6.0 SOURCE-RECEPTOR RELATIONSHIPS

After optimizing the model parameters to the extent possible, we used STATMOD to assess
the contribution of the seventeen zones to the sulfur and nitrate deposition at various
receptor locations. To minimize the year to year fluctuations, we performed the simulations
for a composite year and for composite seasons. The data files for the composite year were
constructed by taking weighted averages of the data for the individual years for the period of
interest (1984 through 1989). Similarly, each composite season was constructed by taking
weighted averages of the data for that season for the individual years.

The discussion in this section refers to the annual source-receptor relationships. The
seasonal relationships are presented in Appendix B. It should also be noted that the source-
receptor relationships described here are only for the anthropogenic emissions that were
used in our simulations. The contribution of sea-salt or other natural sources, such as wind-
blown soil dust, are not included in these results, since their emissions were not available.

The source-receptor relationships described here are presented in two ways: 1) the
contribution of each source region to acidic deposition at a receptor, and 2) the zone of
influence for a receptor. The zone of influence is a measure of the area around a given
receptor location that predominantly influences the estimated deposition at the location. The
zone of influence for receptor %, Z,, is determined using the following equations:
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where,

Ry = weighted source-receptor distance
M = Number of emission sources within a source region *i*
N = Number of source regions
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Q. = Source strength of source "k" in a given source region i
P, = Percentage contribution to deposition at receptor *j* from source region i
dy, = Distance of source k", within a given source region "i*, to receptor j*

Table 6-1 shows the zone of influence for dry, wet, and total deposition of sulfur and nitrogen
for all the receptor locations. Receptors with a low value of the zone of influence are affected
primarily by local sources, while long-range transport is a factor for receptors with a large
value of the zone of influence. We will discuss Table 6-1 later below in conjunction with the
discussion of the contribution of source regions.

Source-receptor contributions are traditionally presented in a tabular format. However, we
have chosen to use pie-charts to show the contribution of each source region to acidic
deposition at selected receptor locations. This format allows the reader to quickly determine
the important source regions that influence a given receptor. We selected the following ten
receptors from various urban, rural, and remote regions of the state to create a representative
sample for our analysis: Bakersfield, Santa Barbara, Yosemite, Pasadena, Sacramento, San
Jose, Sequoia, S. Lake Tahoe, Montague, and Escondido.

Figure 6-1 shows the contributions of the various source regions (Figure 4-3) to annual total
sulfur (SO, + sulfate) dry deposition at the ten receptor locations. The estimated dry
deposition of total sulfur at these receptors ranges from 0.14 kgS/ha/yr at a remote site
(Montague) to 2.14 kgS/ha/yr at an urban location (Pasadena). It is interesting to note that
these values are an order of magnitude lower than sulfur depositions estimated in rural and
urban locations in the eastern United States (e.g., UAPSP, 1892).

We see from Table 6-1 and Figure 6-1 that the contribution of local sources dominates the
total sulfur dry deposition at receptors iocated in urban regions or cicse to large sources.
This is expected because sulfur dry deposition in these regions is dominated by locally
emitted SO,. For example, 80 percent of the total sulfur dry deposition at Bakersfield can be
attributed to Zone 9 {the Lower San Joaquin Valley). The zone of influence for sulfur dry
deposition at Bakersfield is only 58 km. Similarly, the San Francisco Bay Area contributes
almost 90 percent of the anthropogenic total sulfur dry deposition at San Jose, which has a
zone of influence of 74 km. The Sacramento receptor is influenced by several source regions
in its immediate vicinity, such as the San Francisco Bay Area, the Lower Sacramento Valley,
and the Upper San Joaquin Valley. The zone of influence for total sulfur dry deposition in
Sacramento is 88 km.

For remote receptors, such as Yosemite, we see some evidence of long-range transport.
The largest contributors to the annual total sulfur dry deposition at Yosemite, which has a
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TABLE 6-1

Zones of Influence for the Composite Year (km)

SITE NOX SOX

DRY] WET| TOTAL DRY WET| TOTAL

Bethel Island 151.2 162.1 152.1 86.8 131.0 98.8
Gasguet 380.0 404.0 389.4 288.5 502.8 465.7
S. Lake Tahoe 258.2 265.9 259.2 221.9 292.6 254.1
Eureka 237.3 265.5 242.6 81.9 174.4 131.4
Bakersfield 142.0 160.9 142.8 58.3 125.4 64.2
L. isabella 186.2 186.2 186.2 145.0 161.3 149.5
Lakeport 202.6 208.2 203.5 166.2 233.8 199.4
San Ratael 95.8 110.1 98.3 41.8 74.6 54.7
Yosemite 247.9 256.2 249.9 197.6 251.7 231.4
Mammoth 290.3 295.5 291.2 244.7 292.9 270.8
Salinas Il 179.1 192.7 180.2 130.6 160.3 139.1
Napa 119.9 132.6 121.5 58.4 102.8 72.7
‘INorden 250.61  258.9 252.9 214.9 290.6 266.4
Anaheim 69.1 91.5 70.0 40.1 85.9] © 443
Quincy 275.9 286.3 277.3 238.3 322.6 277.8
Sacramento 146.2 170.9 149.1 88.0 140.3 107.1
Victorvilie 124.2 127.8 124.4 48.9 101.7 53.6
San Bemnardino 103.4 111.2 104.0 90.9 103.8 94.3
Nipomo 221.4 224.9 221.7 120.0 163.2 133.1
Santa Barbara 175.4 179.5 175.9 101.4 136.2 112.5
San Jose 121.4 148.2 123.3 74.3 104.3 82.8
Montague 317.7 340.9 319.3 239.5 402.6 293.2
Seguoia 247.6 _249.5 248.0 197.3 224.4 214.1
Lindcove 224.6 230.7 225.0 157.3 182.9 163.4
San Nicolas Isl. 2144 212.6 214.3 186.2 209.5 181.7
Berkeley 72.1 96.5 75.0 7.1 38.3 11.0
Reseda 89.9 99.3 90.7 80.8 129.7 90.9
Lynwood 59.0 80.6 60.3 25.4 84.7 31.1
Pasadena 69.5 81.5 70.7 61.8 109.7 72.4
Mt. Wilson 81.6 88.0 82.7 78.4 117.9 93.4
Tanbark Flats 89.7 96.0 90.6 78.9 100.1 86.9
Escondido 169.0 172.2 169.3 139.5 165.2 148.7
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1

1.68 kg/ha/yr ‘

|

ZONE 17 (0.4%) .
ZONE 4 (0.0%)
ZONE 5 (0.2%)
ZONE 6 (0.1%)
ZONE 7 (1.5%)
ZONE 8 (3.2%)

ZONE 8 (78.7%)

Bakersfield

1.25 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 {0.1%)

ZONE 4 {0.0%)
ZONE 5 (02%)
ZONE 6 (0.1%)

ZONE 17 (0.3%)
ZONE 16 (0.7%

ZONE 15 (22.9%)
ZONE 9 (21.0%)

ZONE 14 (0.0%)
ZONE 13 (1.4%)

ZONE 12 (4.6%) ZONE 10 (0.0%)

ZONE 11 (41.4%)

2.14 kg/ha/yr

ZONE 1 (0.0%)
-ZONE 2 (0.0%)
-ZONE 3 (0.0%)
- ZONE 4 (0.0%)
-ZONE 5 (0.1%)

- ZONE 6 (0.0%)

ZONE 7 (1.1%)
ZONE 8 (0.8%)
ZONE 9 (6.6%)
’> I»ZONE 10 {0.0%)

ZONE 11 (1.1%)
ZONE 12 (1.3%)
ZONE 13 (3.3%)
ZONE 14 (0.1%)

ZONE 17 (1.3%)
ZONE 16 (2.6%)

ZONE 15 (81.7%) J

Pasadena

0.84 kg/hafyr

ZONE 17 {0.1%)
ZONE 16 (0.1%)
ZONE 15 (1.0%)
ZONE 14 (0.0%)

ZONE 7 (42.2%)

Santa Barbara

0.30 kg/ha/yv

ZONE 17 (0.5%)

ZONE 1(1.0%)

ZONE 14 (0.1%) ZONE 2 (0.3%)
ZONE 13 (1.7%) ZONE 3 (1.0%)
ZONE 12 (0.3%) ZONE 4 (0.7%)
ZONE 11 (2.9%)

Sacramento

1.37 kg/ha/yr

ZONE 17 (0.1%)
ZONE 16 (0.1%)
ZONE 15 (1.0%)
ZONE 14 (0.0%)
ZONE 13 (0.2%)
ZONE 12 (0.1%)
ZONE 11 (0.7%)
ZONE 10 (0.0%)}

ZONE 7 (88.2%)

Yosemite

San Jose

FIGURE 6-1. Contribution (%) of the 17 Source Regions to Annual Total Sulfur (SO, +
Sulfate) Dry Deposition at Various Receptor Locations
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0.14 kg/ha/yr
2ZONE 17 (0.3%)

ZONE 8 (8.5%) ZONE 1 (16.1%)
ZONE 7 (14.6%)

ZONE 6 (1.3%)

ZONE 5 (2.9%) ZONE 2 (28.1%)

ZONE 3 (19.8%)

Montague

N

0.31 kg/ha/yr

ZONE 4 (0.4%)

ZONE 5 (1.4%)

ZONE 14 (0.1%)
ZONE 13 (4.9%)
ZONE 12 (0.9%)

ZONE 11 (5.3%)

FZONE 1 (0.0%)
- ZONE 2 (0.0%)
- ZONE 3 (0.0%)
- 2ZONE 4 (0.0%)
-ZONE 5 (0.1%)
-ZONE 6 (0.1%)
ZONE 7 (1.8%)
ZONE 8 (1.0%)
ZONE 9 (5.9%)
ZONE 10 (0.0%)
ZONE 11 (1.1%)
ZONE 12 (0.9%)

0.76 kg/ha/yr

ZONE 17 (28.2%)

ZONE 16 (3.3%)

ZONE 15 (52.9%)

Sequoia

Escondido

0.24 kg/ha/yr

ZONE 17 (0.4%)

ZONE 5 (B.7%)

ZONE 6 (20.6%)
ZONE 8 (28.1%)

S. Lake Tahoe

FIGURE 6-1. Contribution (%) of the 17 Source Regions to Annual Total Sulfur (SO, +

(Cont'd)
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zone of influence of about 200 km, are the Upper San Joaquin Valley (38%) and the San
Francisco Bay Area (23%). Similarly, Montague, which is located near the northern part of
the state, and is far away from the major California source regions, has a zone of influence
for total sulfur dry deposition of 240 km, and is influenced primarily by the Northeast Plateau
(28%), the Upper Sacramento Valley (30%), the North Coast and Lake County (16%), and the
San Francisco Bay Area (15%).

The source region contributions to annual total sulfur wet deposition at the ten receptor
locations are shown in Figure 6-2. We see that sulfur wet deposition, even at receptors in the
vicinity of large sources, has a long-range transport component. For example, the local
contribution to total sulfur wet deposition at the Bakersfield location is 50 percent (as
compared to 80 percent for sulfur dry deposition), and 25 percent of the wet deposition can
be attributed to the South Coast Air Basin. The zone of influence for sulfur wet deposition in
Bakersfield (see Table 6-1) is more than two times the zone of influence for dry deposition.

This distinction between dry and wet sulfur deposition is also apparent for a remote receptor
such as Montague, where the zone of influence for sulfur wet deposition is 400 km (as
compared to 240 km for sulfur dry deposition). Even a distant source region, such as the
South Coast Air Basin, is estimated to contribute over 10 percent of the sulfur wet deposited
at Montague. These results are consistent with studies performed in eastern North America
under the National Acid Precipitation Assessment Program (NAPAP), in which SO, emissions
in the midwestern United States have been found to make a significant contribution to the
sulfur wet deposited at distant receptors (>1,000 km) in the northeastern United States and
Canada. An explanation for the differences in the scales of dry and wet sulfur deposition is
provided below. |

The primary reason for the difference between dry and wet deposition of sulfur is that dry
deposition of sulfur is dominated by SO, dry deposition and is thus a local phenomenon. On
the other hand, a large fraction of the sulfur that is wet deposited can be attributed to the
sulfate formed by the oxidation of SO, to sulfate in the gas-phase or in clouds. The gas-
phase oxidation is a slow process, and the aqueous-phase oxidation is limited by the
availability of the oxidant. Thus, we can expect that a large fraction of the sulfur in rain has
been transported over long distances.

We also see from Figures 6-1 and 6-2 that the annual total sulfur dry deposition is generally
much larger than the wet deposition, particularly at receptors influenced by local sources. In
some cases, the dry deposition is more than an order of magnitude larger than the wet
deposition (e.g., Bakersfield). However, there are a few receptors, such as Yosemite, where
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0.16 kg/ha/yr |

ZONE 1 (0.2%)
2ZONE 2 (0.1%)
ZONE 3 (0.2%)
ZONE 4 (0.2%)
(ZONE 5 (0.6%)

ZONE 17 (1.8%) ZONE 6 (0.4%)

ZONE 14 (0.1%)
ZONE 13 (3.5%)
ZONE 12 (1.5%)
ZONE 11 (5.0%)
ZONE 10 (0.1%)

Bakersfield

0.59 kg/ha/yr

ZONE 1 (0.1%)
ZONE 2 (0.0%)
ZONE 3 (0.1%)

ZONE 14 (0.1%)
ZONE 13 (2.0%)
ZONE 12 (5.0%)

ZONE 11 (24.7%)

ZONE 17 (3.2%)
ZONE 16 (4.9%)

ZONE 10 (0.0%)
ZONE 11 (2.6%)

ZONE 12 (2.5%)

Pasadena

0.49 kg/ha/yr

ZONE 10 {0.1%)
ZONE 8 (3.1%)

ZONE 7 (48.0%)

Santa Barbara

0.49 kg/ha/fyr

ZONE 1 (1.2%)

ZONE 2 (0.3%)
ZONE 3 (0.8%)
ZONE 17 (1.7%) ZONE 4 (0.7%)

ZONE 15 (15.3%) ) zoﬁE 6 (8.5%)

ZONE 12 (0.7%)
ZONE 11 (3.0%)

ZONE 10 (0.6%)

Sacramento

0.54 kg/ha/yr

Yosemite

FIGURE 6-2. Contribution (%) of the 17 Source Regions to Annua! Total Sulfur (SO, +

San Jose

Sulfate) Wet Deposition at Various Receptor Locations
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0.07 kg/ha/yr

ZONE 17 (1.4%)
ZONE 16 (0.5%)

ZONE 15 (10.2%)

ZONE 14 (0.2%)
ZONE 13 (2.5%)
ZONE 12 (0.4%)
ZONE 11 (1.7%)
ZONE 10 (0.2%)
ZONE 9 (5.0%)

ZONE B (7.0%)

0.51 kg/ha/yr

ZONE 1 (0.6%)
ZONE 2 (0.1%)
ZONE 3 (0.4%)
ZONE 4 (0.4%)
ZONE 5 (1.5%)
ZONE 6 (1.5%)
T, —~ ZONE 7 (10.5%)

ZONE 17 (2.3%)
ZONE 16 (1.2%)

ZONE 15 (24.1%)
ZONE 8 (11.3%)

ZONE 14 (0.3%)
ZONE 13 (6.2%)
ZONE 12 (1.1%)

ZONE 11 (4.8%)

ZONE 10 (0.8%) —ZONE 9 (32.9%)

Montague

Sequoia

0.43 kg/ha/yr

ZONE 1 (0.1%)

ZONE 7 (4.4%)

ZONE B (1.1%)
ZONE 9 (8.3%)

f ZONE 10 (0.0%)
/}-zone 11(1.4%)
ZONE 12 (0.9%)

ZONE 13 (3.7%)
ZONE 14 (0.6%)

ZONE 17 (25.1%)

ZONE 16 (2.7%)

LZONE 15 (51.0%)

0.20 kg/ha/yr

ZONE 1 (1.9%)
ZONE 17 {1.6%) ZONE 2 (0.6%)
ZONE 16 (0.7%)
ZONE 15 (13.1%)
ZONE 14 (0.2%)

ZONE 13 (3.2%)

ZONE 9 (7.9%)

ZONE 8 (16.5%) L ZONE 7 (26.2%)

Escondido

FIGURE 6-2. Contribution (%) of the 17 So

S. Lake Tahoe

urce Regions to Annual Total Sulfur (SO, +

(Cont'd) Sulfate) Wet Deposition at Various Receptor Locations
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the dry and wet deposition of sulfur are comparable, or the wet deposition is larger than the
dry deposition. There are several factors that contribute to these regional differences. First,
as discussed above, suliur wet deposition has a long-range transport component, while dry
deposition tends to be a local phenomenon. Thus, we expect dry deposition to be more
important than wet deposition near source regions, and vice-versa. Second, some of the
remote receptors, such as Yosemite, generally experience larger rainfall amounts than other
parts of the state. This distinction is particularly important for the current study, since the
period between 1984 and 1989 was a period of drought for much of the state of California. In
spite of these considerations, it is reasonable to conclude that dry deposition of sulfur is
generally larger than wet deposition in most of the state.

