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(revised 7 May 2025) 
 
The results discussed below represent the performance of the BluBird system under the test 
scenarios and environmental condiDons encompassed by the 2024 METEC ADED test period.  
For addiDonal background and results, see white paper 
blubird_ADED_2024_performance_overview_pub_2024_12.pdf. 
 
This version has been revised to reflect review comments from CSU METEC personnel.  They 
point out that the original ADED protocol referred to here has since been revised in a manner 
that addresses many of Earthview's concerns and limitaDons that pertain to results grading and 
staDsDcal methods.  This new ADED 2.0 protocol is available at 
hQps://metec.colostate.edu/aded-2-0/.  
 
Rate of Detec*on:  The Earthview BluBird 2.0 system detected1 91% of the 347 individual gas 
release events ("experiments") during the winter/spring 2024 ADED experiment.  This increases 
to 92%2 and 94%3 when alternaDve criteria are applied that are more flexible regarding 
reported start Dmes for events (see footnotes).  These alternaDve criteria are in keeping with 
the new ADED 2.0 protocol, as confirmed by METEC personnel. 
 
For ADED experiments consisDng of a single leak source, BluBird detected 87% of these events.  
This increases to 92%2 and 97%3 using the alternaDve, ADED 2.0-consistent start-Dme and 
overlap criteria described below. 
 
Ability to Detect Low Emission Rates:  Ninety five percent of single-release experiments with 
release rates of 1000 g/h or less were detected, based the 30-minute criterion2.  Eighty-five 
percent were detected using the 20-minute criterion3. 
 
These increases in detecDon count are associated with relaDvely slight changes in allowable 
start Dmes (e.g., 30 minutes early vs. 20 minutes early).  This suggests that METEC's ADED 
analyses should consider the degree to which reported results are affected by such fairly minor 
modificaDons in their classificaDon technology. 
 
Probability of Detec*on (POD):  POD as a funcDon of leak release rate (flow rate) was 
calculated using logisDc regression applied to binary values of "detected" and "not detected" 
classificaDons.  Separate calculaDons were done using the set of single-release experiments and 
for all experiments.  For the laQer, which included some experiments with up to 5 simultaneous 
releases, the maximum flow rate among the releases was used (the single-release events were 
also included in this set).    
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While the normal way of thinking about POD assumes that leak rates have the biggest effect on 
detecDon rates, this will depend on a number of factors.  To invesDgate this, POD was also 
calculated as a funcDon of leak duraDon and as a funcDon of total gas released per experiment. 
 
For the single-release experiments, the esDmated 90% POD ranges from 2400 g/h with 
detecDons classified using the 20-minute start Dme threshold to 990 g/h using the 30-minute 
start Dme threshold (Figure 2).  Allowing the extra 10 minutes added an addiDonal 6 detecDons 
due to the list of true posiDves.  (DetecDon start Dmes were averaged to the nearest minute.). 
When the more lenient overlap criterion is applied (Figure 2), 11 addiDonal true posiDves were 
included, resulDng in a decrease in 90% POD decreases to 320 g/h. 
 

  
Figure 1.  Probability of detecDon as a funcDon of leak flow rate for experiments consisDng of a 
single release.  In the lec-hand plot, detecDon reports meeDng the 20-minute start Dme 
threshold were included, yielding a 90% POD level at a gas flow rate of 2400 g/h (lec).  
DetecDon reports meeDng the 30-minute start Dme threshold were included (right).  The 90% 
POD level is reached at a gas flow rate of 990 g/h. 
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Figure 2.  Probability of detecDon as a funcDon of leak flow rate for experiments consisDng of a 
single release.  DetecDon reports that qualified as true posiDves based on the overlap criterion 
were included.  For this data set, the 90% POD level is reached at a gas flow rate of 330 g/h. 
 
For the set of all experiments (single-release and mulDple-release experiments), and using the 
maximum release rates as the predictor parameter, the POD is greater than 90% for the lowest 
flow rates and then decreases as the flow rate increases (Figure 3).  This is counterintuiDve but 
reflects the fact that several of the mulDple-release experiments with the highest release rates 
were not detected.  These were events with relaDvely short gas release duraDon and/or 
unfavorable wind condiDons. 
 

