within prospective project

areas are needed to prepare applications. However, if vol-

unteer surveyors were to be used for regular monitoring

throughout a project’s lifespan, our finding that volunteers

are as capable of completing similar tree counts within

established plots as ecologists is encouraging, given that

monitoring programmes require the same trees to be

measured over time to determine growth rates and associ-

ated carbon stock changes. This would, however, assume

that volunteer researchers are capable of relocating specific

plot and tree locations multiple times, often with many

months between each sampling period—a potentially dif-

ficult issue that was not tested in this short-term study, and

might represent another useful area for future research.

While our results suggest that, generally, volunteers are

capable of producing tree measurement data sufficiently

accurate to calculate carbon stocks in tropical forests, the

significant difference in CBH values at the scale of indi-

vidual trees highlights that volunteers are capable of

making substantial errors, at least on a local scale. Vol-

unteer and ecologist datasets are also not extremely

strongly correlated (particularly CBH measurements

aggregated by subplot, which possessed weaker r values
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than tree counts and CBH measurements aggregated by

individual tree). Additionally, in contrast to patterns often

seen in citizen scientist surveys (Kosmala et al. 2016),

these discrepancies also did not improve with increased

time volunteers spent collecting data, albeit in the limited

context of a single repetition per volunteer team. It should

also be noted, though, that increased time collecting data

for a project may not always correspond to better quality

data, and that other factors, such as fatigue from working in

particularly difficult plots, may have a confounding effect

on data quality from more experienced fieldworkers—see

(Burg et al. 2015). These findings suggest that some errors

can always be expected to be made by volunteer surveyors,

even when measuring simple variables, and that careful

training and supervision will always be necessary to ensure

highly accurate results. A particularly common volunteer

error observed, which was also documented in Roman et al.

(2017), involved the incorrect following of methodologies

for dealing with atypical trees (with large buttresses,

leaning trunks, etc.) and we highlight the importance of

specific training for dealing with these non-standard mea-

surements, and careful observation of volunteers measuring

these trees. One means of improving volunteer training

with regard to dealing with specific issues such as this, as

well as for following survey methodologies correctly in

general, could be the development of smartphone-based

instructional videos, a technique that has proved effective

in other citizen scientist projects (Starr et al. 2014).

CONCLUSION

This study demonstrates that, at broad scales of data

aggregation, volunteer surveyors are capable of generating

basic tree measurements required for ground-based carbon

stock calculations that are of similar quality to those gen-

erated by trained ecologists, and that mobilising large

teams of volunteers may represent a means of generating

the extensive datasets required for the submission of large

conservation funding applications to systems such as

REDD?. That is not to say that all data necessary for these

applications can be collected by volunteers; detailed bio-

diversity and social science datasets are also typically

required (Narasimhan et al. 2014) which rely on specialist

expertise during collection. However, carbon stock calcu-

lations are arguably the single most important considera-

tion for emissions-orientated funding bodies and ground-

based approaches are often labour-intensive. The use of

properly trained volunteer surveyors may thus represent a

useful means of increasing the number of prospective

funding applications for tropical forests, which in turn

could help yield major conservation outcomes in these

high-priority ecosystems. However, we highlight that

careful training and close supervision of such volunteer

teams will in likelihood always be necessary to obtain good

quality data, and that further research into the influence of

physical factors (such as the architecture of individual

trees) and intrinsic factors (such as volunteer motivation

and fatigue) on data quality may identify ways in how to

further improve the effectiveness of citizen science projects

in tropical forest ecosystems.
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