For completeness, we have also presented the source contributions to total (dry + wet)
annual deposition of total sulfur at the 10 receptors in Figure 6-3. This figure reinforces the
conclusions derived from the dry and wet deposition results.

The results for the total nitrogén (NO, + nitrate) deposition are somewhat different from the
sulfur results. Figure 6-4 shows the contribution of the various source regions to nitrogen dry
deposition at the 10 receptors. It is clear that long-range transport is a factor in nitrogen dry
deposition, even at receptors (such as Bakersfield), that are located close to high NO,
sources. The reason for this is that nitrogen dry deposition is dominated by dry deposition of
nitrate, since NO, is not dry deposited efficiently. Thus, significant dry deposition of nitrogen
compounds can only occur after the NO, has been converted to nitrate. For example, we
see from Figure 6-4 that the estimated contribution of the South Coast Air Basin to nitrate dry
deposition at the Bakersfield receptor is only 6 percent smaller than that from the Lower San
Joaquin Valley.

These results are consistent with the zones of influence shown in Table 6-1. The zones of
influence for dry deposition of nitrate are always larger than the zones of influence for sulfur
dry deposition, indicating that nitrate dry deposition has a more regional nature than sulfur
dry deposition.

Figure 6-5 shows that the nitrate wet deposition source contributions are generally similar to
the sulfate wet deposition source contributions, shown in Figure 6-2. This is also evident
when we compare the zones of influence (Table 6-1) for the wet deposition of the two
species.

The source contributions to total (dry + wet) deposition of nitrate are shown in Figure 6-6.
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1.85 kg/ha/yr

ZONE 17 (0.5%)

ZONE 8 (77.0%)

2.74 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE 5 (0.1%)
ZONE € (0.1%)
"ZONE 7 (1.9%)

ZONE 8 (1.0%)

ZONE 8 (8.7%)
ZONE 10 (0.0%)
ZONE 11 (1.4%)
ZONE 12 (1.6%)

F . // 2ONE 13 (4.2%)
ﬁ* ZONE 14 (0.1%)

ZONE 17 (1.7%)
ZONE 16 (3.1%)

ZONE 15 {76.1%)

Bakersfield

Pasadena

! 1.83 kg/ha/yr

i ZONE 1(0.1%)

ZONE 2 (0.0%)

ZONE 3 (0.1%)

ZONE 4 (0.1%)

ZONE 5 (0.2%)

ZONE 17 (0.4%)-§ ZONE 6 (0.1%)
ZONE 16 (0.8% ONE 7 (5.9%)

ZONE 11 {36.1%)

1.33 kg/ha/yt

ZONE 17 (0.3%)

- ZONE 6 {4.4%)

ZONE 7 (44.7%)

!
!

Santa Barbara

Sacramento

0.79 kg/ha/yr

1.91 kg/ha/yr

ZONE 17 (0.2%)
ZONE 16 (0.1%)
ZONE 15 (1.8%)
ZONE 14 (0.0%)
ZONE 13 (0.3%)
ZONE 12 (0.1%)
ZONE 11 (0.8%)
ZONE 10 (0.0%)
ZONE § (2.2%)
ZONE 8 (4.8%)

ZONE 7 (86.6%)

Yosemite

San Jose

FIGURE 6-3. Contribution (%) of the 17 Source Regions to Annual Total Sulfur
Deposition at Various Receptor Locations
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0.20 kg/ha/yr
ZONE 17 (0.6%)

~ZONE 1 (13.4%)

ZONE 7 (18.1%)

ZONE 6 (1.3%)
ZONE 5 (2.8%)

Montague

-

1.19 kg/ha/yr

- ZONE 1 (0.0%)

-~ ZONE 2 (0.0%)

- 2ONE 3 (0.1%)

- ZONE 4 (0.0%)

- ZONE 5 (0.2%)

—ZONE 6 (0.1%)

ZONE 7 (2.7%)

ZONE B (1.1%)
ZONE 9 (6.7%)
ZONE 10 (0.0%)
ZONE 11 (1.2%)
ZONE 12 (0.8%)
ZONE 13 (3.8%)

ZONE 14 (0.6%)

Escondido

0.83 kg/ha/yr

ZONE 1 (0.5%)
ZONE 2 (0.1%)

ZONE 3 (0.4%)
ZONE 4 (0.4%)
ZONE 5 (1.5%)
~ZONE 6 (1.6%)
ZONE 7 (9.5%)

ZONE 8 (14.6%)

“ZONE 9 (34.1%)

Sequoia

0.43 kg/ha/yr

ZONE 12 (0.3%)
ZONE 11 {2.1%)
ZONE 10 (0.9%)
ZONE 8 (5.4%)

ZONE 8 (22.8%)

|
|
|

S. Lake Tahoe

FIGURE 6-3. Contribution (%) of the 17 Source Regions to Annual Total Sulfur

(Contd)
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5.12 kg/ha/yr

ZONE 1 (0.1%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)
ZONE 4 (0.4%)
ZONE 5 (1.1%)
ZONE 6 (0.7%)

_ ~ZONE 7 (6.0%)

ZONE 17 (2.3%)
20NE 16 (2.6%)

ZONE 15 (32.8%)

ZONE 14 (0.2%)
ZONE 13 (5.2%)
ZONE 12 (2.9%)
ZONE 11 (2.3%)

ZONE 10 (0.1%)

J

10.0 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.3%)

ZONE 6 (0.2%)

ZONE 7 (2.1%)
,'ZDNE B (1.3%)

ZONE 9 (7.2%)

ZONE 10 (0.0%)
/- ZONE 11 (1.1%)

. —ZONE 12 (2.2%)

ZONE 15 (71.9%)

Bakersfield

Pasadena

4.99 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.1%)

ZONE 3 (0.2%)
ZONE 4 (0.3%)

ZONE 5 (0.9%)
2ZONE 17 (1.1%)
ZONE 16 (3.3%) ] ]— ZONE 6 (0.5%)

ZONE 15 (40.6%)

ZONE 10 (0.1%)

- “ZONE 11 (6.9%)
ZONE 14 (0.2%) ZONE 12 (5.9%)

ZONE 13 (5.0%)

3.09 kg/ha/yr

ZONE 17 (0.4%)

ZONE 11 (1.1%)
ZONE 10 (0.3%)
ZONE 8 (2.6%)

ZONE 7 (42.4%)

Santa Barbara

Sacrarnento

2.11 kg/ha/yr

ZONE 1 (1.8%)

ZONE 2 (0.6%)

ZONE 17 (1.2%) ZONE 3 (1.4%)
ZONE 16 (1.4%) 7~ ZONE 4 (1.8%)

ZONE 15 (13.0%) F ZONE 5 (7.5%)

4.14 kg/ha/yr

ZONE 10 (0.2%)
ZONE 8 (5.1%)

ZONE B (6.6%)

Yosemite

San Jose

FIGURE 6-4. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen (NO,
+ Nitrate) Dry Deposition at Various Receptor Locations
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0.87 kg/ha/yr

2ONE 17 (0.2%)
ZONE 16 (0.2%)
ZONE 15 (1.7%)
ZONE 14 (0.0%)
2ZONE 13 (1.2%)
ZONE 12 (0.1%)

Montague

2.56 kg/ha/yr

ZONE 1 (0.5%)
ZONE 2 (0.3%) -
ZONE 3 (0.7%)
ZONE 4 (1.0%)
2ZONE 5 (2.9%)
o~ ZONE 6 (2.4%)

ZONE 17 (2.4%)
ZONE 16 (2.9%)

ZONE 15 (28.2%)

ZONE 14 (0.3%)
ZONE 13 {10.2%)

!
)
!
|
1
0
i

4.60 kg/ha/yr |

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 17 (18.3%)

ZONE 16 (3.8%)

ZONE 15 (52.9%)-

Escondido

ZONE 13 (3.5%)
ZONE 12 (0.6%)

ZONE 7 (26.1%)

S. Lake Tahoe

FIGURE 6-4. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen (NO,

(Cont'd)
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0.21 kg/ha/yr 1.03 kg/ha/yr |

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.1%)

ZONE 17 {2.7%) ZONE 6 (0.8% ZONE 4 (0.1%)
ZONE 16 (3.0%) ZON(E 7 (G)Ag%) 2;%':455 % ((%42%%))
B ZONEB U ZONE 7 (2.7%)

ZONE 17 (4.0%) ZONE 8 {1.4%)

NE 9 (9.8%
ZONE 16 (5.1%) [z zongz & ()0-0%)

ZONE 11 (1.4%)
ZONE 12 (2.6%)

ZONE 13 (6.4%)
ZONE 14 (0.3%)

ZONE 15 (39.4%)

L‘—ZONE 10 (0.1%)
ZONE 11 (2.5%)
ZONE 12 (3.3%)

ZONE 14 (0.2%)
ZONE 13 (6.3%)

ZONE 15 (65.3%)

Bakersfield Pasadena

0.58 kg/hafyr 0.40 kg/ha/yr

ZONE 1 (2.8%)
ZONE 2 (0.8%)

ZONE 17 (1.2%)
ZONE 16 (3.4%)

ZONE B (12.1%) R B — 7ONE 6 (5.0%)

ZONE 15 (82.7%) ZONE 9 (20.5%)

ZONE 10 (0.1%)
“ZONE 11 (4.6%)
ZONE 12 (5.0%)
ZONE 13 (5.5%)

ZONE 14 {0.2%) ZONE 7 (49.4%)

Santa Barbara Sacramento

0.67 kg/ha/yr 0.33 kg/ha/yr |

ZONE 1 (1.4%)
ZONE 2 (0.6%)
,' ZONE 3 (1.3%)

Yosemite San Jose

FIGURE 6-5. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen (NO,
+ Nitrate) Wet Deposition at Various Receptor Locations

6-14

1200-011-102



0.06 kg/ha/yr

ZONE 13 (1.5%)
ZONE 12 (0.2%)
ZONE 11 (1.4%)
ZONE 10 (0.4%)
ZONE 9 (1.2%)

ZONE 8 (12.4%)

~ZONE 1 (12.4%)

ZONE 2 (12.6%)

ZONE 7 (252%) N - ZONE 3 (12.7%)

ZONE 4 (5.9%)

" ZONE 6 (3.1%) ZONE 5 (8.1%)

Montague
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FIGURE 6-5. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen (NO,
(Cont'd) + Nitrate) Wet Deposition at Various Receptor Locations
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5.33 kg/ha/yr

ZONE 1(0.1%)

ZONE 17 (2.3%)
ZONE 16 (2.6%)

ZONE 15 (33.0%)

ZONE 9 (37.8%)

ZONE 14 (0.2%)
ZONE 13 {5.3%)
ZONE 12 {2.9%)
ZONE 11 (2.3%)
ZONE 10 (0.1%)

11.03 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.4%)

ZONE 6 (0.2%)
| ~ZONE 7 (2.2%)
ZONE 8 (1.3%)
ZONE 17 (3.1%) [_ Zorg!% g gisou(.g) o)

ZONE 16 (4.4%)
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ZONE 12 (0.4%) ZONE 1 (3.0%)
ZONE 11 (1.1%) ZONE 2 (0.7%)
ZONE 10 (0.3%)
ZONE 8 (2.7%)

ZONE 6 (5.1%)

ZONE 7 (43.2%)

Santa Barbara

Sacramento

2.78 kg/ha/fyr

ZONE 1 (1.7%)
ZONE 2 (0.6%)
ZONE 3 (1.4%)
ZONE 4 (1.8%)
ZONE 5 (7.5%)

4.47 kg/ha/yr

Yosemite

San Jose

FIGURE 6-6. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen
Deposition at Various Receptor Locations
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0.93 kg/ha/yr
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ZONE 1 (0.0%)
ZONE 2 (0.0%)
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ZONE 4 (0.1%)
- ZONE 5 (0.5%)

=i ZONE 6 (0.2%)

ZONE 15 (54.2%)

Escondido

8. Lake Tahoe

FIGURE 6-6. Contribution (%) of the 17 Source Regions to Annual Total Nitrogen
(Cont'd) Deposition at Various Receptor Locations
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We see from Figures 6-3 and 6-6 that nitrate deposition is generally 2 to 5 times larger than
sulfur deposition when the dgposition is expressed in mass units, and 5 to 11 times larger
when the deposition is expressed in molar units. For example, the total sulfur deposition at
Pasadena is 2.74 kgS/ha/yr or 0.09 kmolesS/ha/yr, while the total nitrogen deposition is
11.0 kgN/ha/yr or 0.79 kmolesN/ha/yr. These results are consistent with the fact that NO,
emissions in California are about 8.5 times higher than SO, emissions on a molar basis.
(See Figures 4-1 and 4-2)
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7.0 SENSITIVITY STUDIES

One of the tasks of this study was to conduct an uncertainty anaiysis of the model
parameters, and to conduct sensitivity studies to examine the effect of emission changes on
the source-receptor relationships. Uncertainty analysis is an important component of model
application, since it allows us to diagnose the performance of the model, and to understand
how the model responds to changes in the input parameters The following sections
describe the results of the sensitivity studies.

7.1 Uncertainty Analysis of Model Parameters

Section 5.1 discussed the various model parameters and the values that were used in our
simulations. Although the governing processes are reasonably well understood, all the
parameters have uncertainties associated with them. Thus, it is useful to determine the
sensitivity of the model to changes in these parameters within their expected range of values.

