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In celebration of the IMPROVE network’s 25™ anniversary, we dedicate this report to all
of the hard working operators, technicians, and scientists who have contributed to the
success of the IMPROVE network over the years.

Description of the cover:

The front cover displays a split screen of two ima%es from Acadia National Park that
represent visibility levels corresponding to the 50" percentile, PM, 5 fine mass aerosol
concentrations in 1989 (left) compared to those in 2008 (right). A noticeable
improvement in visibility levels occurred due to the decrease in aerosol concentrations
over the 20-year span. We used the WinHaze 2.9.9 computer software program (Air
Resource Specialists, 2011), a powerful tool for visualizing the impact of aerosol trends
on visibility conditions.
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(AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black,
soil in brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS. ........ccceiiveriiie e e 4-15

Figure 4.1.14. IMPROVE 2005-2008 regional monthly mean PM, 5 reconstructed fine mass
fractions for Hawaii, Alaska,and the Virgin Islands. The letters on the x-axis correspond to the
month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium
nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in
black, soil in brown, and sea salt in blue. The shaded area corresponds to the regions that
comprise the sites used in the analysis, SNOWN @S dOLS. .........cccoriiiiiiiiiiiee e 4-16

Figure 4.1.15. Seasonal variability for IMPROVE 2005-2008 monthly mean ammonium
sulfate (AS) reconstructed fine mass fractions. The color of the upward pointing triangle refers to
the season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.

Figure 4.1.16. CSN 2005-2008 regional monthly mean PM, 5 reconstructed fine mass
fractions for the eastern United States. The letters on the x-axis correspond to the month and “A”
corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate (AN) in
red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black, soil in
brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the sites
used in the analysis, SNOWN aS JOTS. .......cocuiiiriieiieiese e neeas 4-18

Figure 4.1.17. CSN 2005-2008 regional monthly mean PM, 5 reconstructed fine mass
fractions for the northwestern United States. The letters on the x-axis correspond to the month
and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate
(AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black,
soil in brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS. .........cceiiveriiiieiie e 4-19

Figure 4.1.18. CSN 2005-2008 regional monthly mean PM 5 reconstructed fine mass
fractions for the southwestern United States. The letters on the x-axis correspond to the month
and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate
(AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black,
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soil in brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS...........cciiveiiiiieiiece e 4-20

Figure 4.1.19. CSN 2005-2008 regional monthly mean PM; s reconstructed fine mass
fractions for Hawaii and Alaska. The letters on the x-axis correspond to the month and “A”
corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate (AN) in
red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black, soil in
brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the sites
used in the analysis, SNOWN aS QOTS. ........ccuiiieiieii i 4-21

Figure 4.1.20. Seasonal variability for CSN 2005-2008 monthly mean ammonium sulfate
(AS) reconstructed fine mass fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 4-22

Figure 4.2.1. Seasonal variability for IMPROVE 2005-2008 monthly mean ammonium nitrate
(AN) mass concentrations. The color of the upward pointing triangle refers to the season with the
maximum monthly mean concentration and the downward pointing triangle refers to the season
with the minimum monthly mean concentration. The size of the triangles refers to the magnitude
of the ratio of maximum to minimum monthly mean mass concentration. ............c.ccocvvevenennns 4-23

Figure 4.2.2. Seasonal variability for CSN 2005-2008 monthly mean ammonium nitrate (AN)
mass concentrations. The color of the upward pointing triangle refers to the season with the
maximum monthly mean concentration and the downward pointing triangle refers to the season
with the minimum monthly mean concentration. The size of the triangles refers to the magnitude
of the ratio of maximum to minimum monthly mean mass concentration. ............c.cccccvevennen. 4-24

Figure 4.2.3. Seasonal variability for IMPROVE 2005-2008 monthly mean ammonium nitrate
(AN) reconstructed fine mass fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 4-25

Figure 4.2.4. Seasonal variability for CSN 2005-2008 monthly mean ammonium nitrate (AN)
reconstructed fine mass fractions. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-26

Figure 4.3.1. Seasonal variability for IMPROVE 2005-2008 monthly mean particulate
organic matter (POM) mass concentrations. The color of the upward pointing triangle refers to
the season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 4-27

Figure 4.3.2. Seasonal variability for CSN 2005-2008 monthly mean particulate organic
matter (POM) mass concentrations. The color of the upward pointing triangle refers to the season
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with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-28