 
Figure 3.  POD as a funcDon of leak flow rate for all experiments, with the maximum release rate 
per experiment as the predictor parameter.  DetecDon reports meeDng the 20-minute start Dme 
threshold were included.   
 
Since there is no physical reason why detecDon would decrease with increasing release rate, the 
behavior seen in Figure 3 likely indicates that flow rate is not the dominant parameter affecDng 
the BluBird system's detecDon rates for this ADED test period.  In fact, if we calculate POD as a 
funcDon of release duraDon rather than release rate, we see the more logical paQern of 
increased POD with longer release Dmes (Figure 4).  For the 20-minute detecDon criterion, 90% 
POD is reached when the leak duraDon exceeds 2.2 hours, with the POD conDnuing to increase 
past that point.  This is the behavior one would expect from point sensors - the longer a leak 
persists, the more likely it is that winds will transport leaking gas to a sensor.  Using the 30-
minute start criterion (Figure 6), the 90% POD occurs for leak duraDon of 1.7 hours. 
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Figure 4.  (Lec) POD as a funcDon of leak duraDon.  DetecDon reports meeDng the 20-minute 
start Dme threshold were included.  (Right) POD as a funcDon of leak duraDon for all 
experiments using detecDon reports meeDng the 30-minute start Dme threshold. 
Assuming POD is affected both by release rate and by leak duraDon, one way to capture this is 
by calculaDng the total gas release during experiments (e.g., release rate x release duraDon).  
This relaDonship is depicted in Figure 5.  This POD plot suggests that a leak yielding at least 3800 
grams should be detectable at the 90% level.   In other words, at a leak rate of 400 g/h, the leak 
might be expected to be detected acer about 10 hours' duraDon.  As with all the results 
presented here though, this should be interpreted within the context of the METEC ADED test 
set-up and protocol. 
 

 
Figure 5.  Probability of detecDon as a funcDon of total natural gas released during experiments.  
DetecDon reports meeDng the 20-minute start Dme threshold were included. 
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Notes of Cau*on Regarding the METEC ADED Tes*ng Protocol and Analysis Methods 
 
Although the METEC ADED protocol that was originally applied to the ADED 2024 results (but 
which has since been replaced by an improved ADED 2.0 protocol3) was intended to be 
technology-neutral (Ilonze et al., 2024), the protocol and METEC's analysis methods included 
several aspects that arguably make the tesDng program more favorable for leak detecDon 
technologies that rely on imaging or scanning methods as compared to point sensors.  As noted 
earlier, METEC has a new ADED 2.0 protocol that is now being applied.  Some of the key changes 
are noted in SecDon 3 below).  However, to allow fair assessment of the different technologies, 
the test and analysis tradeoffs need to be acknowledged by METEC and their researchers and 
accounted for to the extent possible.  (This has since been reflected in the ADED 2.0 protocol 
but the issues may sDll remain in exisDng publicaDons [e.g., Chepotonui et al.., 2024]).   We 
review some of these issues below.  We understand the need to repeat the same methods from 
year to year so that results are comparable across the mulDple ADED tesDng periods, but this 
should not rule out adding new analyses designed to address concerns, nor should it jusDfy 
conDnuing to use methods (such as the curve filng approach discussed below regarding 
probability of detecDon assessment) that may not be parDcularly appropriate. 
 
Implica*ons on Point Source Sensor Assessment of ADED's Focus on Mul*ple, Simultaneous 
Gas Releases:   The most important factor in this regard is METEC's use of mulDple, 
simultaneous gas releases from any of the 5 equipment groups on the test pad, with as many as 
5 releases per experiment group.  Failure of a technology to see all the simultaneous emissions 
during an experiment is treated as equivalent to failure to detect that any leak occurred at all.  
For example, consider two experiments:  one experiment consists of a single release and the 
second experiment consists of 5 releases.  Technology A detects the single release during the 
first experiment and 2 of the 5 releases during the second experiment.  METEC's grading system 
that has been used to date assigns 3 true posiDves and 3 false negaDves to Technology A.  In 
contrast, Technology B misses the first experiment enDrely but detects all 5 of the releases 
during the second experiment.  This results in 5 true posiDves and 1 false negaDve.  If the goal 
of the tesDng is to rate how many total leaks a technology detects, then Technology B ranks 
highest.  This is the raDng approach that METEC uses.  But if one is interested in how ocen a 
technology detects presence of a leak on a pad, then Technology A would rank highest.  METEC 
does not include this type of assessment.   
 
