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1. IWDW Overview 

 

The Intermountain West Data Warehouse - Western Air Quality Study (IWDW-WAQS) is a joint data 

warehouse and regional air quality modeling project.  The IWDW-WAQS serves the air quality 

ǇƭŀƴƴƛƴƎ ƴŜŜŘǎ ƻŦ ǘƘŜ tǊƻƧŜŎǘΩǎ /ƻƻǇŜǊŀǘƛƴƎ !ƎŜƴŎƛŜǎΦ  tǊƻƧŜŎǘ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ǎŎƻǇŜ ŀǊŜ ŀǾŀƛƭŀōƭŜ 

on the IWDW website.  This report describes IWDW outcomes over the two year period from 

October 1, 2014 to September 31, 2016, or IWDW Phase 11Φ  hǳǘŎƻƳŜǎ ƻŦ ǘƘŜ tǊƻƧŜŎǘΩǎ ŀƛǊ ǉǳŀƭƛǘȅ 

modeling effort are described in various WAQS reports hosted on the IWDW document archive.  

IWDW outcomes described in this report focus on the IWDW website, database development, and 

data and project management.  

 

The Data Warehouse is a repository of air quality data related to ambient monitoring data, emission 

inventories, meteorology, air quality modeling inputs and output, and evaluation and visualization 

tools. The data stored in the IWDW are available for use to the Cooperators and public for air quality 

projects.  

 

The IWDW Team work closely with Project Cooperators to set IWDW work priorities, ensure 

completeness and integrity of modeling platform data, track development milestones, and develop 

data visualization and analysis tools that will aid IWDW users. This collaborative development 

approach ensures that IWDW data and resources meet the needs of a range of agencies and groups 

performing air quality modeling.  Logos from Project Cooperating State and Federal Agencies are 

shown ƻƴ ǘƘŜ wŜǇƻǊǘΩǎ ŎƻǾŜǊ ǇŀƎŜ.   

 

The IWDW development team is based at the Cooperative Institute for Research in the Atmosphere 

(CIRA), a federal research institute affiliated with Colorado State University.  The computers that 

host the IWDW website, wiki, ftp file server, and databases are housed at CIRA.  Project 

coordination is provided by The Western States Air Resources Council (WESTAR).  Meteorology, 

emissions, and air quality modeling data are provided by The University of North Carolina Institute 

for the Environment (UNC-IE) and Ramboll-Environ.  Logos for these groups are shown on the 

wŜǇƻǊǘΩǎ ŎƻǾŜǊ ǇŀƎŜΦ 

 

2. IWDW Website 

 

Figure 2.1 shows resources (e.g. webpages, tools and other computer infrastructure) that make up 

the IWDW.  The bulk of IWDW development was performed by CIRA staff during IWDW Phase 1.  In 

some cases, resources were leveraged from other projects (see Leveraged Resources, Figure 2.1, and 

Dependencies, Section 3.4.) 

                                                           
1 Refer to WESTAR NPS Cooperative Agreement, 3SAQS Task 2 & IWDW-WAQS Task 3. 

http://views.cira.colostate.edu/tsdw/About/Default.aspx
http://views.cira.colostate.edu/tsdw/Documents/
http://www.westar.org/Docs/Quarterly%20Reports/WESTAR%202016%20Q1.pdf
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Figure 2.1.  Schematic depicting the four main content sections of the IWDW website: Public Face, 

Data, Resources, and Administration.  Balloons connected to each section show the content and 

various sub pages.  The Computer Infrastructure box depicts the back-end components of the 

IWDW, such as the FTP file server that stores Project modeling platform data, databases that 

provide source data for IWDW online tools, code and backup systems.  Color coding distinguishes 

IWDW developed components (blue), those leveraged from other projects (green), and yellow 

shows areas of the website that have restricted access (all of which are IWDW developed). 

 

2.1. Public Face 

 

The IWDW Home and About pages contain Project overview and background information.  The 

content is written at a level suitable for individuals who may not be familiar with the Project.  

