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Usability of Existing Volunteer Water Monitoring Data: 
What Can the Literature Tell Us?
Kelly Albus*, Ruthanne Thompson* and Forrest Mitchell†

For decades citizen science has been used in environmental monitoring, and perhaps most commonly in 
water quality monitoring, as a tool to supplement professional data. Hundreds of volunteer monitoring 
efforts have generated datasets that cover large geographic areas over multiple years, and these large-
scale datasets have been shown to be especially valuable for monitoring changes over time. Although 
volunteer water monitoring programs continue to grow worldwide, research shows that many of the 
existing datasets are still underutilized due to concerns about the accuracy of volunteer-collected data. 
An increasing number of “comparison studies” have attempted to address quality concerns by compar-
ing volunteer data to professional data to assess relative accuracy, and the majority have reported that 
volunteer data are of a quality comparable to professional data. Nearly all of these studies, however, 
focused on a small subset of volunteer program data or data collected under experimental controls, and as 
such the results may not be applicable to existing, large-scale datasets with unknown controls and high 
levels of variation. Through a comprehensive look at water quality comparison studies to date, this review 
reveals a need for additional studies that specifically address the quality of highly variable, large-scale 
volunteer datasets and ultimately serve as a framework by which decades of volunteer efforts already in 
existence across the country can be better utilized.
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Introduction and Purpose
Citizen science projects have involved volunteers in 
monitoring the environment for decades (Silvertown 
2009; Devictor et al. 2010; Kobori et al. 2016). In the US, 
water monitoring citizen science programs have been 
increasing in number for many years, with numerous 
examples of local, state, and federal agencies utilizing vol-
unteers to meet extensive water quality monitoring needs 
(USEPA “Volunteer Water Monitoring” website; Canfield et 
al. 2002; Savan et al. 2003; McKinley et al. 2016; Safford 
and Peters 2017). For example, the National Water Qual-
ity Monitoring Council (NWQMC) website includes more 
than 350 volunteer monitoring groups registered across 
the country as of 2018. Many of these groups have been 
collecting water quality sampling data such as dissolved 
oxygen (DO), pH, and conductivity for decades, and have 
generated continuous, long-term databases that often 
cover large regions, watersheds, or states. Long-term 
water monitoring datasets such as these can be useful in 
providing baseline information for streams and lakes for 
flagging further sampling needs, and/or providing evi-
dence for impacts of land-use change or climate change 

(Nicholson et al. 2002; Loperfido et al. 2010; Hoyer et al. 
2012; Storey et al. 2016). However, although many poten-
tially valuable datasets already exist, they are rarely used. 
This lack of use often results from concerns about the 
accuracy of volunteer-collected data (Canfield et al. 2002; 
Nicholson et al. 2002; Hoyer et al. 2012; Stepenuck 2013; 
Barrows et al. 2016; Safford and Peters 2017).

For existing datasets to be used, evidence suggests that 
professionals and scientists must be more confident in the 
accuracy of the volunteer-generated data (Burgess et al. 
2016; Kosmala et al. 2016). To this end, a growing num-
ber of studies have attempted to determine the accuracy 
of volunteer-collected data by comparing them to similar 
data collected by professionals. By holding the profes-
sional data as the standard for accuracy, volunteer data are 
evaluated by relative variation. These studies have sought 
to provide a quantitative way to address data-quality con-
cerns and have created a baseline body of knowledge that 
could allow potentially valuable datasets to be better 
utilized. 

The purpose of this review is to summarize research 
from the burgeoning field of comparison studies related 
to volunteer water-quality monitoring efforts. Our goal 
is to provide a comprehensive look at what the current 
literature says about the accuracy of volunteer water 
quality data, along with data-quality issues that have not 
yet been addressed. Numerous volunteer monitoring 
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programs with diverse goals and methods are in existence, 
and no review could fully capture what accuracy, or more 
importantly “success,” means for each individual program 
or for citizen science as a whole. However, by focusing 
on literature regarding volunteer stream water-quality 
sampling for common parameters such as DO and pH, 
and especially on data from long-running, large-scale pro-
grams, this review offers conclusions and areas for future 
development for this widely used and rapidly expanding 
segment of the citizen science population.

