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1. IWDWOverview

The Intermountain West Data Warehousé/estern Air Quality Study (IWDWAQS) is a joint data

warehouse and regional air quality modeling project. The NMURQS serves the air quality

LX I yyAy3 ySSRa 2F GKS t Nr2SOGQa /22LINIFGAy3 | ISy
on thelWDW website This report describes IWDW outcomes over the two year period from

October 1, 20140 September 312016 or IWDW Phase'® hdzi O2YSa 2F GKS t NR&¢
modeling effortare describedn various WAQS reports hosted on tvéDWdocumentarchive.

IWDWoutcomes described in this report focus on the IWBMbsite database development, and

data and project management.

TheData Warehousés 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 Coopewatdrpublic 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 analyseols 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 modelingLogos from Project Cooperatigjate and Federalgencies are
shownzy GKS wSLR2NIQa O2@SNJ LI 3AS

The IWDW development team is based at the Cooperative Institute for Research in the Atmosphere
(CIRA)a federal research institutaffiliated with Colorado State Universitfhe computes that

host the IWDW website, wiikftp file server, and databasare housed at CIRAroject

coordination is provided by The Western States Air Resources Council (WBS&#&RBjology;
emissionsand air quality rmdelingdataare provided byThe University of North Carolina Institute

for the EnvironmentUNCIE) and RambolEnviron. Logos for these groups are shown on the

wSLI2 NI Qa O2¢@SNJ LI 3So

2. IWDW Website

Figure 2.3shows resources (e.gvebpagestools and other computer infrastructureghat make up
the IWDW. The bulk of IWDW development was performed by CIRAlgtadfy IWDW Phase 1. In
some caseggesourcesvere leveraged from other projec{seeleveraged Resourcdsigure 2.1, and
DependenciesSection3.4.)

1 Refer toWESTAR NE®operative AgreemenB8SAQS Task 2 & IWBMAQS 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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Figure2.1. 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 thedmtkommnents 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 syst@uisrcoding distinguishes
IWDW developed components (blue), those leveragethfother projects (green), and yellow

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

2.1. Public Face

The IWDWHomeand Aboutpages contain Project overview and background information. The
contentiswritten at a level suitable for individuals who may not be familiar with the Project

¢KS

Gt dzof A O Ch @8z NBIF D K that deycao®dRitthltbenefits to groups

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

modeling activities.
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2.2.

ThelWDWHomepage contais a high level project overviewighlightsof recent IWDW and
WAQS activitiepresented ina user friendly layoutvith easily idenifiable links toProject
documentation, data accesmges andother resources dexibed below.

The main Aboutpage containgeneral Project information and list BirojectCooperating

Agencies Sub-pagesin the About SectioincludeGoals, Overview, Benefits and Suppditie
Goalspage aligns Project activities with needs of Cooperators for air quality planning. The
Overvew linkpointsto two pages WAQS Structurewhichprovides details about Project
governance, such as roles and responsibilities of various Boards and Committees that oversee
Prgect activities and funding, antVDW Structurewhichdetails thelWDWwebsite and

operations- essentially a high levahd upto-date version othis report. Rounding out the

Gt dzof A O CI OS 8endizdpade SwiidtcontadBSoutie&cs materialand Support

page, whictdescribesProjectfunding andinternal participants

Data

ThelWDWDatalanding page listdata access and analysis tootstained in the IWDW
including WAQ#®odelingplatform and ambient monitoring dataThe Datgage separates data
acces tools intocategoriedor Bulk data and tools for emissions datapdeling data

monitoring andmetadat. At the completion ofWDW Phase the IWDW Data pagerovided
access onlyo 3SAQSNAQIModeling datawhile providing access to the full suite of data from
ambient monitoring networks|n the future,datafrom modeling sudies external to the WAQS
maybe included in the IWDW (sé&2ependenciesSec3.4).

2.2.1. Bulk Data

TheData Requediorm is the primary access pointhere usersubmit requests fomodeling

platform data This page is intended for air quality modeleiso plan to utilize WAQS modeling
platforma Ay GKSANI SYGANBGesZ 2 Nlcankchentdfamodelng K { 2
platform for their air quality modelingieeds The modeling platfoms are intended to provide

full support for CAMand CAMQ AQ maelingstudied. Studies usingther dispe'sion models
(e.g.AERMODr CALPUBFould utilize emissions and meteorology data sets provided by the
IWDW.

