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Key Points  
• Community based monitoring of water quality and aquatic ecosystems such as Waterwatch in Australia 

comprise an important portion of worldwide community monitoring efforts.  
• Waterwatch data have traditionally been criticised as being of inferior quality compared with professionally 

collected data yet there are few published comparisons of the data sets. 
• Excellent agreement between Waterwatch and professionally collected data sets from the Australian Capital 

Territory were observed for electrical conductivity and pH indicating that the quality of these data are 
indistinguishable from professionally collected data. 

• Good agreement was observed between the Waterwatch and professionally collected turbidity and dissolved 
oxygen data particularly given differences in methods used to collect the data. 

• The quality of the data collected by the community based volunteers provides an opportunity to incorporate 
Waterwatch programs into jurisdictional wide monitoring strategies with confidence and allows augmentation 
of existing monitoring effort to enhance water quality management outcomes. 

 

Abstract 
Community based monitoring of water quality and aquatic ecosystems, such as Waterwatch in Australia, forms an 
important portion of the community monitoring efforts worldwide, however, such data are rarely accessible or used in 
decision making.  Waterwatch data have traditionally been criticised as being of inferior quality compared with 
professionally collected data and as such have seen limited use and incorporation into government data sets. Water 
quality data collected from 2003 onwards by Waterwatch volunteers in the Australian Capital Territory region were 
compared with equivalent data collected by government agencies, consulting firms and academic institutions 
(professionally collected data). The water quality variables compared were electrical conductivity, pH, turbidity and 
dissolved oxygen. Excellent agreement between Waterwatch and professionally collected data sets were observed for 
electrical conductivity and pH indicating that the quality of these data are indistinguishable from professionally collected 
data.  Good agreement was observed between the Waterwatch and professionally collected turbidity and dissolved 
oxygen data particularly given differences in methods used to collect the data and differences in sampling times. The 
quality of the data collected by the community based volunteers provides an opportunity to incorporate Waterwatch 
programs into jurisdictional wide monitoring strategies with confidence and allows augmentation of existing monitoring 
effort to enhance water quality management outcomes. 
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Introduction 
The use of ‘citizen science’, or community volunteer efforts to monitor species, habitats, ecosystem functions and 
environmental quality is increasing worldwide. Such efforts are seen as important for education, community 
engagement and participatory decision making but are increasingly being considered as affordable alternatives as water 
managers seek to overcome spatial or temporal gaps in data sets (Gouveia et al. 2004 Conrad & Hilchey 2011; Loperfido 
et al. 2010_ENREF_2) caused by the challenges of an increasingly constrained funding base.  Community based 
monitoring of water quality and aquatic ecosystems has increased dramatically since the mid 1990’s (Kerr et al. 1994; 
Fore, Paulsen & O'Laughlin 2001) and forms a significant portion of the community monitoring efforts worldwide.  In 
spite of the efforts, such data are rarely published or publicly accessible and have seen limited use or incorporation in 
state wide data sets or decision making programs. 
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One of the important barriers to the broader use of water quality data collected by volunteers is that the data have 
traditionally been criticised as being of inferior quality compared with professionally collected data (Gouveia et al. 2004; 
Conrad & Hilchey 2011).  This seems to be in spite of (or perhaps because of) few published comparisons of community 
and professionally collected data sets and those that have been published focus on the differences rather than the 
commonality.  Bias and uncertainty in volunteer measurements, particularly nutrient concentrations, have been noted 
(Loperfido et al. 2010; and Nicholson, Ryan & Hodgkins 2002).  Yet, in the same studies, Loperfido et al. 2010 conclude 
that it is possible to correct for the bias to make accurate assessment of lake water quality, and Nicholson, Ryan & 
Hodgkins 2002) note the agreement of EC, pH and turbidity measurements.  The capacity of community groups to 
conduct reliable stream assessments and identify changes in stream water quality using macroinvertebrate data has also 
been identified by Reynoldson, Hampel & Martin 1986 and by Fore, Paulsen & O'Laughlin 2001 and changes in coliforms 
by Au et al. 2000 with some clear guidelines provided to ensure the quality of data from community groups.   