We first examine why citizen science has become more 
prevalent in environmental monitoring and in water mon-
itoring specifically. We explicitly focus on the types of data 
collected by volunteers, if and how these data are used by 
scientists or professionals, and the possible reasons behind 
potential patterns. We then summarize water quality com-
parison studies from the literature, ultimately revealing 
those studies that address accuracy concerns which are 
more directly related to the use of existing data that many 
long-running volunteer monitor programs already have 
collected. Based on these findings, we draw conclusions 
about the existing literature and make recommendations 
for future research to address gaps in the field. 

Citizen Science in Environmental Monitoring
Citizen science has become widely used in environmen-
tal monitoring, in part because of evidence that increased 
public involvement is beneficial for the participants, for 
scientists, and for the scientific field as a whole (Bonney 
et al. 2009a; Bonney et al. 2009b; Raddick et al. 2010; 
Jordan et al. 2011). Volunteer involvement in environ-
mental monitoring is considered especially valuable as 
a method for collecting large datasets over a significant 
geographic area and for long periods of time. In large part, 
recent technological advancements have made projects 
involving the public more widely accessible and more 
efficient (Silvertown 2009; Newman et al. 2012; Valdes et 
al. 2012). Previous limitations inherent to using untrained 
volunteers in research included data access, standardi-
zation, and reliability. These have been countered by 
advancements in technology that are able to increase the 
access and interoperability of data, as well as the accuracy 
and verifiability of volunteer-collected data (Dickinson 
et al. 2010; Raddick et al. 2010; Gonsamo and D’Odorico 
2014; Kobori et al. 2015; Paul et al. 2018). 

In many cases, volunteer monitoring may now be con-
sidered more efficient for covering large areas quickly or 
continuously, and at less cost, then using professional 
scientists alone (Devictor et al. 2010; Hochachka et al. 
2012). Citizen science projects have been used to moni-
tor time-sensitive, large-scale biodiversity shifts, such as 
locating and removing invasive species, documenting 
evidence of climate change, or setting up continuous 
monitoring in threatened areas such as coral reefs and 
intertidal pools (Galloway et al. 2006; Delaney et al. 2008; 
Crabbe 2011; Cox et al. 2012; Kress et al. 2018). Many have 
argued that global conservation science would benefit 
from increased use of citizen science due to its unique 
ability to provide data that are broad-scale in scope, but 
with a fine grain resolution that only a lot of eyes on the 
ground can provide. 

Beyond data collection, the rapid growth of environ-
mental citizen science stems from the many benefits that 
can result from involving communities in research and 
management of natural resources. McKinley et al. (2016) 
conducted a review that involved citizen scientist experts 
and practitioners from multiple state and federal agencies 
and academic institutions across the US to better under-
stand how citizen science was being used. This review 
determined that citizen science is already a substantial 
contributor to environmental science and natural resource 
management, providing both information and public 
engagement. The authors also argue that citizen science 
participants who are impacted by local natural resources 
in their daily lives can help refine research questions by 
making them more relevant to local needs and more use-
ful to managers and local communities (McKinley et al. 
2016). This ultimately helps researchers develop a more 
holistic perspective, which takes into account the connec-
tions between humans and their environment.

Citizen Science Water Monitoring Programs
Some of the most successful examples of long-term 
environmental monitoring are the volunteer water quality 
monitoring programs that have been collecting water 
quality data on streams and lakes for decades. Many of 
these programs have provided continuous environmental 
monitoring datasets that cover large areas or watersheds, 
and can inform ongoing management efforts by pro-
viding data for trend analyses or serving as early warn-
ing systems. In the US, there are numerous examples of 
state-supported volunteer monitoring programs such 
as the Colorado River Watch Network, Missouri Stream 
Team, Georgia Adopt-a-Stream, Alabama Water Watch, 
Texas Stream Team, Florida LAKEWATCH, and IOWATER  
(Canfield et al. 2002; Loperfido et al. 2010; Deutsch and 
Ruiz-Cordova 2015; Safford and Peters 2017). Programs of 
this type have been training volunteers to monitor along-
side professional agencies and usually involve some form 
of volunteer certification process closely aligned with 
quality assurance that meets national standards (Stepe-
nuck and Genskow 2018). 