¢ƘŜ άtǳōƭƛŎ CŀŎŜέ ǇŀƎŜǎ ƛƴŎƭǳŘŜ άƻǳǘǊŜŀŎƘέ ƳŀǘŜǊƛŀƭs that describe potential benefits to groups 

that may want to utilize IWDW tools and WAQS modeling platforms for their own air quality 

modeling activities.    
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The IWDW Home page contains a high level project overview, highlights of recent IWDW and 

WAQS activities, presented in a user friendly layout with easily identifiable links to Project 

documentation, data access pages, and other resources described below.  

 

The main About page contains general Project information and list of Project Cooperating 

Agencies.  Sub-pages in the About Section include Goals, Overview, Benefits and Support.  The 

Goals page aligns Project activities with needs of Cooperators for air quality planning.  The 

Overview link points to two pages; WAQS Structure, which provides details about Project 

governance, such as roles and responsibilities of various Boards and Committees that oversee 

Project activities and funding, and IWDW Structure, which details the IWDW website and 

operations - essentially a high level and up-to-date version of this report.  Rounding out the 

άtǳōƭƛŎ CŀŎŜέ ŎƻƴǘŜƴǘ ŀǊŜ ǘƘŜ Benefits page, which contains outreach material; and Support 

page, which describes Project funding and internal participants. 

 

2.2. Data  

 

The IWDW Data landing page lists data access and analysis tools contained in the IWDW, 

including WAQS modeling platform and ambient monitoring data.  The Data page separates data 

access tools into categories for Bulk data and tools for emissions data, modeling data, 

monitoring and metadata.  At the completion of IWDW Phase I, the IWDW Data page provided 

access only to 3SAQS/WAQS modeling data, while providing access to the full suite of data from 

ambient monitoring networks.  In the future, data from modeling studies external to the WAQS 

may be included in the IWDW (see Dependencies, Sec. 3.4).   

  

2.2.1. Bulk Data  

 

The Data Request form is the primary access point where users submit requests for modeling 

platform data.  This page is intended for air quality modelers who plan to utilize WAQS modeling 

platformǎ ƛƴ ǘƘŜƛǊ ŜƴǘƛǊŜǘȅΣ ƻǊ ǿƘƻ Ƴŀȅ ǿƛǎƘ ǘƻ άǇƛŎƪ ŀƴŘ ŎƘƻƻǎŜέ components of a modeling 

platform for their air quality modeling needs.  The modeling platforms are intended to provide 

full support for CAMx and CAMQ AQ modeling studied.  Studies using other dispersion models 

(e.g. AERMOD or CALPUFF) could utilize emissions and meteorology data sets provided by the 

IWDW.  

 

Developing the data request from and backend software and database infrastructure represents 

a significant Phase I IWDW development effort.  The data request and related web pages are 

used to manage requests for modeling data files hosted by the IWDW.  This infrastructure 

includes file servers and databases (see File Servers and Databases, Sections 3.a,b); an 

automated email system to facilitate communications with requestors of data, the IWDW Team, 

and project sponsors; project management pages; and a data category and files system 

management infrastructure).  Details on the data request lifecycle and IWDW inventory tracking 

can be found on the IWDW Data Request Procedure wiki. 

 

http://views.cira.colostate.edu/tsdw/
http://views.cira.colostate.edu/tsdw/About/
http://views.cira.colostate.edu/tsdw/About/Goals.aspx
http://views.cira.colostate.edu/tsdw/About/WAQSstructure.aspx
http://views.cira.colostate.edu/tsdw/About/IWDWstructure.aspx
http://views.cira.colostate.edu/tsdw/About/Benefits.aspx
http://views.cira.colostate.edu/tsdw/About/Support.aspx
http://views.cira.colostate.edu/tsdw/Data/Default.aspx
http://views.cira.colostate.edu/tsdw/DataRequest/Default.aspx?
http://views.cira.colostate.edu/wiki/wiki/1017
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The Database Query Wizard allows users to download ambient monitoring data and related 

metadata from the FED integrated database. This tool is leveraged from the FED project (see 

Dependencies, Section 3.4).  The tool includes ambient data from standard monitoring networks, 

such as AQS, CASTNet, IMPROVE and NADP.  Such data are routinely used for MPE and air 

quality planning, for example to calculate monitoring site specific design values. 

