Appendix F
Northwest Indiana, Wind and Pollution Rose Analysis
Meteorological Analysis for Lake, Porter and Jasper Counties, Indiana

Wind Rose Analysis
Meteorological conditions are one of the most important factors that influence ozone development and transport.  Wind roses help to determine the variation in wind direction and speed throughout a period of time, and for purposes of an air quality analysis, show the direction in which emissions travel downwind.  Wind direction and wind speed information was collected at the Northern Indiana Public Service Company R. M. Schahfer Generating Station (NIPSCO - Schahfer) (monitor ID 18-073-0004), near Wheatfield, Jasper County, Indiana. Scalar measurements were retrieved for every hour from January 1, 2009 through December 31, 2011.  Wind data was collected from the Gary Automated Surface Observing Station (ASOS).  This information was formatted and input in order to be analyzed by the Lake Environmental WRPLOT View Wind Rose Plots for Meteorological Data, Version 6.5.1.  The resulting wind roses shown below from the three years of ozone season wind roses that include wind directions and speeds from May, June, July, August, and September from 2009, 2010, and 2011.  The frequency distribution from each year is listed in Tables 1 and 2
     Jasper Co. - 2009
        Jasper Co. - 2010

Jasper Co. - 2011
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Table 1 – Jasper County Wind Rose Frequency Distribution for the Ozone Season 
	Year
	North

337.5o-22.5 o
	Northeast

22.5o -67.5o
	East

67.5o-112.5 o
	Southeast

112.5o-157.5 o
	South

157.5o-202.5 o
	Southwest

202.5o-247.5 o
	West

247.5o-292.5 o
	Northwest

292.5 o-337.5o

	2009
	0.0%
	19.4%
	12.6%
	6.2%
	16.6%
	20.2%
	16.7%
	1.7%

	2010
	0.1%
	10.2%
	10.6%
	7.4%
	22.2%
	26.4%
	15.2%
	1.6%

	2011
	0.3%
	11.3%
	11.7%
	10.7%
	22.0%
	22.4%
	13.8%
	1.9%


The ozone season (May – September) frequency distribution from each year shows winds recorded at the NIPSCO - Schahfer meteorological station in Jasper County, Indiana are predominately from the south and southwest. It can be reasoned that emissions from NIPSCO - Schahfer would be blown downwind to the north and northeast of Jasper County, Indiana and not directly impact the Lake Michigan area a majority of the time.  The lake breeze effect is quite evident at the Gary ASOS station with the Gary ASOS wind roses below showing a predominately north and northeast wind direction.  It should be noted that the Gary ASOS station only collects meteorological information from 4 AM to 9 PM daily.
   Gary ASOS- 2009
      Gary ASOS- 2010
         Gary ASOS- 2011
[image: image4.png]WIND SPEED
(Knots)

M ->
17-21
1-17
7-1
4-7
1-4
Calms: 14.00%




[image: image5.png]WIND SPEED
(Knots)

M ->
17-21
1-17
7-1
4-7
1-4
Calms: 11.59%




[image: image6.png]WIND SPEED
(Knots)

M ->
17-21
1-17
7-1
4-7
1-4
Calms: 14.57%





Table 2 - Lake County Wind Rose Frequency Distribution for the Ozone Season
	Year
	North