The continued growth of volunteer water monitoring 
programs is also tied to the actual or perceived impacts 
on the citizen scientists themselves. The global and shared 
nature of water management necessarily involves numer-
ous stakeholders and members of the public in policy 
and decision making, and many studies have noted the 
benefits of involving local citizens in the monitoring 
of their own water resources (Penrose and Call 1995; 
Canfield et al. 2002; Nicholson et al. 2002; Loperfido et al. 
2010; Hoyer et al. 2012). In the US, the White House office 
of Science and Technology Policy (OSTP) issued in 2015 
a memorandum to the Heads of Executive Departments 
and Agencies titled “Addressing Societal and Scientific 
Challenges through Citizen Science and Crowdsourcing” 
(CS Inventory website). The idea behind this memoran-
dum was to: 

“ensure future use of citizen science and crowd-
sourcing, and direct agencies to catalogue 
agency-specific citizen science and crowdsourcing 
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projects on a government-wide online database 
and website – to be developed by the General 
Services Administration” (CS Inventory website, 
last accessed 5/23/2018). 

Although citizen scientists have been monitoring their 
water for many years, collecting data on chemical and 
biological parameters, flow, trash accumulation, and spe-
cies diversity, the current uses of these data are limited. 
In a review of studies that assessed data quality in citizen 
science, Kosmala et al. (2016) reported that, despite the 
abundance of information that volunteers have gen-
erated and the resulting scientific discoveries, citizen 
science data are still met with skepticism. In their analysis, 
they reported that diverse types of datasets produced by 
volunteers can have reliably high quality that is on par 
with data produced by professionals, but that individual 
accuracy varies depending on program structure. Kosmala 
et al. (2016: 551) concluded that “each citizen science 
dataset should therefore be judged individually, according 
to project design and application, and not assumed to be 
substandard simply because volunteers generated it.”

Stepenuck (2013) conducted a literature review on vol-
unteer water monitoring programs that have appeared 
in peer-reviewed literature using the terms “volunteer 
monitoring,” “citizen science,” “participatory monitoring,” 
“community-based monitoring,” “locally-based monitor-
ing,” “public participation in scientific research,” “commu-
nity-based collaborative monitoring,” and “environmental 
collaborative monitoring.” From this review, Stepenuck 
concluded “there seemed to be a tendency for researchers 
to make conclusive statements about outcomes of volun-
teer water monitoring without providing data to support 
their remarks” and argues that these unsupported state-
ments “reinforce doubts about the credibility of volunteer 
monitoring.” And when it comes to including volunteer 
monitoring data in peer-reviewed literature, a survey 
involving 423 scientists conducted by Burgess et al. (2016) 
revealed that one of the main blockades to citizen science 
projects ending up in peer-reviewed journals are the per-
ceptions of the scientists themselves. Although the pro-
portion of scientists who reported that they would allow 
trained non-experts to collect their data was 79%, the pro-
portion that has actually published a peer-reviewed paper 
using citizen science data was 35%. 

These findings point to a professional bias against 
volunteer-collected data, a bias that several programs have 
certainly overcome, but one that still persists in citizen 
science. Many volunteer monitoring datasets are not fully 
utilized, especially in their entirety, by professionals and 
scientists (Penrose and Call 1995; Fore et al. 2001; Hoyer 
et al. 2012; Safford and Peters 2017). Perceptions about 
the accuracy of volunteer data, as well as applicability of 
the data, may be two of the main reasons for this lack of 
use (Dyer et al. 2014; Muenich et al. 2016). In the survey 
conducted by Burgess et al. (2016), scientists were asked 
what methods they required of a citizen science program 
to make the resulting data useful to them, and the top-
ranked choices all related to data quality and included 
documentation of sample location, verifiability, and in-
person training by an expert. Also according to the survey, 

the perceptions that the scientists had about the quality 
of the data was the most important predictor of whether 
the data ended up in a publication. Specifically, Burgess et 
al. (2016) show that scientists’ perceptions of data quality 
may be tied to the design of the program itself, including 
how the volunteers are trained to collect the data. 

Note that this speaks only to the perceptions of the 
scientists, not to the actual quality of the data collected by 
volunteers. It is understandable for researchers to be skep-
tical of data that they did not collect. This may be espe-
cially true for volunteer monitoring data that are already 
in existence, and which are long-term, continuous, and 
cover a large geographic area. Although these dataset ele-
ments can be some of the most useful in terms of estab-
lishing a baseline for streams and waterbodies to inform 
management decisions (Nerbonne and Nelson 2004; 
MicKinley et al. 2016), they also contain large amounts of 
variability. Even with quality controls in place, large-scale 
datasets contain perhaps millions of samples from hun-
dreds or thousands of sampling sites across varied ecore-
gions, collected by programs with personnel turnover and 
varied equipment maintenance schedules. These samples 
also reflect decades of natural and human-caused changes 
from diverse waterbodies with a range of baseline param-
eters, seasonal variations, and human impacts. Although 
these inherent variations are present in both volunteer 
and professional datasets of large size and scale, they 
nonetheless complicate any post-hoc analyses to assess 
the quality of such datasets. Therefore, existing volunteer 
datasets from long-running programs may be perceived 
as even less usable by scientists and professionals than 
smaller-scale, more controlled datasets. With numerous 
examples of long-term volunteer monitoring programs in 
existence, however, more information is needed on how 
the datasets that they have generated are being evalu-
ated and utilized. This review seeks to provide a picture 
of how volunteer water quality datasets are evaluated 
for accuracy, and whether these methods also have been 
applied to large-scale volunteer datasets that are already 
in existence, especially in their entirety.