At least some operators might think that is more important to know if there is a leak on their 
site rather than to know how many leaks there are at any given Dme.  For one thing, an LDAR 
team dispatched to a site based on detecDon of a site-level leak is likely to find any other leaks 
that are present.  But if the LDAR team is not dispatched at all, because the monitoring 
technology saw no leak on a site, then the leak will conDnue. 
 
In the above example, a point sensor system is likely to perform more like Technology A while a 
scanning/imaging system is likely to perform more like Technology B.  The main problem with 
METEC's approach to date is not that they use simultaneous leaks (with 81% of experiments in 
2024 having more than one leak), it is that, in their publicaDons (with the excepDon of a brief 
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menDon in Bell et al. [2020]), they do not point out the implicaDons of their grading approach 
for different types of technologies.  A simple and adequate soluDon would be for METEC to 
include, in their future publicaDons and along with their current total-leak-detecDon approach, 
analysis that would compare technologies based on how many individual (and/or single-release) 
experiments were detected.  This would show how good a parDcular technology is at alerDng to 
site-level leaks.  Based on published ADED results to date, there appear to be some significant 
differences in how point-source conDnuous monitors and imaging/scanning systems perform 
when rated using these two assessment methods. 
 
Other METEC ADED Factors that can Nega*vely Affect Point Source Sensor Performance:  In 
addiDon to METEC's grading method, some addiDonal factors of the original ADED protocol tend 
to be disadvantageous for point sensors.  For example, the experiment duraDons are relaDvely 
short, averaging about 3 hours.  Point sensors require variaDons in wind direcDon to carry gas 
from a leak source to a sensor, so short duraDons mean less Dme for one or more sensors to see 
a gas release.  Also, there is some potenDal for residual natural gas to linger on the site (or be 
recirculated back onto the site by winds) in between experiments.  This could potenDally have a 
greater effect on point sensors than on scanning/imaging systems since in the METEC ADED 
protocol, detecDon reports are rejected if technology reports an event start Dme that is too 
early.  Residual gas can result in point sensor systems' aQaching an earlier than actual start Dme 
to leak reports.  As far as we are aware, METEC has not used any reference-grade instruments to 
verify background methane concentraDon in between experiments as part of the ADED test 
protocol. 
 
METEC's Approach to Es*ma*ng 90% Probability of Detec*on (POD):   It is typical to want to 
characterize a monitoring technology's performance in terms of the leak rate that can be 
detected 90% of the Dme.  Technology providers are judged (fairly or not) on what 90% POD 
they can claim.  To determine a useful POD value, the data used must encompass variaDons in 
leak rates, leak duraDons and leak locaDons over a range of weather variaDons and under 
realisDc field condiDons.  ADED meets this need.   
 
However, the actual calculaDon of POD can be very sensiDve to the staDsDcal method used, the 
range of factors affecDng detecDons, as well as to assumpDons that affect the true posiDve/false 
negaDve assessment.  In the text below, we consider how some of these issues affect test 
results and how that in turn affects the assessed performance of technologies (specifically, 
Earthview's BluBird system).  In parDcular, we review how analysis methodology can have a very 
large effect on esDmated POD. 
 
below, we show that using a more appropriate curve filng method (logisDc regression) along 
with slightly different criteria for leak detecDon classificaDon (allowing as liQle as an extra 30 
seconds for leak start-Dme thresholding) have a large effect on the esDmated POD.  We also 
show that, consistent with the ability of the BluBird system to detect small leaks, leak duraDon 
is more highly correlated with POD than is flow rate. 
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1.  A Binary Classifica*on Func*on Should be Used for POD Es*ma*on 
 