Because it would not be practical to examine the sensitivity of the model to all its parameters,
we decided to focus our analysis on only a few important parameters. These parameters are
the mixing height, the duration of dry and wet periods, the gas-phase oxidation rates of SO,
and NO, for dry and wet conditions, the SO, oxidation rate in non-precipitating clouds, and
the concentration of the aqueous-phase SO, oxidant, H,0,.

Note that some of the above parameters are correlated with one another. For example, we
expect the gas-phase oxidation rates of SO, and NO, to show a similar variation, since both
depend on the concentration of the OH radical (atthough NO, can also be converted to
nitrate via an alternative pathway). Similarly, the gas-phase oxidation rates under wet
conditions can be expected to have the same variation as those under dry conditions. We
also expect some correlation between the H,0, concentration and the OH concentration.
Thus, the sensitivity studies were performed using the following five primary parameters:

mixing height, z;

duration of dry periods, 14

duration of wet periods, t,,

gas-phase SO, oxidation rate under dry conditions, kyso,; and
SO, oxidation rate in non-precipitating clouds, k, .
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Based on our discussion above, the following four secondary parameters were changed
proportionally to the changes in the value of Kygo,:

gas-phase SO, oxidation rate under wet conditions, K,sco
gas-phase NO, oxidation rate under dry conditions, kyyox
gas-phase NO, oxidation rate under wet conditions, Ko and
aqueous-phase SO, oxidant concentration, x,. '

Even with five primary variables, we would require thousands of sensitivity runs to account for
all the possible combinations of parameters that would be generated by varying the
parameters within their range of expected values. Thus, it was necessary to use an objective
scheme with which a large but finite number of sensitivity studies could be constructed that
would be a representative sample of the infinite combinations of the parameters. The
technique that we employed is referred to as Latin Hypercube Sampling (LHS) and is
described briefly below.

7.1.1  The Latin Hypercube Sampling (LHS) Technique

Latin Hypercube Sampling is a constrained sampling scheme that is a practical attemnative to
the conventional but cumbersome Monte Carlo sampling technique. We used an LHS
package that was originally developed at Sandia National Laboratories (Iman and
Shortencarier, 1984), and subsequently adapted and improved by Analytic and
Computational Research, Inc. (ACRI), one of ENSR’s subcontractors on this ARB study.

Before describing how LHS works, it is useful to discuss the problem we were attempting to
solve with LHS, and to introduce the appropriate terminology. The situation can be
described as follows — there is a variable of interest, Y, that is a function of other variables,
referred to as X,, X,, .... , X;. In our case, the function represents the semi-empirical model,
STATMOD, the variables X, to X, represent the model parameters, and Y is a vector of values
(e.g., sulfur deposition, nitrate deposition, etc.) that represents the output of the model.

We want to determine how Y varies when the X’s vary according to some assumed joint
probability distribution. This question is answered by repeated applications of the model,
i.e., STATMOD, for different sets of input parameters, i.e., X's. The selection of X's is done
by the Latin Hypercube Sampling technique. For "k* applications of the model, the LHS
scheme selects *k” different variables from each of the *n” variables X,, X, .... , X; inthe
following manner. The range of each variable is divided into "k non-overlapping intervals on
the basis of equal probability. One value from each interval is selected at random with
respect to the probability density in the interval. The “k” values thus obtained for X, are
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paired in a random manner (equally likely combinations) with the “k* values of X,. These
*k* pairs are then combined in a random manner with the *k* values of X, to form “k*
triplets and so on, until *k* n-tuplets are formed. This is the Latin hypercube sample. It is
convenient to think of the LHS, or a random sample of size *k*, as forming a k" x *n* -
matrix of input parameters where the ith row contains specific values of each of the *n” input
variables to be used on the ith run of the model.

To iliustrate the concept and to clarify how the intervals are determined in the LHS, we will
present a simple example, in which the dependent variable, Y, is a function of only two
independent variables, X, and X,. X, is assumed to have a normal distribution, shown in
Figure 7-1, and X, is assumed to have a uniform distribution, shown in Figure 7-2. If we want
to generate an LHS of size 5 (i.e., 5 sets of input variables), then both the distributions shown
in Figures 7-1 and 7-2 must be divided into five equal probability sections so that the
probability for X, being in any of these sections is equal to 20 percent (100/5). The results of
the divisions are shown in the two figures for both the probability density function and the
cumulative distribution function (cdf).

The next step in obtaining the LHS is to pick specific values of X, and X, in each of the five
intervals. This selection should be done in a random manner with respect to the density of
each interval; that is, the selection should reflect the height of the density in each interval.
For example, in the A-C interval of Figure 7-1, values close to C will have a higher probability
of selection than will values close to A.

Next, the selected values of X, and X,, one from each section, are paired to form the required
five input vectors. This pairing is done by a random permutation of the two sets of sections
and by pairing the values of X, and X, in the resulting permuted sets. For example, if the
randomly permuted set for X, is (3,1,5,2,4) where the numbers represent the 5 sections, and
the corresponding set for X, is (2,4,1,3,5), then the first parameter set would use the 3rd
interval for X, and the 2nd interval for X,, the second set would use the 1st interval for X; and
the 4th interval for X, and so on.

Figure 7-3 provides a graphical representation of the five sets of (X,, X,) pairs that are
constructed for this specific example. Note that all of the intervals for X, and X, have been
sampled using this procedure. In general, a set of *k* LHS points in *n-dimensional”
Euclidean space contains one point in each of the “k* intervals for each of the *n” variables.
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FIGURE 7-1. Intervals Used with an LHS of Size n = 5 in Terms of the Density Function
and Cumulative Distribution Function for a Normal Random Variable
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FIGURE 7-2. Intervals Used with an LHS of Size n = 5 in Terms of the Density Function
and Cumulative Distribution Function for a Uniform Random Variable
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Source: Iman and Shortencarier, 1984

FIGURE 7-3. A Two-Dimensional Representation of One Possible LHS of Size 5 Utilizing
X, and X,
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7.1.2 Results from Application of LHS

To generate the Latin hypercube samples, it was necessary to specify the assumed
probability distribution of the model parameters, and to provide other information to the LHS
program, such as the number of samples desired, and the sample size.

We assumed that all the parameters of interest were log-normally distributed. For a log-
normal distribution, the program requires the 0.001 quantile value and the 0.999 quantile
value (which can be loosely interpreted as the minimum and maximum expected values) of
the parameter. Table 7-1 shows the mean or base case value (used in the annual model
simulations described in Sections 5 and 6) and the range over which each parameter was
varied. The selected ranges represent our "best guess® of the parameter uncertainties.

TABLE 7-1

Range of Variation of the Five Primary Parameters

Parameter Base Case Value Range of Variation
2, (m) 600 400 to 800
4 (hr) 100 80 to 120
z,, (hr) 10 510 15
Kysop (%/hr) 1 05t0 15
K, (%/hr) 2 1t03

We used the LHS model to construct 100 sets of the five primary parameters. After the sets
were constructed, we applied STATMOD 100 times for sulfur and nitrogen. To eliminate the
influence of year-to-year variations in model inputs (e.g., upper air winds), we performed the
simulations for a composite year.

The outputs from these simulations were used to perform a statistical analysis of the
estimated ambient concentrations of sulfate and nitrate aerosol and sulfur and nitrate
concentrations in rain at each receptor site. A similar analysis was performed for the
contribution of each of the seventeen zones to the deposition of acidic species at various
receptors.
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The results of this statistical analysis for sulfur concentrations in rain are presented in Table
7-2. The estimated sulfur concentrations in rain appear to be relatively insensitive to changes
in the input parameters. The standard deviation is less than 10 percent for all the receptors,
indicating that no substantial changes in the estimated sulfur concentrations in rain can be
expected by adjusting the input parameters.

Because of this relative insensitivity, we see that even the maximum values of sulfur
concentrations in rain, shown in Table 7-2, tend to be lower than the observed
concentrations, reinforcing our conclusion that the primary reason for the model
underestimating sulfur concentrations in rain is due to emissions that are unaccounted for in
the ARB anthropogenic emission inventory.

Table 7-3, which shows the summary of the uncertainty analysis for ambient sulfate
concentrations, shows that the estimated ambient sulfate concentration is more sensitive to
changes in the input parameters than sulfur in rain. However, the standard deviation of the
estimated values is still small (less than 15%) for all the receptors. The maximum
concentrations shown in Table 7-3 are again much lower than the measured concentrations
presented in Section 5.

The nitrate concentrations in both rain and air (Tables 7-4 and 7-5, respectively) are more
sensitive to the input parameters. For many of the receptors, the maximum estimated
concentrations are about two times larger than the minimum estimated concentrations. The
sensitivity is more pronounced for receptors located in urban areas, such as southern
California, that are directly affected by local sources.

A possible explanation for the higher sensitivity of nitrate as compared to sulfur is that SO, is
readily dry deposited, and both primary (SO,) and secondary (SO,) sulfur are scavenged
efficiently by rain. On the other hand, NO, has a low dry deposition velocity and is not
readily scavenged by rain. Thus, NO, is primarily removed from the atmosphere after it has
been oxidized to nitrate, suggesting that the rate of conversion of NO, to nitrate is an
important parameter.

Table 7-6 provides the summary statistics of the sensitivity analysis for the contribution of the
17 source regions to the total sulfur deposition at the ten receptors discussed in Section 6.
As shown in Table 7-6, the relative contributions of the 17 zones to total sulfur deposition at
these receptors are not sensitive to the changes in STATMOD parameters. For all 10
receptors, the major contributing source regions and their relative ranks remain the same,
regardiess of the parameter set used. The same is true for total nitrate deposition, as shown
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TABLE 7-2

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) of Parameter Uncertainty Study Resuits
for Annually Averaged Sulfur Concentrations in Rain

Site max (ma/l) min (mgh) _lavg (mg/H) isd (mag/l)
Bethel Island 0.150 0.106 0.130 0.008
Gasquet 0.029 0.020 0.025 0.002
S. Lake Tahoe 0.062 0.044 0.055 0.003
Eureka 0.096 0.055 0.079 0.010
Bakersfield 0.170 0.113 0.139 0.011
L. Isabella 0.121 0.088 0.110 0.007
Lakeport 0.079 0.058 0.072 0.003
San Ratael 0.274 0.168 0.230 0.021
Yosemite 0.072 0.051 0.064 0.003
Mammoth 0.058 0.040 0.052 0.003
Salinas Il 0.173 0.127 0.150 0.008
Napa 0.212 0.128 0.165 0.016
Norden 0.061 0.044 0.055 0.003
Anaheim 0.308 0.184 0.238 0.025
Quincy 0.055 0.039 0.049 0.003
Sacramento 0.151 0.116 0.136] . 0.006
Victorville 0.264 0.157 0.217 0.021
San Bemardino 0.230 0.145 0.188 0.018
Nipomo 0.172 0.116 0.142 0.010
Santa Barbara 0.223 0.159 0.192 0.012
San Jose 0.259 0.197 0.235 0.011|
Montague 0.038 0.027 0.034 0.002
Sequoia 0.078 0.057 0.070 0.004
Lindcove 0.096 0.074 0.088 0.004
San Nicolas isl. 0.130 0.093 0.117 0.008
Berkeley 0.498 0.352 0.433 0.031
Reseda 0.200 0.143 0.169 0.011
Lynwood 0.278 0.188 0.232 0.019
Pasadena 0.214 0.146 0.182 0.013
Mt. Wilson 0.201 0.142 0.171 0.011
Tanbark Flats 0.223 0.151 0.184 0.014
Escondido 0.168 0.115 0.152 0.011
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TABLE 7-3

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) of Parameter Uncertainty Study Results
for Annually Averaged Ambient Sulfate Concentrations

Site max (ug/m3) Imin (ug/m3) |avg (ug/m3) | sd (Ug/m3)

Bethel Island 0.720 0.433 0.542 0.057
Gasquet 0.324 0.216 0.261 0.023
S. Lake Tahoe 0.571 0.354 0.444 0.045
Eureka 0.500 0.322 0.394 0.037
Bakersfield 0.985 0.570 0.716 0.078
L. Isabella 0.749 0.424 0.560 0.063
Lakeport 0.641 0.385 0.490 0.052
San Rafael 1.220 0.687 0.860 0.094
Yosemite 0.626 0.383 0.482 0.051
Mammoth 0.580 0.364 0.457 0.047
Salinas i 0.917 0.550 0.697 0.077
Napa 0.884 0.523 0.649 0.068
Norden 0.555 0.345 0.432 0.044
Anaheim 1.517 0.844 1.054 0.115
Quincy 0.539 0.337 0.420 0.042
Sacramento 0.787 0.475 0.596 0.063
Victorville 0.986 0.559 0.709 0.079
San Bemardino 0.8385 0.497 0.644 0.074
Nipomo 0.936 0.553 0.705 0.079
Santa Barbara 1.017 0.588 0.751 0.085
8an Jose 1.001 0.592 0.742 0.080
Montague 0.385 0.252 0.307 0.028
Sequoia 0.665 0.394 0.508 0.054
Lindcove 0.686 0.404 0.522 0.057
San Nicolas Isl. 0.839 0.488 0.629 0.071
Berkeley 3.681 1.994 2.512 0.273
Reseda 1.140 0.644 0.812 0.092
Lynwood 1.862 1.025 1.287 0.140
Pasadena 1.200 0.672 0.845 0.085
Mt. Wilson 1.086 0.608 0.770 0.088
Tanbark Flats 1.007 0.559 0.713 0.081
Escondido 0.851 0.483 0.632 0.071
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TABLE 7-4

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) of Parameter Uncertainty Study Results
for Annually Averaged Nitrate Concentrations in Rain

Site max (mg/l) [min (ma/) |ava (ma/l) {sd (mg/l)

Bethel Island 0.163 0.095 0.130 0.011
(Gasquet 0.049 0.036 0.043 0.002
S. Lake Tahoe 0.110 0.072 0.092 0.006
Eureka - 0.075 0.052 0.064 0.004
Bakersfield 0.259 0.147 0.208 0.018
L. Isabella 0.223 0.135 0.182 0.014
Lakeport 0.119 0.077 0.098 0.007
San Rafael 0.221 0.119 0.173 0.017
Yosemite 0.128 0.082 0.107 0.008
Mammoth 0.116 0.075 0.098 0.007
Salinas Il 0.198 0.117 0.159 0.013
Napa 0.179 0.101 0.142 0.013
Norden 0.110 0.072 0.092 0.006
Anaheim 0.436 0.209 0.332 0.039
Quincy 0.091 0.061 0.077 0.005
Sacramento 0.160 0.094 0.128 0.011
Victorville 0.324 0.172 0.255 0.025
San Bemardino 0.359 0.183 0.279 0.030
Nipomo 0.227 0.137 0.186 0.015
Santa Barbara 0.279 0.155 0.223 0.020
San Jose 0.200 0.112 0.158 0.015
Montague 0.060 0.043 0.052 0.003
Sequoia 0.153 0.098 0.128 0.009
Lindcove 0.167 0.107 0.139 0.010
San Nicolas Isl. 0.234 0.138 0.190 0.016
Berkeley 0.244 0.126 0.188 0.020
Reseda 0.421 0.205 0.322 0.037
Lynwood 0.467 0.219 0.353 0.044
Pasadena 0.457 0.216 0.346 0.042
Mt. Wilson 0.432 0.208 0.330 0.039
Tanbark Flats 0.392 0.193 0.302 0.034
Escondido 0.264 0.148 0.210 0.019
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TABLE 7-5