Water Monitoring Data Accuracy: Comparison 
Studies
A number of studies have attempted to address percep-
tions concerning volunteer accuracy by assessing the water 
monitoring data collected by volunteers in comparison 
to similar data collected by professionals (Table 1). This 
review first identifies the comparison studies from the 

Table 1: Water Quality Data Comparison Studies. 
Breakdown of type and number of studies found (n = 15).

Description of Topic Addressed in 
Articles

Number of 
Related Articles 

Found

Water Quality Data Comparison 
Studies

15

1. Utilized Existing Volunteer Data 6

2. Large-scale Datasets (spatial, 
temporal)

2
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literature which are directly related to water quality (15). 
Within that category, we then identify those that have 
utilized volunteer data already in existence prior to the 
study (6), and from those, which ones analyzed large-
scale datasets that encompassed the program’s full scope, 
either spatially or temporally (2). 

To conduct this review, we first used online search 
sources such as Google Scholar™, EBSCOhost®, ERIC, and 
Web of Science™, using the keywords “volunteer monitor-
ing,” “citizen science,” “environmental monitoring,” and 
“community monitoring.” These searches returned articles 
from the 1970s to the present involving volunteer moni-
toring programs and came from multiple fields includ-
ing environmental science, water resource management, 
biology, and geography. Only those studies in which the 
volunteers were credited and termed as such were con-
sidered. The results were further refined to include only 
studies in which evaluation of the monitoring data was 
the focus in regard to “accuracy,” “variability,” or “quality,” 
by comparing volunteer-collected data to data collected 
by professionals or scientists. The filtered results were 
then reviewed and refined to include only studies that spe-
cifically dealt with water monitoring data of some form. 
Additionally, further resources were obtained through an 
email request via the USEPA volmonitor listserv to locate 
additional studies that were not generally accessible, or 
in which the above terms may not have been used in the 
description. This email list is supported by the USEPA and 
contains a large number of citizen science professionals 
and researchers. 

Overall, this search located a total of 26 studies in 
which the accuracy or quality of volunteer water moni-
toring data were assessed and compared to similar data 
collected by a scientist, researcher, or professional, terms 
that we refer to interchangeably for the purposes of this 
study. Out of these studies, 11 volunteer and professional 
comparisons focused on indicator species such as birds, 
frogs, or macroinvertebrates and are not included in this 
review (Reynoldson et al. 1986; Penrose and Call 1995; 
Fore et al. 2001; Hoyer et al. 2001; Engel and Voshell 
2002; Nerbonne and Vondracek 2003; Boudreau and Yan 
2004; O’Leary et al. 2004; Gowan et al. 2007; Oscarson 
and Calhoun 2007; Moffett and Neale 2015). 

A total of 15 studies focused specifically on water quality 
physical and chemical parameters (e.g., bacteria, DO, pH, 
temperature, conductivity,) and are included in this review 
(Obrecht et al. 1998; Au et al. 2000; Canfield et al. 2002; 
Nicholson et al. 2002; Loperfido et al. 2010; Sarnelle et 
al. 2010; Stepenuck et al. 2011; Hoyer et al. 2012; Coates 
2013; Shelton 2013; Stepenuck 2013; Dyer et al. 2014; 
Muenich et al. 2016; Storey et al. 2016; Stafford and Peters 
2017). Unlike indicator species data, these parameters are 
often monitored by professionals and volunteers using 
similar equipment and sampling protocols. They can be 
considered more straightforward than macroinvertebrate 
identification because there is no need for a biological 
index to relate the findings to stream health. In addi-
tion, these are the most commonly assessed parameters 
in volunteer monitoring as evidenced by their relative 
prevalence in existing datasets. In all of these studies, the 

professional data were considered to be the standard for 
accuracy and the volunteer data were evaluated by their 
relative differences. 

