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What is IMPROVE?
IMPROVE is a cooperative measurement effort governed by a steering committee composed of 
representatives from Federal and regional-state organizations. The IMPROVE monitoring 
program was established in 1985 to aid the creation of Federal and State implementation 
plans for the protection of visibility in Class I areas (156 national parks and wilderness areas) 
as stipulated in the 1977 amendments to the Clean Air Act. 

The objectives of IMPROVE are: 

(1) to establish current visibility and aerosol conditions in mandatory class I areas; 

(2) to identify chemical species and emission sources responsible for existing man-made 
visibility impairment; 

(3) to document long-term trends for assessing progress towards the national visibility goal; 

(4) and with the enactment of the Regional Haze Rule, to provided regional haze monitoring 
representing all visibility-protected federal class I areas where practical. 

IMPROVE has also been a key participant in visibility-related research, including the 
advancement of monitoring instrumentation, analysis techniques, visibility modeling, policy 
formulation and source attribution field studies. 
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Current Data Validation Theory and ProcessCurrent Data Validation Theory and Process

Process

Qualitative visual inspection of the data

Scatter plots and time series charts

Metadata review

Simple pairwise statistics for identifying swapped samples

Data integrity checks

Some tests applied routinely others periodically

Theory:  Beyond confirming that the dataset has no obvious errors 
in content or form, the validation process is designed to check that:

internal consistency between redundant measurements exists

spatial and temporal comparability are being maintained 

external consistency between the aerosol chemical and physical 
measurements and the optical measurements exists



Level 3 (Performed by QA 
personnel at CIRA)
•Time Series Analysis
•Correlations between sites
•Mass Reconstruction Analysis
•Species Distribution Analysis
•Optical Reconstruction Analysis
•Others
•Modeling

Level 2 (Performed by QA 
personnel at CNL)
•Internal Consistency Analysis
•Outlier Analysis
•Data Completeness
•Collocated Bias and Precision
•Data Integrity

Level 1 (Performed by QA 
personnel at CNL)
•Mass balance
•Field Operations Database 
Review 
•Lab Operations Database 
Review 
•Flow Rate Analysis 
•Flagged Samples Review
•QC samples and analytical 
accuracy and precision review

Level 0 (Performed by field and lab 
staff)
•Sample Identification
•Operator Observations
•Sampler Flags
•Shipping & Disassembly
•Laboratory Checks (per SOPs)
•Range Checking
•Flow Rate audits
•Exposure Duration checks
•Elapsed time before retrieval
•Holding times

New Data Validation Tools Currently Only Address a Limited NumbeNew Data Validation Tools Currently Only Address a Limited Number of r of 
Data Validation StepsData Validation Steps
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Mass Reconstruction AnalysisMass Reconstruction Analysis

Species Distribution as a Species Distribution as a 
Fraction of Reconstructed Fraction of Reconstructed 
Fine MassFine Mass

MeasurementMeasurement--toto--Model ComparisonsModel Comparisons



Consistency Through Consistency Through 
SpaceSpace

Internal Consistency Internal Consistency 
Between Redundant Between Redundant 
Measurements Taking into Measurements Taking into 
Account Measurement Account Measurement 
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MeasurementMeasurement--toto--Model ComparisonsModel Comparisons



New validation tools built in context of the VIEWS data managemeNew validation tools built in context of the VIEWS data management nt 
system  system  

Major Components of the VIEWS System Utilized in the New Tools

Fully relational SQL Server Databases

Visual Basic ASP .NET web applications

Third party charting package (Chart FX)

Data Holdings Include

Routine IMPROVE data

AQS STN and FRM

NADP

CASTNet

IMPROVE special studies



The Visibility Information Exchange Web System is a database system
and set of online tools originally designed to support the Regional Haze 
Rule enacted by the EPA to reduce regional haze in national parks and 
wilderness areas.