Waterwatch in the Australian Capital Territory (ACT) is a part of national water quality monitoring program that engages 
with the community to raise awareness, educate, monitor, restore and protect waterways. Local catchment groups, 
Landcare groups, local residents, schools and landowners are regularly involved in the monitoring of local creeks, 
wetlands, lakes, rivers and stormwater drains with up to 136 sites monitored by volunteers on a monthly basis.  
Professionally collected data are monitored at 115 sites with varying regularity of sampling (Figure 1).  Integrating the 
data into the ACT water quality database and being confident of decisions based on volunteer data collection requires an 
understanding of the quality of the data collected. In this study, water quality data collected from 2003 onwards by 
Waterwatch volunteers in the ACT region were compared with equivalent data collected by government agencies, 
consulting firms and academic institutions (professionally collected data).   

Methods 
The water quality variables electrical conductivity (EC), pH, turbidity and dissolved oxygen (DO) collected by Waterwatch 
and ‘professionals’ from 2003 ––2012 were compared at river/creek sites (Figure 1).  These were the most commonly 
collected attributes measured by both Waterwatch volunteers and professional monitoring programs.  The methods 
used to collect the data differed most notably for turbidity and dissolved oxygen measurements where handheld probes 
are used by professions and turbidity tubes and colorimetric methods (DO) were used by the Waterwatch volunteers. 

Waterwatch data were matched to data from the nearest Professional monitoring site on the same river/creek and to 
the nearest period of +/- 10 days. Analyses were then confined to sites for which there were more than 20 matching 
data points for a water quality parameter resulting in data from 14 sites being analysed. The selection of 20 matching 
data points ensures that there is reasonable statistical power associated with the analyses, given the differences in 
sampling methods and sampling dates.  Non-parametric Mann-Whitney tests were used to compare the medians of the 
sample populations.  Medians were used to satisfy the constraints of the test given the lack of normally distributed data.  
Additionally, the extent of the similarity (or dissimilarity) of the data were analysed by calculating the percentage 
difference between each of the medians.    
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Figure 1. Professionally collected (left) and Waterwatch (right) water quality sampling sites in the ACT region and the 
number of samples collected at each site since 2003. 

Results  
Professional and Waterwatch pH data showed little difference with all medians values being within 10% (Table 1) and 
more than half of the sites displaying less than 3% difference.  In spite of such good agreement, no significant difference 
between pH values (P<0.05) occurred for only 8 of the 12 sites compared suggesting a low variance in the data sets.   

There was little difference between the Professional and Waterwatch data sets for EC and turbidity. Ten of the 13 sites 
showed no significant difference (P<0.05) and half of the EC and almost half of the turbidity medians were less than 10% 
different (Table 1).  The most significant differences indicated an underestimate of EC by the Waterwatch data and an 
overestimate of turbidity data.   

The least accurate of the data sets was the DO where only 2 of the 6 sites had data sets that  showed no significant 
difference (P<0.05)  (Table 1).  In spite of this, the median DO values were all less than 20% different with and most were 
within 10-12%.  All of the Waterwatch data was an underestimate of the DO in the professional data set. 

Discussion  
The water quality parameters analysed in this study generally showed excellent agreement in spite of differences in the 
methods used to collect them.  The proportionate disparity between the Professional and Waterwatch DO data was less 
than 20%, yet these data had the greatest proportion of sites with significantly different medians values.  The 
inaccuracies are most likely a function of the different methods used to collect the data, with Waterwatch volunteers 
using a colorimetric method and the Professionals using an instrument to measure the DO.  The differences also likely to 
be influenced by comparing data from different days and times and it is therefore pleasing that the median DO values 
were all within 20% of each other.   

