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Updates of Action Items from 
Previous Meetings

Presented by Bob Larson to the DMAS 
subcommittee, 25 March 2003

Animated Maps

SO4, NO3 and NH4

Flash, PowerPoint

Site Classification

Analysis repeated with 2000 census, 1999 
emission data
13 urban sites

NTN: NJ99, NC41, MO43,MA13,IL19,VA10
MDN: TX50, GA22, CA72, IN26, FL97, WI22, OR01

Useful in recent site variance petitions
Web application developed that will determine 
population and emission values for any 
location.

Site Classification

Partially integrated into sites database, 
not on web yet
Documentation

Site Classification and Characterization
Paper developed for AWMA conference
Proposal developed for determining 
regionally-representative sites

Mercury Data Management

Double data entry system developed for 
HAL

Partitions data into data entry, data validation, 
final data
Used by HAL for 2002 Q4 data
Does not yet incorporate methyl Hg

Hysplit Trajectories Back on the Web

Re-programmed web interface to Hysplit
Multiple (3) trajectories can be run at 
different elevations
Using our own mapping routines
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Site Selection Maps

Now dynamic
Working on enhanced interface using 
Flash

MDN Maps

1998-2001 on the web

Isopleth Grids Available

1994 – 2001
All analytes
Need to create metadata
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Data Audit Topics

Presented by Bob Larson to the DMAS 
subcommittee, 25 March 2003

What is a Data Systems Audit?

Traditional “data audit”
check accuracy of a random selection of 
samples
Analogous to a QA sample program
Too time intensive for a 2 ½ day visit

What should a data system audit 
include

Review of sample validation procedures
Review of data management practices

Data validation methods

Is the approved data validation scheme 
appropriate?
Is the approved data validation scheme 
being accurately followed?

Data entry/validation

Is data entry accurate and complete?
Does data entry take place in a timely 
manner?
Is data entry verified?
Are validation rules accurately followed?
Are validation rules appropriate?

Data Management practices

Is the DBMS appropriate?
Is use of the DBMS appropriate?
Is security adequate?
Is the program code adequately documented?
Is the program code maintainable?
Is the backup/recovery plan adequate?
Are data management staff qualified and 
adequately trained?
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End User Issues

Are data available in formats useful to 
end-users?
Is data retrieval easy/flexible enough?
Are data well documented?
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The The NAtChemNAtChem
Data Exchange Standard Data Exchange Standard 
for Precipitation Chemistryfor Precipitation Chemistry

C. Ro, J. Narayan, B. Sukloff, and R. Vet

Meteorological Service of Canada

OutlineOutline

1. NAtChem/Precip Database status
2. Database management system
3. Data Exchange Standard (DES)
4. Structure of DES file
5. Summary

NAtChem/Precip Database StatusNAtChem/Precip Database Status

Monitoring Networks and Sites: 
Total Number and (in 2001)

9    (6)  Provincial  Networks  331  (78) Sites
4    (1)  Federal      Networks  136  (24) Sites 
10  (2)  US              Networks  367 (249) Sites
23  (9)  Networks 834 (351) Sites

Quality Controlled
Original Data

Conversion
Program

Quality Assurance

Web Site

Data
Originator

Summary Statistics
Archive

Analysis

NAtChem/Precip System

Network
Information

Archive
Station

Information
Archive

Measurement
Characteristics

NAtChem/Precip
Archive

Data Exchange Standard (DES)Data Exchange Standard (DES)

The data formatting and metadata protocols 
provide information about the measurements 
that users need.
The protocols include the following features:

Validity flag
The CAS Registry number and the CAS -9CI name
Data type and format
Files are archived in ASCII CSV

DES:DES: Quality Assurance Report (QAR)Quality Assurance Report (QAR)

A QAR is required for DES, which is  
completed by each network. 
It includes:

1. Operating Information
2. Measurement details 
3. Quality Assurance/Quality Control
4. Data Management and Quality Control
5. Measurement Data Quality
6. References
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DES:  DES:  QAR and MetadataQAR and Metadata

The QAR provides detailed metadata for the 
instrumentation and measurements. 
The key characteristics of the measurements 
are input to the DES format along with the 
actual measurement data.
The entry is  facilitated by the DES template, 
an Excel® spreadsheet that contains drop-
down pick lists. 
The completed DES file in ASCII CSV format 
and the QAR are archived by NAtChem.

Structure of DES FileStructure of DES File

The basic structure of a DES file consists 
of four major sections:

1. Heather
2. Standard flags
3. Site information
4. Data

It describes the file contents and ownership.