337.5o-22.5 o
	Northeast

22.5o -67.5o
	East

67.5o-112.5 o
	Southeast

112.5o-157.5 o
	South

157.5o-202.5 o
	Southwest

202.5o-247.5 o
	West

247.5o-292.5 o
	Northwest

292.5 o-337.5o

	2009
	23.3%
	16.3%
	5.2%
	7.0%
	7.9%
	9.3%
	13.1%
	3.9%

	2010
	19.0%
	12.6%
	3.2%
	13.0%
	13.6%
	11.9%
	12.0%
	3.1%

	2011
	25.1%
	13.6%
	3.1%
	9.6%
	10.9%
	10.5%
	9.2%
	3.5%


Highest Ozone Day Analysis

Daily wind roses and pollution roses were created, as well as forward and backward trajectories, as part of this analysis.  Pollution roses are wind roses in which the wind speeds are substituted with the hourly ozone concentrations.  The pollution rose shows the wind directions with the highest ozone concentrations, thus indicating whether a lake breeze developed during the day.  Lake breezes were evident with higher ozone from surface winds from the southeast.  Lake breezes form during sunny days when the sun heats land surfaces at a quicker pace than large bodies of water, such as Lake Michigan.  This contrast in air temperature between land and water produces rising, less dense air over the land and creates winds off the lake.  This lake breeze phenomenon occurs in the early afternoon and can last for several hours, pulling ozone and ozone precursors inland until the land begins to cool in the evening and the lake breeze diminishes.
Trajectories were created using the National Oceanic and Atmospheric Administration (NOAA) Air Resources Laboratory - Hybrid Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT).  Forty km gridded meteorological data was input to determine the trajectory directions and heights.  The backward trajectories were run from the Chicago area and show from where the air came from two days prior to an 8-hour ozone exceedance day at the Zion, Illinois monitor.  The forward trajectories were created from the nearest surface weather station to Jasper County, Indiana, which was the Valparaiso ASOS (approximately 20 miles north of Wheatfield, Jasper County, Indiana) and Gary ASOS station located in Lake County, Indiana.  Both stations’ wind data show the direction that air over Northwest Indiana travels the day before an 8-hour ozone exceedance day at Zion, Illinois occurred.  The four highest monitored ozone days at the Zion, Illinois ozone monitor from 2009 to 2011 are listed in Table 3.
Table 3 – Annual Four Highest Monitor Value Dates
	Year
	1st High
	2nd High
	3rd High
	4th High

	2009
	June 23
	June 24
	May 21
	August 15

	2010
	May 30
	July 3
	May 24
	August 19

	2011
	September 1
	July 9
	June 30
	July 10


Four Highest Ozone Days at Zion, Illinois Monitor in 2009
June 23, 2009:  Zion, Illinois => 86 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor

Schahfer Met. Tower 
   Forward Trajectory from Valparaiso
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                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2009

June 24, 2009: Zion, Illinois => 78 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor

Schahfer Met. Tower 
   Forward Trajectory from Valparaiso

[image: image13.png]Source * at 41.98 N 87.90 W

Meters AGL

NOAA HYSPLIT MODEL
Backward trajectories ending at 1800 UTC 24 Jun 09
EDAS Meteorological Data

1500
R N o — e R
500 ke % 500
100 ey - > =
12 0 o0 18 12 05 00 18
06/24 06/23
This s not & NOAA product. rwas produced by a web user.

Job ID: 304963 Job Start: Wed Feb 20 19:57:
Source 1 lat.: 41,98 lon.: -87.9 hgts: 500, 1000, 100 m AGL
Trajectory Direction: Backward Duration: 48 hrs

Vertical Motion Calculation Method: __Model Vertical Velocity
Meteorology: 0000Z 16 Jun 2009 - EDAS40




[image: image14.png]Zion, Lake County. IL -- June 24, 2009 N
Concentrations vs. Wind Direction, 36 1 5
Colored according to Ozone concentrations

[green (>=0 ppb and <65 ppb)]

[yellow >=65 ppb and <75 ppb]
[orange >=75 ppb and <85 ppb]
[red (>=85 ppb]




[image: image15.png]WIND SPEED
(Knots)

] =2
17-21
1-17
7-1
4-7
1-4
Calms: 16.67%




[image: image16.png]Source * at 41.45N 87.00 W

Meters AGL

NOAA HYSPLIT MODEL
Forward trajectories starting at 0000 UTC 23 Jun 09
EDAS Meteorological Data

1500

1000 1000
500 500

100

6 12 18 00 06 12 18 00
06/24 06/25

TS s 1o & NOAA product Tt was produoed by a web ueer
Job ID: 342718 Job Start: Thu Mar 1
Source f lat; 4145 lon.:-87 hals: 500, 1000, mumAGL
Tralectony Directon: Forwarg Duration: 48

Mot Coul s Method ™ “Hogel Vartical elocity
Meteum\ugy 0000Z 16 Jun 2009 - EDAS40

:57 UTC 2012





                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2009

May 21, 2009: Zion, Illinois => 75 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor

Schahfer Met. Tower 
   Forward Trajectory from Valparaiso
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                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2009
August 15, 2009: Zion, Illinois => 75 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor

Schahfer Met. Tower 
   Forward Trajectory from Valparaiso
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                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary

[image: image29.png]WIND SPEED
(Knots)