Developinghe data request fromand backendsoftwareand databasénfrastructurerepresens

a significanPhase IWDWdevelopmenteffort. The data requesind relatedweb pagesre

used tomanage requestfor modelingdata fileshosted bythe IWDW This infrastructure
includes file servers and databases (B#de ServerandDatabasesSectins 3.a,b)an

automated email systerto facilitate communications witlhequestors of datathe IWDW Team,
and project sponsorgproject managemenpages, and a data category and files system
management infrastructure Detailson the data request lifecycle and IWDW inventory tracking
can be found on thé#VDWData Request Proceduveiki.

aLd


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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TheDatabaseQuery Wizardllows users to downloadmbient monitoringdata andrelated
metadata from theFEDntegrated databaseThis toolis leveraged from the FED projeseé
DependenciesSection3.4). The tool includes ambient data from standard monitoring netwprks
such aAQS, CASTNet, IMPROVE and NADEh datare routinely used foMPEandair

guality planning,for example tocalculate monitoring site specifitesign values.

See A.3 for devefament notes from Phase 1.
2.2.2. Emissions Data Tools

The Emissions Datadls allowusers to brows&VAQSmissiongdata using charts and map
displays. Themissions datalisplayed by théools are based on WASWmissioninventories, or
inputs(sometimes referred to as SMOKE inpyais)vided with WAQS modeling platforms.
However, someSMOKprocessing is applied t8RT tools to homogenize the dataationual
totals at the state and county levedlseeData Processingedion 3.2).

Theemissiondools are particularlyiseful tocompare emission®r a particular pollutanbr

source category across states ouaties. Sidédy-side comparisons betweanodeling

scenarios, such as WAQS base case and futureseasarios, are not available 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 windaws)

There are plans tallow users to upload emissions from their own modeling studiefsiiure
versions of the emissions tools (sBeftware Development Goalsection 5.2

Emissions Revie@harting ToolThis tool displaystacked barchartsof emission datdor
3SAQS/WAQIsase and future case modeling scenaritsthe default view, missiondor a
single scenarifor all Statesare shown in tons/year for a singtllutant, with emissions

42 dz2NOS  @grbui SaatebNtnsmaking up segments efachbar. Source categories
and Sates can be added/removed am ad hoc manner, allowjj comparison of/arious types
of emissions across Statel.a single State is selected, similar comparisons can be made
across CountiesThe tool generates a separate chart for each pollutdhan individual
county is selectedgmissiongare displayedy SCC in a sortable tablézigure2.2 is an
example of the Emissions Charting Tdisplay.



http://views.cira.colostate.edu/iwdw/QueryWizard
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Emissions Browser

Scenario: al ar Parameter: al ar Source Category:

5ol gory
3SAQS - 35AQS 2008b Base . | [Carbon Monowde Agriculturs! Fires

3SAQS - 33AQS 20118 Base Wethane |aircraft, Locomotive, and Marine

3SAQS - 33AQS 2018-11 NH3 MOVES Onroad Mobike

3SAQS — WAQS 20115 (2025) NOX MNonpoint Sources

3SAQS —WAQS 20116 Base | PM 2.5 ¥ | [Nonrosd Mobie e

State: 4 ar County: 4 ar SCC 4
TN - Tennesses | [£S=iect 5 single State in orderta se= Counties = [« Select 5 single County in order to se= SCCs. *
T - Texas

UT - Utah

WA - Virginia -

IS - Washinatan

WAQS 2011b Base - Carbon Monoxide Emissions By State

.
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Base Data:

Figure 22. Emissions Review Charting Tool disglagwing annual CO emissidingm two
source categoriesd&G areasources in blacland O&Gpoint sourcesn grey) for four states

(Colorado, Utah, Wyoming and New Meyico

Data used to creatthe displays can bdisplayed in a tableathich can also bdownloaded in

MS Excel format Future versions of the emissions charting tool will allowcfamparisons
between modeling scenarios on the same charhis type of generic comparison was difficult
to achieve programmatically, due to the fact that various modeling platforms often contained

different source categories, however such comparisonsikhbe somewhat easier to
implement in a dynamic tool for respective base year and planning scenarios.
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Scenario Parameters Source Categorfsector)Groups
3SAQS 2008b Base 8 17
3SAQS 2008 Future (2020) 8 11
3SAQS 2011a Base 8 14
3SAQS 2011kuture (2018) O 0

WAQS 2011b Base 8 16
WAQS 2011b Future (2025) 8 16

Table2.1. The number of parameters (pollutants) and emissions Source Category Groups
displayed in the Emissions Review Tool. Statistics were obtained by manipulating the Ul in
the Chart version of the ERT.

Modeling Scenario EmissionsSectors 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 EmissionsSectors State/County/ SCC record:
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

Table2.2. 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, RwiRiddslown

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)githdnthe 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 | Status.xls for
guery output) in the IWDW Phase | wiki.

