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TABLE 2. TOTAL POPULAT.lON OF CALIFORNIA COUNTIES, , Report 75 E-2, 
JULY l, 1970 TO JULY l, 1975 -October 28, 1975 

_County 

-( 
Alamedf 

July 1, B70 

1,072,700 

July 1, 1971 

l,088,100 

July 1 • 1972 

1,094,400 

July 1, 1973 

1,089,100 

July 1974I • 

1,087,300 

July I• 1975 

1,086,600 
Alpine 
Amador1 

500 
11,900 

500 
12,800 

600 
12,800 

700 
13,800 

800 
14,700 

800 
15, l DO 

Butte 102,500 104,500 108,90() 111,700 114,100 116,900 
Calaveras 13,700 13,900 14,400 14,900 15,500 16, l 00 

Colusa 
Contra Costa1 

12,400 
557,400 

12,400 
562,900 

12,300 
567,600 

12,400 
573,600 

12,600 
578,300 

12,800 
584,900 

Del Norte
1El Dorfdo

14,600 
44,100 

15,000 
46,400 

15,100 
49,700 

15,200 
52,,500 

15,300 
55,700 

15,600 
59,200 

Fresno 413,800 422,100 427,900 432,100 4 39, 500 447,100 

Glenn 17,500 · 17,600 17,900 18,300 18,600 18,900 
Humboldtl 100,100 100,900 102,200 103,800 104,900 104,400 

. Impefial 
Inyo 

74,500 
15,600 

76,300 
16,300 

77,100 
16,400 

79,600 
16,800 

82,100 
16,600 

'84,100 
16,900 

Kern 330,700 335,500 336,300 337,300 337,900 342,800 

Kings1 . Lake 
66,700 
19,800 

67,000 
21,000 

68,400 
22·, 300 

69,200 
23,300 

68,000 
24,200 

68,200 
25,500 

Lassen 16,900 17,000 17,500 17,500 17,700 18,700 
Los Angeles 7,047,100 7,071,200 6,988,900 6,966,200 6,955,500 6,970,000 
Madera 41,600 42,600 43,200 43,700 45,100 46,200 

Marin 207,000 209,200 211,500 214,100 211,500 213,800 
Mariposa 6,100 6,500 6,900 7,500 7,900 8,200 
Medocino , 51,, 300 52,300 52,900 55,300 56,900 57,600 
Merced 105,000 107,900 111,500 111,700 115,100 117,000 
Modoc 7,500 7,700 7,900 7,900 8,200 8,100 

Mono1 4,100 4,800 5,800 6,600 6,800 7,3'00 
Monterey 247,700 255,,000 253,300 255,400 261,600 266,400 
Napa 

'Nevada1

C Orange 

79,400 
26,500 

1,431,600 

80,500 
27,100 

1,471,000 

82,800 
28,700 

1,526,700 

84,400 
30,400 

1,592,300 

86,900 
31,900 

1,653,500 

88,600 
33,900 

l,694,900 

Placer1 78,000 79,400 81,400 84,800 87,900 90,000 
Plumas 11,700 12,000 12,500 13,200 13,600 14,000 
Riverside 
Sac ram en to1 

461,400 
636,600 

47,4,000 
645,700 

488,500 
661,000 

501,600 
670,300 

514,200 
682,600 

526,600 
687,400 

San Benito 18,300 18,500 18,700 18,900 19,200 19,700 

San Be rna{d ino1 

San Diego 
685,200 

1,366,900 
689,500 

1,388,400 
690,500 

1,419,800 
691,400 

1,472,200 
694,600 

1,527,700 
698,300 

l',571, 100 2 

San Francisco 712,100 709,000 695,800 692,800 679,200 667,700 
San Joaquin 292,000 293,600 296,500 296,800 298,500 302,000 
San Luis Obispo 106,400 108,.500 112,300 117,200 122,000 127,800 

San Mateo 557,200 559,900 560,900 565,500 568,900 571,100 
Santa Barbara 265,700 268,700 272,400 275,000 279,200 281,300 