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) of Parameter Uncertainty Study Results
for Annually Averaged Ambient Nitrate Concentrations

Site max (ug/m3) |min (ug/m3) {avg (ug/m3) |sd (ug/m3)
Bethel Island 5.306 2.987 4.170 0.459
Gasquet 1.005 0.849 0.950 0.028
S. Lake Tahoe 3.246 2.276 2.827 0.186
Eureka 2.071 1.424 1.779 0.124
Bakersfield 8.783 4.938 6.978 0.763
L. Isabelia 7.313 4.478 6.056 0.560
Lakeport 3.701 2.355 3.088 0.264
San Rafael 7.549 3.878 5.710 0.731
Yosemite 3.818 2.710 3.356 0.212
Mammoth 3.297 2.590 3.052 0.132
Salinas ll 6.524 3.823 5.244 0.533
Napa 5.975 3.212 4.603| 0.549|
Norden 3.289 2.264 2.842 0.198
Anaheim 15.570 7.056 11.224 1.709
Quincy 2.617 1.878 2.306 0.142
Sacramento 5.222 2.978 4134 0.444
Victorville 11.280 5.778 8.607 1.100
San Bemardino 12.620 6.156 9.412 1.294
Nipomo 7.587 4.617 6.273 0.588
Santa Barbara 9.587 5.238 7.535 0.867
San Jose 6.661 3.584 5.129 0.610
Montague 1.475 1.106 1.318 0.070
Sequoia 4.640 3.359 4.150 0.247
Lindcove 5.189 3.569 4,527 0.315
San Nicolas Isl. 7.806 4.592 5.348 0.638
Berkeley 8.364 4.079 6.167 0.855
Reseda 15.010 6.953 10.929 1.615
Lynwood 16.760 7.379 11.921 1.883
Pasadena 16.370 7.279 11.705 1.825
Mt. Wilson 15.440 7.001 11.142 1.693
Tanbark Flats 13.930 6.507 10.187 1.488
Escondide 8.914 4.893 7.009 0.800
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TABLE 7-6

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) for Source Region Contributions (%)
to Annually Averaged Total Sulfur Deposition
at Selected Receptor Locations

BAKERSFIELD YOSEMITE
Zone Max Min Avg SD Max Min Avg SD
1 0.07 0.03 0.06 0.00 1.42 1.14 1.32 0.04
2 0.02 0.02 0.02 0.00 0.32 0.27 0.30 0.00
3 0.08 0.05 0.07 0.00 0.90 0.85 0.87 0.00
4 0.09 0.06 0.06 0.00 0.80 0.72 0.75 0.00
5 0.33 0.25 0.30 0.01 5.40 4.93 5.10 0.08
6 0.24 0.16 0.22 0.00 13.94 11.79 12.50 0.37
7 2.54 1.56 2.15 0.17 25.01 23.36 24.25 0.29
8 3.34 2.89 3.14 0.09 29.81 24.12 26.31 1.04
9 79.98 72.96 75.64 1.27 9.34 7.75 8.73 0.29
10 0.07 0.06 0.07 0.00 0.99 0.84 0.89 0.03
11 2.80 2.52 2.70 0.05 2.83 2.72 2.77 0.02
12 1.13 0.95 1.06 0.04 0.70 0.52 0.63 0.03
13 1.69 1.40 ~1.58 0.06 3.1 2.40 2.85 0.13
14 0.04 0.02 0.03 0.00 0.16 0.11 0.14 0.01
15 13.13 9.35 11.69 0.65 12.05 8.38 10.62 0.71
16 0.57 0.43 0.51 0.03 0.64 0.47 0.58 0.03
17 0.83 0.50 0.70 0.06 1.60 1.10 1.41 0.10
SACRAMENTO SANTA BARBARA
Zone Max Min Avg sD Max Min Avg SD
1 1.45 1.14 1.33 0.06 0.09 0.06 0.08 0.00
2 0.22 0.18 0.21 0.00 0.02 0.02 0.02 0.00
3 0.80 0.72 0.77 0.02 0.07 0.05 0.07 0.00
4 3.00 2.78 2.87 0.05 0.08 0.06 0.06 0.00
5 30.27 24.81 26.71 0.89 0.31 0.24 0.28 0.01
6 -5.29 4.93 5.09 0.06 0.21 0.13 0.19 0.00
7 45.85 41.11 43.71 0.78 7.29 5.28 6.58 0.36
8 14.34 13.09 13.75 0,25 2.26 1.91 2.11 0.07
9 1.69 0.98 142 0.14 22.42 20.25 20.99 0.35
10 0.11 0.08 0.10 0.00 0.04 0.04 0.04 0.00
11 0.75 0.58 0.69 0.03 41.08 33.98 36.68 1.21
12 0.15 0.09 0.13 0.01 6.40 5.83 6.14 0.11
13 0.67 0.37 0.56 0.06 1.60 1.34 1.50 0.04
14 0.04 0.02 0.03 0.00 0.05 0.03 0.05 0.00
15 2.70 1.40 2.18 0.25 25.13 22.10 23.94 0.52
16 0.14 0.08 0.12 0.01 0.86 0.69 0.80 0.03
17 0.38 0.20 0.31 0.04 0.52 0.36 0.47 0.03
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TABLE 7-6 (Cont’d)

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) for Source Region Contributions (%)
to Annually Averaged Total Sulfur Deposition
at Selected Receptor Locations '

SAN JOSE PASADENA
Zone Max Min Avg SD Max Min Avg SD
1 0.39 0.25 0.34 0.02 0.05 0.02 0.03 0.00
2 0.07 0.05 0.06 0.00 0.02 0.00 0.01 0.00
3 0.23 0.19 0.21 0.00 0.05 0.03 0.04 0.00
4 0.41 0.34 0.38 0.00 0.06 0.02 0.05 0.00
5 1.65 1.54 1.58 0.01 0.16 0.11 0.15 0.01
6 0.87 0.74 0.82 0.01 0.12 0.06 0.09 0.00
7 90.77 83.05 86.73 1.27 2.52 1.46 2.12 0.18
8 5.39 4.81 5.10 0.10 1.00 0.73 0.90 0.06
9 2.1 1.30 1.81 0.15 8.82 7.02 8.16 0.31
10 0.05 0.04 0.05 0.00 0.02 0.02 0.02 0.00
11 0.76 0.62 0.71 0.03 1.59 1.27 1.48 0.06
12 0.12 0.07 0.10 0.01 2.19 1.95 2.08 0.04
13 0.31 0.19 0.27 0.02 3.92 3.51 3.74 0.07
14 0.01 0.04 0.01 0.00 0.09 0.06 0.08 0.01
15 1.89 0.96 1.53 0.17 79.73 72.55 75.67 1.32
16 0.12 0.07 0.10 0.01 3.42 3.06 3.24 0.06
17 0.24 0.12 0.20 0.02 2.36 1.75 2.14 0.11
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TABLE 7-6 (Cont’'d)

Summary Statistics (Maximum, Minimum, Average,
and Standard Deviation) for Source Region Contributions (%)

to Annually Averaged Total Sulfur Deposition

at Selected Receptor Locations

S. LAKE TAHOE MONTAGUE
Zone Max Min Avg SD Max Min Avg SD
1 2.09 1.74 1.94 0.06 14.25 12.64 13.33 0.34
2 0.74 0.66 0.70 0.01 29.81 23.12 25.36 1.20
'3 1.65 1.50 . 1.55 0.03 19.95 16.32 17.60 0.66
4 1.13 1.04 1.08 0.01 3.32 2.97 3.12 0.08
5 8.73 7.60 7.98 0.20 2.94 2.67 2.84 0.05
6 20.75 17.08 18.29 0.63 1.33 1.19 1.26 0.02
7 26.46 23.83 25.39 0.44 19.98 14.14 17.99 1.03
8 25.55 21.61 23.00 0.73 8.48 7.21 7.80 0.26
9 5.90 4.17 5.29 0.32 2.74 1.59 2.29 0.23
10 1.10 0.88 0.95 0.04 0.19 0.17 0.19 0.00
11 2.13 1.91 2.06 0.04 1.27 0.90 1.14 0.06
12 0.38 0.26 0.34 0.02 0.22 0.13 0.18 0.02
13 2.31 1.60 2.06 0.13 1.36 0.81 1.16 0.11
14 0.14 0.09 0.12 0.01 0.10 0.06 0.08 0.01
15 9.24 5.82 7.90 0.69 5.71 3.20 4.66 0.53
16 0.49 0.33 0.43 0.03 0.29 0.18 0.25 0.02
17 1.09 0.69 0.94 0.08 0.76 0.44 0.64 0.07
SEQUOIA ESCONDIDO
Zone Max Min Avg SsD Max Min Avg SD
1 0.49 0.36 0.45 0.03 0.06 0.03 0.04 0.00
2 0.15 0.11 0.13 0.00 0.02 0.01 0.02 0.00
3 0.44 0.40 0.42 0.01 0.07 0.04 0.06 0.00
4 0.43 0.39 0.42 0.00 0.06 0.05 0.06 0.00
5 1.49 1.40 1.45 0.01 0.19 0.14 0.18 0.01
6 1.63 1.53 _1.57 0.01 0.10 0.07 0.10 0.00
7 10.03 8.41 9.44 0.27 3.18 1.98 2.75 0.20
8 16.94 13.51 14.86 0.63 1.19 0.0 1.06 0.05
) 36.74 32.70 34.10 0.69 7.58 5.81 6.81 0.28
10 1.23 0.96 1.05 0.05 _0.02 0.02 0.02 0.00
11 5.13 4.87 4.97 0.04 1.35 1.05 1.22 0.05
12 1.03 0.91 0.99 0.02 0.99 0.85 0.91 0.02
13 5.86 541 5.68 0.08 4.15 3.76 3.88 0.08
14 0.25 0.18 0.23 0.01 0.71 0.64 0.66 0.01
15 22.69 18.48 21.27 0.76 53.48 50.62 52.01 0.54
16 1.18 1.02 1.12 0.03 3.44 3.00 3.17 0.08
17 2.02 1.53 1.84 0.09 29.66 25.50 27.05 0.62
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in Table 7-7. This result is encouraging, because it suggests that the source-receptor
relationships derived in Section 6 are not very sensitive to the model parameters.

7.2 Emission Scenario Studies

We examined the effect of five different emission control scenarios on acidic deposition in
California. The first scenario corresponded to a 50 percent reduction in the emissions of both
SO, and NO, across the entire state. The other four scenarios corresponded to 50 percent
reductions of SO, and NO, emissions in individua! source regions. The four source regions
selected for the latter analysis are the South Coast Air Basin, the Lower San Joaquin Valley,
the San Francisco Bay Area and the Upper South Central Coast.

Tables 7-8 through 7-10 show the impact of these emission reductions on the dry, wet, and
total deposition of sulfur, respectively. We see from Table 7-8 that a 50 percent reduction in
SO, emissions across the state results in an approximately 50 percent or slightly larger
reduction in sulfur dry deposition at most receptors. However, there are two receptors where
the sulfur dry deposition is reduced by over 60 percent (Nipomo and Santa Barbara).
Conversely, Table 7-9 shows that there are several receptors where sulfur wet deposition is
reduced by less than 50 percent in response to the statewide reduction in SO, emissions.

This non-linear response can be explained by considering the non-linear treatment of the
aqueous-phase chemistry and scavenging of SO, (see Section 3 for a discussion on the
model formulation). The model assumes that the wet scavenging of SO, by precipitating
clouds and the aqueous-phase oxidation of SO, in non-precipitating clouds is controlled by
the concentration of the aqueous-phase oxidant, H,0,. When SO, emissions are reduced by
50 percent, it is likely that a larger proportion of SO, is scavenged and converted 1o sulfate in
the near-source regions, because the extent to which the system is oxidant-limited is
reduced. In other words, some receptors will experience lower sulfur concentrations than
they would in a completely linear model, since proportionately more of the sulfur has been
scavenged before it arrives at the receptor. Thus, the reduction in dry deposition at these
receptors would be more than 50 percent. Other receptors will see higher sulfur
concentrations in rain than in the linear system, because the wet scavenging of SO, is more
efficient at the lower SO, levels. Thus, these receptors would not experience the full impact
of the 50 percent reduction in emissions.
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Summary Statistics (Maximum, Minimum, Average,

TABLE 7-7

and Standard Deviation) for Source Region Contributions (%)
to Annually Averaged Total Nitrate Deposition

at Selected Receptor Locations

BAKERSFIELD YOSEMITE
Zone Max Min Avg SD Max Min Avg SD
1 0.12 0.02 0.06 0.02 2.06 1.43 1.73 0.14
2 0.13 0.06| 0.09 0.01 0.67 0.58 0.63 0.02
3 0.29 0.20 0.24  0.02 1.45 1.28 1.38 0.04
4 0.46 0.28 0.38 0.05 1.83 1.64 1.76 0.04
5 1.12 0.99 1.07 0.03 8.51 6.45 7.51 0.44
6 0.79 0.58 0.71 0.04 12.73 9.19 10.89 0.77
7 7.04 4.95 6.04 0.44 23.87 22.07 23.29 0.37
8 5.17 4.57 4.94 0.12 20.97 14.51 17.50 1.41
9 42.55 35.28 38.00 1.38 10.27 8.69 9.62 0.34
10 0.12 0.11 0.12 0.00 1.04 0.75 0.89 0.06
11 2.41 2.07 2.27 0.06 2.29 1.98 2.16 0.06
12 2.97 2.72 2.90 0.04 1.40 0.87 1.13 0.11
13 5.37 4.90 5,23 0.08 6.38 4.41 5.44 0.43
14 0.23 0.12 0.17 0.02 0.25 0.09 0.16 0.03
15 34.02 30.78 32.90 0.60 17.43 9.51 13.30 1.71
16 2.75 2.39 2.60 0.07 1.78 1.03 1.39 0.16
17 2.76 1.83 2.30 0.21 1.79 0.77 1.23 0.22
SACRAMENTO SANTA BARBARA
Zone Max Min Avg SD Max Min Avg SD
1 3.40 2.53 2.98 0.20 0.09 0.01 0.04 0.01
2 0.76 0.65 0.72 0.02 0.10 0.03 0.07 0.01
3 1.56 1.38 1.52 0.03 0.25 0.15 0.20 0.02
4 4.71 3.94 4.39 0.16 0.37 0.20 0.28 0.05
5 21.37 16.42 18.14 0.82 0.98 0.80 0.89 0.04
6 5.53 4.53 5.05 0.21 0.64 0.40 0.51 0.06
7 44.93 39.04 43.00 1.09 12.82 9.53 11.24 0.71
8 14.04 11.80 13.08 0.45 3.83 3.45 3.66 0.09
9 3.60 1.86 2.70 0.39 21.18 18.93 20.04 0.49
10 0.33 0.29 0.32 0.01 0.07 0.07 0.07 0.00
11 1.16 0.98 1.09 0.04 7.59 6.22 6.69 0.23]
12 0.54 0.21 0.36 0.07 6.43 5.40 5.86 0.22
13 2.56 1.12 1.79 0.32 5.08 4.96 5.05 0.02]
14 0.09 0.02 0.05 0.02 0.25 0.13 0.19 0.03
15 6.31 2.15 3.98 0.93 41.65 39.28 40.75 0.46
16 0.67 0.24 0.43 0.09 3.53 3.07 3.32 0.10
17 0.68 0.19 0.40 0.11 1.37 0.93 1.15 0.10
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Summary Statistics (Maximum, Minimum, Average,