See developmnt notes, A.3.
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Emissions Review Mging Tool The emissions mapping todlies on the same emission
data asthe Charting Toolnd providessimilar dataselectionfunctionalityin that users can
make ad hoc selections of modeling scenarios, pollistand source category group$he
tool adds functionalitythat allows users t@elect State and Counties frommeapto modify
the displays The map displaysounty levelannualemissiondotals, which autoscales to the
range ofvalues in the selectianTheTool includegpie chars that show thebreakdown of
emissiongotals by emissions sector andf looking at State totalgdds another pie chart to
show he emissions breakdowloy county The Tool allows users download image filesf
the graphical displays.

F Intermountain West Data Warehouse ; Intermountain West Data Warehouse
v | 4

WONE - ABOUT - DATA - RESOURCES - ORUMS - MIETINGS - WIKE - ADMIN HOME - ADGUT - DATA - RESOURCES - FORUMS - MEETINGS - W

WAQS 2025a-11b - NOX

WAQS 2011b Base - NOX
al Sectar Al Seerars

—

{

State Breakdown by Sector  Stat Stata Breakdown by Sactor

WAQS 2011b WAQS 2025a-11b - Colorado Nox Emissions By County =

ez | s

— Arapance: saz8.5
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Pacnio: 114799
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Figure2.3. Displays from the Emissions mapping tool.

2.2.3. Modeling Data Tools
Model Performance Evaluation PlofEhistool displaysa a i F G A O LX 2(4a¢ 3ASyS
3SAQSNAQS modeling MPE procegs. the conclusion of Phase | of the IWDWg tool

provided access t66,430images

The MPE products generally fall into three categories. Comparis@@ afodel output to
obsenations to other modeling simulations, and by evaluating patterns, generally via spatial
GiGAf S¢ LI 23 a TheNobl incledR)Ghsadddragditzicomparebase and

future year modeling platforms, and modeling scenarios sensitivity stuttiedbservations

from standard monitoring networks such as AQS, IMPROVE, CASTNet, etc. In some cases,
comparisons to observations from special studies ant/eDWWAQProject sponsored
monitoring data are included. Other MPE products show model output forlgxample tile

plots AQ model output, or meteorological fields in the case ofeneilogysensitivity studies.

Plot types includdile plots, time series, bar, soccer, scatter pldisx plots, gq plots,etc.

NI

l.:.l

A

S


http://localhost/TSDWAPP/Maps/EmissionsMap.aspx
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Spatial groupings anypicallyby individual monitoring site, tate, 4km 12km or 26km
modeling domaintemporal aggregations are typicatipurly, daily, monthly, quarterly, or
annual Table 23 lists the number of plots associated with each modeling scerzvadable
from the Tool

Table2.3. Modeling Scenarios, imagend in some cases dafifes, available from theMPE
Plots Dol. listings of individualfiles provided witheachmodelingscenaricare posted orthe
IWDW Phase | StatWiki.

Modeling Scenario (e.g. Image types Number Number of
Image Collection) imagefiles csv files
2008 Base08b AQ 6174 10520
2011 Basella GCBC AQ 3016 0

2011 Basella MOVES AQ 164 0

2011 Basella AQ & EMIS 16342 0

2011 Basella_ WinterO3 AQ 448 0

2011 Basellb MET WinterO3 MPE and sensitivity 6327

2011 Basellb AQ & EMIS 13385 0

2011 Base25a_11b AQ & EMIS 8775 0

2011 WRF MPE and sensitivity 11146 222
2014 WRF MPE 653 16

TheMPE Plot§ ool works by traversing the directory structure for each modeling sognari
and dynamically generating tables that shows available imagéisen the Tool finds a
directory that contains an image set, it displaykst ofAnalysis &s that summariz¢he
types of plotsavailable in that directoryA second table shows images avaléawithin a
selected analysis seFigure 2.4s an example of the displaythe Toolalso provides a link to
the ftp serverfolder containingthe image fileswithin each analysis sedjlowing users to
downloadfilesindividually or in batch modeThe ftp directory also includes text (.csv) files
that contain data used to create the plots.