. Santa Clara 
Santa Cruz 

1,072,400 
124,500 

1,093,600 
128,600 

1,122,000 
137,300 

1,146,900 
141,200 

1,169,400 
145,000 

1,190,000 
148,400 

Shasta 78,000 79,200 80,600 83,900 86,.200 87,700 
f 

Sierra V,. 
Siskiyou 

2,400 
33, 200 

2,400 
33,500 

2,500 
34,000 

2,500 
34,600 

2,500 
34,800 

2,'600 
34,900 

Solano 172,400 178,100 180,900 179;700 181,200 184,000 
Sonoma 206,400 210,900 221,400 231,400 238,800 242,800 
Stanislaus 195,700 198,900 199,800 204,600 207,800 212,400 

Sutter 1 42,100 42,800 43,200 44,300 45,200 46,000 
Tehama 29,600 29,900 30,100 30,700 31,600 . 31,800 
T1;inity 7,600 s,ooo 8,500 8,900 9,300 9,600 
Tulare 
Tuolumne 1 

189,100 
22,-300 

194,000 
23,000 

196,700 
23,700 

199,600 
24,800 

202,600 
25,400 

207,700 
26,000- -

Vent1.1_ira 1 381,400 389,800 404,200 415,200. 427,000 438,200 
Yolo

( Yuba 1 
92,700 
44,400 

93,400 
45,700 

96,300 
45,600. 

97,200 
44,500 

98,600 
44,300 

101,700 
45,000 

California 20,026,000 20,265,000 20,419,000 20,647,000 20,882,000 21,113,0002 

Estimates have been adjusted to reflect the results of a special census. 

2Numbers do not include 17,,777 refugees living at Camp Pendleton, San Diego County, on 
July 1, 1975. This temporary population is expected to be relocated by the end of the year. 
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f/\flLE B.3.2 

TOT/\L rorul./\T!ON .OF C/\Ll FORN II\ COUNT! ES, PROJECTED 1980-1995 
S('ries 0-100 

County 

Alameda- . . . . . 

1980 1985 1990 1995 
Sericci 0-100 

1. 14]. 800 

s,rrt"11 D-100 

1.194.800 
S<"rlt-:1 0-100 

t.25(.200 

Serles 0-100 

I.J05.IOO 
Alpine - . . . . . 700 800 900 1,200 

Amador - . . - - . 18. 100 20.400 22 .400 24,000 
Butte- .. . - . . ll9.400 143.000 156,800 170.000 
C1tlav~r•ii- . . . - 18,800 ll. 100 21. 100 24. 700 

Coluoa - . . . . . 12. 500 ll.900 11.500 14. JOO 
Contra Co•t• . . . 652.800 71'5,200 780.900 844. 700 
Del Nort•- - - - - 16.400 17. 700 19,100 20.600 
P.:l Do.:-ado- . . - . 64,200 76. 100 87,700 96. 100 
f"rcsno . . - . - . 477,200 513,500 550,900 586,400 

Glenn- - - - . . . I 9,100 20,300 21,300 22,000 
Humboldt . . . . . 108,300 114,400 121.100 127,600 
Irnpcrh l . . . . . 86,300 94,100 101,800 108.800 
Inyo - . . . . - - 19,900 22.400 21•. 700 26,700 
Kern - .- - - - - 365.200 386.000 1,06. 100 424.400 

Klnp:3- - . - .- - 69. 500 74,400 80,000 85.100 
Lak.c - . . - - - - 28,200 31,600 34. 100 36. 100 
t ..ucn . . . - - . 20. JOO 22.000 23,200 24,100 
Lo11 Angelos- . . . 6,963.200 7,122,900 7. 346.800 7,591,600 
H11dera . . . . . . 49,600 14.000 58.400 62,300 

Hartn- . . . . . . 233. 200 249.200 265,400 280,200 
Hac-lpo:ta . . - - - 9,300 10, 700 12. 000 lJ.200 
Hcndoct.no- . . . . 65,100 73,000 79,100 85,500 
Merced . . . . . . 126. JOO 138. 900 151,400 162. 500 
Modoc- . . . - - - 8.100 8,400 8,700 9,000 