In their analysis of ADED results for 2020, Bell et al. (2020) used a binary logisDc regression 
method to esDmate POD.  This method is well suited for predicDng the likelihood of correct 
classificaDon, such as ADED's "true posiDve" (TP) versus "false negaDve" (FN) classificaDons.  
However, Ilonze et al. (2024) instead chose to fit curves to the fracDon of true posiDves divided 
by the sum of true posiDves and false negaDves, as calculated over different bins of leak-rate 
ranges.  A power law funcDon was used for the fit, with the curve's intercept set to zero.  The 
reason given for this switch is that the logisDc regression model in some cases produced curves 
that were considered unrealisDc since they yielded non-zero POD at zero emission rates.  One 
can argue that this is not a good enough reason to abandon the strengths of the binary 
regression approach for a task like POD calculaDon (e.g., Binary LogisDc Regression, 2024).  In 
fact, METEC in their drac "METEC 2.0" protocol document specifically states that the TP/TP+FN 
raDo should not be used for POD esDmaDon, and that a generalized linear model (such as binary 
logisDc regression) be used4. 
 
The figures below illustrate the significance of this POD methodology as applied to Earthview's 
ADED 2024 results.   Unlike the data sets discussed in the earlier secDons, this data set includes 
all releases for all experiments (e.g., including mulDple-release experiments).  The classified 
data consist of "1" where the release was assigned a TP and a "0" when an FN was assigned.  
The predictor variable is leak flow rate (except for Figure 8, where leak duraDon and total gas 
emiQed per leak event are used). 
 
Figure 6 compares results using logisDc regression versus the power curve plot from Cheptonui 
et al. (2024).   The results are visually similar but the results differ dramaDcally. in terms of 
esDmated 90% POD.  The logisDc regression line intercepts the 90% POD axis at a leak flow rate 
of 9 kg/h whereas the power curve intersects at 76.5 kg/h.  This involves projecDng the line well 
beyond the range of test condiDons, but was nevertheless applied this way in Cheptonui et al. 
(2024).  As noted above, for applicaDons like this where to goal is to predict the likelihood of a 
correct classificaDon, a logisDc funcDon is more appropriate than is filng a curve to the raDos 
of true posiDve/(true posiDve + false negaDve) calculated over release-rate bins. 
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Figure 6.  LogisDc regression fit using binary classified detecDons (lec) versus METEC's 
calculated power curve fit using raDos of true posiDves/(true posiDves + false negaDves) 
calculated over release-rate bins (right). 
 
 
2.  Earthview's POD is More Highly Correlated to Leak Dura*on and Total Leak Amount than to 
Leak Rate 
 
Regression fits to leak duraDon and total gas emiQed per leak are given in Figure 7.  Both of 
these fits have a higher level of significance (based on Chi-Square values) compared to the fit 
versus flow rate.  (Note also the low R^2 of 0.10 in METEC's POD plot in Figure 6.)   In terms of 
total gas emiQed per leak, the esDmated 90% POD for total gas release per leak is 14 kg.  This 
could be a useful parameter to consider since in combines flow rate and duraDon.  The 
correlaDon suggests that it would be useful to consider both duraDon and rate to define POD for 
the BluBird system (and probably for other point sensors as well). 
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Figure 7.  LogisDc regression fits detecDon (binary; 0, 1) versus leak duraDon (lec) and total gas 
released per leak (flow rate x duraDon) on the right. 
 
3.  The POD Es*mate is Very Sensi*ve to the Inclusion of a Few Addi*onal Detec*ons 
 
Slight differences in METEC's TP vs. false negaDve ("FN") grading protocol has large effects on 
esDmated 90% POD.  Figure 8 compares the METEC classificaDon results using a 20.0 minute 
early start Dme threshold with using the start Dme rounded to the nearest minute.  In other 
words, it treats start Dmes within 30 seconds of the 20-minute threshold as a true detecDon.  
This slight change results in including an addiDonal 6 detecDons as TPs (527 TPs vs. 533).  The 
resulDng 90% POD improves from 9000 g/h to 6400 g/h.  If the start Dme threshold is relaxed to 
30 minutes instead of 20 minutes, an addiDonal 12 detecDons qualify as TPs, resulDng in a 90% 
POD of 4800 kg/h.  Allowing the extra 10 minutes Dme therefore cuts the 90% POD nearly in 
half in terms of release rates.  Using the overlap classificaDon criterion discussed earlier 
increases the true posiDve detecDons to 560 results in a 90% POD of 3700 kg/h. 