Figure 4.3.3. Seasonal variability for IMPROVE 2005-2008 monthly mean particulate
organic matter (POM) reconstructed fine mass fractions. The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(010 To=T o1 =LA o] PRSP PRPRRS 4-29

Figure 4.3.4. Seasonal variability for CSN 2005-2008 monthly mean particulate organic
matter (POM) reconstructed fine mass fractions. The color of the upward pointing triangle refers
to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(010 Tor=T o1 =LA o] PSPPSR 4-30

Figure 4.4.1. Seasonal variability for IMPROVE 2005-2008 monthly mean light absorbing
carbon (LAC) mass concentrations. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-31

Figure 4.4.2. Seasonal variability for CSN 2005-2008 monthly mean light absorbing carbon
(LAC) mass concentrations. The color of the upward pointing triangle refers to the season with
the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-32

Figure 4.4.3. Seasonal variability for IMPROVE 2005-2008 monthly mean light absorbing
carbon (LAC) reconstructed fine mass fractions. The color of the upward pointing triangle refers
to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(010 Tor=T o1 =LA o] PSSP PRSRSR 4-33

Figure 4.4.4. Seasonal variability for CSN 2005-2008 monthly mean light absorbing carbon
(LAC) reconstructed fine mass fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 4-34

Figure 4.5.1. Seasonal variability for IMPROVE 2005-2008 monthly mean fine soil mass
concentrations. The color of the upward pointing triangle refers to the season with the maximum
monthly mean concentration and the downward pointing triangle refers to the season with the
minimum monthly mean concentration. The size of the triangles refers to the magnitude of the
ratio of maximum to minimum monthly mean mass concentration. .............cccccoevveviieeieevneenne. 4-35
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Figure 4.5.2. Seasonal variability for CSN 2005-2008 monthly mean fine soil mass
concentrations. The color of the upward pointing triangle refers to the season with the maximum
monthly mean concentration and the downward pointing triangle refers to the season with the
minimum monthly mean concentration. The size of the triangles refers to the magnitude of the
ratio of maximum to minimum monthly mean mass concentration. ...........cccoccevvevveseeriesiennen. 4-36

Figure 4.5.3. Seasonal variability for IMPROVE 2005-2008 monthly mean fine soil
reconstructed fine mass fractions. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-37

Figure 4.5.4. Seasonal variability for CSN 2005-2008 monthly mean fine soil reconstructed
fine mass fractions. The color of the upward pointing triangle refers to the season with the
maximum monthly mean concentration and the downward pointing triangle refers to the season
with the minimum monthly mean concentration. The size of the triangles refers to the magnitude
of the ratio of maximum to minimum monthly mean mass concentration. ...........cc.ccocvvevenennns 4-38

Figure 4.6.1. Seasonal variability for IMPROVE 2005-2008 monthly mean sea salt (SS) mass
concentrations. The color of the upward pointing triangle refers to the season with the maximum
monthly mean concentration and the downward pointing triangle refers to the season with the
minimum monthly mean concentration. The size of the triangles refers to the magnitude of the
ratio of maximum to minimum monthly mean mass concentration. .............cccceeeevveseeriesinennen, 4-39

Figure 4.6.2. Seasonal variability for CSN 2005-2008 monthly mean sea salt (SS) mass
concentrations. The color of the upward pointing triangle refers to the season with the maximum
monthly mean concentration and the downward pointing triangle refers to the season with the
minimum monthly mean concentration. The size of the triangles refers to the magnitude of the
ratio of maximum to minimum monthly mean mass CONCENtration. ............ccocevcvrererireeienen, 4-40

Figure 4.6.3. Seasonal variability for IMPROVE 2005-2008 monthly mean sea salt (SS)
reconstructed fine mass fractions. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-41

Figure 4.6.4. Seasonal variability for CSN 2005-2008 monthly mean sea salt (SS)
reconstructed fine mass fractions. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-42

Figure 4.7.1. Seasonal variability for IMPROVE 2005-2008 monthly mean PM; s gravimetric
fine mass (FM) concentrations. The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 4-43

