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Question

Were urban & rural SEARCH sites 

substantially impacted by mobile-source 

emissions and biomass burning between 

1999 and 2013?

What are the magnitudes of the impacts?
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Decreasing Anthropogenic Emissions in 

AL, GA, MS, NW FL (SE), 1996 - 2011

0.0

0.5

1.0

1.5

2.0

2.5

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

N
O

x
 E

m
is

s
io

n
s

 (
m

il
li

o
n

 m
e

tr
ic

 t
o

n
s

)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

S
O

2
 E

m
is

s
io

n
s

 (
m

il
li

o
n

 m
e

tr
ic

 t
o

n
s

)

NOx

SO2

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

0.045

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

E
C

 E
m

is
s

io
n

s
 (

m
il

li
o

n
 m

e
tr

ic
 t

o
n

s
)

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

O
C

 E
m

is
s

io
n

s
 (

m
il

li
o

n
 m

e
tr

ic
 t

o
n

s
)

EC

OC

Agriculture Area Vegetation&soil Commercial Dust EGU

Fires Industrial Nonroad Residential On-road diesel On-road gas

0

1

2

3

4

5

6

7

8

9

10

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

C
O

 E
m

is
s
io

n
s
 (

m
il

li
o

n
 m

e
tr

ic
 t

o
n

s
) CO

0.0

1.0

2.0

3.0

4.0

5.0

6.0

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Year

V
O

C
 E

m
is

s
io

n
s
 (

m
il

li
o

n
 m

e
tr

ic
 t

o
n

s
)

VOC

Blanchard et al. 2013. ES&T. (NEI, CEMs, MOVES, NONROAD, SPECIATE, WF & Rx)



4
0

0.5

1

1.5

2

2.5

3

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

E
C

 (
m

g
 m

-3
)

0

1

2

3

4

5

6

7

8

9

O
C

 a
n

d
 S

O
4
 (
m

g
 m

-3
)

EC OC SO4

0

0.5

1

1.5

2

2.5

3

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

E
C

 (
m

g
 m

-3
)

0

1

2

3

4

5

6

7

8

9

O
C

 a
n

d
 S

O
4
 (
m

g
 m

-3
)

EC OC SO4

0

0.5

1

1.5

2

2.5

3

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

E
C

 (
m

g
 m

-3
)

0

1

2

3

4

5

6

7

8

9

O
C

 a
n

d
 S

O
4
 (
m

g
 m

-3
)

EC OC SO4

0

0.5

1

1.5

2

2.5

3

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

E
C

 (
m

g
 m

-3
)

0

1

2

3

4

5

6

7

8

9

O
C

 a
n

d
 S

O
4
 (
m

g
 m

-3
)

EC OC SO4

All SEARCH Sites Exhibit Declining 

Annual PM2.5 SO4, EC, and OC – Why?

BHM CTR

JST YRK

EC OC SO4



5
0

50

100

150

200

250

300

350

400

450

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

N
M

O
C

 (
p

p
b

C
)

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

V
O

C
 E

m
is

s
io

n
s

 (
m

il
li

o
n

 m
e

tr
ic

 t
o

n
s

)

JST NMOC MOVES exhaust VOC

0

100

200

300

400

500

600

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Year

C
O

 (
p

p
b

v
)

0

1

2

3

4

5

6

7

8

9

10

E
m

is
s

io
n

s
 (

M
M

T
)

BHM CO CTR CO CO Emissions

0

1

2

3

4

5

6

7

8

9

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Year

R
u

ra
l 

M
e

a
n

 N
O

y
 a

n
d

 N
O

z
 (

p
p

b
v

)

0

500

1000

1500

2000

2500

3000

N
O

x
 E

m
is

s
io

n
s

 (
1

0
0

0
 m

e
tr

ic
 t

o
n

s
) 

  
  

  
 

NOy NOz All NOx Emissions

0

2

4

6

8

10

12

19
90

19
92

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

Year

M
e

a
n

 A
n

n
u

a
l 

S
O

2
 o

r 
S

O
4
 (
m

g
 m

-3
)

0

0.5

1

1.5

2

2.5

E
G

U
 S

O
2
 E

m
is

s
io

n
s

 (
m

il
li

o
n

 m
e

tr
ic

 t
o

n
s

)

SEARCH SO4 SEARCH Rural SO2 EGU SO2

Gases (SO2, NOy, NOz, NMOC, CO) and 

PM2.5 SO4 Track Emissions
Rural SO2 & all SO4 vs.

SE EGU SO2 emissions

(EGU ~75% total)

JST NMOC vs.

GA on-road VOC

BHM and CTR CO vs. SE 

CO emissions

Rural NOy vs. SE

NOx emissions



6

0

0.5

1

1.5

2

2.5

3

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Year

M
e
a
n

 A
n

n
u

a
l 

E
C

 (
m

g
 m

-3
)

0

0.01

0.02

0.03

0.04

0.05

0.06

E
C

 E
m

is
s
io

n
s
 (

m
il

li
o

n
 m

e
tr

ic
 t

o
n

s
) 

CTR BHM EC Emissions

Are SEARCH EC Trends Consistent 

With EC Emissions? – Yes!