The greatest differences in median values were observed for turbidity data with values being up to 50% different, yet in 
most cases these differences were not considered to be significantly.  This is, again, most likely the result of different 
methods used to collect these data with Waterwatch volunteers using turbidity tubes (with a logarithmic scale) and the 
professionals using an instrument.  The highly variable nature of turbidity within streams is likely to have further 
exaggerated differences when data from different dates and times were compared. 
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Table 1. Results of the comparison of the professionally (Pro) and volunteer (WW) collected data sets for dissolved 
oxygen (DO) and pH, electrical conductivity (EC) and turbidity (Turb).  Cells are shaded blue where there is less than 
10% difference in the median values and green where the medians are not significantly different (using the non-
parametric Mann-Whitney test).  Blank cells indicate fewer than 20 data points available to conduct the statistical 
test.   
Site DO   Mann-Whitney statistics pH   Mann-Whitney 

statistics 
 Pro WW    Pro WW    
 Median (n) Median 

(n) 
% Diff U P Median (n) Median 

(n) 
% Diff U P 

CMM100 7.3 (70) 6.4 (68) -12% 2240.5 0.554 7.4 (68) 7.2 (70) -3% 1758.5 0.011 
CMM150 9.9 (72) 7.9 (68) -20% 984.5 <0.001 7.7 (71) 7.7 (58) 0% 1920.5 0.512 
CMM200 9.7 (78) 9.0 (82) -7% 2012.5 <0.001 7.8 (68) 7.3 (82) -6% 1200 <0.001 
CTM250 9.3 (63) 8.4 (63) -10% 1368.5 0.003 7.7 (52) 7.9 (65) 3% 1311.0 0.037 
CTM310 9.2 (32) 8.2 (39) -11% 379 0.005 7.6 (36) 7.6 (40) 0% 627 0.335 
CTM500 9.3 (32) 8.3 (28) -11% 322 0.063 7.6 (32) 8.2 (32) 8% 140.5 <0.001 
CTT100      7.8 (25) 8.3 (25) 6% 117 <0.001 
GIN005           
GIN007      7.4 (21) 7.3 (24) -1% 211.5 0.361 
GIN011           
MOL270      7.8 (21) 7.7 (21) -1% 165.5 0.167 
MOL295      7.9 (25) 8.2 (25) 4% 226 0.094 
QUE495      7.7 (26) 7.6 (26) -1% 298.5 0.474 
YAR400      7.8 (35) 7.7 (35) -1% 547 0.444 
 
Site EC   Mann-Whitney 

statistics 
Turb   Mann-Whitney 

statistics 
 Pro WW    Pro WW    
 Median (n) Median (n) % 

Diff 
U P Median (n) Median 

(n) 
% Diff U P 

CMM100 335 (70) 344(68) 3% 2341.5 0.871 6.2 (70) 9 (71) 45% 1273.5 <0.001 
CMM150 93 (72) 103 (71) 11% 2006.5 0.027 19 (60) 25 (71) 32% 1971 0.463 
CMM200 99 (77) 100 (76) 1% 2671.5 0.354 13.5 (68) 20 (82) 48% 2101.5 0.009 
CTM250 100 (65) 100 (64) 0% 1931.5 0.485 15 (58) 16 (67) 7% 1677 0.188 
CTM310 108 (33) 90 (37) -17% 471 0.102 11.4 (37) 13 (40) 14% 553 0.057 
CTM500 98 (31) 102 (31) 4% 475 0.944 15 (32) 19.5 (32) 30% 410 0.172 
CTT100           
GIN005 458 (77) 330 (75) -28% 1330 <0.001 18.6 (82) 20 (81) 8% 2925 0.188 
GIN007 347 (24) 221 (23) -36% 130.5 0.002 13.5 (24) 9.5 (24) -30% 286 0.975 
GIN011 211 (63) 213.5 (64) 1% 1886.5 0.534 10 (66) 9(65) -10% 2044.5 0.627 
MOL270 350 (21) 310 (21) -11% 178.5 0.295 10 (21) 10 (21) 0% 218 0.957 
MOL295 420 (25) 430 (25) 2% 270 0.415 14 (25) 20 (25) 43% 191 0.017 
QUE495 298 (26) 255 (26) -14% 274.5 0.249 10.8 (26) 10.0 (26) -7% 325 0.808 
YAR400 321 (35) 270 (35) -16% 599 0.879 11.3 (35) 10.0 (35) -12% 534.5 0.590 
 
The high degree of accuracy in the pH and the EC data reflects the similarity of methods and protocols used to collect the 
data, good instrument calibration procedures, as well as low variability in the data (particularly in the case of pH).  
Therefore the analysis of the Waterwatch pH and EC data would lead to the same conclusions as analyzing the 
professionally collected data. 