Figure 4.7.2. Seasonal variability for CSN 2005-2008 monthly mean PM s gravimetric fine
mass (FM) concentrations. The color of the upward pointing triangle refers to the season with the
maximum monthly mean concentration and the downward pointing triangle refers to the season
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with the minimum monthly mean concentration. The size of the triangles refers to the magnitude
of the ratio of maximum to minimum monthly mean mass concentration. ..............c.cccccvevennen. 4-44

Figure 4.8.1. IMPROVE 2005-2008 regional monthly mean coarse mass concentrations (g
m®) for the northwestern United States. The letters on the x-axis correspond to the month and
“A” corresponds to “annual” mean. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS...........cccveiiiiieiicie e 4-45

Figure 4.8.2. IMPROVE 2005-2008 regional monthly mean coarse mass concentrations (pg
m™®) for the southwestern United States. The letters on the x-axis correspond to the month and
“A” corresponds to “annual” mean. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS...........cciveiiiiieiicce e 4-46

Figure 4.8.3. IMPROVE 2005-2008 regional monthly mean coarse mass concentrations (pg
m™3) for the eastern United States. The letters on the x-axis correspond to the month and “A”
corresponds to “annual” mean. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS. ..........cccveiiiiiiiicce e 4-47

Figure 4.8.4. IMPROVE 2005-2008 regional monthly mean coarse mass concentrations (pg
m™) for OCONUS U.S. The letters on the x-axis correspond to the month and “A” corresponds
to “annual” mean. The shaded area corresponds to the regions that comprise the sites used in the
ANAIYSIS, SNOWN @S UOLS. ..eeveeiiiiiccie ettt ba et e re e s reesbeennenreas 4-48

Figure 4.8.5. Seasonal variability for IMPROVE 2005-2008 monthly mean coarse mass (CM)
concentrations. The color of the upward pointing triangle refers to the season with the maximum
monthly mean concentration and the downward pointing triangle refers to the season with the
minimum monthly mean concentration. The size of the triangles refers to the magnitude of the
ratio of maximum to minimum monthly mean mass CONCENtration. ............cocevvrererenveiennen, 4-49

Figure 5.1.1. IMPROVE 2005-2008 regional monthly mean PM s reconstructed light
extinction coefficients (bex, Mm™) for the eastern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. The
“modified original” IMPROVE algorithm was used (see text). Wavelength corresponds to 550
0] 1 PR OO PRSP PPRR PP 5-2

Figure 5.1.2. IMPROVE 2005-2008 regional monthly mean PM; s reconstructed light
extinction coefficients (bex, Mm™) for the northwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. The
“modified original” IMPROVE algorithm was used (see text). Wavelength corresponds to 550
0] PSSP UPR TP 5-3

Figure 5.1.3. IMPROVE 2005-2008 regional monthly mean PM, 5 reconstructed light
extinction coefficients (bex, Mm™) for the southwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
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absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. The
“modified original” IMPROVE algorithm was used (see text). Wavelength corresponds to 550
1] PSP PP TP PR PSPPI 5-4

Figure 5.1.4. IMPROVE 2005-2008 regional monthly mean PM; 5 reconstructed light
extinction coefficients (bex, Mm™) for Hawaii, Alaska, and the Virgin Islands. The letters on the
X-axis correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS)
in yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. The
“modified original” IMPROVE algorithm was used (see text). Wavelength corresponds to 550
1] TSRO PP PP PR UPRPRROR 5-5

Figure 5.1.5. Seasonal variability for 2005-2008 monthly mean regional IMPROVE
ammonium sulfate (AS) light extinction coefficients (bex). The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(o] g ot =1 o] o PSPPSR 5-6

Figure 5.1.6. CSN 2005-2008 regional monthly mean PM; s reconstructed light extinction
coefficients (bex, Mm™) for the southwestern United States. The letters on the x-axis correspond
to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow,
ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing
carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area corresponds to the
regions that comprise the sites used in the analysis, shown as dots. The “modified original”
IMPROVE algorithm was used (see text). Wavelength corresponds to 550 nm...........c.ccccveuee. 5-7

Figure 5.1.7. CSN 2005-2008 regional monthly mean PM, 5 reconstructed light extinction
coefficients (bex, Mm™) for the northwestern United States. The letters on the x-axis correspond
to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow,
ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing
carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area corresponds to the
regions that comprise the sites used in the analysis, shown as dots. The “modified original”
IMPROVE algorithm was used (see text). Wavelength corresponds to 550 nm......................... 5-8