Heino - . - - - - - 10,100 13,100 ti,, 900 16,600 
Montcrt-y . . . . - 299,000 329,800 167., 100 196. 100 
N'n.p.n. - . . . . . . lOt.600 ll3,800 126,600 139.200 
Nev•d• . . . . . . 17,200 42,100 46,700 51,000 
Orange . . . . - . 1,970,100 2,233,900 2,461,100 2,647.~00 

Pl.n.ccr . . . . . . 109,500 121.000 137.600 148,900 
Pluma rt . . . . . - 15,400 17,100 18,1,00 19.600 
Rivcr11ldc- . . . - 196,900 676.700 755, 'SOO 825.800 
Sacram<':nto . . . . 711,600 820.400 884,900 944.200 
San 8cnlto . . . - 21,000 23,000 25,100 2 7. 100 

S•n Bernardino . . 765,100 816,400 9ll.800 995,100 
San Di(l:go- - - . . 1.801.300 2,022,400 2,21,2,300 2,449.500 
San Francinco- . . 661,100 653,500 611. 700 615,100 
San Joaquin- . - . 330,200 352,500 371,000 396.600 
San Lula Obispo- . 147,500 164,300 181.000 197.300 

San Mateo- . . . . 593,100 616,300 617,500 653,800 
Santa B•rbara- - . 305,800 333,700 361,900 188.300 
Santa Clar•- . . . 1. 342. 800 1,487.800 1,614,300 1,721,700 
Sant ■ Cru:ic . . - - 177 .200 203,400 227.800 252.200 
Shaata . . - . - - 98,200 108.100 117.400 125,100 

Sicirr• . - . . - - 2,700 2,800 J,000 3,200 
S.lskl you . . - - - 38,200 4 l, 100 43,300 41.000 
Solano - . - . - - 198,400 220,800 249.400 283.600 
Sonoma . - - . . - 300,500 349. 300 395,400 4)8, 700 
Stanislaus - . . - 235,400 256.700 278,300 296,100 

Sutter - . - . . - 49,900 54,700 59,500 63,700 
Tehama - . . . . . 34,500 37. 100 19,400 41,000 
Trinity- . . . . . 10,500 II. 900 12,900 13,,.00 
Tulare - . . . . . 224,300 245. 500 267,300 288,400 
Tuolumn~ . . . . . l2 ,200 .16,100 .19,100 42.200 

Ventur•- . . . . . 523,300 612,100 70/• ,400 791,000 
Ynlo . . . . . . . 118,800 131,000 14 7, JOO 161,100 
Yuh.t11 . . . . . . . 47,300 50,800 55,300 59,SOO 

Thro St111c~- . . . . 22,659,000 24.361,000 26,098.000 27,726.000 

from California ~epartmcnt of Finance Report 74 P-2, June 1974 
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TABLE B.3.3 
TOTAL POPULATION OF CALIFORNIA COUNTIES, PROJECTED 1980-1995 

SERIES E-0 

( 
. ,~,,~, aan10~~1980 

County 

Alameda- - - - - -
Alpine - - - - - -
Amador - - - - - -
Butte- - - - - - -
Calaveras- - - - -

Series E-0 

1,121,500 
600 

17,200 
124,900 

18,000 

Series E-0 
1.148, 100 

600 
18,100 

131,100 
18,700 

Series E-0 
1,171.700 

600 
18,600 

136,700 
19,200 

Series E-0 
1,188,000 

600 
18,900 

141,500 
19,500 

Colusa - .. - ... - -
Contra Cost ■ - - -
Del Norte- - - - -
El Dorado- - - - ... 
Fresno ... - - - - -

12,300 
639,400 
·1s, 900 
60,800 

466,800 

12,400 
681,400 
16,700 
66,300 

491,600 

12,600 
721,600 
17,400 
70,800 

515,900 

12,700 
756,600 
17,800 
74,600 

537,600 

. 

