Chapter 7. Trends in | MPROVE Reconstruc

Temporal trends were calculated for speciated aerosol extinction coeffiaieiudjng
extinction due to ammonium sulfate;bas), ammonium nitrate @ _an), particulate organic
matter (kx:_ron), elementatarbon bex: ed, fine dust (b _rp), coarse mass éa cwv), aerosol
extinction (Rx_ae), total extinction (aerosol and Rayleighitho), and deciview (dv). Trends in
sea salt extinction £ s9 were not calculated baase of negative biases in chloride
concentrations from 2007 to 2014h@ng, 2019 For all of the parameters, lotgrm (30 years,
19901 2019) and shottterm (20 years, 200@019) trends were computed. Shmtm trends take
advantage of the network expasin 2000 that resulted in greater site coverage across the
country. Trend analyses were not performed for Chemical Speciation Network data because of
the many changes starting in 2016 that resulted in some shifts to the data that require further
evaluaion before trends can be accurately interpréseé Appendid.2).

Site-specific trends were computed for the same eight parameters as mass tf&nds: 10
50", and 96" percentiles and winter (DJF), spring (MAM), summer (JJA), fall (SON), and
annual meas Winter means include the December data from the previous year. Fifty percent of
daily data was required for a valid seasonal mean, and annual means were calculated from four
valid seasonal means. Annual percentiles were calculated for 60% of validatail\Sites for
long- and shorterm trends required 70% of the years to be valid. A Theil regression was
performed with the & data as the dependent variable and the year as the independent variable.
An advantage to the Theil regression is that héafilyence by outliers on the regression results
is avoided Theil, 1950Q. Kendall tau statistics were used to determine the statistical significance,
assuming the slope was statistically signific
chance thiathe slope was not due to random chance. Trends {Jaware calculated by dividing
the slope by the medianxbvalue over the time period of the trend, multiplied by 100%.
Reporting trends instead of slopes normalizes the rangs: ralues that ocawed across the
United States. However, trends can be large (>100%) when megigalbes are very low (e.g.,
10" percentile).

Shortterm regional mean trends were calculated for ten regions of the United States.
Sites were grouped by their state itite following regions: Northeast, Southeast, Midsouth,
Central, Southwest, Northwest, California, Alaska, Hawaii, Virgin Islands (See Table 6.0 and
Figure 6.0), and the continental United States (CONUS). The Virgin Islands region included one
site. Only dies that met the 70% valid data trend requirement were included in the regional trend
calculation. Although some names are the same, these regions are broader and do not correspond
to the regions shown in Chapters 3 and 5. The regions were qualitatiteignoed only as a
means for summarizing trends. Regional mean trends were computed by aggregating site
specific seasonal measdfor percentiles) for a given region and year and then performing a
Theil regression on regional measbRegional mean trels were calculated for seasonal and
annual means and for the"®0", and 9 percentiles. Annual mean trends can be driven by
trends during specific seasons, and different percentiles may correspond to different trends, so
regional mean trends werategorized by these aggregations to provide further insight into the
temporal behavior of major aerosol extinction components.
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Trend results were interpolated to provide isopleths to guide thésayk$ and Mohan
Srivastava, 19809 Site-specific positivearends were denoted with an upwanainting triangle
and contoured with warm colors. Negative trends were shown with dowspearting triangles
and contoured with cold colors. Statistically
triangles Scales were kept similar for all parameters so that trends can be compareteérbong
trend maps suffer from lower site densities, and therefore interpolations in regions witheut long
term sites (such as the central United States) should be viewedsanipatial transition.

Speciated &: trends were similar to mass trends, especially for nonhygrosspgaes.
Differences in trends may arise depending on treatment of negative extinction values, which can
occur for (very small) negative mass concentrations. While negative mass values reflect
uncertainties in the measurements, negativevdlues are yshysical and were set to zero.

7.1 AMMONIUM SULFATE LIGHT EXTINCTION CO EFFICIENT TRENDS

Long-and shorterm annual meanf astrends are shown in Figures 7.1.1a and 7.1.1b,
respectively. All of the 55 valid sites met letgrm completeness critariand all were
statistically significant. Reductions ok aswere strongest at sites in the eastern United States,
in the Appalachian Mountains and Ohio River valley areas, where sulfur dioxide emissions have
decreased dramatically and have led to smpments in visibility Hand et al., 201;4Hand et al.,
2020. Longterm annual mean astrends ranged fror7.91% yr* (p < 0.001) at Shining
Rock Wilderness Area (WA), North Carolina (SHRO1);0®7% yr* (p = 0.02) at Lassen
Volcanic National ParkNP), California (LAVO1). Less progress occurred for sites in
California, Nevada, and Idaho, as well as southwest Texas. Trends at these sites were between
and-2% yr'. The West has historically had lower sulfur dioxide emissions than the eastern
United StatesHand et al., 201;2Hand et al., 2020 and therefore the reduction of those
regulated emissions has had less of an impact on alteadgxtinction values.
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Figure 7.1.1. Annual mean ammonium sulfate dx (bex_as) trends (% yr™) for (a) long-term (1990 2019) and
(b) short-term (20002 019) periods. Filled triangles correspond t

Trends in shorterm annual meabext aAswere negative for all valid sites shown in Figure
7.1.1b. Out of the 135 valid sites, 130 were statistically significant and rangedlftc68% yrt
(p < 0.001) at (FRRE1) to 1.93%(p = 0.003) at (HOOV1). Insignificant trends occurred at
sites in Havaii, Alaska, and the Virgin Islands. A strong spatial gradient in annual mean trends
existed between the eastern and western United States, with stronger rates of change for sites in
the East. Sites east df00° nearly all hadbex: asdecrease at ratesegter than4% yrt, and in
the Appalachia and Ohio River valley areas, trends were ar@odtgr! to -10% yr?,
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corresponding to a 14Q00% decrease over the past two decades. Trends in the western United
States were abot®% yr! to -4% yr?.
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Figure 7.1.2. Shortterm (2000 2019) regional seasonal mean ammonium sulfatedi{bex_as) trends (% yr™)

for major U.S. regions for winter, spring, summer, fall, and annual means. Regions are arranged from

western to eastern United States (AK = Alaska, HI = Bwaii, NW = Northwest, CA= California, SW =

Southwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US =

al | sites). Statistically significant trends (p O 0.05

Regional seasonal me&s: as trends are presented in Figure 7.1.2 and were similar to
regional mean mass trends. The largest reductions in seasonddgneanccurred for sitem
the Northeast regior10.7® yr! in summer), followed by the Southeast regieh§6% yr' in
fall). The least negative regional mean trends in the East occurred during winter. Trends were
lower at regions in the western United Stat88qyr to -4% yr?), and the range in seasonal
mean trends were lower. The exception to this is in the Southegistiy where summer trends
were lower relative to other seasons. Overall, across the United States, negaiyends
were strongest during summer and fall. Seasonal regional mean trends at sites in Alaska, Hawaii,
and the Virgin Islands were all eglvely flat and insignificant.

Long-term 14" and 90" percentilebex;_astrends are shown in Figure 7.1.3a and 7.1.3b,
respectively. The spatial variability for the"l@nd 9¢' percentile trends were similar, with
larger reductions at sites in the @astUnited States. The #@ercentile trends ranged
from-5.74% yr* (p < 0.001) at Shining Rock WA, North Carolina (SHRO1),1184% yr* (p =
0.008) at Jarbidge WA, NevaddRB1), and 54 out of 57 sites had statistically significant
trends. Insignifiant trends occurred at Hawaii Volcanoes NP, Hawaii (HAVO1), Lassen
Volcanic NP, California (LAVO1), and Three Sisters WA, Oregon (THSI1). Trends in the 10
percentilebex:_asat sites in California were weaker-2% yr?) than at other sites in the United
States.