Water Quality Parameter Comparison Studies
Of the 15 water quality data comparison studies in this 
review, three studies focused on volunteer bacteria moni-
toring that involved a laboratory component, and the 
resulting comparisons also reflected differences in the 
volunteer and professional sampling methods (Au et al. 
2000; Sarnelle et al. 2010; Stepenuck et al. 2011). For 
example, Au et al. (2000) compared the results of high 
school students using a simplified protocol to monitor 
local urban waterways for bacterial coliforms to those 
collected by professionals through traditional protocols, 
and found 83–96% agreement between volunteers and 
professionals at each of the monitored stations. All three 
studies concluded that volunteer bacterial data, although 
collected through a variety of methods, were comparable 
to those collected by professionals and could be used as 
effective monitoring tools. These results, however, do not 
directly apply to the data already collected by volunteer 
programs, especially regarding volunteer laboratory 
protocols designed for these comparisons alone. The 12 
remaining studies used only field-based water quality 
sampling methods that were more comparable between 
volunteers and professionals. 

From these 12 studies we next identified those that did 
not utilize datasets already in existence from an active 
volunteer water quality monitoring program, a total of 
six (Table 1). Two of these studies, Shelton (2013) and 
Muenich et al. (2016), did not use an existing program but 
instead recruited and trained volunteers specifically for 
the comparison study and, as with the bacteria studies, 
also compared different sampling methods between 
volunteers and professionals. The other four studies 
(Canfield et al. 2002; Hoyer et al. 2012; Stepenuck 2013; 
Storey et al. 2016) did use already active volunteer water 
quality monitoring programs to collect data, but only for 
sampling events that were part of the experimental design 
of the study. These studies did not include, compare, or 
analyze any data or datasets already in existence. 

For example, Stepenuck (2013) compared data collected 
by the existing Wisconsin-based Water Action Volunteers 
(WAV) to data collected by professionals. For this study, 
volunteers sampled stream flow along with a professional 
for selected sampling events approximately four times 
a year for the two years of the study. Although the pro-
gram had been existence longer and had additional data-
sets, only the experimental flow measurements collected 
for the study were included in the comparison analyses. 
Similarly, Storey et al. (2016) compared 12 water quality 
parameters collected by an existing volunteer monitoring 
group to those collected by professionals, but through 
a study design in which professionals and volunteers 
sampled side-by-side. Although they found that nine of 
the 12 parameters showed good agreement between the 
two groups, this comparison study analyzed data only 
from those experimentally designed samples and did not 
utilize any of the volunteer programs’ previous data. 



Albus et al: Usability of Existing Volunteer Water Monitoring Data Art. 28, page 5 of 10

Canfield et al. (2002) compared data collected through 
the Florida LAKEWATCH program in which volunteers 
and researchers sampled side-by-side at 125 different 
lakes once in the summer and once in the winter over 
the course of one year. There were multiple parameters 
sampled, some in which volunteers were using modified 
protocols and some for which they were not, but overall 
the authors concluded that the mean values obtained 
by the volunteers were “strongly correlated” to those 
obtained by the professionals. Although they found sig-
nificant differences between volunteers and professionals 
at some lakes, analysis of variance showed that the type 
of sampler (volunteer vs. professional) accounted for <1% 
of variance in the year surveyed (Canfield et al. 2002). In 
a follow-up study, Hoyer et al. (2012) analyzed data col-
lected through the Florida LAKEWATCH program in which 
volunteers and professionals collected data on the same 
day. This study also was designed to test the comparability 
of the non-certified LAKEWATCH laboratory with the certi-
fied laboratory of the Florida DEP alongside professional- 
and volunteer-collected field data using similar protocols 
for the water quality parameters measured. Hoyer et al. 
(2012) also found no statistical difference between the 
data collected by volunteers and professionals. 

However, neither of these studies included comparisons 
to the existing LAKEWATCH dataset. In 2012, Hoyer et al. 
(281) wrote that their study “demonstrates that FDEP can 
use the 25+ years of LAKEWATCH data on several hundred 
lakes and multiple estuaries to assess trends in nutrient 
and chlorophyll concentrations.” Yet, without comparing 
their results to the existing 25+ year volunteer data, the 
results from their experiment may not necessarily apply 
to the existing data.