Glenn- - - - - - -
Humboldt ... - - - -
Imperial ... - - - -
Inyo - - - .... - -
X.ern - - - ..... - -

18,700 
105,700 
84,400 
19,400 

357,900 

19,200 
109,100 

90,000 
20,, 900 

372,600 

19,400 
112,400 

95,SOO 
21,900 

.385,500 

19,400 
115,100 
100,100 
22,500 

394,600 

King•- - - - - - -
Lake - - - - - - -
Laa1en - .. - - - -
Los Angeles- - - -
Madera - - - - - -

67,700 
27,000 
19,800 

6,674,500 
47,800 

70,500 
28,400 
20,500 

6,574,700 
50,400 

73,200 
29,100 
20,700 

6,571,,100 
52,600 

75,600 
29,700 
20,700 

6,569,100 
54,400 

Marin- - - - - - -
•Maripoae - - - - -
Mendocino- - -
Merced - - - - - -
Modoc- - - - - - -

228,900 
8,900 

62,900 
123,000 

8,000 

239,100 
9,100 

66,600 
130,900 

8,100 

248,6C:,O 
8,900 

69,000 
137,900 

8,100 

256,600 
8,500 

70,800 
143,800 

8,100 

( 
Mono - .... - - - -
Monterey - - - - -
Napa - - - - - - -
Nevada - - - - - -
Orange - - - - - -

9,700 
290,900 

98,300 
35,700 

1,900,500 

10,500 
309,400 
103,300 

36,700 
2,063,600 

10,600 
328,600 
107,500 

35,900 
2,194,900 

10,600 
346,900 
111,200 

34,900 
2,299,500 

. 

Placer - - - - - -
Plumas - - - - - -
Riverside- - - - -
Sacramento - - - -
San Benito - - - -

104,400 
14,900 

580,200 
736,000 
20,500 

110,300 
15,600 

632,100 
777,500 
21,600 

115,100 
15,700 

681,300 
816,600 
22,600 

118,700 
15,600 

725,500 
849,900 

23,600 

San Bernardino -
San _Diego-~ - -
San Francisco- -
San Joaquin- - -
San Luis Obispo-

-
-
-
-
-

741,400 
1,750,600 

651,400 
322,000 
141,300 

I 

783,900 
1,905,800 

635,700 
335,700 
149,900 . 

825,900 
2,044,400 

621,900 
348,300 
156,600 · 

862,800 
2,159,500 

610,000 
359,500 
162,800 

San Mateo- - - - -
Santa Barbara- - -.. 
Santa Clara- - - -
Santa Cruz - - - -
Shasta - - - - - -

583,700 
298,900 

1,309,200 
170,500 

95,000 
I 

' 

597,900 
313,600 

1,399,200 
181,000 
100,000 

609,400 
326,500 

1,482,400 
187,200 
103,500 

615,900 
337,400 

1,547,200 
193,000 
105,800 

Sierra - - - -
Siskiyou - - - - -
Solano - - - - - -
Sonoma - - - - - -
Stanislaus - - - -

2,600 
37,300 

192,900 
287,200 
226,400 

2,600 
38,800 

205,900 
313,600 
237,700 

2,600 
39,500 

219,200 
335,000 
248,100 

2,600 
39,900 

232,000 
355,200 
257,100 

Sutter - - - - - -
Tehama - - - - - -
Trinity- - - - - -
Tulare - - - - - -
Tuolumne - - - - -

48,200 
33, 700 
10,100 

218,600 
30,400 

50,600 
34,700 
10,600 

232,400 
31,700 

52,300 
34,900 
10,700 

245,600 
31,600 

53,600 
34,900 
10,600 

257,400 
31,300 

Ventura-
Yolo - -
Yuba - -

- - - - -
- - - - -
- - - - -

497,700 
114,500 
46,300 

550,200 
121,600 
48,200 

601,600 
128,000 
50,000 

643,300 
133,700 

51,300 

The State- - - - - 2.1, 933 • 000 22,757,000 23,573,000 24,250,000 

from California Department of Finance Report 74 P-2, 1974 
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TABLE B.3.4 

EXAMPLE CALCULATION FOR POPULATION GROWTH FACTORS 

The procedure for projecting emission from certain source categories re

quires population growth factors for future years. These growth factors are 

calculated using the values given for base year populations {Table B.3.1 or other 

references) and future yea~ popul~tion projections. As an example, the popula

tion growth factors for Orange County are developed below using a base year of 1973 

and Series D-1OO population projections. 