Trend values did not differ greatly for the loterm 90" percentilebex_as (Figure 7.1.3b)
compared to the percentilebex astrends, and 56 out of 57 sites had statistically significant
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trends. The largest negative trend occurred at Shining Rock WA, North Carolina
(SHRO1,-7.20% yr*, p < 0.001), compared to the lowest negative trend at Big Bend NP, Texas

(BIBE1,-1.02% yr*, p = 0.012).
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Shortterm trends in the #Dand 90" bex_ asare shown in Figure 7.1.4a and 7.1.4b,
respectively. Largacale spatial variability in trends was similar for both percentiles, with
greater reductions ibex: asat sites in the eastern United States. Differences in the spatial

" . '—?'1 < .

) '3 [Al ] N
Figure 7.1.3. IMPROVE long-term (1990 2019) trend
(bext_a9) and (b) 90" percentile e as Fi | 1 e d

Virgin
Islands Alaska _ Hawail

triangl es

i & IMPROVE Site,

& IMPROVE Site,

EE)

<0.05
20.08

s (% yrY) in (a) 10" percentile ammonium sulfate kx

correspond to

patterns occurred at sitén the central United States where th& pércentile trends were
stronger (e.g., Kansas and Oklahoma and in southern California). At sites in the northwestern

United States, TOpercentile trends were stronger. For 138 valid sites withpg@centiletrends,

126 were statistically significant, compared to 132 fdf pércentile trends. The largest
reductions in 1% percentilebex: asoccurred at Cohutta, Georgia (COHU8,32% yrt, p <

0.001), compared to lowest reduction at Crater Lake NP, Qalf¢CRLAL,-1.78% yrt, p =

0.04). The largest reduction in the"Q@ercentilebex asalso occurred at Cohutta, Georgia

(COHU1,-14.38% yr', p < 0.001), compared to the lowest reduction at Kaiser, California

stati st

(KAIS1, -1.45% yr*, p = 0.009). For both 10" and 9¢" percentiles, trends were insignificant
at sites in Alaska, Hawaii, and the Virgin Islands.
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Figure 7.14. IMPROVE short-term (2000 2019 trends (% yrY) in (a) 10" percentile ammonium sulfate b
correspon@osy o

(bext_ag) and (b) 90" percentile bex:_as.
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Comparisons of regional mean percentile trends are shown in Figure 7.1.5. For most

regions in the western United States, th&, BD", and 98 percentile trends were silar, with
the Northwest region having slightly greater reductions in tHepg@centilebex: asas suggested

in Figures 7.1.4a and 7.1.4b. However, for eastern regions, the regional figzar@tile

trends decreased at a much greater rate thanhbemrcentile trends. The'©percentile trend
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in the Northeast region wa$1.25% yr compared to the f0percentile trend 06.37% yr.

The Southeast region had similar differences in tiea®@@ 10" percentile trends-9.83% yr*
compared t65.44% yrt, p < 0.001, respectively). These trends are consistent with the strongest
seasonal mean trends occurring in summer, when the hlghesé typically occurred.
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Figure 7.1.5. Short-term (2000 2019) regional mean trends (% yr) in 10", 50", and 90" percentile

ammonium sulfate b (bext_as). Regions are arranged from western to eastern United States (AKX Alaska, HI

= Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen = Central, MiS = Midsouth, NE =

Northeast, SE = Southeast, VIIS ¥irgin Islands, and US = all sites). Statistically significanttrend (p O 0. 05)
are denoted with fA*o0.

7.2 AMMONIUM NITRATE LIGHT EXTINCTION CO EFFICIENT TRENDS

Long-term annual meanef an trends are shown in Figure 7.2.1a. Of the 42 valid trend
sites, & had statistically significant trends. The largest reductioi®~yr?) in the annual mean
bext_an OCcurred at sites in southern California, with the largest negative trend at San Gorgonio
WA, California (SAGO1;7.75% yr*, p < 0.001). Strong reductisfin kx: an at sites in
California are associated with reduced nitrogen dioxide emissions from veRaokese(l et al.,

2012 Tong et al., 2016 Insignificant trends occurred at sites in Colorado, Texas, and New
Mexico and were associated with nearbt fleductions. The lowest statistically significant trend
occurred at Bridger WA, Wyoming (BRID10.94% yr, p = 0.03). Trends at sites in the eastern
United States were abotit% yr! to -2% yr.

Shortterm annual meansf an trends also showed strgmeductions at sites in southern
California (Figure 7.2.1b). The strongest reduction for stesrh trends occurred at Joshua Tree
NP, California (JOSH1-8.92% yr!, p < 0.001). Of the 134 valid trends, 110 were statistically
significant. Insignificantriends at sites in the northern Great Plaiti8o(yr? to -2% yr?) were
likely associated with oil and gas development in the regsabbhart et al., 2038The lowest
statistically significant annual meagban trend occurred at Medicine Lake, MontgMELAL,
-0.89% yrt, p = 0.04).
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Figure 7.2.1. Annual mearammonium nitrate bex: (bex_an) trends (% yr™) for (a) long-term (1990 2019) and
(b) short-term (2000'2019) periods. Filled triangles correspond to statistically significanttrendé p O 0. 05) .

Comparisons of shoterm regional seasonal mebs:_an trends are shown in Figure
7.2.2. The strongest reductions occurred in the California region, especially in the sh8igo(
yr1) and fall £7.10% yr'). Most regions had the strongestiuctions during winter and least
reductions in summer, with a large seasonal range. The exception was in the Northeast region
where trends for all seasons were simila2@o yr' to -3% yr'). This range in seasonal mean
trends indicates potentiallyftBrent sources and atmospheric processes contrblingn in
these regions.

bext AN Reglonal Mean Trend

i Wlnter Spr ng FaIIAnnual

T

Trend (% yr™)
o

e
K

AK HI NW CA SW Cen MiS NE SE VIIS US

Figure 7.2.2. Shortterm (2000 2019) regional seasonal meaammonium nitrate bex: (Dex_an) trends (% yr ™)

for major U.S. regions for winter, spring, summer, fall, and annudmeans. Regions are arranged from

western to eastern United States (AK = Alaska, HI = Hawaii, NW = Northwest, CA= California, SW =

Southwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US =

allsites). Statis i cal |y significant trends (p O 0.05) are denot e

Long-term trends in the #0and 9" percentilebex:_an are shown in Figure 7.2.3a and
7.2.3b, respectively. Of the 45 validpercentile trends, only 26 of them were statistically
significant and these occurred mainly at sites in California and the eastern United States. The
strongest reduction in the @ @ercentilebex: an 0ccurred at San Gorgonio WA, California
(SAGO1,-6.25% yr', p < 0.001), compared t0.88% yr (p = 0.03) aWeminuche WA,
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Colorado WEMI1). Flat and insignificant trends occurred at sites located in the southwestern
United States and the Intermountain West.

The spatial patterns in the longrm 90" percentile trends were similar to theé™0
percentile tends, with the strongest reductions at sites in California and weak and insignificant
trends at sites in the SouthwéBtgure 7.2.3h) Trends ranged frors.96% yr* (p < 0.001) at
San Gorgonio WA (SAGO1), t®.88% yr! (p = 0.05) at Jarbidge WA, Neva(ZARB1).