TABLE 7-7 (Cont'd)

and Standard Deviation) for Source Region Contributions (%)
to Annually Averaged Total Nitrate Deposition
at Selected Receptor Locations

SAN JOSE PASADENA
Zone Max Min Avg SD Max Min Avg SD
1 1.63 0.82 1.16 0.14 0.02 0.00 0.00 0.00
2 0.36 0.25 0.30 0.02 0.04 0.01 0.02 0.00
3 0.75 0.65 0.72 0.01 0.11 0.05 0.08 0.01
4 1.72 1.54 1.67 0.03 0.15 0.06 0.10 0.01
5 3.63 3.02 3.39 0.11 0.43 0.28 0.35 0.04
6 2.12 1.90 2.08 0.03 0.26 0.13 0.18 0.01
7 75.87 62.88 69.27 2.49 2.93 1.47 217 0.32
8 7.06 5.93 6.60 0.23 1.54 1.10 1.34 0.09
9 6.30 4.01 5.20 0.50 7.82 6.77 7.44 0.19
10 0.21 0.18 0.19 0.01 0.04 0.03 0.04 0.00
11 1.24 1.09 1.19 0.03 1.19 1.00 1.12 0.04
12 0.68 0.33 0.50 0.08 2.29 2.08 2.22 0.03
13 1.92 1.13 1.53 0.17 6.03 5.57 5.85 0.09
14 0.05 0.01 0.03 0.01 0.27 0.18 0.23 0.02
15 7.47 3.01 5.06 0.99 74.19 69.50 71.40 0.87
16 0.93 0.40 0.65 0.12 4.50 4.09 4.37 0.07
17 0.76 0.25 0.47 0.12 3.38 2.71 3.10 0.14
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TABLE 7-7 (Cont'd)

Summary Stafistics (Maximum, Minimum, Average,
and Standard Deviation) for Source Region Contributions (%)

to Annually Averaged Total Nitrate Deposition

at Selected Receptor Locations

S. LAKE TAHOE MONTAGUE
Zone Max Min Avg SD Max Min Avg SD
1 3.68 2.90 3.30 0.17 15.06 11.85 13.73 0.65
2 1.31 1.13 1.24 0.03 19.84 13.30 16.23 1.38
3 2.01 1.64 1.84 0.08 15.50 10.45 12.86 1.10
4 2.55 2.35 2.48 0.04 6.47 4.70 5.65 0.37
5 11.86 8.79 10.32 0.66 7.33 6.57 7.15 0.15
6 19.30 13.74 16.37 1.22 2.99 2.57 2.85 0.07
7 26.54 24.89 26.08 0.34 26.56 17.42 22.32 2.03
8 20.41 15.41 17.91 1.09 13.12 11.94 12.80 0.24
9 5.91 3.65 4.79 0.49 1.76 0.48 1.03 0.28
10 0.99 0.71 0.84 0.06 0.48 0.43 0.46 0.01
11 1.70 1.60 1.68 0.03 1.42 0.97 1,22 0.10
12 0.86 0.39 0.60 0.10 0.29 0.06 0.15 0.05
13 4.62 2.51 3.54 0.46 2.08 0.62 1.25 0.33
14 0.17 0.05 0.10 0.03 0.06 0.01 0.03 0.01
15 10.88 4.40 7.29 1.41 3.47 0.65 1.78 0.62
16 1.24 0.55 0.86 0.15 0.47 0.1 0.26 0.08
17 1.22 0.41 0.75 0.18 0.47 0.08 0.23 0.08
SEQUOIA ESCONDIDO
Zone Max Min Avg SD Max Min Avg SD
1 0.64 0.32 0.45 0.05 0.01 0.00 0.00 0.00
2 0.32 0.22 0.26 0.01 0.06 0.02 0.03 0.00
3 0.69 0.65 0.67 0.01 0.16 0.08 0.11 0.02
4 1.04 0.88 0.97 0.03 0.18 0.06 0.12 0.01
5 2.95 2.86 2.92 0.01 0.61 0.38 0.49 0.05
6 249 2.18 2.35 0.07 0.33 0.15 0.25 0.03
7 10.50 8.77 9.69 0.39 3.93 1.77 2.73 0.45
8 10.75 7.80 9.13 0.64 1.99 1.29 1.62 0.15
9 25.07 19.27 22.02 1.23 8.74 6.96 7.91 0.40
10 0.86 0.59 0.70 0.06 0.05 0.04 0.05 0.00
11 3.31 2.67 2.99 0.14 1.37 1.07 1.23 0.07
12 2.39 2.18 2.30 0.05 2.36 2.21 2.30 0.03
13 10.43 10.24 10.38 0.04 6.48 5.59 6.00 0.19
14 0.46 0.25 0.35 0.04 1.22 1.15 1.20 0.01
15 31.98 26.56 29.48 1.17 54.76 52.75 54.08 0.38
16 3.09 2.65 2.89 0.09 4.07 3.42 3.71 0.14
17 3.07 1.91 2.46 0.25 19.90 16.73 18.18 0.69
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TABLE 7-8

Response of Annual Sulfur Dry Deposition to Changes in SO, Emissions

Change (%) in dry sulfur deposition
RECEPTOR |Base Case Value (a) {b) (©) (d) (e)
(kg/halyr)
Bethe! Istand 0.77 -51.04 -0.78 -0.78 -35.75 -0.52
(Gasquet 0.09 -50.46 -1.27 -0.58 -9.49 -0.58
S. Lake Tahoe 0.24 -50.85 -2.12 -1.69 -12.71 -1.27
Eureka 0.44 -50.80 -0.23 -0.23 -3.62 -0.23
Bakersfield 1.68 -50.83 476 -39.88 -0.60 -0.60
L. Isabella 0.57 -52.54 -12.78 -26.62 -1.23 -1.93
Lakeport 0.34 -51.18 -0.59 -0.30 -34.32 -0.30
San Rafael 2.13 -50.70 -0.47 -0.47 -48.83 -0.47
Yosemite 0.30 -51.35 -3.04 -3.72 -11.82 -1.35
Mammoth 0.22 -51.83 -5.05 -5.96 -8.72 -1.83
Salinas Il 0.77 -51.10 -1.30 -2.33 -40.08 -1.04
Napa 1.31 -50.53 0.00 0.00 -45.88 0.00
Norden 0.23 -50.85 -1.28 -1.28 -13.68 -0.85
Anaheim 3.70 -50.27 -45.14 -1.35 -0.27 -0.27
Quincy 0.20 -50.74 -0.99 -0.50 -17.82 -0.50
Sacramento 0.84 -50.83 -0.48 -0.36 -21.67 -0.24
Victorville 2.13 -50.70 -11.27 -1.41 0.00 0.00
San Bemardino 1.20 -51.42 -29.67 -2.50 -0.83 -0.83
Nipomo 0.91 -63.18 -6.39 -8.71 -5.84 -25.03
Santa Barbara 1.25 -61.36 -12.00 -11.20 -2.40 -21.04
San Jose 1.37 -51.02 -0.73 -1.46 -44.89 -0.73
Montague 0.14 -50.44 -0.74 -0.74 -7.35 -0.74
Sequoia 0.31 -52.40 -8.85 -18.53 -4.15 -2.56
Lindcove 0.42 -52.26 -7.60 -23.52 -3.33 -2.14
San Nicolas Isl. 0.59 -54.27 -31.06 -6.83 -2.73 -5.80
Berkeley 14.10 -50.14 0.00 0.00 -49.79 0.00
Reseda 1.68 -50.95 -37.50 -5.36 -1.19 -1.19
Lynwood 5.48 -50.18 -46.72 -1.09 -0.18 -0.18
Pasadena 2.14 -50.93 -41.12 -3.27 -0.93 -0.93
Mt. Wilson 1.63 -50.92 -38.04 -4.29 -0.61 -0.61
Tanbark Flats 1.54 -50.91 -37.01 -1.95 0.00 0.00
Escondido 0.76 -51.83 -27.62 -3.01 .92 -0.52

(@) 50% reduction throughout California
(b) 50% reduction in the Western Part of the South Coast Air Basin
(c) 50% reduction in the Lower San Joaquin Valley ‘
(d) 50% reduction in the San Francisco Bay Area
(e) 50% reduction in the Upper South Central Coast
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TABLE 7-9

Response of Annual Sulfur Wet Deposition to Changes in SO, Emissions -

Change (%) in wet sulfur deposition
RECEPTOR [Base Case Value (@) (b) (c) (d) (e)
(ka/hatyr)
Bethel Island 0.29 -42.66 -2.80 -1.75 -22.73 -0.70
Gasquet 0.41 -50.12 -6.05 -2.91 -15.25 -0.97
S. Lake Tahoe 0.20 -50.20 -6.09 -3.55 -12.69 -1.02
Eureka 0.51 -51.47 -2.16 -1.18 -6.88 -0.39
Bakersfield 0.16 . -37.42 -13.50 -9.82 2.45 -2.45
L. isabelia 0.22 -49.77 -14.16] -21.00 -2.74 -2.28
Lakeport 0.33 -50.61 -3.68 -1.84 -31.60 -0.61
San Rafael 1.37 -41.24 -1.46 -0.73 -35.77 0.00
Yosemite 0.49 -50.61 -7.49 -5.67 -11.94 -1.62
Mammoth 0.26 -50.39 -9.69 -7.75 -8.91 --1.65
Salinas |l 0.31 -49.35 -3.57 -3.90 -34.74 -0.97
Napa 0.62 -29.97 -1.92 -1.28 -20.83 -0.48
Norden 0.50 -50.30 -5.63 -3.42 -14.29 -1.01
Anaheim 0.38 -28.04 -11.38 -4.76 -1.85 -0.79
Quincy 0.18 -50.06 -5.06 -2.81 -18.54 -0.56
Sacramento 0.49 -46.91 -2.47 -1.44 -25.31 -0.41
Victorville 0.21 -35.12 -18.54 -3.90 -0.98 -0.98
San Bernardino 0.43 -41.07 -16.24 -3.48 -0.70 -0.70
Nipomo 0.39 -51.92 -g.21 -11.25 -8.18 -3.32
Santa Barbara 0.59 -51.11 -14.99 -13.46 -4.09 -3.24
San Jose 0.54 -46.40 -1.85 -1.85 -37.52 -0.55
Montague 0.07 -50.00 -4.95 -2.40 -12.46 -0.75
Sequoia 0.51 -51.17 -11.87| -16.73 -5.25 -2.33
Lindcove 0.13 -51.13 -9.77] -21.05 -3.76 -1.50
San Nicolas Isl. 0.18 -52.15 -25.97 -8.29 -4.42 -5.52
Berkeley 2.02 -44.06 -0.50 -0.50 -40.59 0.00
Reseda 0.44 -40.50 -13.50| -10.98 -3.20 -1.83
Lynwood 0.58 -39.18 -22.34 -5.67 -2.06 -1.03
Pasadena 0.61 -41.42| -18.81 -8.09 -2.31 -1.16
Mt. Wilson 1.00 -40.60 -156.50 -8.90 -2.10 -1.20
Tanbark Flats 0.94 -36.67 -13.75 -4.58 -1.17 -0.96
Escondido 0.43 -51.99 -26.70 -4.22 -2.34 -0.70

(a) 50% reduction throughout California

(b) 50% reduction in the Westem Part of the South Coast Air Basin
(c) 50% reduction in the Lower San Joaquin Valley

{d) 50% reduction in the San Francisco Bay Area

() 50% reduction in the Upper South Central Coast
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TABLE 7-10

Response of Annual Total Sulfur Deposition to Changes in SO, Emissions

Change (%) in total sulfur deposition
RECEPTOR |Base Case Value (a) (b) {c) (d) (e)
(ka/hafyr)
Bethel istand 1.06 -48.87 -1.89 -0.94 -32.36 -0.94
(Gasqguet 0.50 -50.20 -5.40 -2.60 -14.40 -1.00
S. Lake Tahoe 0.43 -50.58 -3.93 2.77 -12.93 -0.92
Eureka 0.95 -51.21 -1.26 -0.63 -5.36 -0.32
Bakersfield 1.85 -49.84 -5.95 -37.30 -1.08 -1.62
L. Isabella 0.79 -51.65 -13.16| - -25.06 -1.65 -2.03
Lakeport 0.67 -50.98 -2.26 -1.35 -33.08 -0.60
San Rafael 3.50 -46.86 -0.57 -0.57 -43.71 -0.29
Yosemite Q.79 -50.82 -5.70 -4.94 -11.79 -1.39
Mammoth 0.48 -51.05 -7.77 -6.93 -8.82 -1.68
Salinas li 1.08 -50.65 -1.85 -2.78 -38.52 -0.93
Napa 1.94 -43.81 -1.03 -0.52 -38.14 -0.52
Norden 0.73 -50.48 -4.38 -2.60 -14.23 -0.96
Anaheim 4.08 -48.28 -42.16 -1.72 -0.49 -0.25
Quincy 0.38 -50.66 -3.15 -1.84 -18.37 -0.79
Sacramento 1.33 -49.55 -1.50 -0.75 -23.31 -0.75
Victorville 2.34 -49.57 -12.39 -1.71 -0.43 -0.43
San Bemardino 1.63 -48.71 -25.77 -2.45 -0.61 -0.61
Nipemo 1.30 -59.85 -7.69 -9.23 -6.92 -18.46
Santa Barbara 1.83 -57.92 -13.11 -11.48 -2.73 -15.30
San Jose 1.91 -49.69 -1.05 -1.05 -42.93 -0.52
Montague 0.20 -50.00 -1.98 -0.99 -8.91 -0.50
Sequoia 0.83 -51.63 -10.76 -17.29 -4.72 -2.42
Lindcove 0.55 -51.99 -8.12 -22.92 -3.43 -2.17
San Nicclas isl. 0.77 -53.85 -29.86 -7.17 -3.13 -5.74
Berkeley 16.10 -49.32 0.00 0.00 -48.57 0.00
Reseda 2.12 -49.06 -32.55 -6.60 -1.42 -1.42
Lynwood 6.06 -49.17 -44 .39 -1.49 -0.33 -0.33
Pasadena 2.74 -48.54 -36.13 -4.38 0.73 -0.73
Mt. Wilson 2.63 -47.15 -29.28 -6.08 -1.14 -0.76
Tanbark Flats 2.48 -45.56 -28.23 -3.23 -0.40 -0.81
Escondido 1.19 -51.76 -27.14 -3.36 -1.68 -0.84

(@) 50% reduction throughout California
(b) 50% reduction in the Western Part of the South Coast Air Basin
{¢) 50% reduction in the Lower San Joaquin Valley
(d) 50% reduction in the San Francisco Bay Area
(e) 50% reduction in the Upper South Central Coast
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To confirm this explanation, we repeated the simulations using an extremely large value of
the oxidant concentration. This effectively makes the system linear, since it is no longer
limited by the availability of the oxidant. The results for this oxidant-rich system showed a 50
percent reduction in dry and wet deposition of sulfur at all receptors for a 50 percent N
reduction in SO, emissions.