SERIES D-1OO POPULATION GROWTH FACTORS 

Orange County 

I 
Future Years I! Ye.Jr -

I 
! 

1913 l 97~ 1975 1930 l 9J5 1990 19%II --·-··--····· 
P,:,,puL:, t.'icrn 1,694,900a l ,970,500b1,592.300a 1 , 653, soo" 2,233,90ob 2,465,300b 2,647,socf 

r---·· 
Growth 

1 . 038c l . 064c l . 238c l . 000" l . 402" 1.54:f l . 663"' c- ,,, ·· \,·tu,~,·..,
1L._______c__ 

a From Table B.3.1 

b From Table B.3.2 

c 19XY Growth Factor= (19XY Population/1973 Population) 

B.3.4 
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iABLE B.3.5 
FRESNO COUNTY - Fresno SMSA 

SER !Ec, 'C:' GR 1~•un-1 ·ltWICES 

<NORMALIZED TO 1973) 

1970 1971 l '372 197:3 19~4 1'?{5 1·:1:::(1 1·=-1:~5 19'~0 1·:<15 2iJ0() 
===~==~~=~;~====~==~·==-===-·=~=====~--~=~===~=====~=====:===-·----~===~=------------

1--:,,~-
AGR I CLIL TIJ,:E ':19 99 1(10 100 1(10 101 101 105 1(t·;I 118 -•o 

FORE'.3Tf(1' f:,: f !SHERI ES 100 U30 l[H) 160 1~:1(1 100 101) 100 l(HJ 100 u::o 

Ml ti I t!G 
METAL t iJ(l 101~, 1(10 100 100 1(10 I .J>J 10(1 100 100 100 
CRUDE PETROLEUM & 11,, iUF:AL 121 I 14 11)7 11)t1 ·;14 :33 ·;10 92 97 101 1(15 

1[14 131 149 167 l 'j·;' 2~:8HCll!METl1LLIC, E:<CEf'T FUELS •~4 ';'6 ':18 mo 102 
.., C' ... 

~~ _..J{COHTF:AC:1 COft:::TRUCT rnM 92 ----• 97 100 10~: 1(15 126 143 171 210 

113 1.3'1 17(1 206 2'54 313 
FOOD t~ K ltlDF:ED FRODui::rs :36 '30 95. 1(1(1 105 111 1:31 152 176 2(15 2:3'~ 

MAMIJFACTUH ING 84 8';1 94 100 106 

QC g-:-.• 2(15TE)(T!Lf: 1111..L Pr.:ODIJC TS . ' 98 100 102 104 126 148 17:3 243 
,:,.-..-· 

!);"HCP ._,..:, 88 ·,~ l(H) 106 11:3 145 181-J 22:;: 2?7 344 
0·' I (t6 t:36 162 1 ·=i·::, 22'3 274 

APPt1REI. •:. FHBr: l C PR 
LUME:CR Pf.":ODl.:CTS •a' FURN ITU <.;.•..:. ::::3 94 10>J 113 
PAPEF: it ·ALL rm PRODUCTS 80 :::6 93 10(i 108 116 157 21)5 267 35.e 458 ,, Q~ 21 ·3PRJIIT rnG PUBL! S'i I !IG n ....... 97 100 103 105 124 147 175 2€0

'" 
CHEM i rnL:o & ALLIED P?O[II_IC 70 7'3 89 10(1 113 127 181 243 325 43~: 5·:-11 

1 -:i•:,PETROLEl!tl REF l N lt!G 63 74 86 100 117 136 ,_,,:. 222 276 340 41.:i.•' 

PRIMARY METflLt, 86 90 95 100 105 111 13>J 149 16', 193 222 
3(16FA8RICffffit METALS ~I (IPDtffl 89 92 % H,H) lM 1(18 142 184 2:36 39!5 

E:-<CLIJD H~G ELEC 01MACH I fl El((, ,_, - 87 93 1(10 1ft7 116 147 18-3 228 2:::7 361 
,. ,;:i-;,ELECT RI Ct1L ·1-1ACHll!EF:'"( •x SU 96 9·;i 100 101 103 112 148 196 254 :.329 