However, more sites met statistical significance limits (32 out of 45) fbp6fcentile trends.
Some longterm 90" percentile trends in the eastern United States were weaker relative to the
10" percentile trends, but sites in the Intermoimi&lest had stronger and statistically
significant 90" percentile trends.
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Figure 7.2.3. IMPROVE long-term (1990 2019) trends (% yr)in (a) 10" percentlle ammonium nitrate bex:
(bext_an) and (b) 90" percentile bex_an. Filled trianglesc or r espond to statistically

The strongest reductions in shtetm 10" percentilebex;_an trends also occurred at San
Gorgonio WA, California (SAGO1:8.58 %yr, p < 0.001) (Figure 7.2.4a). Several sites in the
eastern Unéd States also experienced strong reductions in thedr@entilebex: an (-5% yrt
to -6% yrY). Insignificant trends occurred at 81 of 138 valid sites. Positive but insignificant
trends occurred at sites in the northern Great Plains, where oil addwgdspment has
influencedbex:_an. Other insignificant and flat trends occurred at sites in Colorado, Nebraska,
South Dakota, Oregon, and Texas. The weakest significant trend occurred at Thunder Basin,
Wyoming (THBAL, -1.09% yr*, p = 0.04).

The spatiapatterns in the shoterm 10" and 9¢" percentile trends (Figure 7.2.4b) were
similar, with the strongest trends at sites in southern California and at sites in the Appalachian
Mountains. Out of 138 valid 0percentile trends, 101 met statistical sfigaince requirements.
Most of the insignificant trends also occurred at sites in the northern GreatdP&aaad near
Maryland and Ohio (Frostburg Reservoir, Maryland, FRRE1, and Quaker City, Ohio, QUCIZ,
respectively). The sheterm 90" percentile tends ranged fron®.68% yr* (p = 0.01) a Hells
Canyon, Oregon (HECAL)o -1.43% yr! (p = 0.04) at Hawaii Volcanoes NPawaii
(HAVOL).
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A summary of the regional mean1,&®0d", and 98" percentilebex_antrends is shown in
Figure 7.2.5. The strongetrends occurred in the California region, with th& ércentile
trends being the greates6(7®6 yr, p<0.001). For all of the regions except the Central and
Northeast regions, the 9@ercentile trends were strongest. In the Central and Northeast regions,
the 9" percentile trends were the weakest, and tiepEdcentile trends were the strongest.
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Figure 7.2.5. Short-term (2000 2019) regional mean trends (% yt) in 10", 50", and 90" percentile

ammonium nitrate bex:(bext_an). Regions are arranged from western to eastern United States (AK Alaska,
HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen = Central, MiS = Midsouth, NE =

Northeast, SE = Southeast, VIIS = \fgin Islands, and US = all sites). Statistically significant trend
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7.3 PARTICULATE ORGA NIC MATTER LIGHT EXT

denot ed

TRENDS

wi t h

in*o.

INCTION COEFFICIENT

(p

stati st

O 0.05)

Annual mean &: pomtrends for longterm sites are shown in Figure 7.3.1a. Of the 50

valid sites, 32 had statistically significant trends, including all of the sites in the eastern United
States. Sites in the Intermountain West and parts of California were associataxigitiicant

IMPROVE REPORT VI

7-8



and flat trends. Small positive but insignificant trematcurred at Bridger WA, Wyoming

(BRID1), Jarbidge, Nevada (JARBL1), Crater Lake NP, Oregon (CRLAL), Lassen Volcanic NP,
California (LAVOL1), and Bliss SP, Californi®8[1S1), all sites likely associated with impacts
from biomass burning. The strongestistatally significant reductions inela pomoccurred at

Mount Rainier NP, Washington (@RA1,-3.146yr, p < 0.001), and the least reduction
occurred at Guadalupe Mountains, NP, Texas (GUMQ@94% yr!, p = 0.015). Strong

reductions at sites in tH&ag occurred at Dolly Sods WA, West Virginia (DOSG2,89%yr, p

< 0.001), Shenandoah NP, Virginia (SHEN2.46%yr?, p< 0.001), and Moosehorn National
Wildlife Refuge (NWR), Maine, (MOOS12.88%yr?, p< 0.001).

With the addition okhortterm sites, the area with sites having insignificant stesrh
trends expanded farther north (Figure 7.3.1b) into Montana, Idaho, and Washington, where
biomass smoke has influenced trends in fine mass and organic dsid©©luie and Jaffe, 2018
All of the sites with insignificant trends occurred in the western United States and in Alaska,
Hawaii, and the Virgin Islands. Of the 136 valid sites, 63 of them had statistically significant
trends. The strongest reduction occurred at Agua Tibia, Cabf¢AGTI1,-4.27% yrt, p <
0.001), and the least reduction occurred at Big Bend NP, Texas (BIBB% yr', p = 0.019).
Relatively strong reductions in annual meaa bomoccurred in the southeastern and
northeastern United States, Arizona, New Mexamajsouthern California.
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Figure 7.3.1. Annual mean particulate organic mattemex (bexi_rom) trends (% yr ™) for (a) long-term (1990
2019) and (b) shoriterm (2000 2019) periods. Filled triangles correspond to statistically significant trends (p
O 08).

Regional seasonal meés:_pomtrends are shown in Figure 7.3.2. Statistically significant
trends occurred during all seasons in the Southeast, Northeast, and the Midsouth regfions (~
yr'1). The strongest reductions in most of these regicesrred for winter and spring. Trends in
the Central region were lower-(t% yr! to -2% yr?) than regions in the East and statistically
significant in all seasons except summer. Seasonal mean trends in western regions were more
variable than in regionis the East. All of the winter and spring trends were statistically
significant, andiex:_pomdeclined more strongly in these seaseB8(yr! to -4% yrt). Summer
and fall trends were insignificant and summer trends were flat in the Northwest andnizalifor
regions. These seasons have been influenced by biomass burning emissions.
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Figure 7.3.2. Shortterm (2000 2019) regional, seasonal mean particulate organic matt®ex: (bext_powm) trends

(% yr ) for major U.S. regions for winter, spring, summer, fall,and annual means. Regions are arranged

from western to eastern United States (AK= Alaska, HI = Hawaii, NW = Northwest, CA= California, SW =

Southwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US =

allsite9 . Statistically significant trends (pOO0.05) are de

Long-term trends in the fOpercentile and 90percentilebex: pom(Figure 7.3.3a and
7.3.3b, respectively) had different spatial patterns. At sites in the W&spet@entilebex: pom
trends were much stronger than for th& pércentilebex: pomtrends. Of the 50 lonterm valid
sites, 49 had statistically significant trends iff' p@rcentilebext pom Strong reductions occurred
at sites in northern California, Oregon, and Washin¢t6% yr! to -6% yr'), with the strongest
at Mount Rainier NP, Washington (MORA®B.48% yrt, p < 0.001). However, some sites
across the United States experienced reductions ar@etgr® or greater. The lowest reduction
occurred at Great Sand DuneB ,NColorado (GRSA1-1.31% yrt, p < 0.001).

In contrast, longerm 9" percentile trends at sites across the western United States were
mostly insignificant, with over half (27) of the sites meeting statistical significance. The
strongest trend occurred at San Gorgonio WAljfornia (SAGO1;3.50% yr?, p < 0.001),
comparedo the weakest éBandalier NM, New Mexico (BAND1;1.036 yr?, p = 0.015).

These results suggest different influences on trends for low anddigiom The trends in the
highestbext pomin the western United States were likely influenced by biomassrguimpacts.