 

See A.3 for development notes from Phase 1. 

 

2.2.2. Emissions Data Tools   

 

The Emissions Data Tools allow users to browse WAQS emissions data using charts and map 

displays.  The emissions data displayed by the tools are based on WASW emission inventories, or 

inputs (sometimes referred to as SMOKE inputs) provided with WAQS modeling platforms.  

However, some SMOKE processing is applied to ERT tools to homogenize the data to annual 

totals at the state and county levels (see Data Processing, Section 3.2).   

 

The emissions tools are particularly useful to compare emissions for a particular pollutant or 

source category across states or counties.  Side-by-side comparisons between modeling 

scenarios, such as WAQS base case and future case scenarios, are not available in the current 

tool version, however such comparisons can be made by using separate instances of the Tool 

(that is, by opening the tool in two separate browser windows).  

 

There are plans to allow users to upload emissions from their own modeling studies in future 

versions of the emissions tools (see Software Development Goals, Section 5.2). 

Emissions Review Charting Tool: This tool displays stacked bar charts of emission data for 
3SAQS/WAQS base and future case modeling scenarios.  In the default view, emissions for a 
single scenario for all States are shown in tons/year for a single pollutant, with emissions 
ǎƻǳǊŎŜ ŎŀǘŜƎƻǊȅ άgroupέ contributions making up segments of each bar.  Source categories 
and States can be added/removed in an ad hoc manner, allowing comparison of various types 
of emissions across States.  If a single State is selected, similar comparisons can be made 
across Counties.  The tool generates a separate chart for each pollutant.  If an individual 
county is selected, emissions are displayed by SCC in a sortable table.   Figure 2.2 is an 
example of the Emissions Charting Tool display. 

http://views.cira.colostate.edu/iwdw/QueryWizard
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Figure 2.2.  Emissions Review Charting Tool display showing annual CO emissions from two 
source categories (O&G area sources in black, and O&G point sources in grey) for four states 
(Colorado, Utah, Wyoming and New Mexico). 

 
Data used to create the displays can be displayed in a table (which can also be downloaded in 
MS Excel format).  Future versions of the emissions charting tool will allow for comparisons 
between modeling scenarios on the same chart.  This type of generic comparison was difficult 
to achieve programmatically, due to the fact that various modeling platforms often contained 
different source categories, however such comparisons should be somewhat easier to 
implement in a dynamic tool for respective base year and planning scenarios. 
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Scenario Parameters Source Category (Sector) Groups 
3SAQS 2008b Base 8 17 
3SAQS 2008 Future (2020) 8 11 
3SAQS 2011a Base 8 14 
3SAQS 2011a Future (2018) 0 0 
WAQS 2011b Base 8 16 
WAQS 2011b Future (2025) 8 16 

Table 2.1. The number of parameters (pollutants) and emissions Source Category Groups 
displayed in the Emissions Review Tool.  Statistics were obtained by manipulating the UI in 
the Chart version of the ERT. 

 

Modeling Scenario Emissions Sectors State/County records 

3SAQS 2008b (2020) 18 887491 

3SAQS 2008b Base 25 1010448 

3SAQS 2011a Base 26 978031 

WAQS 2011b (2025) 20 660689 

WAQS 2011b Base 20 690957 

Total 
 

4227616 
 

Modeling Scenario Emissions Sectors State/County/SCC records 

3SAQS 2008b (2020) 18 42325812 

3SAQS 2008b Base 18 33021294 

3SAQS 2011a Base 23 36636480 

WAQS 2011b (2025) 14 24098873 

WAQS 2011b Base 15 24206756 

Total 
 

160289215 
 
Table 2.2. Emissions groups and total record counts for Emissions Review Tool data source 
tables.  Using 2011b as an example, the State/County data include five emissions groups that 
are not present in the State/County/SCC level data (Ag fires, Wild Fires, Rx Fires, wind blown 
dust, and MOVES Onroad Mobile) because these emissions groups do not include SCC 
information.  The 2011b Base Case includes one emissions group at the State/County/SCC 
level that is not included in the Future case (Point sources w/o CEMs), and neither the 2011b 
Base nor Future case scenarios include biogenics (that is, in the emissions data processed for 
the ERT).  Statistics were obtained via data base queries (see IWDW Phase I Status.xls for 
query output) in the IWDW Phase I wiki. 
 