This is not to say that the existing datasets from this 
volunteer program or any other in these studies would be 
any less accurate, simply that they may be more open to 
professional bias. Although field collection methods for 
LAKEWATCH and other programs may not have changed 
significantly over time, and likely have been under quality 
assurance protocols throughout, most long-term pro-
grams will nonetheless experience many changes over 
their years of operation. Variations such as turnover in 
staff and volunteer personnel, as well as changes in equip-
ment, geo-sensing, and database technology are common 
to professional and volunteer water quality monitoring 
operations alike. The natural accumulation of variation 
over time could make these long-term datasets more sus-
ceptible to professional bias, and ultimately less likely to 
be used. We feel that studies evaluating the consistency 
of volunteer-collected data over a long-term could be 
excellent support of ALL long-term citizen science efforts 
that have operated under quality assurance protocols 
throughout their monitoring history. 

Comparison studies: Existing volunteer data
Thus far, this review has revealed that a majority of com-
parison studies used experimental protocols consisting of 
modified procedures and/or prescribed sampling events 
to collect volunteer data and demonstrated positive 
results regarding the ability of volunteers to collect data 

comparable to those collected by professionals. However, 
these results do not necessarily apply to the hundreds of 
existing, long-term, volunteer-collected datasets for which 
a myriad of events and/or variables could neither be pre-
scribed nor controlled. The question then became: Does 
the current literature provide enough information for 
scientists and other professionals to better utilize exist-
ing, long-term, large-scale volunteer datasets? 

The remaining six studies that compared volunteer and 
professional water quality data did utilize some portion 
of the existing data from a volunteer monitoring pro-
gram for which the researchers had no control over the 
sampling times or sampling stations (Obrecht et al. 1998; 
Nicholson et al. 2002; Loperfido et al. 2010; Coates 2013; 
Dyer et al. 2014; Safford and Peters 2017). Although these 
did utilize existing volunteer datasets, most of them only 
used a portion of what was available, either focusing on a 
limited area or time frame within the larger-scale dataset. 

For example, Obrecht et al. (1998) compared existing 
volunteer data collected by the Lakes of Missouri Volunteer 
Program with similar data that had been collected by 
professionals on the trophic classifications of lakes. By 
limiting the analysis to only those samples obtained from 
stations at which both volunteers and researchers had 
sampled and to the three volunteer samples that were 
closest in date to those collected by the researchers, they 
were able to compare the two existing datasets and to 
determine that the trophic classifications from the volun-
teers agreed with those of the professionals. Although the 
Lakes of Missouri Volunteer Program had been collecting 
data for longer, the dataset analyzed in this study included 
only volunteer observations from one year (Obrecht et al. 
1998). 

Additionally, Nicholson and Hodgkins (2002) used data 
from an existing volunteer program, Waterwatch Victoria, 
and compared them to professional data for turbidity, 
electrical conductivity (EC), pH, and TP. The authors found 
that the data were mostly comparable but that the level of 
agreement between volunteers and professionals varied by 
time and place, while also acknowledging that this could 
have been a factor of assessing data from only five stations 
with no more than one to five years of data at each sta-
tion. Further, in 2013, Coates conducted a follow-up study 
using Waterwatch Victoria data, looking at trends over 
time as well as spatial differentiation of samples between 
stations. This study revealed evidence of seasonal cycling 
of parameters that varied with place. Coates’ (2013) study 
spanned only one year, and the author acknowledged that 
this shorter time frame resulted in a low chance of detect-
ing any significant differences. 

One study that did use data from a larger area was 
Loperfido et al. (2010), in which data from the IOWATER 
program were compared to data collected concurrently 
by professionals at 971 stream stations across Iowa. This 
study used field samples of total nitrogen and total reac-
tive phosphorus from the professionals and volunteers 
but also had lab samples to stand as the true value with 
which to compare and ultimately assess error or bias. 
The authors determined that the volunteer measure-
ments, although significantly different from professional 
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measurements when looking at the specific values alone, 
were nevertheless successful in identifying and classifying 
most of the waters that violated USEPA standards, and the 
data accuracy improved when accounting for error and 
bias in the dataset. 

These results from a statewide scale may reveal that 
larger volunteer datasets, although likely more useful for 
identifying trends and for management purposes, can 
contain higher levels of error and bias for professionals 
and volunteers alike. Volunteer (and professional) data 
accuracy can vary by place and time and additional years 
and/or site locations, and the additional variation they 
bring may impact the comparison results. For example, 
the previously mentioned Canfield et al. (2002) study 
that examined variability within their comparison data 
determined that type of sampler (volunteer or profes-
sional) accounted for <1% of variation, while lake-to-
lake differences accounted for anywhere from 62–82% 
of the variance (Canfield et al. 2002). Thus, it may be 
hypothesized that long-term data that cover a larger 
sampling area would more likely generate even more 
variability within both volunteer and professional data-
sets, possibly affecting the resulting comparison analyses. 