7-10

IMPROVE REPORT VI



e
PRSI ORI

S
PRSI ORI

i2 -12
-2.4 -2.4
-3.6 -3.6
E E
Cyr) Cyr)
oy e
§ MmsE ey NS IR (4 mengvesann | oS

Figure 7.3.3. IMPROVE longterm (1990 2019) trends (% yrY) in (a) 10" percentile particulate organic
matter bext (bex_pom) and (b) 90" percentile bex:_powm. Filled triangles correspond to statistically significant
trends (p O 0.05).

Spatial patterns in shetérm trends in the #0and 90" percentilebex: pomwere similar to
long-term trends (Figure 7.3.4a and 7.3.4b, respectively). Many of thper@entile trends were
statistically significant (93 out of 138 @ sites) and nearly all of these sites were in the eastern
United States. However, some of the strongest reductions in theet@entilebex: pomoccurred
at sites in the West, such as Colorado, Wyoming, Nevada, Washington, and southern California.
Thegreatest reductions occurred at North Absaroka, Wyoming (NOAB37% yr, p =
0.003), compared t olKBARelo78% W apcR.008)ne, Ari zona

Many of the shorterm trends in the 90percentilebex: pomat sites in the West were
insignificant, except for sites in southern California and Ariz@igure 7.3.4h)Influences on
the highesbex: pomtrends do not appear to be affecting the lovestromover time. The
strongest reductions in the'®percentile trends occurred at $&Ancha, Arizona$lAN1, -
4.16% yrt, p = 0.009), compared t4.31% yr* (p = 0.016) at Moosehorn NWR, Maine
(MOOSL1). Although all insignificant, 22 trends were positive.
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Figure 7.3.4. IMPROVE short-term (2000 2019) trends (% yrY) in (a) 10" percentile particulate organic |
matter bext (bext_pom) and (b) 90" percentile bexi_row. Filled triangles correspond to statistically significant
trends (p O 0.05).

Comparisons of regional mean percentile trends are shown in Figure 7.3.5'The 90
percentie trends were the weakest and statistically insignificant for regions in the West, such as
the Northwest, California, and the Southwest regions. THep&fcentile trends in the California
region were also insignificant. For the Southeast region, tlge nartrends for different
percentiles was low. Almost all regions had stronger reductions in theetentilebex: pom
relative to other percentile trends.
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Figure 7.3.5. Shortterm (2000 2019) regional mean trends (% yr) in 10", 50", and 90" percentile

particulate organic matter bext (bex: Pom). Regions are arranged from western to eastern United States (AK

Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen = Central, MiS = Midsouth,

NE = Northeast, SE = Southeast, VB = Virgin Islands, and US = all sites). Statistically significanttrensl ( p O
0.05) are denoted with #A*o.

7.4 ELEMENTAL CARBON LIGHT EXTINCTION CO EFFICIENT TRENDS

Long-term trends in annual measdecare shown in Figure 7.4.1a. Of the 50 valid
trends,47 were statistically significant, and all were negative. The strongest reduction occurred
at Point Reyes NP, California (PORE%,73% yr*, p < 0.001), compared to the weakest at
Guadalupe Mountains NP, Texas (GUMGILA5% yr*, p < 0.001). The weakesends
occurred at sites in the West, and sites with insignificant trends occurred in areas influenced by
biomass smoke (Bridger WA, Wyoming, BRID1; Jarbidge WA, Nevada, JARB1; and Lassen

Volcanic NP, LAVO1).

Of the 136 valid shotterm sites, 103 had sistically significant negative trends (Figure
7.4.1Db). Sites with the strongest reductio®4 yr! to -6% yr') were in southern California, the
northwestern United States, and regions of the northeastern United States. The Moosehorn
NWR, Maine (MOOS1)site had the strongest reduction i lec(-7.77% yrt, p < 0.001)
compared to the weakest at White Mountain, New Mexico (WHIZ.14% yr*, p = 0.03). Most
of the statistically insignificant trends occurred in the West at sites influenced by biontdes s
and in northern Montana and North Dakota, where oil and gas development has been
demonstrated to impact EC concentratid@sighart et al., 2038
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Figure 7.4.1. Annual meanelemental carbon hx (bext_ec) trends for (a) long-term (1990 2019) and (b) short
term (20002 019) peri ods. Filled triangles coGObespond

A summary of shorterm regional seasonal mean trends is shown in Figure 7.4.2.
Negative trends occurred for all regions andsees, with large ranges in trends for some
regions. Some of the strongest reductions occurred during all seasons in the Virgin Islands
region. In eastern regions, the largest negative trends occurred during surti¥ey(y.

Trends in the Southeast regiwvere somewhat larger than in other eastern regions and were

to sta

large in both winter and summer. The lowest negative trends occurred in the Central region,

especially in winter-1.89% yr'). In the West, the strongest reductionsda f- (~-6% yr?)

occured mainly in winter and spring (e.g., California) and were larger than regional trends in the

East. Trends for all western regions were lowest in the summer and in the Northwest were
insignificant, likely reflecting the role of biomass smoke eadz. The difference in seasonal
and regional trends implies different sources and temporal behaviex eadepending on
location.

bext EC Reglonal I\/Iean Trend

Wlnteq FaIIAnnual

IIIIWIIIWII‘III}
Illl\lll\ll‘lll‘

XX |

AK HI NW CA SW Cen MiS NE SE VIIS US

Figure 7.4.2. Shortterm (2000 2019) regional seasonal meaglemental carbon lax (Dext_ec) trends (% yr™) for
major U.S. regons for winter, spring, summer, fall, and annual means. Regions are arranged from western to
eastern United States (AK = Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =
Central, MiS = Midsouth, NE = Northeast, SE = Southeast, & = Virgin Islands, and US = all sites).
Statistically significant trends (p O 0.05) are
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Long-term trends in 10and 94" percentile by ecare shown in Figure 7.4.3a and 7.4.3Db,
respectively. The strongest reductions in th® dércentile bex_ ecoccurred at sites in the western
United States. Of the 51 valid sites, all had statistically significant trends. The largest negative
trend occurred at Three Sisters WA, Oregon (THSI29% yr, p < 0.001), compared to the
weakest trend aBlacier NP, Montana (GLAC12.16% yr', p = 0.002).

The 90" percentilebex: ecdeclined at all of the valid loaterm sites, with 46 of the 51
sites having statistically significant tren@sgure 7.4.3h)The strongest reductions were around
-4% yr' to -5% yr! at sites in the northwestern United States, northeastern United States,
southern California. The strongest trend occurred at Point Reyes NP, California (RORE,
yr p <0.001), and the weakest at Great Sand Dunes NP, GolB&RSA1,-1.00% yr, p =
0.02). Sites in Intermountain West and parts of California and Texas had weak and insignificant
trends.
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Figure 7.4.3.IMPROVE long-term (1990 2019 trends (% yrY) in (a) 10" percentile elemental carbon kx
(bext_ec) and (b) 90" percentile bex:_ec. Filled triangles correspon@05to stati

Negative shorterm trends in 10 percentilebex; ecoccurred at all sites except Lostwood,
North Dakota LOST1), which was insignificant (Figuré.4.4a). Recall that EC concentrations at
many sites, especially in the West, may be below the lower quantifiable limit (LQL), and
therefore 18 percentile trends ibex ecmay be more uncertain. The strongest reduction
occurred at Starkey, Orego8TARL, -13.79% yr*, p < 0.001), compared t@.25% yr* (p =
0.04) at Big Bend NP, Texas (BIBE1). Shtetm trends in the 90percentilebex: ecare shown
in Figure 7.4.4b. Insignificant trends occurred at sites across the Intermountain West and
northwesten United States. Some of these sites may be influenced by biomass smoke, and some,
such as Theodore Roosevelt NP, North DakdotdRO1), may be influenced by oil and gas
developmentGebhart et al., 20380ut of the 138 valid sites, 129 had statisticaiiyngicant
trends. Strong reductions in the"9@ercentilebex;_ecoccurred at sites in southern California and
the northeastern and northwestern United States.-8ant9@" percentile trends ranged
from-7.56% yr* (p < 0.001) at San Gorgonio WA, Clalinia (SAGO1), t0-1.92% yr* (p =
0.04) at Theodore Roosevelt NP, North Dakota (THRO1).
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Figure 7.4 4. IMPROVE short-term (2000 2019 trends (% yr ) in (a) 10" percentile elemental carbon bx
(bext_eC) and (b) 90" percentilebex ec. Fi | | ed tri angles correspond to statist