Figure 5.1.8. CSN 2005-2008 regional monthly mean reconstructed light extinction
coefficients (Dex, Mm™) for the eastern United States. The letters on the x-axis correspond to the
month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium
nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in
black, soil in brown, and sea salt in blue. The shaded area corresponds to the regions that
comprise the sites used in the analysis, shown as dots. The “modified original” IMPROVE
algorithm was used (see text). Wavelength corresponds to 550 NM.........cccooviiieniiiniinieiienenn, 5-9

Figure 5.1.9. CSN 2005-2008 regional monthly mean PM s reconstructed light extinction
coefficients (bex, Mm™) for Hawaii and Alaska. The letters on the x-axis correspond to the
month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium
nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in
black, soil in brown, and sea salt in blue. The shaded area corresponds to the regions that
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comprise the sites used in the analysis, shown as dots. The “modified original” IMPROVE
algorithm was used (see text). Wavelength corresponds to 550 NM...........ccccevevveieieececinennen, 5-10

Figure 5.1.10. Seasonal variability for 2005-2008 monthly mean regional CSN ammonium
sulfate (AS) light extinction coefficients (bex). The color of the upward pointing triangle refers to
the season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 5-11

Figure 5.1.11. IMPROVE 2005-2008 regional monthly mean PM, s light extinction
coefficient (bey;) fractions for Hawaii, Alaska, and the Virgin Islands. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. ........... 5-12

Figure 5.1.12. IMPROVE 2005-2008 regional monthly mean PM s light extinction
coefficient (bey) fractions for the eastern United States. The letters on the x-axis correspond to
the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow,
ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light absorbing
carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area corresponds to the
regions that comprise the sites used in the analysis, Shown as dots. .............cccccevvevieiieeieiiennnn, 5-13

Figure 5.1.13. IMPROVE 2005-2008 regional monthly mean PM s light extinction
coefficient (bey) fractions for the southwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. ........... 5-14

Figure 5.1.14. IMPROVE 2005-2008 regional monthly mean PM s light extinction
coefficient (bey) fractions for the northwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in
yellow, ammonium nitrate (AN) in red, particulate organic matter (POM) in green, light
absorbing carbon (LAC) in black, soil in brown, and sea salt in blue. The shaded area
corresponds to the regions that comprise the sites used in the analysis, shown as dots. ........... 5-15

Figure 5.1.15. Seasonal variability for IMPROVE 2005-2008 monthly mean regional
ammonium sulfate (AS) light extinction coefficient (bex:) fractions. The color of the upward
pointing triangle refers to the season with the maximum monthly mean concentration and the
downward pointing triangle refers to the season with the minimum monthly mean concentration.
The size of the triangles refers to the magnitude of the ratio of maximum to minimum monthly
MEAN MASS CONCENTIALION. ...e.veiiieiie sttt sttt st e b beesbe et e sneeneeas 5-16

Figure 5.1.16. CSN 2005-2008 regional monthly mean PM, s light extinction coefficient (bex)
fractions for the eastern United States. The letters on the x-axis correspond to the month and “A”
corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate (AN) in
red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black, soil in
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brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the sites
used in the analysis, SNOWN aS QOTS. ........ccuiiieiieii e 5-17

Figure 5.1.17. CSN 2005-2008 regional monthly mean PM, s light extinction coefficient (bex)
fractions for the northwestern United States. The letters on the x-axis correspond to the month
and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate
(AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black,
soil in brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS...........cciiveiiiiieiicce e 5-18

Figure 5.1.18. CSN 2005-2008 regional monthly mean PM, s light extinction coefficient (bex)
fractions for the southwestern United States. The letters on the x-axis correspond to the month
and “A” corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate
(AN) in red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black,
soil in brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the
sites used in the analysis, SNOWN @S AOLS. ..........cccveiiiiiiiicce e 5-19

Figure 5.1.19. CSN 2005-2008 regional monthly mean PM, s light extinction coefficient (bex)
fractions for Hawaii and Alaska. The letters on the x-axis correspond to the month and “A”
corresponds to “annual” mean. Ammonium sulfate (AS) in yellow, ammonium nitrate (AN) in
red, particulate organic matter (POM) in green, light absorbing carbon (LAC) in black, soil in
brown, and sea salt in blue. The shaded area corresponds to the regions that comprise the sites
used in the analysis, SNOWN aS JOTS. ........cciiiiiieiice e 5-20