The corresponding results for the response of nitrate deposition to changes in NO, emissions
are shown in Tables 7-11 through 7-13. We see that a 50 percent reduction of NO,
emissions across the state results in a more or less 50 percent reduction in dry, wet, and
total nitrogen deposition at all sites. These results are consistent with the linear formulation
of the model for nitrogen species.

As expected, a reduction of the SO, and NO, emissions by 50 percent in individual source
regions does not influence all receptors equally. Larger reductions are estimated at receptors
that are directly influenced by these source regions as compared to receptors that do not
receive large contributions from these sources. The results are slightly different for sulfur and
nitrogen, particularly at receptors located close to the source regions where emissions were
reduced in our simulations. For example, if SO, emissions in the western part of the South
Coast Air Basin are reduced by 50 percent, then the model estimates a 41 percent reduction
in sulfur dry deposition, an 18 percent reduction in sulfur wet deposition, and a 36 percent
reduction in the total sulfur deposition at a local receptor, such as Pasadena. On the other
hand, a 50 percent reduction of NO, emissions in the same source region results in a 36
percent reduction in the nitrate dry deposition, a 33 percent reduction in the nitrate wet
deposition, and a 35 percent change in the total nitrate deposition at Pasadena. The
differences in the results for sulfur and nitrogen can be attributed to the differences in their
scales for dry deposition, and the fact that wet scavenging of sulfur in near-source regions is
limited by the availability of oxidants.

As pointed out earlier in Section 6, nitrate deposition is three to four times larger than sulfur
deposition in most of California. Furthermore, our comparison of model results with the
CADMP data suggests that sulfur deposition in some parts of California is influenced by non-
anthropogenic sources. Thus, it is likely that control of NO, emissions will lead to larger
reductions in acid deposition in California as compared to SO, control.
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TABLE 7-11

Response of Annual Nitrogen Dry Deposition to Changes in NO, Emissions

Change (%) in dry nitrogen deposition
RECEPTOR |Base Case Value (@) (b) © - (d) (e)
(kg/ha/yr)
Bethel Island 2.87 -50.17 -2.79 -2.09 -25.78 -0.70
(Gasquet 0.61° -50.08 -0.82 .49 -13.18 -0.82
S. Lake Tahoe 1.78 -50.11 -3.93 -2.81 -12.92 -1.12
Eureka 1.22 -50.16 -0.82 -0.82 -12.30 -0.82
Bakersfield 512 -50.00 -16.41 -19.14 -2.93 -1.17
L. Isabella 3.81 -50.13 -19.42 -12.34 -2.10 -1.31
Lakeport 1.95 -50.00 -1.54 -1.03 -27.18 -0.51
San Rafael 4.34 -50.00 -1.15 -0.92 -40.09 -0.23
Yosemite 2.11 -49.76 -6.64 -4.74 -11.85 -0.95
Mammoth 1.87 -50.05 -9.09 -6.42 -8.56 -1.07
Salinas Il 3.58 -50.00 -4.19 -4.19 -29.89 -0.84
Napa 3.30 -50.00 -1.562 -1.21 -35.76 -0.30
Norden 1.80 -50.06 -2.78 -1.67 -16.11 -0.56
Anaheim 10.70 -50.09 -37.57 -2.80 -0.93 -0.93
Quincy 1.45 -49.86 -1.38 -0.69 -17.93 -0.69
Sacramento 3.09 -50.16 -1.94 -1.29 -21.36 -0.65
Victorville 5.83 -49.91 -25.56 -3.77 -0.51 -0.69
| San Bernardino 6.84 -50.00{ -25.73 -2.63 -0.44 -0.58
Nipomo 3.99 --49.87 -14.54 -9.52 -10.28 -5.01
Santa Barbara 4.99 -50.10 -20.24 -10.02 -5.61 -3.61
San Jose 4.14 -50.00 -2.42 -2.42 -34.78 -0.48
Montague 0.87 -50.06 -0.92 -0.58 -11.10 -0.69
Seqguoia 2.56 -50.00 -14.84 -10.94 -5.08 -1.56
Lindcove 2.87 -50.17 -14.29 -12.89 -4.88 -1.74
San Nicolas Isl. 3.98 -50.00 -25.63 -6.53 -4.27 -3.52
Berkeley 5.68 -50.00 -1.23 -0.88 -41.37 -0.35
Reseda 8.44 -50.00 -32.94 -4.86 -2.01 -0.71
Lynwood 12.10 -50.00 -38.51 -2.48 -1.65 -0.83
Pasadena 10.00 -49.90 -35.90 -3.50 -0.90 -0.40
Mt. Wilson 8.57 -49.94 -33.49 -4.32 -0.93 -0.58
Tanbark Flats 7.62 -50.00 -30.31 -3.15 -0.92 -0.52
Escondido 4.60 -50.00 -26.96 -3.91 -1.30 -0.43

(8) 50% reduction throughout California

(b) 50% reduction in the Western Part of the South Coast Air Basin
(c) 50% reduction in the Lower San Joaquin Valley

(d) 50% reduction in the San Francisco Bay Area

(e) 50% reduction in the Upper South Central Coast
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TABLE 7-12

Response of Annual Nitrogen Wet Deposition to Changes in NO, Emissions

Change (%) in wet nitrogen deposition
RECEPTOR |Base Case Value (@) (b) (c) ((e)] (e)
(kg/hafyr) ‘
Bethel island 0.25 -50.00 -3.17 -2.78 -25.79 -0.79
Gasquet 0.39 -50.13 -1.02 -0.51 -14.58 0.77
18. Lake Tahoe 0.27 -49.81 -3.72 -2.60 -13.38 -0.74
Eureka 0.28 -50.18 -1.07 -0.71 -13.88 0.71
Bakersfield 0.21 -50.00 -19.81 -14.15 -3.30 -1.42| .
L. Isabella 0.30 . -50.00 -20.00] -11.67 -2.00 -1.00
Lakeport 0.37 -50.00 -1.61 -1.08 -28.49 -0.81
San Rafael 0.92 -50.00 -1.74 -1.30 -38.61 -0.54
Yosemite 0.67 -50.00 -7.14 -5.36 -11.90 -1.19
Mammoth 0.38 -50.00 -9.69 -6.54 -8.38 -1.05
Salinas Il 0.30 -50.17 -5.08 -5.08 -28.47 -1.02
Napa ' 0.47 -50.00 -1.91 -1.48 -34.75 -0.64
Norden 0.68 -50.00 -2.92 -2.05 -16.81 -0.73
Anaheim 0.48 : -50.00 -32.99 -4.36 -1.66 -0.62
Quincy 0.22 -498.77 -1.86 -1.40 -19.07 -0.47
Sacramento 0.40 -49.88 -2.49 -1.75 -24.69 -0.75
Victorville 0.24 -49.79 -26.75 -4.12 -0.41 -0.82
San Bernardino 0.57 -50.00 -27.99 -3.35 -0.53 -0.70
Nipomo 0.44 -50.11 -15.58 -10.16 -10.38 -3.84
Santa Barbara 0.59 -49.92 -21.32 -10.32 -5.75 -2.37
San Jose 0.33 -49.85 -3.34 -3.65 -31.31 -0.61
Montague 0.06 -50.08 -1.08 -0.62| -12.67 -0.77
Sequoia 0.76 -50.07 -15.37 -11.04 -4.86 -1.58
Lindcove 0.17 -50.00 -15.12 -12.21 -4.65 -1.74
San Nicolas Isl. 0.25 -50.20 -26.10 -7.23 -4.42 -3.61
Berkeley 0.78 -49.94 -1.68 -1.29 -38.19 -0.39
Reseda 0.76 -50.07 -30.60 -5.96 -2.38 -0.93
Lynwood 0.80 -50.00 -32.96 -4.48 -1.87 -0.62
Pasadena 1.03 -50.10 -32.82 -5.05 -1.94 -0.97
Mt. Wilson 1.73 -50.12 -31.79 -5.20 -1.16 -1.16
Tanbark Flats 1.36 -49.85 -31.18 -3.68 -0.74 -0.74
Escondido 0.51 -50.00 -28.26 -4.35 -1.38 0.79

(a) 50% reduction throughout California ‘

(b) 50% reduction in the Western Part of the South Coast Air Basin
(c) 50% reduction in the Lower San Joaquin Valley

(d) 50% reduction in the San Francisco Bay Area

(e) 50% reduction in the Upper South Central Coast

1200-011-102 7-25



TABLE 7-13

Response of Annual Total Nitrogen Deposition to Changes in NO, Emissions

Change (%) in total nitrogen deposition
RECEPTOR {Base Case Value (a) (b) (c) (d) (e)
(ka/hafyr)
Bethel Island 3.12 -50.00 -2.88 -2.24 -25.64 -0.64
Gasquet 1.00 . -50.00 -0.80 -0.60 -13.73 -0.80
S. Lake Tahoe 2.05 -50.24 -3.90 -2.44 -13.17 -0.98
Eureka 1.50 -50.13 -1.33 -0.67 -12.67 -0.67
Bakersfield 5.33 -49.91 -16.51 -18.95 -3.00 -1.13
L. Isabella 4.11 -50.12 -19.46 -12.17 -2.19 -1.22
Lakeport 2.32 -50.00 -1.29 -0.86 -27.59 -0.43
San Rafael 5.27 -50.09 -1.52 -1.14 -39.85 -0.57
Yosemite 2.78 -50.00 -6.47 -4.68 -11.51 -1.08
Mammoth 2.25 -49.78 -9.33 -6.22 -8.44 -1.33
Salinas il 3.88 -50.00 -4.38 -4.38 -28.90 -1.03
Napa 3.78 -50.00 -1.85 -1.32 -35.71 -0.53
Norden 2.48 -50.00 -2.42 -1.61 -16.13 -0.81
Anaheim 11.20 -50.18 -37.41 -3.57 -1.79 -0.89
Quincy 1.67 -50.00 -1.80 -1.20 -18.56 -0.60
Sacramento 3.49 -50.14 -2.01 -1.43 -21.49 -0.57
Victorville 6.07 -49.92 -25.54 -3.62 -0.49 -0.66
San Bemardino 7.41 -49.93 -25.91 -2.83 -0.54 -0.54
" -{Nipomo 4.43 -49.89 -14.45 -9.48 -10.38 -4.74
Santa Barbara 5.58 -50.00 -20.43 -10.04 -5.73 -3.41
San Jose 4.47 -49.89 -2.46 -2.46 -34.68 -0.45
Montague 0.93 -48.95 -0.86 -0.43 -11.19 -0.54
Sequoia 3.32 -50.00 -14.76 -11.14 -4.82 -1.51
Lindcove 3.04 -50.00 -14.47 -12.83 -4.61 -1.64
San Nicolas Is!. 4.23 -50.12 -25.77 -6.62 -4.26 -3.55
Berkeley 6.45 -49.92 -1.09 -0.78 -40.93 -0.31
Reseda 9.20 -50.00 -32.83 -5.00 -2.17 -0.76
Lynwood 12.90 -50.00 -38.14 -3.10 -1.55 -0.78
Pasadena 11.00 -49.82 -35.36 -3.64 -0.91 0.00
Mt. Wilson 10.30 -50.00 -33.30 -4.47 -0.97 -0.97
Tanbark Flats 8.99 -50.06 -30.59 -3.23 -1.00 -0.67
Escondido 5.11 -49.90 -27.01 -3.91 -1.37 -0.59

(a) 50% reduction throughout California
(b) 50% reduction in the Western Part of the South Coast Air Basin
(¢) 50% reduction in the Lower San Joaquin Valley
(d) 50% reduction in the San Francisco Bay Area

(e) 50% reduction in the Upper South Central Coast
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8.0 CONCLUSIONS

8.1 Summary

in this study, we used a semi-empirical modeling approach to evaluate iong-term regional
source-receptor relationships (SRRs) for atmospheric acidity and acidic deposition in
California. The model that was used in the study is a semi-empirical statistical acid
deposition model, referred to as STATMOD, that has been developed and refined at ENSR
over the last 10 years. STATMOD is based on the premise that long term (annual or
seasonal) averages of concentration and deposition of a pollutant are insensitive to short
term fluctuations of the governing processes such as meteorology and chemistry. This
assumption allows us to base model estimates on the statistics of the governing processes.

Part of the study involved the database management of the California Acid Deposition
Monitoring Program (CADMP) dry and wet deposition databases. The primary goals of the
. CADMP data management task were to perform a limited validation of the databases, to
incorporate the data into a Database Management System (DBMS) in a form suitable for
distribution to other users, and to develop programs to generate temporally averaged
concentrations for specified averaging periods.

STATMOD was used to compute annually and seasonally averaged dry and wet depositions
of anthropogenically emitted sulfur and nitrogen oxides and their oxidation products. The
CADMP database was used to evaluate and calibrate the model parameters. The model was
then used to compute source-receptor relationships for selected receptor locations. These
relationships are presented as:

. plots showing the relative contribution of the various source regions in California to
acid deposition at a receptor; and

e  zones of influence for each receptor — the zone of influence is a measure of the area
around a given receptor location that predominantly influences the estimated
deposition at the location. ‘

The simulations were performed by dividing California into-17 meteorological zones. The
upper air annual and seasonal wind roses for these zones were prepared by processing:
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] upper air data at 6 locations in and around California [obtained from the National
Climatic Data Center (NCDC)];

® upper air data at Fresno (obtained from the ARB); and
® historical summaries of California upper air data.

Annual and seasonal precipitation amounts for the 17 meteorological zones were determined
by using the *Kriging” technique (Venkatram, 1988) to interpolate precipitation
measurements in the CADMP database.

 The ARB summaries of county-resolved NO, and SO, emissions were used to prepare the
emission files for our simulations. Emission-weighted locations for each county were
determined by using available gridded inventories for the San Joaquin Valley and the South
Coast Air Basin for counties in these regions, or by locating the emissions at urban centers
for other counties.

The CADMP data was used to prepare annually and seasonally averaged precipiation
chemistry and air quality databases. - ,

Annual and seasonal files for the upper air winds, emissions, precipitation chemistry, and air
quality were prepared for the individual years of interest (1984 through 1989) as well as for a
composite year. The individual year files were used in the evaluation and calibration of the
model, while the composite year files were used for deriving the source-receptor
relationships, and for performing the sensitivity studies.

We also performed an uncertainty analysis of the derived source-receptor relationships,
based on the uncertainty of the model parameters. The Latin Hypercube Sampling (LHS)
technique was used to construct parameter sets for these sensitivity studies. Finally, we i
conducted emission scenario simulations to determine the impact of SO, and NO, emission
controls on acidic deposition at sensitive receptor locations.

8.2 Conclusions and Recommendations
8.2.1 Model Evaluation Results
Our evaluation of the performance of the model with the CADMP data showed that the model

performed well in estimating nitrate concentrations in rain and air. However, the model
consistently underestimated sulfate concentrations in rain and air at several receptors. Total
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sulfur (SO, + sulfate) concentrations were also underestimated, suggesting that the SO, -
emissions used in the simulations were either inaccurate or incomplete.