 
Figure 8.  Comparison of logisDc regressions calculated using 533 TPs (lec) and 527 TPs (right), 
where the 6 addiDonal TPs result from allowing start Dmes to be an addiDonal 30 seconds 
earlier than the METEC protocol's start-Dme threshold of 20.00 minutes. 
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4.  METEC's Revisions for ADED 2.0 
 
It is important to note that the previous discussion pertains to METEC's original ADED protocol 
and how it affected the interpretaDon of Earthview's performance.  METEC's revised ADED 2.0 
protocol addresses most or all of the issues and concerns raised above.  Some of these key 
changes in ADED 2.0 vs. the original ADED are summarized below (E. Levin, pers. comm; 
hQps://metec.colostate.edu/aded-2-0/): 
 

• DetecDons are now evaluated on a Dme basis rather than a per-event basis. 
• EvaluaDon criteria have been revised to align with each soluDon’s stated detecDon 

standard.  This is relevant for how simultaneous emissions are considered.    
• Longer-duraDon emissions are being used in tesDng (up to a week in the current ADED 

2.0 effort). 
• Binary logisDc regression is now being recommended for filng POD curves. 
• METEC no longer extrapolates PODs beyond the tested limits. 
• Reference sensors have been added to the METEC site to improve ground truth data. 

 
--------------- 
1.  A successful detec.on is defined as an Earthview-issued report corresponding to a documented METEC leak 
(either a single leak per experiment or simultaneous mul.ple leaks per experiment).  A METEC experiment consists 
of between one and five simultaneous releases from different loca.ons on the test facility.  Detec.on of an 
experiment therefore represents a detec.on of the presence of a leak at the site level.   
 
2.  In keeping with METEC's grading policy, a successful detec.on is required to have a reported start .me no earlier 
than 20 minutes.  Here, .mes are rounded to the nearest minute.  For comparison, detec.ons were also calculated 
using a start-.me gap of 30 minutes.  This takes into account that Earthview's automated processing system uses a 
10-minute moving window to search for the start of a leak.  If a leak is determined to have started during this 
window, the start .me of the 10-minute window is assigned as the start .me for the release.  This could result in 
the reported start .me being as much as 10 minutes earlier than the actual start .me.   
 
3.  As discussed further below, there is also some indica.on that residual natural gas may have lingered on the site 
in between scheduled test releases.  The BluBird system is sensi.ve to this, which may have resulted in early 
es.mates of start .mes.  With this possibility in mind, a separate criterion that defines a successful detec.on 
report as one overlaps substan.ally with the METEC release period was also tested.  These overlap-based 
detec.ons can have an earlier start .me than 30 minutes but s.ll result in dis.nct matches with METEC release 
periods.  (This revised detec.on criterion is consistent with the new ADED 2.0 protocol adopted by METEC, as 
confirmed by METEC personnel.) 
 
4. The following text is taken verba4m from the METEC 2.0 dra= protocol plan (METEC, 2024): 
 
"Probability of Detec4on (POD)  
The probability of detec.on (POD) evaluates the ability of the Solu.on to detect emissions and alert a user of the 
Solu.on that a response may be required. POD is always expressed as a curve (one independent variable) or 
surface (mul.ple independent variables) as a curve fit with detec.ons (e.g. TP/FN) as binary values on the 
dependent axis.  The POD curve should:  

• Use clearly defined independent variables produced by the Test Center.  
• Calculate the curve u.lizing a generalized linear model or similar curve fi_ng approach which will accept 

binary dependent data as inputs.  
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The link func.on for the curve fi_ng should be asympto.c at 100% detec.on.  A logis.c func.on is preferred, but 
other asympto.c forms are also suitable.  The Test Center will select the link func.on to best characterize the 
results.  
Note: The ra.o between TP and TP+FN reports is not a valid descrip.on of POD and should not be reported. 
Reason: The mix of Controlled Release rates, dura.ons, environmental condi.ons, and other factors are not 
necessarily characteris.c of any Field Deployment, and this metric does not express the varia.on in POD over those 
variables." 
Addi.onal Note:  As referred to earlier, these issues have now been addressed by METEC as part of the new ADED 
2.0 protocol being used for results analyses (see hdps://metec.colostate.edu/aded-2-0/). 
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