Figure 5.1.20. Seasonal variability for CSN 2005-2008 monthly mean regional ammonium
sulfate (AS) light extinction coefficient (bey) fractions. The color of the upward pointing triangle
refers to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(oTo g ot 1 =1 o] o PSSP UR PRSPPI 5-21

Figure 5.2.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional
ammonium nitrate (AN) light extinction coefficients (be). The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(oTo g ot 1 =1 o] o PSSP UR PRSPPI 5-22

Figure 5.2.2. Seasonal variability for CSN 2005-2008 monthly mean regional ammonium
nitrate (AN) light extinction coefficients (bext). The color of the upward pointing triangle refers to
the season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 5-24

Figure 5.2.3. Seasonal variability for IMPROVE 2005-2008 monthly mean regional
ammonium nitrate (AN) light extinction coefficient (bex) fractions. The color of the upward
pointing triangle refers to the season with the maximum monthly mean concentration and the
downward pointing triangle refers to the season with the minimum monthly mean concentration.

XXiV
IMPROVE REPORT V



The size of the triangles refers to the magnitude of the ratio of maximum to minimum monthly
MEAN MASS CONCENTIALION. ..e.viviiiieiieiieie ettt bbb e bbbt st e st e e e e e 5-25

Figure 5.2.4. Seasonal variability for CSN 2005-2008 monthly mean regional ammonium
nitrate (AN) light extinction coefficient (bey;) fractions. The color of the upward pointing triangle
refers to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(ot a o001 =1 To] o TSSOSO PRPRPPIN 5-26

Figure 5.3.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional
particulate organic matter (POM) light extinction coefficients (bex). The color of the upward
pointing triangle refers to the season with the maximum monthly mean concentration and the
downward pointing triangle refers to the season with the minimum monthly mean concentration.
The size of the triangles refers to the magnitude of the ratio of maximum to minimum monthly
MEAN MASS CONCENTIALION. ..e.viitiitieiietieie ettt sttt e e b bbbt esbeen e e e e nens 5-28

Figure 5.3.2. Seasonal variability for CSN 2005-2008 monthly mean regional particulate
organic matter (POM) light extinction coefficients (bey). The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(oto]aotT o1 =1 o] o USROS UR PRSPPI 5-29

Figure 5.3.3. Seasonal variability for IMPROVE 2005-2008 monthly mean regional
particulate organic matter (POM) light extinction coefficient (bex) fractions. The color of the
upward pointing triangle refers to the season with the maximum monthly mean concentration
and the downward pointing triangle refers to the season with the minimum monthly mean
concentration. The size of the triangles refers to the magnitude of the ratio of maximum to
minimum monthly mean mass CONCENIAtION. ..........cccveiiiiieiicie e 5-30

Figure 5.3.4. Seasonal variability for CSN 2005-2008 monthly mean regional particulate
organic matter (POM) light extinction coefficient (bex) fractions. The color of the upward
pointing triangle refers to the season with the maximum monthly mean concentration and the
downward pointing triangle refers to the season with the minimum monthly mean concentration.
The size of the triangles refers to the magnitude of the ratio of maximum to minimum monthly
MEAN MASS CONCENTIALION. ..e.viiviivieiieiieiesieste sttt sttt e et sttt besbeene e e enens 5-31

Figure 5.4.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional light
absorbing carbon (LAC) light extinction coefficients (bex:). The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
(010 T=T o1 £ =LA o] PRSPPI PRTRTRS 5-33

Figure 5.4.2. Seasonal variability for CSN 2005-2008 monthly mean regional light absorbing
carbon (LAC) light extinction coefficients (bex). The color of the upward pointing triangle refers
to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
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triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
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Figure 5.4.3. Seasonal variability for IMPROVE 2005-2008 monthly mean regional light
absorbing carbon (LAC) light extinction coefficient (bex;) fractions. The color of the upward
pointing triangle refers to the season with the maximum monthly mean concentration and the
downward pointing triangle refers to the season with the minimum monthly mean concentration.
The size of the triangles refers to the magnitude of the ratio of maximum to minimum monthly
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Figure 5.4.4. Seasonal variability for CSN 2005-2008 monthly mean regional light absorbing
carbon (LAC) light extinction coefficient (bey) fractions. The color of the upward pointing
triangle refers to the season with the maximum monthly mean concentration and the downward
pointing triangle refers to the season with the minimum monthly mean concentration. The size of
the triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
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Figure 5.5.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional soil light
extinction coefficients (bext). The color of the upward pointing triangle refers to the season with
the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 5-38