Assuming that there were no major inaccuracies in the anthropogenic SO, emissions, the
results indicated that sources not included in the inventory (e.g., natural sources such as sea-
salt, or wind blown soil dust) influenced the observed concentrations at some of the
receptors where the model underestimated sulfur concentrations.

To test this theory, we first subtracted the sea-salt contribution from the observed sulfur
concentrations in rain. The sea-salt contribution was estimated by using the observed
sodium and magnesium concentrations and the chemical composition of sea water. This
correction resulted in some improvement in the performance of the model, particularly at -
coastal receptors. However, there were still some receptors where the model underestimated
the observed sulfur concentrations.

We performed a regression analysis of the residual of the seasonally averaged observed and
estimated sulfur concentrations in rain against observed calcium concentrations for those .
receptors where the model performed poorly. The analysis showed that the residuals and
observed calcium concentrations were highly correlated and that mode! performance could
be improved by estimating the contribution of wind blown soil dust to sulfur concentrations in
rain, and SO, and sulfate concentrations in air.

In conclusion, we are satisfied with the performance of the model for nitrate. We
suspect that better results for sulfate can be obtained by accounting for the role of non-
anthropogenic sources of sulfate. This can be accomplished by performing a detailed
receptor modeling study with accurate source profiles for wind blown soil dust or other
possible sources of natural sulfate. We recommend that such a study be performed to
confirm this hypothesis.

8.2.2 Source-Receptor Relationships

After we were reasonably certain that the mode! performance could not be improved further
without conducting detailed receptor modeling studies to determine the role of non- .
anthropogenic sources on sulfur deposition, we conducted the composite year simulations to
derive the source-receptor relationships.

We found that sulfur dry and wet deposition levels were usually an order of magnitude lower
than sulfur depositions estimated in rural and urban locations in the eastern United States.
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These results are consistent with the relative SO, emission levels in the western and eastern
United States.

The contribution of local sources dominated the total sulfur (SO, + sulfate) dry deposition at
receptors located in urban regions or close to large sources. This is expected because sulfur
dry deposition in these regions is dominated by locally emitted SO,. The zone of influence
for total sulfur dry deposition at these receptors was usually less than 100 km, i.e., dry sulfur
deposition at these receptors could be attributed mainly to sources that were less than 100
km away from the receptors.

On the other hand, at remote receptors, such as Yosemite, we saw some evidence of long-
range transport in the dry deposition of sulfur. Yosemite had a zone of influence for sulfur
dry deposition of 200 km and the largest contributors to the annual total sulfur dry deposition
at Yosemite were the Upper San Joaquin Valley and the San Francisco Bay Area.

Long-range transport played a larger role in total sulfur wet deposition as compared to dry
deposition, even at receptors in the vicinity of large sources. The zone of influence for sulfur
wet deposition was higher than that for sulfur dry deposition at all receptors. At some
receptors, the wet deposition zone of influence was more than twice the dry deposition zone
of influence. These results are consistent with our understanding that sulfur dry deposition is
a more local phenomenon than wet deposition, since the former is largely associated with
local emissions of SO,, while the latter is also influenced by sulfate formed by the oxidation of
S0,.

The annual total sulfur dry deposition is larger than the sulfur wet deposition at receptors
located near large source regions. In some cases, such as Bakersfield, the dry deposition is
more than an order of magnitude larger than the wet deposition. At remote receptors, the
dry and wet deposition of sulfur are comparable, or the wet deposition is larger than the dry
deposition. The possible reasons for these regional differences are discussed in Section 6.

in conclusion, sulfur dry deposition tends to be a local phenomenon, while sulfur wet
deposition is influenced by long-range transport. Sulfur dry deposition is generally
larger than sulfur wet deposition in most of California, except at some remote receptors.
Levels of sulfur deposition In California are much lower than those in the eastern United
States.

We found that long-range transport was a factor in nitrogen dry deposition, even at receptors
that were located close to high NO, sources. The zones of influence for dry deposition of
nitrate were always larger than the zones of influence for sulfur dry deposition, indicating that
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nitrate dry deposition has a more regional nature than sulfur dry deposition. The reason for
this is that nitrogen dry deposition is dominated by dry deposition of nitrate, since NO, is not
dry deposited efficiently. Thus, significant dry deposition of nitrogen oxides can only occur
after the NO, has been converted to nitrate. ,

The source contributions to nitrate wet deposition were generally similar to the sulfate wet
deposition source contributions. The zones of influence for the wet deposition of the sulfur
and nitrate were also comparable.

The total (dry + wet) nitrogen deposition was larger than the total sulfur deposition by a
factor of 2 to 5 (in mass units), and a factor of 5 to 11 (in molar units) at most receptor -
locations. The higher ratios are for receptors close to source regions, while the lower ratios
are at remote receptors. These results are consistent with the relative NO, and SO, emission
rates in California.

In conclusion, nitrate dry deposition has a long-range transport component even at
receptors located close to major NO, sources. The source-receptor relationships for
" nitrate wet deposition are similar to those for suifur wet deposition, in terms of the
relative contributions of source regions and the zones of influence. The total nitrate
deposition is larger than the total sulfur deposition at most receptor locations.

8.2.3 Sensitivity Studies

Sensitivity studies with the mode! parameters showed that estimated sulfur concentrations in
rain were relatively insensitive to changes in the parameters. The standard deviation was less
than 10 percent for all the receptors, indicating that no substantial changes in the estimated
sulfur concentrations in rain could be expected by adjusting the input parameters.

The estimated ambient sulfate concentrations were more sensitive to changes in the model
parameters than sulfur in rain. However, the standard deviation of the estimated values was
still small (less than 15%) for all the receptors.

Nitrate concentrations in both rain and air were more sensitive to the model parameters. For
many of the receptors, the maximum estimated concentrations were about two times larger
than the minimum estimated concentrations. The sensitivity was more pronounced for
receptors located in urban areas, such as Southern California, that were directly affected by
local sources.
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The uncertainty analysis yielded the encouraging result that the source receptor relationships
for the total deposition of sulfur and nitrate were not very sensitive to the model parameters.
The major contributing source regions and their relative ranks remained the same for the 10
receptors selected for the analysis, regardless of the parameter set used.

In conclusion, the uncertainty analysis results show that the source-receptor
relationships derived in this study are not very sensitive to large changes in model
parameter values.

The results of the emission control scenario studies showed that a 50 percent reduction in
statewide SO, emissions did not always resutlt in a 50 percent reduction in the dry, wet, or
total sulfur deposition. On the other hand, the response to a 50 percent reduction in NO,
emissions across the entire state was linear. These results are consistent with the
formulation of the model.

Emission controls in individual source regions showed that larger reductions were estimated
at receptors that were directly influenced by these source regions as compared to receptors
that did not receive large contributions from these sources. The results were slightly different
for sulfur and nitrogen, particularly at receptors located close to the source regions where
emissions were reduced in our simulations. The differences in the results for sulfur and
nitrogen can be attributed to the differences in their scales for dry deposition, and the fact
that wet scavenging of sulfur is limited by the availability of oxidants.

In conclusion, sulfur deposition does not always respond linearly to changes in SO,
emissions. The effects of controlling emissions in individual source regions were
consistent with the source-receptor relationships, i.e., the largest changes in deposition
were seen at those receptors that received the largest contribution from the source
region being controlled. =
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APPENDIX A

ANNUAL AVERAGES FOR DRY AND WET
DEPOSITION DATA BY SITE AND YEAR
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APPENDIX B

SEASONAL SOURCE-RECEPTOR RELATIONSHIPS
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ZONE 4 (0.0%)
2ONE 5 (0.2%)
ZONE 6 {0.1%)

ZONE 8 (80.4%)

Bakersfield

ZONE 1 (o.cm)1 83 kg/ha/yr

-ZONE 2 (0.0%)
+-ZONE 3 (0.0%)
-ZONE 4 (0.0%)
[ 2ONE 5 (0.1%)

ZONE 6 (0.0%)
~ZONE 7 (0.7%)

ZONE B (0.7%)

2ONE § (6.7%)

. ZONE 10 (0.0%)
ZONE 17 (1.2%) ZONE 11 (1.1%)
ZONE 16 (25%) ZONE 12 (1.2%)

w.| /~ZONE 13 (3.3%)
73 ZONE 14 (0.0%)

1.12 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 (0.0%)

ZONE 14 (0.0%)
ZONE 13 (1.3%)
ZONE 12 (4.5%) ZONE 10 (0.0%)

ZONE 11 (42.1%)

Santa Barbara

ZONE 14 (0.0%)
ZONE 13 (0.2%)

0.25 kg/ha/yr

) ZONEE 12 (?.7%))

ZONE 14 (0.0%) i ZONE 2 (0.3%

ZONE 13 (1.7%) ZONE 3 (0.9%)
ZONE 12 (0.3%)
ZONE 11 (3.0%)

ZONE 8 (38.0%)

Sacramento

Yosemite

1.22 kg/ha/yr
ZONE 17 (0.1%)

ZONE 1(0.2%)
y ZONE 2 (0.0%)
ZONE 11 (0.7%)||ZONE 3 (0.2%)

o E)

ZONE 7 (82.9%)

San Jose

FIGURE B-1: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) dry
deposition at various receptor sites during the composite fall season.




0.16 kg/ha/yr
ZONE 1 (0.1%)

ZONE 14 (0.1%) " ZONE 8 (50.2%)

ZONE 13 {3.8%) : 3
2ZONE 12 (1.3%)
ZONE 11 (6.0%)
ZONE 10 (0.0%)

Bakersfield

0.36 kg/ha/yr

ZONE 1(0.0%)
ZONE 2 {0.0%)
ZONE 3 (0.0%)

ZONE 4 (0.0%)
ZONE 5 (0.1%)

ZONE 17 (2.6%)
ZONE 16 (5.7%)

ZONE 15 {526%) S ZONE 13 (2.6%)
ZONE 14 (0.1%)

0.51 kg/ha/yr

ZONE 1 (0.0%)

ZONE 2 (0.0%)
ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZngNE 5 (0.2%)
E6(0.1%
ZONE 17 {0.4%) zoNE('i (4.)%)
ZONE 8 (1.1%)

ZONE ¢ (35.7%)

ZONE 14 (0.1%)
ZONE 13 {2.0%)
20NE 12 (6.3%)

ZONE 11 (22.5%) ZONE 10 (0.0%)

Pasadena

Santa Barbara

0.37 kg/ha/yr

ZONE 7 (85.4%)

0.33 kg/ha/yr

ZONE 1 (0.5%)
ZONE 2 (0.2%)
ZONE 3 (0.6%)
ZONE 17 (7'3%)‘] rZONE 4 (0.5%)
ZONE 16 (0.6%)

ZONE 12 (0.5%)
ZONE 11 (3.8%)
ZONE 10 (0.5%)

ZONE 8 (15.5%)

ZONE 8 (21.2%)

Sacramento

Yosemite

0.42 kg/ha/yr

ZONE 17 (02%)

ZONE 16 {0.1%)

ZONE 15 (2.9%)

ZONE 14 (0.0%)

ZONE 13 (0.4%)

ZONE 12 (0.1%)

ZONE 11 (1.0%)

ZONE 10 (0.0%)

ZONE 9 {3.8%)
ZONE B (3.6%)

San Jose

FIGURE B-2: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) wet
deposition at various receptor sites during the composite fall season.




1.68 kg/ha/yr

2ZONE 1(0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 {0.0%)

ZONE 8 (78.4%)

Bakersfield

229 ké/ha/wﬂ

20NE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)

ZONE 4 (0.0%)
ZONE 5 (0.1%)
ZONE 8 (0.1%)
ZONE 7 (0.9%)
[ [’ZONE 8 (0.7%)

2ZONE 9 (8.9%)
ZONE 10 {0.0%)
f ZONE 11 (1.3%)
ZONE 12 (1.4%)
ZONE 13 (4.3%)
h—2ONE 14 (0.1%)

ZONE 17 {1.4%)
ZONE 16 (3.0%)

1.63 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
2ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE § (0.2%)
ZONE 6 (0.1%)

ZONE 5 (24.9%)

2ONE 14 (0.0%)
2ZONE 13 (1.5%)

ZONE 12 (4.9%) ZONE 10 (0.0%)

—ZONE 11 (37.7%)

1.21 kg/ha/yr

ZONE 15 (1.6%)
ZONE 14 (0.0%)
ZONE 13 (0.4%)
ZONE 12 (0.1%)) | - ZONE 1 (0.7%)
20NE 2 (0.1%)
2ZONE 3 (0.6%)

ZONE 7 (51.0%)

Santa Barbara

Sacramento

pr e

0.58 kg/ha/yr

Yosemite

1.64 kg/ha/yr

ZONE 7 (88.0%)

San Jose

FIGURE B-3: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfat'es) deposition
at various receptor sites during the composite fall season.




4.75 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.1%)

ZONE 5 (1.0%)
ZONE 17 {2.0%) ‘-ZONE 6 (0.8%)
ZONE 16 (2.5%)

ZONE 7 (4.6%)

ZONE 15 (32.7%)

ZONE 14 (0.1%)

ZONE 13 (5.3%)
ZONE 12 (2.9%)
ZONE 11 (2.3%)
ZONE 10 (0.1%)

Bakersfield

9.35 kg/ha/yr

ZONE 1 (0.0%) |
ZONE 2 (0.0%)

ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.3%)
ZONE 6 (0.2%)
ZONE 7 (1.3%)
”’ZONE 8 (1.2%)

ZONE 17 (26%)
ZONE 16 (4.3%)

ZONE 17 {1.1%)

ZONE 16 (32%) ZONE 6 (0.6%)

|—ZONE 5 (0.8%)
| ZONE 7 (B.5%)

20NE 15 (41.8%)

ZONE 14 (0.2%) ZONE 12 {6.2%)
ZONE 13 (5.1%)

Santa Barbara

3.36 kg/ha/yr |

ZONE 6 (6.0%)

ZONE 7 (50.8%)

1.96 kg/ha/yr

ZONE 1({1.2%)
ZONE 17 (1.0%) | 7 ZONE 2 (0.6%)
ZONE 3 {1.4%)

Sacramento

Yosemite

425 ka/ha/yr

ZONE 17 (0.3%)
2ZONE 16 {0.5%)

San Jose

FIGURE B-4: Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) dry
deposition at various receptor sites during the composite fall season.