Regional mean trends in percentilg kcare shown in Figure 7.4.5. For nearly all
regions, the 10percentile trends were the greatest, although these were likely affected by lo
bext ec(€.9., Alaska, Hawaii, and Virgin Islands). For most regions, tHg@fcentile by ec
decreased at a lower rate than the median:b Both the Northwest and Alaska regions had
insignificant trends in 90percentile b« e perhapselated to increased smoke impacts.

Dex ec R€gional Mean Trend
;10th ! I

%

1 I 1 1 | 1 1 1 [ I

AK HI NW CA SW Cen MiS NE SE VIIS US

Figure 7.4.5. Shortterm (2000 2019) regional mean trends (% yt) in 10", 50", and 90" percentile elemental

carbon bext (bext_ec). Regions are arranged from western to eastern United States (AK Alaska, HI = Hawaii,

NW = Northwest, CA= California, SW = Southwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE =

Southeast, VIIS = Virgin Islands, and US = all sites). Statistically significanttrersl (p O 0. 05) are de
with #A*o.

7.5 FINE DUST LIGHT EXTINCTION C OEFFICIENT TRENDS

Long-term and shorterm annual meanh rotrends are shown in Figures 7.5.1a and
7.5.1b, respectively. Many of the lotgrm trends were statistically insignificant, nearly all of
these were located at sites in the western Unite@sStahd many of them were positive. In the
West, statistically significant reductions iedrpoccurred at sites in California, Oregon,
Washington State, Wyoming, and Colorado. Across the eastern United States, sites were
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associated with reduced.brp, although with some insignificant trends. The strongest reductions
occurred at Yellowstone NP, Wyoming (YELL:3.94% yr', p < 0.001), compared to an

increase in annual measdrp at Guadalupe Mountains NP, Texas (GUMO1, 1.22% pr=

0.05).

Annual mean trends ing ro for 2000 to 2019 were significantly negative across the
eastern United States, especially at sites in the northeastern United States and across the
Intermountain West and northwestern United Stéegire 7.5.1h)Out of 137sites, 62 had
statistically significant trends. These ranged frdmi2% yr* (p < 0.001) at Mohawk Mountain,
Connecticut MOMO1), to-2.40% yr* (p = 0.03) at Northern Cheyenne, Montana (NOCH1).
Many sites near the Central Valley of California, Oklahoiexas, Oregon, and North Dakota
had positive but insignificant trends. Many of the sites in the southwestern United States
corresponded to statistically insignificant negative trends.
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Figure 7.5.1 Annual meanfine dust bex (Dex._Fp) trends (% yr ) for (a) long-term (1990 2019) and (b) short
term (20002 01 9) ©peri ods. Filled triangles coGOB)espond to

Compared to other species, regional seasonal mean trengsrnshowed greater
variability. Trends wee mostly insignificant and generally not strongly negative as was the case
for other species. The Northeast region was the only region with statistically significant trends
during all seasons3% yr! to -5% yr?). The Southeast region had statisticalynificant
reductions in b« roduring all seasons except summer. Similarly, the Midsouth region had
insignificant but positive trends during summer; this is the season with impacts from North
African dust transport. In the Central region, only winted spring corresponded to statistically
significant negative trends {2% yr'). Across the West, regions were associated with
insignificant though negative trends. The California region had insignificant but positive trends
during fall. The levels of progss that have been observed in reducing extinction from other
species have not been experienced &y
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Figure 7.5.2. Shortterm (2000 2019) regional seasonal meafine dust bex: (Dex: o) trends (% yr™) for major
U.S. regions for winter, spring,summer, fall, and annual means. Regions are arranged from western to
eastern United States (AK= Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =
Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, antlS = all sites).

Statistically significanttrends (pO0 . 05) are denoted with A*o.

Long-term trends in the #0percentile b« rpoare shown in Figure 7.5.3a. For most of the
United States, sites experienced reductions in the lowesbbOf the59 valid sites, 46 had
statistically significant trends, ranging fro®97% yr! (p < 0.001) in Three Sisters WA, Oregon
(THSI1), to 1.80% yt (p = 0.010) in Guadalupe Mountains NP, Texas (GUMOL). All of the
insignificant trends occurred in the southveestUnited States. In contrast, for thé"@@rcentile
bext Fo, Of the 59 valid sites only 17 had statistically significant trends, and many of these were in
the eastern United States (Figure 7.5.3b). Sites across the southwestern United States were
asso@ted with positive although insignificant trends. Trends ranged fBo78% yr* (p <
0.001) at Yellowstone NP, Wyoming (YELL2), to 2.38%yp = 0.012) at Columbia River

Gorge, Washington (CORIL1).
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Figure 7.5.3. IMPROVE long-term (1990 2019) trends (% yr %) in (a) 10" percentile fine dust bex: (bex: Fo) and
(b) 90" percentilebexro. Fi |l 1l ed triangles correspon@05to statistical

Shortterm trends in 10 percentile b« Fowere negative at sites across the United States,
with stronger reductions at sites across the eastern United States, Intermountain West, and
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northwestern United States, but with several sites having insignificant trends in the Southwest.
Insignificant trexds occurred at 34 sites (out of 137), and most of these were in the southwestern
United States (Figure 7.5.4a). Trends ranged f®.50% yr* (p < 0.001) at Shining Rock WA,

North Carolina 8HROY), to-1.72% yr* (p = 0.019) at Pinnacles NM, CalifornigINN1). Most

of the 9" percentile b« rotrends in the West were insignificant (Figure 7.5.4b), with 83
insignificant trends. Positive though insignificant trends occurred at sites in the central United
States, the Central Valley of California, Oregtig northern Great Plains, and Florida. Th& 90
percentile trends ranged froi®.67% yr (p < 0.001) at Great Gulf WA, New Hampshire
(GRGU1), to 2.87% vt (p = 0.03) at Three Sisters WA, OregdiiSI1). Comparison of trends
from these two maps suggettat the influences that govern ttiganges in th@0" and 9¢f
percentiles are different, although low"@kercentile by rocould also play a role.
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Figure 7.5.4. IMPROVE short-term (2000 2019) trend
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statistic

Regional mean percentile trends are shown in Figure 7.5.5. For most regiond! the 10
percentile trends were strongest, which mayrbpart due to low fOpercentile b« o For
nearly all regions, the 9Qercentile trends were insignificant (except the Northeast and Hawaii
regions). These insignificant trends may imply that the influences on the highesthave not
decrease enough to result in statistically significant negative trends. For other regions in the
West, such as California, Southwest, and Central, the median trends were also insignificant.
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Figure 7.5.5. Shortterm (2000 2019) regional mean trends (%yr) in 10", 50", and 90" percentile fine dust

bext (Dext FD). Regions are arranged from western to eastern United States (AK Alaska, HI = Hawaii, NW =

Northwest, CA= California, SW = Southwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE =

Southeast, VIIS = Virgin Islands, and US = all sites). Statistically significanttrenss (p O 0. 05) are de
with #A*o.