Figure 5.5.2. Seasonal variability for CSN 2005-2008 monthly mean regional soil light
extinction coefficients (bex;). The color of the upward pointing triangle refers to the season with
the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 5-39

Figure 5.5.3. Seasonal variability for IMPROVE 2005-2008 monthly mean regional soil light
extinction coefficient (bex) fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
.................................................................................................................................................... 5-40

Figure 5.5.4. Seasonal variability for CSN 2005-2008 monthly mean regional soil light
extinction coefficient (bex) fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
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Figure 5.6.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional sea salt
(SS) light extinction coefficients (bex). The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
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Figure 5.6.2. Seasonal variability for CSN 2005-2008 monthly mean regional sea salt (SS)
light extinction coefficients (bex). The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 5-44

Figure 5.6.3. Seasonal variability for IMPROVE 2005-2008 monthly mean regional sea salt
(SS) light extinction coefficients (bex;) fraction. The color of the upward pointing triangle refers
to the season with the maximum monthly mean concentration and the downward pointing
triangle refers to the season with the minimum monthly mean concentration. The size of the
triangles refers to the magnitude of the ratio of maximum to minimum monthly mean mass
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Figure 5.6.4. Seasonal variability for CSN 2005-2008 monthly mean regional sea salt (SS)
light extinction coefficient (bex) fractions. The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
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Figure 5.7.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional PM 5
aerosol light extinction coefficients (bex:). The color of the upward pointing triangle refers to the
season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
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Figure 5.7.2. Seasonal variability for CSN 2005-2008 monthly mean regional PM 5 aerosol
light extinction coefficients (bext). The color of the upward pointing triangle refers to the season
with the maximum monthly mean concentration and the downward pointing triangle refers to the
season with the minimum monthly mean concentration. The size of the triangles refers to the
magnitude of the ratio of maximum to minimum monthly mean mass concentration. ............. 5-48

Figure 5.8.1. IMPROVE 2005-2008 regional monthly mean coarse mass reconstructed light
extinction coefficients (bex, Mm™) for Hawaii, Alaska and the Virgin Islands. The letters on the
x-axis correspond to the month and “A” corresponds to “annual” mean. The shaded area
corresponds to the regions that comprise the sites used in this analysis, shown as dots. The
“modified original” IMPROVE algorithm was used (see text). Wavelength corresponds to 550
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Figure 5.8.2. IMPROVE 2005-2008 regional monthly mean coarse mass reconstructed light
extinction coefficients (Dext, Mm'l) for the northwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. The shaded area corresponds to
the regions that comprise the sites used in this analysis, shown as dots. The “modified original”
IMPROVE algorithm was used (see text). Wavelength corresponds to 550 nm...........c.cccee.. 5-49

Figure 5.8.3. IMPROVE 2005-2008 regional monthly mean coarse mass reconstructed light
extinction coefficients (bex, Mm™) for the southwestern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. The shaded area corresponds to
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the regions that comprise the sites used in this analysis, shown as dots. The “modified original”
IMPROVE algorithm was used (see text). Wavelength corresponds to 550 nm....................... 5-50

Figure 5.8.4. IMPROVE 2005-2008 regional monthly mean coarse mass reconstructed light
extinction coefficients (bex, Mm™) for the eastern United States. The letters on the x-axis
correspond to the month and “A” corresponds to “annual” mean. The shaded area corresponds to
the regions that comprise the sites used in this analysis, shown as dots. The “modified original”
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Figure 5.8.5. Seasonal variability for IMPROVE 2005-2008 monthly mean regional coarse
mass (CM) light extinction coefficients (bex;). The color of the upward pointing triangle refers to
the season with the maximum monthly mean concentration and the downward pointing triangle
refers to the season with the minimum monthly mean concentration. The size of the triangles
refers to the magnitude of the ratio of maximum to minimum monthly mean mass concentration.
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Figure 5.9.1. Seasonal variability for IMPROVE 2005-2008 monthly mean regional deciview
(dv) light extinction coefficients (bext). The color of the upward pointing triangle refers to the
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