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QualityQuality Assurance / Quality ControlAssurance / Quality Control

Target population Target population 
Representativeness Representativeness 
Completeness Completeness 
Data comparability Data comparability 
Measurement sensitivityMeasurement sensitivity
Measurement systematic error/bias Measurement systematic error/bias 



Target Population
Depends on monitoring 

objectives

47 Sites in 11 parks 

2006-2007



RepresentativenessRepresentativeness
SpatialSpatial

Qualitatively represents condition of interestQualitatively represents condition of interest
Avoid sampling near tributaries, bridges or other Avoid sampling near tributaries, bridges or other 
features that could influence physical and chemicalfeatures that could influence physical and chemical
Mixing assessmentMixing assessment

TemporalTemporal
Trends can be detected sooner when variation is smallTrends can be detected sooner when variation is small
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CompletenessCompleteness

Depends on objectivesDepends on objectives
ComplianceCompliance

In UT parks 10 of 12 months required for beneficial use In UT parks 10 of 12 months required for beneficial use 
assessmentassessment

Trend assessmentTrend assessment
1010--20 site visits to detect a 30% change in mean20 site visits to detect a 30% change in mean
The more you miss the longer it takes! The more you miss the longer it takes! 



Power for TrendPower for Trend
related to completeness, detectable related to completeness, detectable 

differences, and magnitude of changedifferences, and magnitude of change

Will we be able to state with Will we be able to state with 
confidence that change is occurring confidence that change is occurring 

and if so how much?and if so how much?



Ability to detect a 
30% change in 

mean

Hypothesis

Ho = no change

Ha = +/- 30% change

Power  = probability of rejecting 
Ho when Ha is true



ComparabilityComparability

InternalInternal
Staff, equipment, methods change over timeStaff, equipment, methods change over time
Follow guidelines in protocols to minimize biasFollow guidelines in protocols to minimize bias
Careful calibration Careful calibration 
Assess bias formally Assess bias formally 

ExternalExternal
Use NIST traceable standards Use NIST traceable standards 
WRD / USGS calibration error checksWRD / USGS calibration error checks



ComparabilityComparability -- WRD Error Check WRD Error Check 
for Core Parametersfor Core Parameters

CORE
PARAMETER

Sensor Measurement 
(acceptance/rejection 

criteria)

Optimum Goal/Target 
(Range)

(USGS criteria)

Temperature ± 0.3 º C ± 0.2 º C

Specific 
Conductance

± 5 µS/cm or ± 3% ± 5 µS/cm or ±3%

pH ± 0.3 S.U. ± 0.2 S.U.

Dissolved Oxygen ± 0.4 mg/L, ± 5% 
saturation

± 0.3 mg/L, ± 3% 
saturation



ComparabilityComparability --
premobilizationpremobilization
instrument checkinstrument check

Two functions

1) Error check

2) AMS = 3.708 * Stdev7
where 3.708 = the 99% confidence 
middle t value for sample size 7



Measurement SensitivityMeasurement Sensitivity
Manufacturer Manufacturer 

SpecsSpecs
LongLong--run 2yr run 2yr 

average (AMS)average (AMS)
Temp (Temp (ooCC)) ± 0.1 ± 0.02 °C

SC (us/cm)SC (us/cm) ± 0.5% or 2 μS/cm ± 2.69 μS/cm

pHpH ± 0.09 pH units ± 0.02 pH

DO (mg/L)DO (mg/L) ± 0.2 mg/L ± 0.29 mg/L

AMS = 3.708 * Stdev7
99% confidence 

interval around mean



Time (months)

Time (months)

Time (months)

Time (months)

Alternative Meas. Sensitivity (AMS)Alternative Meas. Sensitivity (AMS)



Alternative Meas. Sensitivity (AMSAlternative Meas. Sensitivity (AMS++))



Systematic Error / BiasSystematic Error / Bias

Assess effect of  change Assess effect of  change 
StaffStaff
MetersMeters
MethodsMethods
IndicatorsIndicators

Part B Part B LiteLite
Lots of guidance Lots of guidance 
programmed into this programmed into this 
spreadsheetspreadsheet



upper criteria limit

upper criteria limit

lower criteria limit

Kolob fire North Creek, Zion

Kolob fire North Creek, Zion

Why QA / QC?
Kolob Fire Zion June 2006

North Creek drainage



Temperature 1%

pH 1%

E. coli 1%
Trace metals 4%

No criteria violations 
80%

Nutrients  6%

Dissolved solids 2%

Low  oxygen 5%

Violate criteria 
20%

Resource Assessment cont. Resource Assessment cont. 
NetworkNetwork--wide frequency of impairmentwide frequency of impairment

n = 916 repeated site 
visits to 47 streams over 
a 2 year period



Resource Assessment cont. Resource Assessment cont. 
NCPNNCPN--wide cause of impairmentwide cause of impairment

Nutrients 
31%

Dissolved solids
25%

Low  oxygen
20%

Trace metals
10%

Temperature
6%

pH
4%

E. coli
4%

cause of water quality violations

n = 181 criteria violations 
over a 2 year period



ConclusionsConclusions
Assure data quality byAssure data quality by……

Selecting target population and sticking with itSelecting target population and sticking with it
Sampling representatively and completelySampling representatively and completely
Sampling with calibrated equipmentSampling with calibrated equipment

Know how and when to maintain equipment Know how and when to maintain equipment 
Calculating measurement sensitivity Calculating measurement sensitivity 

Allows reporting with known levels of confidenceAllows reporting with known levels of confidence
Guarding against biasGuarding against bias

Almost any change can introduce biasAlmost any change can introduce bias
Feel free to borrow spreadsheet templates forFeel free to borrow spreadsheet templates for

PremobilizationPremobilization error checkerror check
AMS (+) calculationsAMS (+) calculations
Bias assessment Bias assessment 

http://www.nature.nps.gov/im/units/ncpn
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