7.6 COARSE MASS LIGHT EXTINCTION COEFFIC IENT TRENDS

Annual mean longerm trends in &: cmare shown in Figure 7.6.1a. The strongest
reductians in kx_cmoccurred at sites in Wyoming, Colorado, and Oregon. Of the 49 valid sites,
30 had statistically significant trends. Insignificant trends mostly occurred in the western United
States, at sites in California, Arizona, and Texas. One posiénd trccurred at Columbia River
Gorge, Washington (CORI1, 1.83%yp = 0.04). The strongest reduction i lzmoccurred at
Crater Lake NP, Oregon (CRLA15.39% yr*, p < 0.001).
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Figure 7.6.1.Annual mean coarse masbex (Dexi_cm) trends (% yr™?) for (a) long-term (19901 2019) and (b)

short-term (20002 019) periods. Filled triangles coGObespond to

Shortterm annual meabex_cmtrends are shown in Figure 716. Only 2 of 131 valid
sites had statigally significant trends, suggesting that at most sites, trends were variable.
Significant reductions ibex; cmOccurredat sitesn Colorado, Wyoming, Montana, and
Arkansas, where the strongest reductions occurrelgppér Buffalo WA, Arkansas
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(UPBU1,-3.92% yr, p = 0.87). Positive trends (mostly insignificant) occurred at 61 sites, with
severbeing statistically significantMa r t hads Vi n ey avMAdll; Sihang Roekc hus et t
WA, North CarolinaSHROZ Three Sisters WA, Oregon, THSI1; Yosemite KRJifornia,

YOSEL],; Bliss SP, California, BLIS1; Trapper Creek, AlaSKRCR1;, and Hawaii Volcanoes

NP, Hawaii, HAVOJ. The spatial pattern in shetdrmbex: cmtrends was different frofex: rp

trends (Figur&.5.1b), suggestinthatdifferent compositia or size distribution of coarseode

aerosols influencebex; cmtrends.

Regional seasonal mean trends are shown in Figure 7.6.2. As suggested in Figure 7.6.1b,
nearly all of the regions were associated with insignificant and weak trends, especially telat
other species already discussed. The Northeast region had significant positive trends in summer,
as did the Alaska and Hawaii regions. All of the seasonal mean trends in the Central region were
positive but insignificant. The Midsouth and Southwesgjions had weak but negative
insignificant trends, while the California region had weak, positive insignificant trends in
summer and fall but negative insignificant trends in winter and spring, The Northwest region had
statistically significant trends winter but weak and insignificant trends during other seasons.

Dex cv R€gional Mean Trend
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Figure 7.6.2. Shortterm (2000 2019) regional seasonal meanoarse mas®ex (Dex cm) trends (% yr™?) for
major U.S. regions for winter, spring, summer, fall, and annual means. Regions asgranged from western to
eastern United States (AK= Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =
Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US = all sites).
Statistically significant trends (pO0 . 05) are denoted with fA*o0.

The longterm 10" percentile trends ibex_cvWere negative at most sites, with the
strongest reductions at sites in the Intermountain West and southwestern United States (Figure
7.6.3a). Of the 50 valid sites, 3adstatistically significant trends, ranging fre8194% yr* (p <
0.001) at Mount Zirkel WA, Colorado (MOZI1), t4.64% yr* (p = 0.016) at Tonto NM,

Arizona (TONT1). The trends in %(ercentilebex cmdid not decrease to the same degree as
the 10" percentile trends (Figure 7.6.3b). Of the 50 valid sites, 30 had statistically significant
trends, ranging froni6.32% yr! (p < 0.001) at Crater Lake NP, Oregon (CRLA1), to 2.82% yr
(p = 0.002) at Columbia River Gorge, Washington (CORI1). Recall tafddhpercentile trend
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in bext rpat CRLAL was also positive, suggesting CM is likely associated with mineral dust at
this site. The 90 percentile CM trends decreased more than tHep@@centile by rotrends,
especially for sites in the southwestémited States. Similarities in trends @kdo-p andbex: cm
occurred for sites in Arizona and Texas. Sites in California had positive (insignifilsaniy
trends but negative:h rp 90" percentile trends.
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Figure 7.6.3. IMPROVE long-term (1990 2019) trends (% yrY) in (a) 10" percentile coarse mass & (bext_cwm)
and (b) 90" percentilebexcm. Fi 1 | ed triangles correspond to statistica

Shortterm trends in the #Dand 90" percentilebex_cm (Figure 7.6.4a and 7.6.4b,
respectively) showed more spatial variability than thed@mgn trends, with many more sites
having insignificant and positive trends. Thé"I@rcentile trends had only 22 statistically
significant trends out of 137 valid siteThe strongest statistically insignificant negative trends
occurred at sites in Colorado and Montana and parts of southern California and Oregon.
Statistically significant positive trends occurred at several sites, with the strongest (5386 yr
Shining Rock WA, North Carolina (SHRO1); Dolly Sods WA, West Virginia (DOSO1);
Cohutta, Georgia (COHUL1); Lassen Volcanic NP, California (LAVO1); and Pasayten,
Washington (PASAL). Trends ranged fre@n50% yr! (p = 0.025) at Gates of the Mountains,
Montana (GAMQ), to 7.66% y* (p = 0.006) at Shining Rock WA, North Carolina (SHRO1).
Some of these trends may be affected bybexvcwm.

Similar spatial patterns were seen for the stemrh 90" percentile trends, with sites in
the central United States, Californtae Northwest, and the Southeast having positive but
insignificant trends (Figure 7.6.4b). Sites with strongly decrebsedwm included those in
Colorado. Of the 137 sites, 21 were statistically significant and ranged4t@@o yr* (p =
0.005) at Uper Buffalo WA, Arkansas (UPBU1),t105.31%% p = 0. 004) at Mart |
Vineyard, Massachusetts (MAVI1). Several of the sites with significant positivedi@entile
trends also had positive @percentile trends, such as Shining Rock WA, North Carolina
(SHRO1); Cohutta, Georgia (COHU1); and Bliss SP, California (BLIS1). The-shont1®"
and 90" percentiles trend maps did not reflect the correspondingdtrend maps, with the
bext_cmtrends having much larger variability, more insignificant tegrahd fewer sites with
decreased trends.
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Comparisons of shoterm regional mean percenthex cmtrends are shown in Figure

7.6.5. Unlike the results foreh rotrends (Figure 7.5.5), most of the regional mean trends are

statistically insignificant, except foh¢ positive 5% percentile trend in the Northeast region. The

Central region had positive trends for all percentiles, although insignificant, while the Midsouth
region had negative trends. The California region had weak to positive trends. Both the Hawaii

and Alaska regions had positive but insignificant trends. Trenols:iam were notable and
indicated thabex: cm has not decreased across large regions of the United States, unlike trends in

extinction from other species.
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Figure 7.6.5. Shortterm (2000i 2019) regional mean trends (% yt) in 10", 50", and 90" percentile coarse
mass lax (bext_cm). Regions are arranged from western to eastern United States (AKX Alaska, HI = Hawaii,
NW = Northwest, CA= California, SW = Southwest, Cen = Central, MiS= Midsouth, NE = Northeast, SE =

Southeast, VIIS = Virgin Islands, and US = all sites). Statistically significant trersl

with fA*o.
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7.7 AEROSOL EXTINCTI ON COEFFICIENT TREND S

Reconstructedda aerincludes extinction from the preais aerosol species discussed, as
well as kyx_ss Rayleigh scattering contributions are not included. Trends«ndare likely
similar to trends in total aerosol mass but could differ due to hygroscopic effects of some
species, and because specigf fawer mass scattering efficiencies will have less contributions
to extinction relative to mass (e.g., CM and FD).