021 kg/hafyr

ZONE 1 (0.0%)

ZONE 2 {0.0%)
ZONE 3 (0.2%)
2ZONE 4 (0.2%)
I—ZONE 5 (1.0%)

ZONE 17 (2.1%)
ZONE 16 (2.5%)

ZONE 15 (39.1%)

ZONE 14 (0.1%)
ZONE 13 (6.5%)
ZONE 12 (3.1%)

Bakersfield

1.00 kg/ha/yr

2ZONE 1(0.0%)
2ZONE 2 (0.0%)

ZONE 3 (0.0%)
ZONE 4 {0.1%)
ZONE § (0.3%)
2ZONE 6 (0.1%)
J~ZONE 7 (12%)

ZONE 8 (0.8%)
ZONE 17 (3.2%)
2ZONE 16 (4.9%) Y
20NE 11 (1.3%)
ZONE 12 (2.5%)

ZONE 15 (60.1%)

0.48 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE § (0.7%)
rzons 6 (0.4%)

ZONE 17 (1.0%)
ZONE 16 (3.0%)

ZONE 15 {45.3%)

“20NE 12 (5.7%)

ZONE 14 (0.1%) ONE 13 (5.6%)

Lz

Santa Barbara

0.73 kg/ha/yr

Pasadena

0.53 kg/ha/yr

ZONE 1 (1.3%)
ZONE 2 (0.5%)
ZONE 3 (1.3%)

ZONE 7 (58.3%)

Sacramento

Yosemite

FIGURE B-5:

0.40 kg/ha/yr

ZONE 17 (0.3%)

San Jose

Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) wet

deposition at various receptor sites during the composite fall season.
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4.96 kg/ha/yr

ZONE 1 (0.0%)

ZONE 2 {0.1%)
ZONE 3 (0.2%)
ZONE 4 (0.3%)

ZONE 5 (1.0%)
ZONE 17 (2.0%)—| [- ZONE 6 (0.8%)
ZONE 16 (2.5%)

ZONE 7 (4.5%)
s~ ZONE B (5.0%)

2ZONE 15 (32.9%)

ZONE 10 (0.1%)

Bakersfield

10.4 kg/ha/yr |

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.3%)
ZONE § (0.2%)
ZONE 7 (1.3%)
“—ZONE 8(1.2%)

I—ZONE 9 (7.4%)
/- ZONE 11 (1.1%)

5.089 kg/ha/yr

ZONE 17 {1.1%)

E 6 (0.5%
ZONE 16 (3.2%) 2ZONE 6 (0.5%)

[-zcmss(uax)
| e~ ZONE 7 (B.4%)

2ONE 15 (42.1%)

-ZONE 11 (7.0%)
ZONE 14 (0.2%)~ i ZONE 12 (B2%)
ZONE 13 (5.2%)

3.88 kg/ha/fyr

ZONE 7 (51.7%)~

L

Santa Barbara

2.69 kg/ha/yr

ZONE 1(1.0%)
ZONE 17 (1.0%)— | ZONE 2 (0.6%)
ZONE 16 (1.2%) [

ZONE 15 (11.5%)
ZONE 14 (0.1%)
ZONE 13 (5.2%)
ZONE 12 (1.0%)
2ZONE 11 (2.3%)
ZONE 10 (0.9%)

ZONE 9 (9.9%)

ZONE 8 (18.4%)

Sacramento

464 kg/ha/yr

ZONE 17 (0.2%)

Yosemite

San Jose

FIGURE B-6: Contribution (%) of the 17 source regions to total nitrogen { NO, + nitrates) deposition
at various receptor sites during the composite fall season.



sone s 0o 231 Ka/hafyr

1.84 kg/ha/yr
ZONE 1 (0.0%) ZONE 3 (0.0%)
ZONE 2 (0.0%) .
ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE 5 (0.2%)
ZONE 14 (0.0%) 2ZONE 6 (0.2%)
ZONE 13 (1.3%)
2ZONE 12 (0.6%) :
R o

ZONE 9 (79.7%)

Bakersfield

1.34 kg/ha/yr

Santa Barbara Sacramento
1.40 kg/ha/yr

0.28 kg/ha/yr
ZONE 16 (0.0%)

ZONE 15 (0.6%)
ZONE 14 (0.0%)
ZONE 13 (0.2%)
ZONE 12 (0.0%)
ZONE 11 (0.6%)
ZONE 10 (0.1%)

San Jose

Yosemite

FIGURE B-7: Contribution (%) of' the 17 source regions to total sulfur ( SO, + sulfates) dry
deposition at various receptor sites during the composite winter season.



ZONE 10 (0.1%)

0.14 kg/ha/yr

ZONE 1 (0.0%)

ZONE 2 (0.0%)

ZONE 3 (0.1%)

ZONE 4 (0.1%)
ZONE 5 (0.4%)

- 2ONE 6 (0.4%)
ZONE 7 (3.1%)
~ZONE 8 (4.6%)

0.62 kg/ha/yr

ZONE 1(0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)

ZONE 4 (0.0%)
ZONE 5 (0.2%)
[~ ZONE 6 (0.2%)
ZONE 17 (2.4%) | [ZONE 7 (1.6%)
ZONE 16(5.7%‘% " '— ZONE 8 (1.0%)

ZONE 15 (46.5%) ZONE 12 (2.7%)

) “ZDNE 13 (11.7%)
“ZDONE 14 (0.1%)

Bakersfield

[
g
m
-
=)
2

0.52 kg/ha/yr

ZONE 1(0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 (0.1%)

L ZONE 11 (23.4%)

Pasadena

0.57 kg/ha/yr

ZONE 17 (0.2%)

ZONE 18 (0.1%)

ZONE 15 (2.2%)

ZONE 14 (0.0%)
ZONE 13 (0.8%)

ZONE 12 (0.1%))l] | [-ZONE 1 (02%)

ZoNE 11 (0.5%) ]| | - ZONE 2 (0.1%)

ZONE 10 (0.1%) - ZONE 3 (03%)

ZONE 7 (54.0%)

Santa Barbara

Sacramento

2ONE 14 (0.2%)
20NE 13 (4.5%)
ZONE 12 (0 4%)
ZONE 11 {2.8%)
ZONE 10 (1.0%)

ZONE 9 (15.1%)

0.33 kg/ha/yr

ZONE 17 {1.1%)

0.43 kg/ha/yr

ZONE 1(0.1%)
ZONE 2 (0.0%)

FIGURE B-8:

San Jose

Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) wet
deposition at various receptor sites during the composite winter season.



1.98 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)

ZONE 9 (77.5%)

Bakersfield

2.94 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE 5 (0.1%)

ZONE 6 (0.1%)
ZONE 7 (0.8%) N
ZONE 17 (1.4%) ,‘ I'Z°NE 8 (0.9%)
2ZONE 16 (3.5%) s

,‘ZONE 9(11.3%)

1.86 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE 5 (0.2%)

ZONE 14 (0.0%)
ZONE 13 (1.9%) _
ZONE 12 (6.0%) ZONE 10 (0.0%)

Santa Barbara

ZONE 15 (73.5%)
Pasadena
1.68 kg/ha/yr
2ZONE 11 0.5% L Z0nE » ((g'_i’,“))
Zz%':‘%‘o"((fi%) N |§-2ONE 3 (0.4%)
2ZONE 8 (8.4%)~ ZONE 4 (2.1%)

2ZONE 6 (7.9%)

0.61 kg/ha/yr

ZONE 17 (0.8%) - ZONE 1 (0.3%)

ZONE 16 (0.4%) ZONE 2 (0.2%)

ZONE 15 {9.3%) ZONE 3 (0.7%)

ZONE 14 (0.1%) H‘ZONE 4 (D.5%)
ZONE 13 (3.3%)

ZONE 12 (0.4%)

ZONE 11 (2.8%)

ZONE 10 (1.3%)

ZONE 9 (12.1%)

ZONE B (27.7%)

Sacramento

Yosemite

1.83 kg/ha/yr

ZONE 1 (0.1%)
20NE 2 (0.0%)
ZONE 3 (0.2%)
ZONE 4 (0.3%)

San Jose

FIGURE B-9: Contribution (%:) of the 17 source regions to total sulfur ( SO, + sulfates) deposition
at various receptor sites during the composite winter season.




4.79 kg/ha/yr
ZONE 1 {0.0%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)
-20NE 4 (0.4%)
f—ZONE 5 {1.0%)}
i ZONE 6 (1.1%)

2ONE 17 (1.9%)
ZONE 16 (2.5%)

ZONE 14 (0.2%)

8,50 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 {(0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.3%)
ZONE 6 (0.3%)

ZONE 7 (1.4%)
[ ZONE 8 (1.7%)
ZONE 17 (2.1%, ZONE 9 (7.2%)
ZONE 16 (42(%) ! } ( ,- ZONE 10 (0.0%)
; - ZONE 11 (1.1%)

ZONE 12 (2.1%)

20NE 13 (5.8%)
ZONE 14 (0.2%)

ZONE 13{5.1%)
ZONE 12 (2.7%)
ZONE 11 (2.2%)
ZONE 10 (0.1%)
Bakersfield
4.45 kg/ha/yr
ZONE 1 (0.0%)
ZONE 2 (0.1%}
ZONE 3 (0-2%)
ZONE 4 (0.3%)
ZONE 5 (0.9%)
ZONE 17 (1,7‘/.)-‘ rZONEG(O.B%)
ZONE 16 (3.3%) ZONE 7 (7.1%)

ZONE 15 (41.1%}

ZONE 10 (0.1%)

“ZONE 11 (7.4%)

ZONE 14 (0.2%)~ I ZONE 12 (6.1%)

ZONE 13 (5.2%)

Santa Barbara

1.93 kg/ha/yr

ZONE 1 (0.8%)
ZONE 2 {0.6%)

Yosemite

3.55 kg/ha/yr

ZONE 17 (0.4%)
ZONE 16 (0.4%)

: ZONE 1(1.2%)
20NE 12 (0.3%)
ZONE 11 (0.8%) ZONE 2 (0.5%)

ZONE 7 (51.2%)

Sacramento

4.24 kg/ha/fyr

ZONE 17 (0.5%)

: ZONE 1 (0.6%)

ZONE 14 (0.0%) ZONE 2 (0.3%)

ZONE 13 (1.5%) ZONE 3 (0.6%)
ZONE 12 (0.5%)

ZONE 9 (4.9%)
ZONE 8 {6.5%)

San Jose

FIGURE B-10: Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) dry
deposition at various receptor sites during the composite winter season.



0.33 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)
ZONE 4 (0.2%)
{Z)NE 5(1.1%)

ZONE 6 (1.1%)

Bakersfield

2.09 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%) .
ZONE 3 (0.1%)

1.08 kg/ha/yr

Santa Barbara

ZONE 7 (59.1%)

0.81 kg/ha/yr

ZONE 1 (0.4%)
20NE 17 (|.4%)'l[

I-DNE 2(0.5%)

ZONE 15 (13.7%)

Sacramento

0.59 kg/ha/yr

ZONE 4 (1.4%)
ZONE 5 (3.8%)
~ZONE 6 (3.8%)

San Jose

FIGURE B-11: Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) wet
deposition at various receptor sites during the composite winter season.




ZONE 1 {0.0%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)
ZONE 4 (0.3%)
ZONE 5 (1.0%)
!-,-zone €(1.1%)

ZONE 17 (1.9%)'1

5.12 kg/ha/yr |

Bakersfield

11.6 kg/hafyr |

ZONE 1 (0.0%)
ZONE 2 (0.0%)

ZONE 3 (0.1%)
ZONE 4 (0.1%) i
ZONE 5 (0.3%) |
- ZONE 6 (0.3%)

i rms 7 (1.4%)

ZONE 8 (1.7%)
ZONE 8 (7.6%)
ZONE 10 (0.0%)

5.52 kg/ha/yr

ZONE 1(0.0%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)

ZONE 15 (41.7%)

] LZONE 12 (6.0%)
ZONE 13 (54%)

Santa Barbara

ZONE 7 (52.6%)

2.74 kg/ha/yr

~ZONE 1(0.7%)

Sacramento

4.83 kg/ha/yr

ZONE 14 (0.0%)
ZONE 13 (1.6%) 7
ZONE 12 (0.5%)

L20NE 7 (89.9%)

San Jose

FIGURE B-12: Contribution (%) of the 17 source regions to total nitrogen (NO, + nitrates) deposition
at various receptor sites during the composite winter season.



1.57 kg/ha/yr

20NE 9 (79.5%)

ZONE 15 (81.4%)

2.00 kg/ha/yr
~ZONE 1 (0.0%) 9/ /
-ZONE 2 (0.0%)

~2ONE 3 (0.0%)

t-ZONE 4 (0.0%)

—2ONE & (0.1%)

-ZONE 6 (0.0%)

ZONE 7 (1.2%)

[ZONE 8 (0.7%)

ZONE 8 (6.9%)
ZONE 10 (0.0%)
ZONE 11 (1.1%)
ZONE 12 (1.3%)
ZONE 13 (3.4%)

Bakersfield

Pasadena

1.17 kg/ha/yr

ZONE 1 (0.0%)
ZONE 2 (0.0%)
ZONE 3 (0.0%)
ZONE 4 (0.0%)
ZONE 5 (0.2%)
ZONE 6 (0.1%)

ZONE 17 (0.2%)

LZONE 11 (40.7%)

ZONE 17 (0.1%)
ZONE 16 (0.0%)
ZONE 15 {1.0%)

ZONE 7 (40.9%)

0.69 kg/ha/yr

ZONE 1 (1.1%)
ZONE 2 (02%)

ZONE 5 (35.5%)

Santa Barbara

Sacramento

0.24 kg/ha/yr

ZONE 17 (0.5%)

ZONE 8 (37.3%)

ZONE 16 (0.1%)

ZONE 15 (1.1%)
ZONE 14 (0.0%)
ZONE 13 (0.2%)
ZONE 12 (0.1%)
ZONE 11 {0.8%)
ZONE 10 {0.0%)
ZONE 6 (1.8%)

ZONE 8 (4.9%)

1.08 kg/ha/yr |

ZONE 17 (0.1%)

ZONE 1 (0.2%)
ZONE 2 (0.1%)
ZONE 3 (0.2%)

Hk-ZONE 4 (0.4%)

ZONE 7 (B7.9%)

Yosemite

San Jose

FIGURE B-13: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) dry
deposition at various receptor sites during the composite spring season.



0.16 kg/ha/yr

ZONE 1(0.1%)
ZONE 2 (0.0%)

ZONE 3 {0.1%)

ZONE 4 (0.2%)
ZONE 5 (0.6%)
ZONE 6 (0.2%)
ZONE 17 (1.9%) [_
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ZONE 14 (0.1%)
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0.37 kg/ha/yr
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[2oNE? (3.7%)
| ~ZONE 8(0.8%)
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ZONE 11 (7.2%)
ZONE 10 (0.1%)
Bakersfield
0.53 kg/ha/yr
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ZONE 3 (0.1%)
ZONE 4 (0.1%)
ZONE 5 (0.3%)
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Santa Barbara

0.37 kg/ha/yr
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2ZONE 3 (0.8%)
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FIGURE B-14: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) wet
deposition at various receptor sites during the composite spring season. '
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FIGURE B-15: Contribution (%) of the 17 source regions to total sulfur ( SO, + sulfates) deposition
at various receptor sites during the composite spring season.
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FIGURE B-16: Contribution {%) of the 17 source regions to total nitrogen ( NO, + nitrates) dry
deposition at various receptor sites during the composite spring season.
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FIGURE B-17: Contribution (%) of the 17 source regions to total nitrogen { NO, + nitrates) wet
deposition at various receptor sites during the composite spring season.
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FIGURE B-18: Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) deposition
at various receptor sites during the composite spring season.
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FIGURE B-20: Contribution (%) of the 17 source regions to total nitrogen ( NO, + nitrates) dry
deposition at various receptor sites during the composite summer season.
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