
This shared OneNote notebook is designed to allow interested RTOWG members to provide feedback on 
the criteria to be used for selecting a representative year for regional photochemical modeling in the 
western and central states and for providing interpretations of the meteorological, air quality, 
emissions, and other model year representativeness analyses being compiled by Ramboll with respect to 
model year representativeness. 

We are not expecting each RTOWG member to comment on each set of analyses ςsimply skip to the 
analyses you are most interested in or have the most expertise with. 

4/6/18 Added ozone met. adjustment index values to Meteorology section

4/12/18 Added Drought page to the Meteorology section

4/12/18 Added Highway Vehicle emission trends and IWDW 2008 and 2011 base case modeling 
emissions to Emissions section

4/13/18 Added El Nino index to Meteorology section

4/1618 Added nitrogen wet deposition maps and example site trends to Air Quality section

4/17/18 Added urban air quality peak statistic maps for O3 and PM10 to Air Quality section

4/18/18 Expanded and updated the summaries of modeled emissions for 2000 ς04, 2008 and 2011 
from the TSS and IWDW in the Emissions section 

4/26/18 Added feedback received from WY DEQ to Additional Feedback section

4/26/18 Added annual maximum daily max 8-hour average ozone from CASTNET monitoring network 
to Air Quality section

Introduction
Thursday, March 22, 2018 4:58 PM
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Please provide feedback in the table below on desirable features of a modeling year.  Are the ones 
listed above relevant? Are there others that should be added? 

Date Name Comment

3/22/18 Till Stoeckenius These are great!

March 23, 
2018

Tom Moore These are a good start.

Mar 27 Mark Jones If we want to model current conditions, we don't want a model year too far in the 
past.

4/4/18 Mary Fauci I'd assume we'd pick the year with the lowest anomaly across the range of 
parameters in the western and central states? That would represent closest to 
"normal", but there is value in modelling extremes.

+Desirable Features of a Model Year
Thursday, March 22, 2018 5:13 PM
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Please provide feedback in the table below regarding relevant criteria for comparing candidate modeling 
years with respect to model application (General, Ozone, PM, Nitrogen Deposition)

Date Name Comment

3/22/18 Till Stoeckenius These are great!

March 23, 
2018

Tom Moore Suggest adding persistence or increased frequency of higher PM in each year 
across sites and group of sites (spatial), and how different each year is from the 
other ςmonthly, seasonal (temporal)

Evaluation Criteria
Thursday, March 22, 2018 5:14 PM
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This section displays quarterly mean 500 mb heights and height anomalies by year as derived from 
NCEP/NCAR Reanalysis; Images provided by the NOAA/ESRL Physical Sciences Division, Boulder Colorado 
from their Web site at http://www.esrl.noaa.gov/psd/

From <https://www.esrl.noaa.gov/psd/data/composites/reference.html> 

500 mb Heights
Thursday, March 22, 2018 5:04 PM
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Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

3/22/18 Till Stoeckenius Note anomalous strength of the ridge over western US in Q1 and Q2 of 2015; 
negative anomaly over Gulf of Alaska in Q1 2016 consistent with wet winter in 
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negative anomaly over Gulf of Alaska in Q1 2016 consistent with wet winter in 
western US; strong negative anomaly off of West coast in 2016 Q4

March 23, 
2018

Tom Moore Please consider adding intro text section for each section (Met: pressure, precip, 
temp, Fire, and the Monitoring data to be added, et cetera) that includes a listing 
of the variables and parameters then evaluated further down in each section.  
Also like to have a caption for each map and/or data display with source info and 
clear "legend-like" info.