Comparison studies: Large scale volunteer data
With hundreds of volunteer water monitoring programs 
already in operation, many housing databases contain-
ing decades of long-term sampling, it can be argued that 
there is a need for more studies that specifically analyze 
the accuracy of large-scale, long-term existing volunteer 
datasets. As Safford and Peters (2017: 2) state, 

“previous studies of volunteer-collected water 
quality data have focused on highly controlled 
small-scale comparisons of data collected by volun-
teers alongside professionals or of data collected 
by volunteers and professionals sampling at the 
same or similar stations under similar conditions. 
This method, while rigorous, is resource-intensive 
and limited to relatively small sample sizes.” 

In fact, our review found only two studies that analyzed 
existing, long-term volunteer datasets that spanned five 
or more years. In one study, Safford and Peters (2017) col-
lected citizen science data from online databases of two 
of the largest and longest-running statewide programs, 
Georgia Adopt-a-Stream and Rhode Island Watershed 
Watch. They compared the data from these programs 
with USGS field observations and USGS gauges in terms of 
dissolved oxygen (DO), while also using associated water 
temperature measurements to plot an expected range 
for DO based on an equation relating it to temperature. 
They found that volunteer-collected data fell within the 
expected relationship between temperature and DO, and 
that volunteer and professional data were in roughly the 
same range. This indicated that “data collected by large 
numbers of volunteers are as reliable as data collected 
under strict oversight of an agency such as the USGS” and 
“can provide reliable information about freshwater DO lev-

els” (Safford and Peters 2017: 1–2). One limitation of this 
study, however, was that all values for all stations within 
each state program were analyzed as a group, and the vol-
unteer samples were not matched with professional sam-
ples by either location or date, so the results speak only 
to the overall values and cannot provide any information 
concerning variation over time or place.

In the second study, Dyer et al. (2014) compared data 
collected by Waterwatch volunteers in the Australian 
Capital Territory region to data collected by professional 
agencies between 2003–2012 in terms of conductivity, pH, 
turbidity, and DO. The volunteer samples were collected 
within a 10-day period and matched to a professional sam-
ple from the nearest station. Only stations with more than 
20 matching samples were included, leaving 14 stations 
for which volunteer and professional samples were ana-
lyzed by comparing medians. The results showed excellent 
agreement for pH and conductivity, and good agreement 
for turbidity and DO. Dyer et al. (2014: 360) reported that 
this agreement was in spite of the fact that the research-
ers “retrospectively investigated the agreement between 
data collected by volunteers and as such was constrained 
to comparing data collected on different days and with 
different methods.” The authors also noted that although 
a more detailed study could account for differences of 
method and sampling dates, given the observed agree-
ment, such a study isn’t necessary. The authors also 
mentioned that 1) professional data are assumed to be 
free of error and bias, which is not always the case; and 
2) with volunteer data being used primarily to augment 
professional data, the quality of the data determined by 
this study is “fit for purpose.” These assumptions allowed 
them to conclude that their results provided the necessary 
confidence for Waterwatch programs to be incorporated 
into monitoring strategies and allowed to augment exist-
ing monitoring efforts. 

Conclusion and Directions for Future Research
The hundreds of citizen science water quality monitoring 
programs that already exist, as well as the growing num-
ber of programs being formed in recent years, has led to 
questions about volunteer data quality and its usefulness 
in water management (Canfield et al. 2002; Safford and 
Peters 2017). Many of the volunteer water monitoring pro-
grams discussed in this review, including the Rhode Island 
Watershed Watch and Georgia Adopt-a-Stream (Safford 
and Peters 2017), use a program structure that involves 
extensive volunteer training, quality assurance protocols, 
and professional oversight. There are many programs in 
other states such as the Missouri Stream Team, the Texas 
Stream Team, the Alabama Water Watch, and IOWATER 
that also have trained volunteers who use equipment 
that meets protocol standards and whose programs are 
designed in conjunction with the state’s environmen-
tal agencies (Canfield et al. 2002; Loperfido et al. 2010; 
Deutsch and Ruiz-Cordova 2015; Safford and Peters 2017). 
There are likely many additional programs with a similar 
structure across the country, all of which may have been 
collecting high-quality data for many years. If this existing 
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data, moreover any volunteer data collected under these 
standards, is consistently shown to be of comparable 
accuracy to those of professionals, increasing amounts of 
volunteer data could be used to fill gaps in official data for 
management and restoration efforts. 