See development notes, A.3. 
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Emissions Review Mapping Tool: The emissions mapping tool relies on the same emission 
data as the Charting Tool, and provides similar data selection functionality in that users can 
make ad hoc selections of modeling scenarios, pollutants and source category groups.  The 
tool adds functionality that allows users to select State and Counties from a map to modify 
the displays.  The map displays county level annual emissions totals, which auto scales to the 
range of values in the selection.  The Tool includes pie charts that show the breakdown of 
emissions totals by emissions sector and, if looking at State totals, adds another pie chart to 
show the emissions breakdown by county.  The Tool allows users to download image files of 
the graphical displays. 

 

Figure 2.3.  Displays from the Emissions mapping tool. 

 

2.2.3. Modeling Data Tools 

Model Performance Evaluation Plots: This tool displays άǎǘŀǘƛŎ Ǉƭƻǘǎέ ƎŜƴŜǊŀǘŜŘ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 
3SAQS/WAQS modeling MPE process.  At the conclusion of Phase I of the IWDW, the tool 
provided access to 66,430 images. 
 
The MPE products generally fall into three categories.  Comparisons of AQ model output to 
observations; to other modeling simulations, and by evaluating patterns, generally via spatial 
άǘƛƭŜέ ǇƭƻǘǎΣ ƛƴ ƳƻŘŜƭ ƻǳǘǇǳǘ.  The Tool includes graphs and maps that compare base and 
future year modeling platforms, and modeling scenarios sensitivity studies, to observations 
from standard monitoring networks such as AQS, IMPROVE, CASTNet, etc.  In some cases, 
comparisons to observations from special studies and/or IWDW-WAQS Project sponsored 
monitoring data are included.  Other MPE products show model output only, for example tile 
plots AQ model output, or meteorological fields in the case of meteorology sensitivity studies.  
Plot types include tile plots, time series, bar, soccer, scatter plots, box plots, q-q plots, etc.  

http://localhost/TSDWAPP/Maps/EmissionsMap.aspx
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Spatial groupings are typically by individual monitoring site, State, 4km, 12km or 26km 
modeling domain; temporal aggregations are typically hourly, daily, monthly, quarterly, or 
annual.  Table 2.3 lists the number of plots associated with each modeling scenario available 
from the Tool. 

 
Table 2.3. Modeling Scenarios, image, and in some cases data files, available from the MPE 
Plots Tool.  Listings of individual files provided with each modeling scenario are posted on the 
IWDW Phase I Status Wiki.   
 
Modeling Scenario (e.g. 
Image Collection) 

Image types Number 
image files 

Number of 
csv files 

2008 Base08b AQ 6174 10520 
2011 Base11a_GCBC AQ 3016 0 
2011 Base11a_MOVES AQ 164 0 
2011 Base11a AQ & EMIS 16342 0 
2011 Base11a_WinterO3 AQ 448 0 
2011 Base11b MET WinterO3 MPE and sensitivity 6327  
2011 Base11b AQ & EMIS 13385 0 
2011 Base25a_11b AQ & EMIS 8775 0 
2011 WRF MPE and sensitivity 11146 222 

2014 WRF MPE 653 16 

 
 
The MPE Plots Tool works by traversing the directory structure for each modeling scenario, 
and dynamically generating tables that shows available images.  When the Tool finds a 
directory that contains an image set, it displays a list of Analysis Sets that summarize the 
types of plots available in that directory.  A second table shows images available within a 
selected analysis set.  Figure 2.4 is an example of the display.  The Tool also provides a link to 
the ftp server folder containing the image files within each analysis set, allowing users to 
download files individually or in batch mode.  The ftp directory also includes text (.csv) files 
that contain data used to create the plots. 
 