April 10, 
2018

Ken Rairigh I wanted to provide a resource showing the El Niño Southern Oscillation (ENSO) 
observational patterns, which may provide some value in the consideration of a 
representative modeling year. See the website below.

http://origin.cpc.ncep.noaa.gov/products/analysis_monitoring/ensostuff/ONI_v5.php

From this website's data, 2015 would be considered an "outlier" year as it was a strong 
El Niño year.  2016 started with a strong El Niño influence, which then switched over to 
a moderate La Niña pattern during the second half of 2016.
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These charts display quarterly mean and mean anomaly sea level pressure for each year 
as derived from NCEP/NCAR Reanalysis; Images provided by the NOAA/ESRL Physical Sciences Division, 
Boulder Colorado from their Web site at http://www.esrl.noaa.gov/psd/

From <https://www.esrl.noaa.gov/psd/data/composites/reference.html> 

Sea Level Pressure
Friday, March 23, 2018 1:08 PM
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Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

5/10 Till Main features here consistent with key features of the 500 mb maps
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Quarterly mean temperatures and anomalies 
(departures from 1980-2010 mean) at 1000 hPa (mb) in 
deg. K 

from NCEP/NCAR Reanalysis 
(https://www.esrl.noaa.gov/psd/data/compo
sites/day/)

Air Temperature
Friday, March 23, 2018 1:08 PM
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Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

5/10 Till Comparing the years with each other (note positive anomalies most common in all 
years due to warming over the climatological period): Unusually warm 2015 Q1 in 
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years due to warming over the climatological period): Unusually warm 2015 Q1 in 
most of the western US; 2014 also on the warm side in the west but not to the 
same extent; realatively cooler in the west during 2016 Q3
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Quarterly Precipitation Anomalies: Calendar quarter average departures from normal based on NOAA nClimGrid 5 km 
gridded dataset (see https://www.ncdc.noaa.gov/temp-and-precip/us-maps/). Units are inches departure from 20th 
Century mean. 

Q1 2017

Total annual precipitation from PRISM (http://prism.oregonstate.edu/recent/)

Precipitation
Friday, March 23, 2018 12:42 PM
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Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

5/10 Till Note large negative anomaly throughout the West in 2015 Q1 and Northwest in 
2015 Q2; large positive anomaly in 2016 Q4 in the Northwest and N. Calif. 

Q1 2017
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NOAA National Centers for Environmental Information, State of the Climate: Drought for Annual 2014, 
published online January 2015, retrieved on April 12, 2018 from 
https://www.ncdc.noaa.gov/sotc/drought/201413. 

These charts display the U.S. Drought Monitor results at the beginning and end of each year (2014 -
2016). The Drought Monitor methodology is based on a combination of drought indices and local 
observations and represents an overview of drought severity and length. 

Drought
Thursday, April 12, 2018 11:29 AM
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U.S. Drought Monitor archived maps for year-end 2013, 2014, 2015 and 2016.  These maps are based on expert 
interpretation of multiple drought indices and observations by the U.S. Drought Monitor team. The assigned drought 
category "tends to be based on what the majority of the indicators show and on local observations. The analysts 
producing the map also weigh the indices according to how well they perform in various parts of the country and at 
different times of the year. Additional indicators are often needed in the West, where winter snowfall in the mountains 
Ƙŀǎ ŀ ǎǘǊƻƴƎ ōŜŀǊƛƴƎ ƻƴ ǿŀǘŜǊ ǎǳǇǇƭƛŜǎΦ Lǘ ƛǎ ǘƘƛǎ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǘƘŜ ōŜǎǘ ŀǾŀƛƭŀōƭŜ ŘŀǘŀΣ ƭƻŎŀƭ ƻōǎŜǊǾŀǘƛƻƴǎ ŀƴŘ ŜȄǇŜǊǘǎΩ 
best judgment that makes the U.S. Drought Monitor more versatile than other drought indicators." (source: 
http://droughtmonitor.unl.edu/AboutUSDM/DroughtClassification.aspx). 

Date Name Comment

5/10 Till These charts display the intensifying western drought during 2014, severe drought 
in 2015 and easing of the drought in 2016 with lingering dryness in southern Calif. 
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Maps of ozone adjustment factors for major metropolitan areas  based on summer season weather conditions 
calculated by EPA;  positive values indicate more favorable than average conditions for ozone formation; negative values 
indicate less favorable conditions; see https://www.epa.gov/air-trends/trends-ozone-adjusted-weather-conditions. 
Calculation methods:   

Louise Camalier, William Cox, and Pat Dolwick. The Effects of Meteorology on Ozone in Urban Areas and 
their use in Assessing Ozone Trends. Atmospheric Environment, Volume 41, Issue 33, October 2007, pages 
7127-7137. 

Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

4/5/18 Till Stoeckenius Note that the statistical model used to compute the adjustment factors (which 
includes surface temperature, humidity, prevailing wind direction and some other 
factors)is generally much better correlated with ozone formation in the eastern 
third of the country  than in the West. Although only 2010 ς2016 shown here, 
these adjustment factors are available as far back as at least 2000. 

4/18/18 Mike Barna Till ςwith regard to your comment above, I'm guessing that this may indicate 
more local production of ozone in the East, and more upwind impacts in the West.  
Meteorologically speaking, 2016 has more potential to make ozone in the 
Intermountain West than 2014 & 2015.

These maps display ozone meteorological adjustment factors calculated by EPA for each ozone season 
(see explanation below).

O3 Meteorological Adjustment Factors
Thursday, April 5, 2018 4:07 PM
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Monthly Nino 3.4 index anomalies for 2007 - 2017 from NOAA 
(https://www.ncdc.noaa.gov/teleconnections/enso/indicators/sst.php). Large, persistent positive values are indicative 
of El Nino events; large persistent negative anomalies are indicative of La Nina events.  Both El Nino and La Nina events 
are associated with significant climate anomalies in North America (see https://www.pmel.noaa.gov/elnino/impacts-of-
el-nino). 

Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

4/18/18 Mike Barna The high el nino values for late 2015/early 2016 would suggest above average 
precip on the west coast?  That seems evident in the precip anomaly maps for this 
period.   

This time series shows the Nino 3.4 sea surface temperature anomaly which is the most commonly used 
indicator of the ENSO state (see additional info below)

El Nino/Southern Oscillation (ENSO)
Friday, April 13, 2018 11:30 AM
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Summaries of significant climate anomalies in each year 2014 - 2016 compiled by NOAA: 
https://www.ncdc.noaa.gov/sotc/

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

5/10 Till Above avg. SW monsoon rains in 2014 also evident in precip. plots

5/10 Till The key characteristic of 2015 was the warm and dry conditions in the western 
states

5/10 Till Note unusuallylow fire activity in 2016, wettest year on record in the Upper 
Midwest, and return of winter rains to the west. However, 2014 had even less fire 
activity than 2016 (see 3.Fire Emissions). 

Annual summaries of significant US climate events as prepared by NOAA/NCDC (note NOAA changed the 
format somewhat starting in 2015). 

Significant Climate Anomalies
Friday, April 13, 2018 9:38 AM
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Please provide feedback in the table below regarding key features of these data with respect to model 

These maps display quarterly gridded emissions of PM2.5 from the FINN (Fire Inventory from NCAR) 
inventory for 2014 - 2016 (https://www2.acom.ucar.edu/modeling/finn-fire-inventory-ncar).   Note that 
this shows total emissions in each quarter by location and does not indicate areas of smoke coverage.  

FINN Fire Emissions
Friday, March 23, 2018 10:29 AM
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

Till Note major Fort McMurray (Alberta) fire in May, 2016; major fire activity in 2015; 
low fire activity in 2016 noted as near record low by NOAA (see Significant Climate 
Anomalies page in the Meteorology section).
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Annual fire statistics from the National Interagency Fire Center ( https://www.nifc.gov/fireInfo/fireInfo_statistics.html)

16 CONUS Western States:

AZ

CA

CO

ID

KS

MT

ND

NM

NV

OK

OR

SD

TX

UT

WA

WY

Annual statistics for CONUS (from NOAA: https://www.ncdc.noaa.gov/sotc/fire/201713)

NIFC Annual Fire Statistics
Tuesday, June 26, 2018 10:15 AM
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

Till In contrast to statistics for CONUS, fires in the 16 western states burned nearly as 
many acres in 2016 as in 2015 despite being lower in number. 