DES:  DES:  The Header SectionThe Header Section

•The sampling frequency of the data in the main 
data table in this file. It may help to think of this 
as the pattern of reporting of data.  Select from the 
drop-down list.

•This is a mandatory key phrase

It describes the validity flag codes assigned to every measurement value.

DES:  DES:  The Standard Flags SectionThe Standard Flags Section

It describes the location, site characteristics and instruments.

DES:  DES:  The Site Information SectionThe Site Information Section
It contains 13 rows of metadata fields for each measurement species. 

DES:  DES:  The Data SectionThe Data Section
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DES: DES: NAtChem Data Analysis CentreNAtChem Data Analysis Centre

The NAtChem Data Analysis Centre works 
with Networks iteratively to ensure that 
their data files conform to the DES 
protocols. 
This is done through “read and verify”
computer programs that identify formatting 
and data integrity errors and produce time 
series plots. 

SummarySummary

The completeness of the data archive for both 
measurements and metadata is very important. 
NAtChem developed a DES to meet the needs of 
both data originators and users. 
It is the result of an international effort 
addressing the data archiving needs for 
atmospheric measurement data.
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Performance and Acceptance Criteria (PAC)
/

Data Quality Objectives (DQOs)

for the

NADP/NTN
USGS EXTERNAL QUALITY ASSURANCE 

PROJECT

Greg Wetherbee:  wetherbe@usgs.gov

Objectives of the USGS External QA Project

1. Estimate total error associated with NADP 
chemical measurements?

2. Determine portion of total error attributed to 
each step in the data-collection process?

3. Determine whether known and measurable 
sources of error are controlled to acceptable 
levels?

4. Determine what unmeasured sources of error 
can be identified, measured, and controlled?

USGS QUALITY ASSESSMENTS

1. Document past performance of laboratories, 
site operators, and field equipment in terms of 
absolute and relative error.

2. Document “trends” in performance from one 
year to next.

3. Never state whether performance meets 
expectations.

Improving?

Good? Bad?

No change?

The Performance and Acceptance Criteria Process

(PAC)

1. State the Problem

2. Identify the Study Questions

3. Identify Types of Information Needed

4. Establish Study Design Constraints

5. Specify Information Quality

6. Develop a Strategy for Information Synthesis

7. Optimize the Design for Collecting Information

USEPA, October 2002, EPA QA/G-4A, Peer Review Draft

Acceptance Criteria

Measurement Quality 
Objectives for 

Performance Criteria
Data Quality 

Indicator

Example PAC for Intersite Program

Precision

Bias

Representativeness

Comparability

Completeness

Sensitivity

100% within .02 pH 
Units, 1 µS/cm

>90% within .05 pH 
Units, 2 µS/cm

Less Than +/- 5% Less Than +/- 10%

4.0<pH<6.0

Sc < 50

3.5<pH<6.5

Sc < 100

0.02 pH Units

2 µS/cm

0.04 pH Units

4 µS/cm

100% Sites Respond 95% Sites Respond

0.02 pH Units, 1 µS/cm 0.04 pH Units, 2 µS/cm
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Example PAC for Interlaboratory Program

Acceptance Criteria

Measurement Quality 
Objectives for 

Performance Criteria
Data Quality 

Indicator

Precision

Bias

Representativeness

Comparability

Completeness

Sensitivity

2 f-psuedosigma 3 f-psuedosigma

0% +/- 5%, No Trends

25th-75th NTN 
Percentile

10th-90th NTN 
Percentile

Median Values 95% 
Accurate Compared to 

Target Values.

Median Values 90% 
Accurate Compared to 

Target Values.
100% Lab Analyses 95% Lab Analyses

No ultrapure D.I. 
detections < 2 ultrapure D.I. 

detections

Example PAC for SHE and Field Audit Programs

Acceptance Criteria

Measurement Quality 
Objectives for 

Performance Criteria
Data Quality 

Indicator

Precision

Bias

Representativeness

Comparability

Completeness

Sensitivity

5% Absolute Error <10% Absolute Error

0% Less than +/-5%

Protocol performed 
correctly by all site 

operators. 

Greater than 90 percent 
site operators perform 

protocol correctly. 

2 f-pseudosigma of 
median concentration 

3 f-pseudosigma of 
median concentration 

100% Samples Processed >90% Samples Processed

0.02 mg/L Absolute 
Difference

0.05 mg/L Absolute 
Difference 

Example PAC for Collocated-Sampler Program

Acceptance Criteria

Measurement Quality 
Objectives for 

Performance Criteria
Data Quality 

Indicator

Precision

Bias

Representativeness

Comparability

Completeness

Sensitivity

<10% Absolute Error <25% Absolute Error

0% Less than +/-10%

Less than 5 percent 
difference in sample 

volumes. 