The spatial patterns in losigrm annual meabex:_ae trends are shown in Figure 7.7.1a.
The strongest reductions occurred at sites irettstern United States, southern California, and
the Northwest. Of the 38 valid sites, 34 had statistically significant trends. Sites with weak and
insignificant trends were in California, Nevada, and Wyoming. TrendsdinReranged
from -6.38% yr* (p < 0.001) at Dolly Sods WA, West Virginia (DOSO1),-®57% yr* (p =
0.02) at Guadalupe NP, Texas (GUMOL1). The strong reductios:aflat eastern sites was
likely associated with sulfate reduction$afd et al., 2020

The differences in lonterm trends at sites in the eastern and western United States were
also observed for shetérm trends in annual meag.e, With the strongest reductions in the
eastern United States wherg:hsalso significantly declined (Figure 7.7.1b). Positive but
insignificant trends occurred at sites in California, Oregon, Washington, northern Montana, and
North Dakota. This spatial pattern was similar @ bomtrends, and & _ae trends were likely
influenced by the impacts of biomass smoke, especially at sites in the western United States.
Shortterm significant b« ae trends ranged fror8.44% yr* (p < 0.001) at Shining Rock WA,

North Carolina (SHRO1), tel.16% yr* (p = 0.011) at Salt Creek, NeMexico (SACRYJ).
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Figure 7.7.1Annual meanaerosol kx (Dex:_ae) trends (% yr ™) for (a) long-term (1990 2019) and (b) short
term (20002 019) ©peri ods. Filled triangles correspond to
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Comparisons of shoterm regional and seasonal trendsda krare shown in Figure
7.7.2. The strong reductions iadaerin €astern regions are similar to those fat ks (Figure
7.1.2), suggesting that in the Northeast and Southeast regians;tbends were layely driven
by bext as The strongest regional reductions occurred during summer in the Nort7e@s¥%{
yr1) and summer/fall in the Southeast regieh {% yrt). While still negative, the magnitude of
the trends decreased for western regions, are2fidyr? to -3% yr'. Regional trends in the
western regions were influenced by biomass smoke, as indicated by the weak but insignificant
trends during summer at sites in the Northwest and California regions, similar gevMd{Figure
7.3.2). In additionbext_aswas lower in the western regions and did not decline at the same rate
as in eastern regionbslé&nd et al., 2020
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Figure 7.7.2. Shortterm (2000 2019) regional seasonal meamerosol kx: (Dex:_ae) trends (%yr ™) for major

U.S. regions for winer, spring, summer, fall, and annual means. Regions are arranged from western to

eastern United States (AK = Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =

Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin$lands, and US = all sites).
Statistically significant trends ( pO 0.05) are denote

The longterm 10" percentile trends inck_aerare shown in Figure 7.7.3a. All of the 40
valid trends were statistically significant. The strongest reductions occurred at sites in the
Intermountain West, southern California, and the Appalachian Mountains. Trends ranged
from-5.12% yr* (p < 0.001) at Blly Sods WA, West VirginiaOSOJ), to-1.80% yr* (p <
0.001) at Pinnacles NM, Californi®NN1). The 98" percentile trends inela_aerare shown in
Figure 7.7.3b. Strong reductions in the eastern United States were likely associated with
reductions imext_as Several sites in the West had insignificant trends, especially in California,
Oregon, Nevada, Wyoming, and Texas. Trends ranged-B8d% yr* (p < 0.001) aDOSO1
t0 -0.89% yr' (p = 0.009) at Bryce Canyon NP, Utah (BRCAL).
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Figure 7.7.3. IMPROVE long-term (1990 2019) trends (% yr?) in (a) 10" percentile aerosol bx: (Dex_ae)) and
(b) 90" percentile bext_ae- Filled triangles correspondt o st ati stically significant tre

The shoriterm trends in 10 percentile by aerWere significant at 118 of the 136 valid
sites (Figure 7.7.4a), with the strongest negative trends at sites in the eastern United States.
Weaker trends occurred at sites in California and Oregon and in the northern Great Plains.
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Trends ranged fron6.18% yr! (p < 0.001) at Dolly Sods WA, West Virgini®@0SOJ), to
1.57% yr' (p = 0.03) at Virgin Islands NP (VIIS1).

The spatial patterns in the shoetm 9" percentile by aertrends were similar to the
long-term 90" percentiles trends (Figure 7.7.4b), with the strongest reductions at sites in the
eastern United States. Of the 136 valid trends, 90 were statistically significant. Most of the
insignificant trends occurred at sites in the West, likely influenced by B®sraoke. Trends

ranged from9.33% yr! at Cohutta, Georgia (COHU1), 4.29% yr* (p = 0.03) at Bandelier
NM, New Mexico BAND1).
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Figure 7.7.4. IMPROVE short-term (2000 2019) trends (% yr?) in (a) 10" percentile aerosol kx (Dex_ae)) and
(b) 90" percentilebextaec Fi | | ed triangles correspond to statisticall

The strongest regional mean shi@tm trends in &:_aeroccurred for the 90percentile in
the Northeast and Southeast region$.6% yr') and likely coincided with the strong summer
mean by _aertrends (Figure 7.7.5). These trends are also consistent with strong reductions in
summer meanda asin those regions. Trends iRxaerpercentiles were weaker for regions in
the West. The T0and 50" percentile trends were the strongest in the Northwest and California
regions,and the 9 percentile trends wetlikely associated with smoke influence. The
Southwest region was the only western region with significafip@@centile trends.
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Figure 7.7.5. Shortterm (2000 2019) regional mean trends (%yr™) in 10", 50", and 90" percentile aerosol

bext (Dext_aer). Regions are arranged from western to eastern United States (A& Alaska, HI = Hawaii, NW =
Northwest, CA= California, SW = Souhwest, Cen = Central, MiS = Midsouth, NE = Northeast, SE =

Southeast, VIIS = Virgin Islands, and US = all sites). Statistically significanttreral (p O 0. 05) ar e
with #A*o.

7.8 TOTAL EXTINCTION COEFFICIENT TRENDS

Reconstructedda worincludes by _aerand sitespecific Rayleigh scattering. Although the
slopes from the linear regression will be the same derhand Rx s the trends indy wtmay
be different because the normalization differs. However, general patteis:ittends will
follow trends in x:_aer

The spatial patterns in loftgrm annual meabex:_tottrends are shown in (Figure 7.8.1a).
The strongest reductions occurred at sites in the eastern United States, southern California, and
the Northwest. Of the 3&lid sites, 34 had statistically significant trends. Sites with weaker and
insignificant trends occurred in California, Nevada, and Wyoming. Trends: ir:banged from
-6.38% yr* (p < 0.001) at Dolly Sods WA, West Virginia (DOSO1)-0079% yr! (p =0.02) at
Guadalupe NP, Texas (GUMOL1). The strong reduction.@fdat eastern sites was likely
associated with sulfate reductiom$and et al., 2020