Despite NOAA climate summary (see 2.Meteorology: Significant Climate 
Anomalies), 2014 had lowest acres burned in 2014-2016 (16 western states) and 
for full CONUS. 

Note overall decreasing trend in number of fires since 2000. 
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EPA Annual Tier 1 Summaries

Tier 1 Code Description

01 FUEL COMB. ELEC. UTIL.

02 FUEL COMB. INDUSTRIAL

03 FUEL COMB. OTHER

04 CHEMICAL & ALLIED PRODUCT MFG

05 METALS PROCESSING

06 PETROLEUM & RELATED INDUSTRIES

07 OTHER INDUSTRIAL PROCESSES

08 SOLVENT UTILIZATION

09 STORAGE & TRANSPORT

10 WASTE DISPOSAL & RECYCLING

11 HIGHWAY VEHICLES

12 OFF-HIGHWAY

14 MISCELLANEOUS

15 WILDFIRES

16 PRESCRIBED FIRES

WA Ecology 

Generalized Category Description

W1 Agricultural and Silivicultural Burning

W2 Aircraft

W3 Commercial Cooking

W4 Commercial Marine Vessels

W5 Dust from Agricultural Tilling and Harvesting

W6 Dust from Construction

W7 Dust from Roads

W8 Fertilizer Application

W9 Industrial/Commercial/Institutional Fuel 
Combustion

W10 Large Point Sources

W11 Livestock Waste

W12 Locomotives

W13 Miscellaneous

W14 Natural emissions from soil and vegetation

W15 Nonpoint Gasoline Stations, Storage, and 
Marketing

W16 Nonpoint Solvent Use

W17 Nonroad Equipment and Vehicles

W18 Onroad Mobile

W19 Residential non-Wood Fuel

W20 Residential outdoor burning: yard waste, 
trash

W21 Residential Wood Combustion

W22 Wildfires

Farren's suggestions:
Keep Rx and Wildfires separate
Keep Aircraft, Locos, and Commercial Marine separate from other 
non-road
Keep Residential Wood Combustion separate

Draft Recommendations

Wildfires 15 (W22)

Rx&Ag Burning W1

AC/Loco/CM W2, W4, W12

NONROAD W17

On-road W18

RWC W21

Commercial/Industrial/Institutional fuel combustionW9-01

Utility fuel combustion 01

Nonpoint Gasoline Stations, Storage, and MarketingW15

SCC groupings
Wednesday, April 4, 2018 1:53 PM
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Annual highway vehicle PM10 and NOx emissions by U.S. Climate Region for 2010 ς2016 (data from EPA 
Emissions Trends website: https://www.epa.gov/air-emissions-inventories/air-pollutant-emissions-
trends-data 

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

Highway Vehicles
Thursday, April 12, 2018 2:11 PM
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

EPA State Average Annual Emission trends (https://www.epa.gov/air-emissions-inventories/air-
pollutant-emissions-trends-data) at Tier 1 level for FUEL COMB. ELEC. UTIL. and HIGHWAY VEHICLES 
(1000s Tons)

Electric Utilities
Thursday, May 17, 2018 1:26 PM
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PM2.5 NOx

Modeled base case emissions for 2008 (scenario b) and 2011 (scenario b) emissions from IWDW 
(http://views.cira.colostate.edu/tsdw/Emissions/ReviewTool.aspx) for PM2.5 and NOx in western states 
(biogenics excluded). 

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

4/24/1
8

Chris Swab EPA has unofficially released 2014v2 emissions flat files.  Could these data be 
useful for representativeness analysis, for modeled emissions for example? 
ftp://newftp.epa.gov/air/emismod/2014/v2/2014fd/emissions/

Modeled Emissions
Thursday, April 12, 2018 3:13 PM
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

4/18/1
8

Mike Barna Interesting plots, especially the growth of O&G NOx from 2008 to 2011, but won't 
help us with evaluating 2014-2016.

Modeled base case emissions for 2008 (scenario b) and 2011 (scenario b) emissions from IWDW (http://views.cira.colostate.edu/tsdw/Emissions/ReviewTool.aspx) for PM2.5 and NOx in 
western states (fires, windblown dust and biogenics excluded).