A benefit of the current Tool is thatdilynamically populates the contents of its Ul, 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 figgecific plots, such as

thosethat correspond taa specific monitoring locatiorPlans for future versions of the Tool
include adding a map based Ul to allonestihg MPE products by region

10


http://views.cira.colostate.edu/wiki/wiki/9133/IWDW-Phase-I-Status
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Model Performance Evaluation Plots (oraer)

Find an image collection:

2011 Base11b v |AQ + | 4km r|CO

Choose an analysis set (274 available):
A0S Hourly 03 lall site
A0S Hourly 03 Al year

= |AQS_Hourly 03 ico month
A0S _Hourly 03 co site
AQS Hourly 03 co wear
AQS_Hourly 03 co wear
A0S Hourly 03 (afn] year
A0S Hourly [ok] co wyear
BQS_Hourly 03 co wear
AQS_Hourly 03 (a{w] wear

Choose an image (12 available):

CANx_WAQS04_B11b.AQS_Hourly. O3 AlLCC jun.hourly_boxplotpng
CANx_WAQS04_B11b.AQS_Hourly.O3.AlL.CO jul.hourly_boxplot.png

CANx_WAQS04_B11b.AQS_Hourly.03.All.CC.aug.hourly_boxplot.png
CANx_WAQS04_B11b.AQS_Hourly.03.AllL.CO.sep.hourly_boxplot.png
CANx_WAQS04_B11b.AQS_Hourly. O3 AllL.CC.octhourly_boxplotpng

CANx_WAQS04_B11b.AQS_Hourly.O3.AllL.CO.nov.hourly_boxplot.png
CANx_WAQS04_B11b.AQS_Hourly.03.AllL.CC.dec.hourly_boxplot.png

Folder: ftpa/fi (11 .Cira.colostate.edu/3SDW/ZS Al
Image: CAMx WAQS04 B11b.AQS Hourly.03.All.CO.aug.hourly boxplot.png

Hourly Boxplot CAMx_WAQS04_B11b aug 2011

5/2011/Basellb/plots/AC4km/CO/

timeseries
timeseries
hourly_boxplot
timeseries

hourly_baoxplot
levelplot
monthly_boxplot
agq

RPO: None
00— AQS
° B --- CAMx_WAQS04_B11b
o ] CAMx_3SAQS04 Biia Site: All
State: CO
o
~
o
— ©
e}
o
o
®
o B A
o _
g
o
5]
o _|
N T T T T T T T T T T T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22
Hour (LST)

Figure2.4. An example of the MPE Plots Tool display for the analysis set: 2011b modeling
platform->AQ modeling resukts4km modeling doma#rState 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.

Modelto-Observation Tool (Modgb-Obs) The Modelto-Obs Tool makes use of the same
underlying dateas the MPE Plots Tool, however theol relies on a database generate
dynamicplots, rather than static plots provided by the MPE Plots Tdoé IWDW Phase |
version of the ool displays time seriesomparisons of model and observational data

11


http://localhost/TSDWAPP/Modeling/ModelObsComparison_IWDW.aspx
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averaged to thesamplingfrequency of the observationsComparisonare for individual
monitoring sites or for network averages. Tlmae series charts can be filtered by date range
enabling users to focus on episodes of interest within a particular modeling Yeacurrent
tool does not provide comparisons of meteasgicaldata

Table2.4isa summary of data available in thdodeHo-Obs The IWDW Phase | version
includes133018356 model output values, anél7,389,932modekto-obs paringgor 67
uniquechemicalparametersx metricg. The Toolncludes3SAQS 2008b 12km CAMx and
WAQS 2011b Xenand 4km CAMx model output.

Modeling Scenario and
Monitoring Network

2008b
AQS

CASTNET

CSN

IMPROVE

NADP
NAPS

2011b
AMON
AQS

CASTNET

CDPHE
CSN

IMPROVE

NADP
UGWOS
UINTAH
WYDEQ
Grand Total

Metrics
61
8
11
13
15
6
8
99
1
13

Number of Records
16717468
14083770
246171
56775
174872
18624
2137256
80672464
668
79629774
405575
7752
68112
288558
41972
5084
49889
175080
97389932

Table2.4. Number ofmetrics and records (e.grodekto-obs pairingsin the Modetto-Obs
tool by modelingplatform and monitoring network.

12
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Figure2.5. Exampleof the IWDW Modeto-Obs.display showing hourly AQS ozone
compared to CAMx 4km model results at Chatfield State Park, CO.

Source Apportionment (SA) Tooldsualization tooland other data productéor PM and

0zone source apportionment. Thésualizatiortools display dynamic charthat illustrate
geographic andource category contributions to PM and ozone at AQS and CASTNet
monitoring sites.2011TooIsSA results across a virtual western U.S. receptor grid inside the
12km modeling domain.

IWDW Phase | deliverables were providgdJNG IE andRamboHENVIRON are listed in
Table 2.5 Details on the modeling approach are available on the W&®Q®/iki An entry
point to the R visualization tools and data produces is available on the IWDW wélssite

data page

13


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