Similar spatial patterns occurred for shmtm trends in annual meagdo;, With the
strongest reductions at sites in the eastern United States whekedignificantly declined
(Figure 7.8.1b). Positive but insignificant trends occurred at sites in California, Oregon,
Washington, northern Montana, and North Dakota. This spatial patteraim#ar to by powm
trends, and & wttrends were likely influenced by the impacts of biomass smoke, especially at
sites in the western United States. Stierm significant by wttrends ranged fron6.53% yrt (p
< 0.001) at Shining Rock WA, Nortarolina (SHRO1), te0.71% yr* (p = 0.04) at Trapper
Creek, AlaskaTRCRJ).
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Figure 7.8.1. Annual mean totabex (Dex: tot) trends (% yr™) for
(20001 2019) periods. Filled trianglexc or r es pond
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Comparisons of sheterm regional and seasonal trendsda fa:are shown in Figure
7.8.2. The strong reductions iadxtin eastern regions are similar to those far ks (Figure
7.1.2), siggesting that in the Northeast and Southeast regiens:tyends are largely driven by
bext As The strongest regional reductions occurred during summer in the Northeast region
(-6.51% yrt) and summer/fall in the Southeast regior5(5% yrt). While still negative, the
magnitude of the trends decreased for western regions, a@Ung to -3% yr'. Regional
trends in the western regions were influenced by biomass smoke, as evidenced by the weak but
insignificant trends during summer in the Nor#gstvand California regions, similar texrom
(Figure 7.3.2). In addition,ela_aswas lower in the western regions and did not decline at the

same rate as in eastern regions.
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Figure 7.8.2. Shortterm (2000 2019) regional seasonal mean tot&kx: (ext wot) trends (% yr™) for major U.S.
regions for winter, spring, summer, fall, and annual means. Regions are arranged from western to eastern
United States (AK = Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =
Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US = all sites).
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The longterm 10" percentile trends inch_wrare shown in Figure 8.3a. All of the 40

valid trends were statistically significant. The strongest reductions ocatrsgesn the
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Intermountain West, southern Californgand the Appalachian Maotiains. Trends ranged
from-3.3%6 yr (p < 0.001) at Dolly Sod8VA, West Virgnia (DOSOY), to-0.636 yr (p <

0.001) atDenali NP, AlaskdDENA1). The 98" percentile trends inch_wrare shown in Figure
7.8.3b. Strong reductions in the eastern United States were likely associated with reductions in
bext As Several sites in thé/est had insignificant trends, especialtysitesn California,

Oregon, Nevada, Wyoming, and Texas. Trends rafiged-5.976 yr! (p < 0.001) atDOSO1

t0 -0.63%6 yr! (p = 0.009) at Bryce Canyon NP, Utah (BRCAL).
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Figure 7.8.3. IMPROVE long-term (1990 2019) trends (% yrY) in (a) 10" percentile total bex: (Dex: o) and (b)
90" percentile bexctot. Fi | 1 e d
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The shortterm trends in 10 percentile by orwere signifi@nt at 118 of the 136 valid
sites (Figure 7.8.4a), with the strongest negative trends at sites in the eastern United States.
Weaker trends occurred at sites in California, Oregon, and the northern Great Plains. Trends
ranged from4.26% yr* (p < 0.001) aMammoth Cave NP, Kentuck§{ACA1), to 0.94% yr
(p = 0.03) at Virgin Islands NP (VIIS1).

The spatial patterns in the sheetm 90" percentile by wttrends were similar to the
long-term 90" percentiles trends (Figure 7.8.4b), with the strongest reductions at sites in the
eastern United States. Of the 136 valid trends, 90 were statistically significant. Most of the
insignificant trends occurred at sites in the West, likely influenced by B®sraoke. Trends
ranged from8.28% yr' at Cohutta, Georgia (COHU1), £6.93% yr* (p = 0.03) at Bandelier

NM, New Mexico BAND1).
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Figure 7.8.4.IMPROVE short -term (20001 2019) trends (% yrY) in (a) 10" percentile total bex (bext 1ot) and (b)
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The strongest regional mean shi@tm trends irbex: otoccurred for the 90percentile in
the Northeast and Southeast region$.6% yr') and coin@ed with the strong summer mean
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bext_tottrends(Figure 7.8.5) These trends were consistent with strong reductions in summer mean
bext_asin those regions. Trends I« _torpercentiles were weaker for regions in the West. The

10" and 58" percentile trends were the strongest in the Northwest and California regions, and
insignificant 90" percentile trends were likely associated with smoke influence. The Southwest
region was the only western region with significarit' @@rcentile trends.
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Figure 7.8.5. Shortterm (2000 2019) regional meantrends (% yr™) in 10", 50", and 90" percentile total bex:

(bext_tot). Regions are arranged from western to eastern United States (AKAlaska, HI = Hawaii, NW =

Northwest, CA= California, SW = Southwest, Cen = Central,MiS = Midsouth, NE = Northeast, SE =

Southeast, VIIS = Virgin Islands, and US = all sites). Statistically significanttrersl ( p O 0. 05) are de
with fA*o.

7.9 DECIVIEW TRENDS

The deciview (dv) haze index is a logarithmic transfornmatibbex: 1ot (sSeeChapter 4.};
therefore, the spatial and seasonal patterns in dv trends will generally follow tresdsoin b
The spatial patterns in loftgrm annual meadv trends are shown in (Figure 7.9.1a). The
strongest reductions occurredsdes in the eastern United States, southern California, and the
Northwest. Of the 38 valid sites, 37 had statistically significant trends. Sites with lower and
insignificant trends were in California, Nevada, and Wyoming. Trends in dv ranged2i@5f6
yr(p < 0.001) at Dolly Sods WA, West Virginia (DOSO1)-0053% yr (p = 0.009) at
Guadalupe NP, Texas (GUMOL1).

The differences in annual mean dv trends that were observed between sites in the eastern
and western United States were also observed for thetehortrends, with the strongest
reductions in the eastern United States whegeabsignificantly declinedFigure 7.9.1b).
Insignificant trends occurred at sites in California, Oregon, Washington, northern Montana, and
North Dakota. This spatial pattern was similar §@ bomtrends, and dv trends were influenced
by the impacts of biomass smoke, especidllyitas in the western United States. Sherin
significant dv trends ranged fros.81% yr* (p < 0.001) at Shining Rock WA, North Carolina
(SHRO1), t0-0.67% yr* (p = 0.013) at Salt Creek, New MexicBACRY).
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Figure 7.9.1Annual mean deciview (dv) trends (% yr?) for (a) long-term (1990 2019) and (b)short-term
(2000 2019)periods. Filled triangles correspon@0sto statisticall)

Comparisons of sheterm regional and seasomaéantrends indv are shown in igure
7.9.2. The strong reductions dv in eastern regions are similar to those far ks (Figure 7.1.2),
suggesting that in the Northeast and Southeast regietrendswerelargely driven by b« as
The strongest regional reductions occurred dusimmer in the Northeast regioi3 246 yr)
and summer/fall in the Southeast regior2(®6 yrt). While still negative, the magnitude of the
trends decreased for western regions, areli#iglyr™ to -2% yr. Regional trends in the western
regionswereinfluenced by biomass smoke, @sdencedy the weak but insignificant trends
during summer in the Northwest and California regions, similagtabm(Figure 7.3.2). In
addition, kx aswas lower in the western regions and did not decline attinersite as in
eastern regions

Figure 7.9.2. Shortterm (2000 2019) regional seasonal meadeciview (dv)trends (% yr ) for major U.S.
regions for winter, spring, summer, fall, and annual means. Regions are arranged from western to eastern
United States AK = Alaska, HI = Hawaii, NW = Northwest, CA= California, SW = Southwest, Cen =
Central, MiS = Midsouth, NE = Northeast, SE = Southeast, VIIS = Virgin Islands, and US = all sites).
Statistically significant trends (pO0 . 05) are denoted with fA*o0.

The longterm 10" percentile trends idv are shown in Figure 9.3a. All of the 40 valid
trends were statistically significant. The strongest reductions occatrsitegsn the
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