Modeled Emissions - No Fires/WBD
Wednesday, April 18, 2018 2:16 PM
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Plots from T. Moore, 18 April 2018.

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

TSS 2000-04 Baseline Emissions
Wednesday, April 18, 2018 2:30 PM
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Date Name Comment
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Inorganic N Wet Dep: Maps
Monday, April 16, 2018 11:34 AM
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Spatial interpolation of annual inorganic nitrogen (nitrate plus ammonium) deposition for 2014 - 2016 
from NTN site precipitation chemistry data and PRISM precipitation. Maps downloaded from 
http://nadp.slh.wisc.edu/ntn/annualmapsByYear.aspx#2016. Source: National Atmospheric Deposition 
Program (NRSP-3). 2018. NADP Program Office, Wisconsin State Laboratory of Hygiene, 465 Henry Mall, 
Madison, WI 53706.

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

4/16/1
8

Till Interpolated background levels in western states appear to have increased 
between 2014 and 2016 (lighter shade of green in each successive year) 

4/18/1
8

Mike Barna Can we get a version of 2016 that has values at the monitors?  (like 2014-15)
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

NH4 and NO3 Wet Dep
Monday, April 16, 2018 5:08 PM
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Annual total inorganic nitrogen deposition at Great Basin NP (NTN site NV05), Bryce Canyon NP 
(NTN site UT99), and Petrified Forest NP (NTN site AZ97). 

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

Inorganic N Wet Dep: Trends
Monday, April 16, 2018 12:04 PM
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Annual O3, PM10 and PM2.5 summary statistics (with exceptional events included) from AQS monitoring sites in metropolitan areas (CBSAs) with indicated population size cutoffs applied. Color scale is based on EPA's AQI colors. Note squares are locatedat CBSA 
centroids rather than at actual monitoring sites. Air quality data from EPA's AirData Air Quality Statistics Report (https://www.epa.gov/outdoor-air-quality-data/air-quality-statistics-report); population and CBSA centroids from US Census Bureau. 

Please provide feedback in the table below regarding key features of these data with respect to model year selection. 

Date Name Comment

4/17/18 Till Stoeckenius Note higher PM values in Northwest states in 2015 as compared to 2014 or 2016. These may in 
some cases be associated with wildfire events.

4/18/18 Mike Barna

Can rural ozone & PM (CASTNet & IMPROVE) be evaluated?ω
Instead of absolute concentration values, can an 'anomaly' map be created, I.e., that year's 
deviation from a climatological average for ozone or PM.  IMPROVE creates interpolated maps 
of the 'standardized anomaly' using 2000-2016 ςmaybe we can use these (but without the 
kriging).

ω

I think these plots are potentially the most useful for this study, since they show the actual state of 
measured ozone & PM for 2014-2016.  A few thoughts:

Urban Air Quality
Tuesday, April 17, 2018 9:46 AM
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Daily max 8-hour ozone from EPA Trends webpage (https://www.epa.gov/air-trends): blue line is 
median, error bars are 10th and 90th percentiles. 

Urban O3 Trends
Thursday, June 7, 2018 10:12 AM
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Weighted annual mean PM2.5 from EPA Trends webpage (https://www.epa.gov/air-trends/particulate-
matter-pm25-trends#pmreg): blue line is median, error bars are 10th and 90th percentiles. 

Urban PM2.5 Trends
Thursday, June 7, 2018 5:29 PM
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Incomplete data

CASTNET Annual O3: Max
Thursday, April 26, 2018 5:41 PM
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Incomplete data

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment
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CASTNET Annual O3: 90%
Monday, May 21, 2018 2:05 PM
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Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment
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Daily max 8-hour O3 at CASTNET sites during Q2: normalized anomalies

Please provide feedback in the table below regarding key features of these data with respect to model 
year selection. 

Date Name Comment

CASTNET Q2 Boxplots
Wednesday, June 6, 2018 6:13 PM
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CASTNET Q3 Boxplots
Tuesday, June 12, 2018 11:53 AM
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