Diesel and fire EC emissions are comparable, but 

diesel emission reductions drive emission trends
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Urban OC Varies with Non-polar Species 
(2 – 3 mg m-3 Mobile PM OC + SOA?)
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Biomass Burning Event March 9 –10, 2014

Location

• ~10 km N of CTR

• ~ 1000 acres

• WDR ~ 300° (250 – 20)

EC and TC

• OC/EC 15:1 – 20:1 

at peaks

PM2.5 and bsp

Gases

• 8-hour O3

-62 & 56 ppbv

-52 & 45 ppbv at BHM

• CO 300–900 ppbv

EC and TC

O3, CO, NOy, NH3
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Application of Potassium Tracer Method 

to Estimate Biomass Burning OC

• Use K tracer approach*: 

– regress K against X**: K = a + b*X

– compute Kb = K - b*X

– PMcoarse: tight DK/DSi (0.10 – 0.13; r2 ~ 0.8)

• Kb > 0.4 mg m-3 are on 4th of July and Jan 1!

• Scale from Kb to BB TC, OC, and EC

– TC/Kb varies widely among fire types (wild << Rx)

– Inventory annual average BB TC/Kb 28:1 – 36:1

– 2004-05 data: modern DTC/DKb ~ 22:1 – 82:1 

* Recently described by Pachon et al. 2013. Atmos. Poll. Res.

** X is an element that derives primarily from crustal material
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Mobile EC (diesel + gasoline PM EC) from Blanchard et al. 2013. ES&T. 

29% 51% 18% 41%

Diesel EC is overestimated at JST

EC is underestimated at CTR EC is underestimated at YRK

BB % of total EC BB % of total EC
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Mobile OC (diesel + gasoline PM OC) from Blanchard et al. 2013. ES&T. 

Combustion OC is calculated from tracers EC, CO, non-soil K (Blanchard et al., 2008)

47% 74% 33% 61%BB % of total OC BB % of total OC
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Summary: 

Anthropogenic Influences on EC and OC

• Large reductions of anthropogenic emissions 
of SO2, NOx, CO, VOC, EC, OC in SE US

• SEARCH ambient trends in SO2, NOy, CO, 
NMOC, EC, OC, SO4, NO3 track emission 
trends between 1999 (1992) and 2012

• SEARCH hourly and daily 1999 - 2012 
measurements indicate that emissions from 
mobile sources and biomass combustion 
together are major contributors (~50 – 75%) 
to mean concentrations of EC and OC at CTR 
and at all SEARCH sites
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SEARCH Presentations

• Tuesday morning, Session 5

– K. Baumann et al.: An Historical Perspective on Air 

Quality at CTR in Jun-Jul

– S. Shaw: Outstanding Questions on Organic 

Aerosols

• Poster Session 2

– E. Edgerton et al.: First Look at 14C Data During the 

Centreville, AL SOAS Campaign

– G. Hidy et al.: Chemical Climatology of the 

Southeastern U.S., 1999 - 2013
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Extras
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CTR Monthly Average OC and BB OC
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Correlation between K and Si in PMcoarse
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Non-soil K Sources in PM2.5
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• 37 days other
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Kb vs. ModernTC by Site (Oct – Apr)
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Example Biomass Burning Event

March 11 – 12, 2008

0

25

50

75

100

125

150

175

200

225

O
C

 (
u
g
 m

-3
)

10 11 12 13 14 15

Time

CTR

BHM

0

10

20

30

40

50

60

E
C

 (
u
g
 m

-3
)

10 11 12 13 14 15

Time

CTR

BHM

0

500

1000

1500

2000

2500

3000

3500

C
O

 (
p
p
b
)

10 11 12 13 14 15

Time

CTR

BHM

0

50

100

150

200

250

300

350

400

W
D

R
 (

d
e
g
re

e
s
)

10 11 12 13 14 15

Time

CTR

BHM

0

5

10

15

20

25

30

35

S
O

2
 (

p
p
b
)

10 11 12 13 14 15

Time

CTR

BHM

0

50

100

150

200

250

300

N
O

y
 (

p
p
b
)

10 11 12 13 14 15

Time

CTR

BHM

EC, OC, CO enhanced at CTR – some excess NOy – no excess SO2

Day of March 2008Day of March 2008

Day of March 2008

Day of March 2008

Day of March 2008Day of March 2008

EC COOC

WDR

SO2 NOy



24

Characteristics of the 3/12/2008 Event
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Urban Excess EC and Day-of-Week 

Variations Declined from 1999 to 2012*
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*DoW EC Variations are Linked to HD Diesel Traffic Patterns

Lower EC post-2007 reflects diesel PM emission reductions
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CTR EC, OC, CO, SO2, NOy Higher With 

Winds From Birmingham & Montgomery*
Directionality implies local source contributions
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BB OC ~ Constant but Increasing Fraction
JST
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What Hasn’t Changed (Much)? – O3!
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Mean Concentrations n-alkanes 
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