A growing number of studies examining the reliability 
and accuracy of volunteer-collected water quality data 
through comparison to professional data have discovered 
that data accuracy between volunteers and professionals 
can be comparable across a variety of conditions. All of the 
studies outlined in this review, although necessarily based 
on assumptions of professional accuracy and relative com-
parability, have nonetheless paved the way for easing any 
professional bias against volunteer data that may exist. 

Comparisons between professional and volunteer data 
are providing a valuable framework by which scientists 
and professionals can reframe their perceptions about 
non-expert data through its relationship to more familiar 
data for which the quality is known. Beyond the percep-
tions of professionals, and perhaps more importantly, 
the results from these comparison studies, also can 
provide important formative feedback for citizen sci-
ence practitioners and volunteers to assure data qual-
ity, enhance reporting, justify funding, and continue to 
inform and improve program design. 

While this review included 15 water quality data 
comparison studies, only two assessed the accuracy of 
large-scale, existing volunteer water quality monitoring 
datasets. To fully address any professional bias, espe-
cially toward large-scale datasets already in existence, 
more studies utilizing these kinds of datasets would be 
beneficial. These studies could provide much-needed 
information on relative consistency over time and space 
and ultimately increase confidence for expanded use of 
volunteer-collected data. 

We recommend that more studies be conducted which 
utilize existing volunteer monitoring datasets that are 
long-term and cover a large geographic area for a compari-
son analysis to similar professional data. Both professional 
and volunteer datasets accumulate more variability as 
more years and locations are added to the dataset, as each 
new point has varying baseline conditions making overall 
accuracy more difficult to assess. The variability inherent 
to these types of datasets may make them more suscepti-
ble to professional bias, if for no other reason than they 
are more difficult to work with.

However, a well-planned comparison study should 
be able to account for this increased variation and still 
reveal whether the levels of agreement found between 
volunteers and professionals in the smaller-scale, more 
controlled studies is evidenced on the larger scale as well. 
Natural variation inherent in large-scale datasets should 
not mask similar patterns, which is what can be expected 
from both citizen science programs that have QA/QC 
measures in place and professional agencies that func-
tion under similar protocols. If both professionals and 
volunteers are getting the “right” answer, then studies 
in which long-term professional and volunteer data are 
compared should reveal similar patterns. These patterns 

should manifest clearly in spite of the constraints of a 
post-hoc analysis, which would be necessary if using 
existing data.

The two studies in this review that did compare large-
scale volunteer and professional sampling data, Dyer et al. 
(2014) and Safford and Peters (2017), also provide insight 
for future studies. Dyer et al. (2014) refined large volun-
teer and professional sample datasets to include only 
those samples nearest each other on the same stream and 
within a 10-day period. They concluded that, although 
there were some differences and biases, there was 
excellent agreement for the parameters assessed, espe-
cially considering they were comparing samples taken on 
different days using different sampling methods. Safford 
and Peters (2017) also concluded that the volunteer and 
professional measurements for DO lay within the same 
range and although there were slight differences, volun-
teer data could be used to provide reliable information. 
These studies revealed specific differences between volun-
teer and professional data for these large datasets which 
could inform future uses, and overall concluded that con-
sistent patterns were evidenced for both volunteers and 
professionals. 

Based on the findings from these studies and others in 
this review, we hypothesize that a comparison study utiliz-
ing long-term, existing data would not need to control for 
the variations in the dataset, such as individual sampler or 
sampling entity, exact location of sampling site, sampling 
season or time of day, or even exact sampling equipment 
used, as long as both volunteer and professional data 
being compared were collected under quality assurance 
protocols that are developed under the same overarch-
ing protocol (in these cases, the USEPA is the national 
standard) to achieve the best accuracy possible. Hopefully, 
this approach will make such a study more appealing to 
researchers. Although there will likely still be a need for 
extensive data refining before two disparate datasets can 
be comparable in a statistical analysis, we argue that the 
work may be well worth the reward. A few studies like this, 
if they demonstrate the pattern of consistency shown by 
smaller-scale, controlled studies, could reveal that qual-
ity and consistency over time need not be the purview of 
professionals alone. 
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