Web Address:
Sponsor:

Guiding Body:
Location:

Staff:
Affiliations:

http://vista.cira.colostate.edu/views
Five EPA Regional Planning Organizations (RPOs)
VIEWS Steering Committee
Cooperative Institute for Research in the Atmosphere (CIRA),
Colorado State University, Fort Collins, CO
Scientists, researchers, and IT professionals
Interagency Monitoring of Protected Visual Environments 
(IMPROVE)

What is VIEWS? Some facts:

Provide easy online access to a wide variety of air quality data.
Provide online tools for exploring and analyzing this data.
Maintain a catalog of relevant air quality-related resources.
Facilitate the research and understanding of global air quality issues.

What are some of its other goals?

Over 600 registered users

Over 200 organizations represented

Almost 100 countries represented

300+ unique hits a day

Linked to by over four dozen sites

Over 40 million records of air data

Dozens of monitoring networks

CSU Research Initiative Award

Uses the new Manifold GIS

Monitoring site photographs

Class I Area webcams

Visibility photographs

Visibility Grey Literature

Periodic Newsletter

Contour Maps

Trends Analysis

Air Mass Composition Analysis



Major Components

Website and associated online tools

Integrated Database and Data Ingest procedures

Raw data files and support documents

Code libraries 

Software Environment

Database Technology: Microsoft SQL Server, ADO .Net, ODBC

Website Technology: Microsoft Internet Information Server (IIS), FrontPage Server Extensions

Development Technologies:

MS SQL Server Tools, MS .Net Framework, MS Visual Studio .Net, MS FrontPage, C#, Visual Basic, ASP .Net, HTML, 
DHTML, Javascript, VBScript 

Hardware Environment

Web server and Database server

Source Code Control server

Backup and Build server

Development machines

T3 Internet Connection



The new web tools currently allow the user to The new web tools currently allow the user to 
produce IMPROVE’s data validation charts and produce IMPROVE’s data validation charts and 
calculated parameters through:calculated parameters through:

Interactive real-time data selection from the VIEWS database
Site(s)
Start and end dates
Pre-designed data validation chart types

On-the-fly calculation of diagnostic statistics and/or composite 
parameters
On-line charting capabilities 

Download charts as jpeg images
Display interactive charts

Scalable axes
Color selection
Edit chart and axes titles
Zoom features enable scrollable axes
Mouse over or datagrid identification of chart point values
Series display 

On-line data table display



Advantages of Direct Database ConnectivityAdvantages of Direct Database Connectivity

Unification of the Data Management and Data Validation Systems 
in terms of design environment and shared code base increases 
efficiency and reduces the risks inherent in data transformation
processes typically necessary for importing data into data analysis 
software packages

Selection list boxes pull content from metadata tables based on 
SQL query and therefore instantly reflect database updates upon 
web page refresh

Validation charts reflect current database content and can easily 
be recreated after database updates

The option of direct database edits through the data validation 
tools exists.  This option would further increase efficiency and
create a system more robust to unintended or forgotten data edits.



VIEWS Architecture Detail:  Data Acquisition & Import

Data Acquisition System:Data Acquisition System:

• Accepts submission of data in a variety of 
schemas and formats

• Can automatically extract data from known 
online sources

• Uses database replication where possible
• Initially imports data and metadata “as-is” 

into the source database

Data Import System:

• Extracts data from the source database
• Scrubs data and performs conversions
• Maps source metadata to integrated metadata
• Transforms the data into an integrated schema
• Verifies and validates imported data
• Loads data into the back-end OLTP system

Metadata Import System:

• Facilitates the entry of new 
metadata

• Validates new metadata 
entries

• Detects overlap with existing 
metadata

The Data Validation 
process at CIRA starts 
with the Data and 
Metadata Import Systems 
which test for data integrity

The Data Validation 
process at CIRA starts 
with the Data and 
Metadata Import Systems 
which test for data integrity



VIEWS Architecture Detail (cont’d):  Data Management

OLTP:OLTP:

• Functions as the “back-end” database
• Fully relational and in 3rd normal form
• Used for data import, validation, and 

management
• Technologies: Microsoft SQL Server

Data Warehouse Generation System:Data Warehouse Generation System:

• Extracts data from the OLTP
• De-normalizes and transforms data
• Loads data into the Data Warehouse
• Builds table indexes
• Archives “snapshots” of the database
• Technologies: VB, stored procedures

Data Warehouse:Data Warehouse:

• Functions as the “front-end” database
• Uses a de-normalized “star schema”
• Used for querying and archiving data
• Automatically generated from the OLTP
• Technologies: Microsoft SQL Server

The Data Validation Tools
Pull data from both the 
OLTP and the Warehouse

The Data Validation Tools
Pull data from both the 
OLTP and the Warehouse



Mouse over displays 
chart point X and Y 
values

Mouse over displays 
chart point X and Y 
values
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Editor offers 
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The Chart Fx Data 
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Users select data 
based on site(s) or 
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Users select data 
based on site(s) or 
regions, dates and 
pre-designed chart 
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VIEWS Database Query Wizard – Query Construction Interface

The VIEWS Query 
Wizard Tool enables 
easy access to 
additional data fields

The VIEWS Query 
Wizard Tool enables 
easy access to 
additional data fields



Data Views:

Map View

This view displays contours of the 
selected parameter for a selected year 
and aggregation. Data aggregation 
options include the average of the 
annual, quarter, and best or worst 20% 
of sampled days. The best and worst 
20% days in a year can be chosen by 
using chemical extinction 
(aerosol_bext) or the selected 
parameter as a sort variable. Selecting 
a site icon from the map populates the 
timeline view with data for that site.

Timeline View

This view shows daily values for 
the selected site and 
parameter. Sampling days in 
the chosen data aggregation 
are highlighted. Either chemical 
extinction or the selected parameter 
can be used as a sort variable for the 
best or worst 20% days. Grayed-out 
selections are not currently available.

Tabular Data Summary

This view shows method information or 
data statistics for the selected 
monitoring site. When viewing data 
statistics, 'N samples' is the number of 
samples in the data aggregation and 'N 
substitutions' is the number of values 
substituted using guidelines outlined in 
the RHR tracking progress document.

VIEWS Annual Summary - Spatial and Seasonal Patterns

The VIEWS Annual 
Summary analysis 
enables easy access to 
additional data analysis 
for contextualizing data 
validation results

The VIEWS Annual 
Summary analysis 
enables easy access to 
additional data analysis 
for contextualizing data 
validation results



The VIEWS Site Browser 
Tool enables easy access 
to site specific metadata 
including site location, site 
history of sampling 
changes or events and 
network history of 
analytical changes

The VIEWS Site Browser 
Tool enables easy access 
to site specific metadata 
including site location, site 
history of sampling 
changes or events and 
network history of 
analytical changes

VIEWS Site Browser Tool – Site Specific Metadata Display



Future Directions: Validation TheoryFuture Directions: Validation Theory
Deeper into IMPROVE data

Incorporate auto-validation checks
Integrity checks (currently done through SQL queries)
Range checks for every parameter (currently not done)
Flow rate analysis based on continuous flow data (currently not 
done)

Broader into External Validation
Incorporate inter-comparison of collocated sites from other networks 
(currently not done routinely)



Future Directions: Validation Tool FunctionalityFuture Directions: Validation Tool Functionality

Access to additional data

Incorporate QC data into the data management system

Develop algorithms for cross-network comparisons

Design, develop and incorporate auto-validation checks

Develop and test algorithms

Translate existing validation code base to be compatible with the 
VIEWS design environment

Develop and test output display options



VIEWS Simple Comparison Between IMPROVE Aerosol and NADP NTN Data:

This simple comparison was 
performed by “normalizing” the 
aerosol units (ug/m3) and the 
deposition units (mg/L) to a 
common scale and plotting on a 
single graph.

The VIEWS Data Browser 
Tool (still in development) 
will enable easy access to 
additional data networks 
and provide a code basis 
for broadening the data 
validation process

The VIEWS Data Browser 
Tool (still in development) 
will enable easy access to 
additional data networks 
and provide a code basis 
for broadening the data 
validation process
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