A benefit of the current Tool is that it dynamically populates the contents of its UI, therefore 
it can easily accommodate addition of new datasets.  It only requires that the image files be 
organized by a logical directory structure according to plot type and/or analysis type. 
 
A potential shortfall of the current Tool is that it can be difficult to find specific plots, such as 
those that correspond to a specific monitoring location. Plans for future versions of the Tool 
include adding a map based UI to allow selecting MPE products by region.  
 

http://views.cira.colostate.edu/wiki/wiki/9133/IWDW-Phase-I-Status
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Figure 2.4. An example of the MPE Plots Tool display for the analysis set: 2011b modeling 
platform->AQ modeling results->4km modeling domain->State of Colorado.  The selected 
image compares hourly ozone for August 2011 averaged across all AQS sites in Colorado to 
corresponding outputs from 2011b and 2011a modeling scenarios, respectively. 
 
See development notes, Section A.3. 

 
Model-to-Observation Tool (Model-to-Obs): The Model-to-Obs Tool makes use of the same 
underlying data as the MPE Plots Tool, however the Tool relies on a database to generate 
dynamic plots, rather than static plots provided by the MPE Plots Tool.  The IWDW Phase I 
version of the tool displays time series comparisons of model and observational data 

http://localhost/TSDWAPP/Modeling/ModelObsComparison_IWDW.aspx
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averaged to the sampling frequency of the observations.  Comparisons are for individual 
monitoring sites or for network averages.  The time series charts can be filtered by date range 
enabling users to focus on episodes of interest within a particular modeling year.  The current 
tool does not provide comparisons of meteorological data.   
 
Table 2.4 is a summary of data available in the Model-to-Obs.  The IWDW Phase I version 
includes 133,018,356 model output values, and 97,389,932 model-to-obs parings for 67 
unique chemical parameters x metrics).  The Tool includes 3SAQS 2008b 12km CAMx and 
WAQS 2011b 12km and 4km CAMx model output. 
 

Modeling Scenario and 
Monitoring Network Metrics Number of Records 

2008b 61 16717468 

AQS 8 14083770 

CASTNET 11 246171 

CSN 13 56775 

IMPROVE 15 174872 

NADP 6 18624 

NAPS 8 2137256 

2011b 99 80672464 

AMON 1 668 

AQS 13 79629774 

CASTNET 19 405575 

CDPHE 19 7752 

CSN 16 68112 

IMPROVE 17 288558 

NADP 7 41972 

UGWOS 2 5084 

UINTAH 3 49889 

WYDEQ 2 175080 

Grand Total 
 

97389932 
 
Table 2.4. Number of metrics and records (e.g. model-to-obs pairings) in the Model-to-Obs 
tool by modeling platform and monitoring network. 
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Figure 2.5. Example of the IWDW Model-to-Obs. display showing hourly AQS ozone 
compared to CAMx 4km model results at Chatfield State Park, CO. 

 
 
 
 

 
Source Apportionment (SA) Tools: Visualization tools and other data products for PM and 
ozone source apportionment. The visualization tools display dynamic charts that illustrate 
geographic and source category contributions to PM and ozone at AQS and CASTNet 
monitoring sites.  2011 Tools SA results across a virtual western U.S. receptor grid inside the 
12km modeling domain. 
 
IWDW Phase I deliverables were provided by UNC- IE and Ramboll-ENVIRON are listed in 
Table 2.5.  Details on the modeling approach are available on the WAQS SA Wiki.  An entry 
point to the SA visualization tools and data produces is available on the IWDW website SA 
data page. 
 

http://localhost/TSDWAPP/Data/SourceApportionment.aspx
http://views.cira.colostate.edu/wiki/wiki/9128/waqs-phase-ii-source-apportionment-modeling
http://views.cira.colostate.edu/tsdw/Data/SourceApportionment.aspx
http://views.cira.colostate.edu/tsdw/Data/SourceApportionment.aspx