M ->
17-21
1-17
7-1
4-7
1-4
Calms: 11.11%




          [image: image30.png]Source * at 41.62N 8742 W

Meters AGL

NOAA HYSPLIT MODEL
Forward trajectories starting at 0000 UTC 14 Aug 09
EDAS Meteorological Data

500
100 dep——p —
6 12 18 00
08/15
TS s 1ok & NOAA product Tt was produoed By a web coer.
Job ID: 336440 Job Start: Thu Apr 5 12:48:30 UTC 2012

Source 1 lat; 4162 lon.-§7.42' hgt: 200, 1000, 160 n AGL
Tralectony Directon: Forward - Duraion:

AT oten Soliator Methas = Niotl Vertical Velociy
Meteum\ugy 0000Z 01 Aug 2009 - EDAS40






Four Highest Ozone Days at Zion, Illinois Monitor in 2010

May 30, 2010: Zion => 88 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor

Schahfer Met. Tower 
   Forward Trajectory from Valparaiso
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                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2010

July 3, 2010: Zion, Illinois => 84 ppb

   Daily Wind Rose – 



   Back Trajectory to Chicago        
           Pollution Rose at Zion Monitor

Schahfer Met. Tower 
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Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2010

May 24, 2010: Zion, Illinois => 78 ppb     

   Daily Wind Rose – 



   Back Trajectory to Chicago        
            Pollution Rose at Zion Monitor
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                                                                         Daily Wind Rose – 
       Gary ASOS Station 
               Forward Trajectory from Gary
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Four Highest Ozone Days at Zion, Illinois Monitor in 2010
August 19, 2010: Zion, Illinois => 78 ppb  
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Four Highest Ozone Days at Zion, Illinois Monitor in 2011
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Four Highest Ozone Days at Zion, Illinois Monitor in 2011
July 9, 2011: Zion, Illinois => 85 ppb
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Four Highest Ozone Days at Zion, Illinois Monitor in 2011
June 30, 2011: Zion, Illinois => 83 ppb
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Four Highest Ozone Days at Zion, Illinois Monitor in 2011
July 10, 2011: Zion, Illinois => 76 ppb
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Charts 1 - 3 are AIRNOW depictions of the four highest days for the Zion, Illinois, monitor site in 2009, 2010 and 2011, respectively. These charts demonstrate a clear “lake effect” for these key days in all three years, and further support that the impact of total NOx and VOC emissions to the Lake Michigan airshed plays a significant role in the monitor readings at the Zion, Illinois, monitor site.

Chart 1 – 2009 AIRNOW Depiction of Four Highest Monitor Value Days
	June 23, 2009 Zion => 86 ppb
	June 24, 2009 Zion => 78 ppb
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	May 23, 2009 Zion => 75 ppb
	August 15, 2009 Zion => 75 ppb
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Chart 2 – 2010 AIRNOW Depiction of Four Highest Monitor Value Days
	May 30, 2010 Zion => 88 ppb
	July 3, 2010 Zion => 84 ppb

	

	


	May 24, 2010 Zion => 78 ppb
	August 19, 2010 Zion => 78 ppb

	

	



Chart 3 – 2011 AIRNOW Depiction of Four Highest Monitor Value Days
	September 1, 2011 Zion => 95 ppb
	July 9, 2011 Zion => 85 ppb

	

	


	June 30, 2011 Zion => 85 ppb
	July 10, 2011 Zion => 76 ppb

	

	



Summary of Meteorological Conditions for Northwest Indiana
The wind roses, pollution roses, and forward and backward trajectory analyses indicate that a clear majority of the wind direction was from the south and southwest.  Under these predominant wind conditions, emissions from Lake, Porter and Jasper Counties, Indiana would be blown north and northeast, away from the Lake Michigan airshed and would not impact ozone concentrations in the Chicago nonattainment area.  On the days when high ozone concentrations occurred at the Zion, Illinois ozone monitor, there was a definite signature of a lake breeze, pulling ozone and ozone precursors from off the lake to the ozone monitor.  While Lake, Porter Jasper Counties, Indiana emissions may impact the area on certain days, the percentage of emissions compared to the rest of the Lake Michigan airshed is small, as shown in LADCO’s OSAT modeling results for each of the Northwest Indiana counties.  Therefore, IDEM contends that Lake, Porter and Jasper Counties should not be considered a significant contributor to ozone concentrations at the Zion ozone monitor in Lake County, Illinois. 
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