Less than 10 percent 
difference in sample 

volumes. 

Data for 2 samplers 
correlated & within 

historic site data range . 

Data within range of 
historic data for site. 

100% 75% - Less than 13 weeks
missed 

Precipitation Depth:  0.02 inches, 
Concentrations: 0.02 mg/L 

Absolute Difference

Precipitation Depth:  0.05 inches, 
Concentrations: 0.05 mg/L 

Absolute Difference

The Data Quality Objectives (DQO) Process

7 Steps for DQO Planning Team

1. State the Problem
2. Identify the Decision
3. Identify the Inputs to the Decision
4. Define the Boundaries of the Study
5. Develop a Decision Rule
6. Specify Tolerable Limits on Decision Errors

(e.g. α= 0.05, β=0.20)
7. Optimize the Design for Obtaining Data

(e.g. cost effectiveness)

How are DQOs different from PAC? 
…specify tolerable levels of potential decision errors
that will be used as the basis for establishing the 
quality and quantity of data needed to support 
decisions.   (USEPA, 2002) 

How are DQOs and PAC related?
DQOs define the performance and acceptance 
criteria that limit the probabilities of making decision 
errors by considering the purpose of collecting the 
data; defining the appropriate type of data needed; 
and specifying tolerable probabilities of making 
decision errors.   (USEPA, 2002) 

Step 2:  Identify the Decision(s)

Potential Decisions:

A) Constituent concentrations in precipitation are 
decreasing [or increasing].

B) NTN data quality is “acceptable.”

C) Others?
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Step 5:  Develop Decision Rule(s)

Potential Decision Rules:

A) If a Seasonal Kendall Test detects a negative [or 
positive] slope, then constituent concentrations in 
precipitation are decreasing [or increasing].

B) If median collocated-sampler [or substitute other 
program] absolute error is less than or equal to X%
percent, then data quality is “acceptable.”

…if, then statements
Step 6:  Specify Tolerable Limits on Decision Errors

Step 6 determines:

A) How many samples need to be collected (N)

…generally, N becomes larger as α and β get smaller

B) Spatial distribution of samples (e.g. grid spacing)

…generally, grid spacing tighter as α and β get smaller

C) Temporal distribution of samples (e.g. seasonality)

Does the NADP/NTN Fit Into the DQO Process? 

No:

DQOs:

DQOs define number (N), quality, and spatial/temporal 
distribution of samples required to make decisions 
with a pre-specified level of statistical confidence. 

NADP/NTN:

Natural environment and funding control the number and 
spatial distribution of NTN samples.  Therefore, α 
and β would have to vary geographically.  This 
complexity would limit spatial interpretation of the 
data.

DQOs

NADP/NTN

QA

Does the NADP/NTN Fit Into the DQO Process? 

No:

DQOs:

DQOs are for making decisions about two clear 
alternatives (e.g. whether action levels are exceeded 
or not; clean precipitation vs dirty; etc.). 

NADP/NTN:

Data analysis not always conducive to making yes/no 
decisions.  Lots of “gray areas.” Probability of Type II 
error (β) would likely be high.

DQOs

NADP/NTN

QA
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Data Quality Objectives: What do 
the Trends Show?

C. Lehmann

Objective

Compare variability in data trends with 
measurement variability.
Indicator of measurement system performance

Precipitation
Precipitation Trend (monthly averages, 1/94 - 9/02)
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Precipitation
Precipitation (Data : Trend Comparison)
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Kendall Trends Test Seasonal Kendall Trends Test

Precipitation
Precipitation Differences (collocated sites, monthly averages)
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Sulfate Concentration
Sulfate Trend (monthly averages, 1/94 - 9/02)
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Sulfate Concentration
Sulfate (Data : Trend Comparison)
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Kendall Trends Test Seasonal Kendall Trends Test

Sulfate Concentration
Sulfate Differences (collocated sites, monthly averages)
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Nitrate Concentration
Nitrate Trend (monthly averages, 1/94 - 9/02)
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Nitrate Concentration
Nitrate (Data : Trend Comparison)
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Kendall Trends Test Seasonal Kendall Trends Test

Nitrate Concentration
Nitrate Differences (collocated sites, monthly averages)
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Ammonium Concentration
Ammonium Trend (monthly averages, 1/94 - 9/02)
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Ammonium Concentration
Ammonium (Data : Trend Comparison)
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Kendall Trends Test Seasonal Kendall Trends Test

Ammonium Concentration
Ammonium Differences (collocated sites, monthly averages)
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Mercury Concentration
Mercury Trend: Weekly data, 1/1998 -  3/2002
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