However, some biases in the data sets were observed. Waterwatch volunteers typically underestimated the 
concentration of dissolved oxygen and EC and overestimated the turbidity.  The overestimate of turbidity values is not 
surprising given the different methods used to collect the data.  The turbidity tubes are marked with a logarithmic scale 
and at low turbidity values the marks are some distance apart (approximately 20 cm between 10 and 20 NTU) leading 
the volunteer to record the next value on the scale.  Turbidity data collected by the volunteers is therefore effectively 
categorical and the observed agreement is excellent.   

This study 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.  A more detailed study similar to that of 
Nicholson, Ryan & Hodgkins 2002) could account for differences of method and sampling dates. Given the agreement 
observed between the data sets was generally good, such a study is not warranted and investing to improve the 
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comparibility of the data collected by the Waterwatch volunteers with the use of similar equipment (such as DO and 
turbidity probes) may be more justified.  

In considering the accuracy and reliability of the Waterwatch data it is also important to consider if the data are ‘fit for 
purpose’.  ACT Waterwatch data are used by a wide range of local community and government organisations 
predominantly as early warning monitoring but occasionally the data are used to contribute to the prioritisation of works 
across the catchment.  Given the good agreement between Waterwatch and Professionally collected water quality data 
for electrical conductivity, pH, dissolved oxygen and turbidity, the Waterwatch data has the capacity to provide a 
complementary data source to the professionally collected data for assessing water quality in the ACT.  It also suggests 
that the collection of data by Waterwatch volunteers provides an opportunity to extend water quality monitoring to 
parts of the ACT that are not well sampled at the moment (e.g. conservation areas in the southern half of the ACT) to 
augment existing monitoring effort.  Extending the data collection into these areas would allow regular sampling of 
‘reference sites’, which will help to disentangle the effects of natural or climatic process on water quality from those 
caused by human activities within the ACT.  In addition, in financially constrained times, the volunteer data provides 
excellent cost effective data that would otherwise be unavailable. 

At some sites, where there is sufficiently regular collection of data (data collected for several years, capturing seasonal 
and annual patterns for different climatic conditions), it is possible to use the Waterwatch data in an early warning 
context. Sites that have intermittent data collection do not have sufficient length of dataset or frequency of sampling to 
identify temporal patterns and therefore are unable to provide a baseline against which to identify an anomaly.  For the 
purposes of providing an early warning, it is possible to combine Waterwatch data with government data to provide a 
longer record or to identify a need to take additional action.   

This study has also assumed that data collected by the professionals is free of error and bias.  Such an assumption has 
been shown to be untrue with field data compared with samples analysed by laboratories sometimes showing significant 
differences (see examples described in Nicholson, Ryan & Hodgkins 2002).  The advantage of professionally collected 
data is that it usually is subject to rigorous QA/QC procedures which means that outliers and unusual data points are 
removed from the data set.  In spite of such QA/QC procedures, there are still obvious instances of transposed data or 
inaccurately entered data within the ACT water quality database (Tschierchke, unpublished data analysis).   

Involving the community in data collection has the potential to increase the temporal and spatial coverage of 
environmental data in addition to the engagement and education that occurs with volunteer involvement (Gouviea et 
al., 2004).  Most volunteers expect that their data are useful and would like to see greater use of it within decision 
making processes, yet agencies are reluctant to make full use of the data because of uncertainty around data quality.  
This study has demonstrated that EC, pH, turbidity and DO data collected by Waterwatch volunteers agrees well with 
data collected by staff from government agencies, consulting firms and academic institutions (professionally collected 
data) and in the case of pH and EC the data quality is excellent.  These findings are consistent with other studies that 
demonstrate that with the right support, communities groups are able to conduct reliable assessments of stream water 
quality (Au et al. 2000; Fore, Paulsen & O'Laughlin 2001; Nicholson, Ryan & Hodgkins 2002; Reynoldson, Hampel & 
Martin 1986_ENREF_7).  The quality of the data provides an opportunity to incorporate Waterwatch programs into 
jurisdictional wide monitoring strategies with confidence and allows augmentation of existing monitoring effort to 
enhance water quality management outcomes.  
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