,, •''
MOTOe: VEH ! CL.ti) •.,>; En!J!PMEH 71 80 89 100 112 125 172 20t3 252 ~:(1';1 3€:0 
TRfitiS. EOUIF'., E~{CL. MTR. 135 122 110 100 Q• 82 53 59 65 71 77.. ' 
OTHE,' 11AHUFflCTUF: I MG 90 93 97 100 104 107 1:;:2 163 201 249 309 

F'OPULF!TIOH (t:EF.:IES C-150) 96 98 99 10() 102 10<: 112 122 1:33 145 157 

=========~==~============================================-----======--=-----==--

SERIES 'E' GROflTH It-HI ICES 

<NOe:i'IAU ZED TO 1•~73 > 

1970 1971 1972 197'.;: 1974 1"375 1S!.:30 1985 1990 1·;195 200(1 
=-==-=-=-----=============================================================-=~=== 

AGRICUL.TUF:E 96 97 99 100 101 103 116 117 125 132 140 
FORESTRY t~ FISHERIES 100 100 1(10 10(1 100 100 100 100 10~:i !00 1(1(1 

Mlt!Il!G 
METl1L l(H;) 100 100 !>)>) 100 1 (10 ltnJ 100 10(1 100 tt10 
CRUDE PETROLEUM ::.; trnTUe:AL 1(1(1 100 mo 100 100 ·-lflO 1Ct 1 101 10:: 102 103

1.-,7l·!ONMET ,1l.L IC, E~<CEPT FUELS 92 94 97 10~) 103 106 121 .,, 154 171 190 

1-:0-:. 20(1<I'' r ,,CONTRACT COIViTRL'CTIOII 90 .,.;. % 100 104 107 127 149 22'3 

11f!I..UFACT UF l l!G 89 93 96 1>)0 104 10::: 1-=·•=t 152 178 2(1"? 2:39 ,, 1 -:o.-.., <I"• '}5 1313 144 1'5:3FOOD 1: it-!DRE!I PF.:OIJIJCTS •· ... 98 1>30 102 105 11 7 -~ 1•:.c,q·:, 10(1 1(19 1•:-0:, ,_,,_,TE)·:i I 1.E i'lll.L PRO'llJC:3 f:e 96 IIH ... '- 158 222 259 
.-....- '" 1 

• 
7,:,APPAl".:EI. •··. OTHE•: Fftc:Rff PF: ·=- _, '10 95 10(i 105 111 141 I ••• 2.~(I 270 ~:28 

LI.IMf.:EF.: PF'C.11:1 i(' r::: •.; FUF:l·!ITU !3::: 92 96· 10>) 104 1(1:,: 1:31 157' 1::; ~-- 21 ·j 2e;s 
PflPER r,, fil.l. I ET.I :=·RO DUCTS ,;,t, 95 10(1 110 14C 174 261~- ·;.10 1(15 21-i '.314 
PPil!TIW :"'., I-' 1.'R I ·,;HI r·IG '30 '9:3 '37 HJ(1 !(14 1!)( 12i:-: 14::: 1-:,' .l ! '76 224 

1 ~.,I:"CHEIHCnt :c: dl.L. Itri f·•1:~ouuc S7 91 96 1I)~) 1()5 1t1·;1 165 200 2:.3'::' 2$3'"· ·-· -· 
F'ETR1)L.[l.l!-i P£n ImI,~ 92 'j5 97 lUO 1o::: 1~1:; 11 ·, l :;::3 149 1,_::5 1:,. 1 
F'F: I flrir':Y llf'Tf1L·:: ~4 96 98 101) 102 104 1.~' . 124 134 !·44 1:05 
FAE:F: l(1nrn Hf' !"1LS ,, OP DH ft 86 'j(i oe,_, 100 1 (15 11 !J 1:,·a 174 214 2~:o 314 

,,3 12:,: 1"":',::'_, 2:311'MftCH I tlf.P', • E'.:<'.l.U:lfl!G [LEC :3'? 96 l>J•J 104 107 150 201 
El.EC rP i ( Hi.. M11( HIW_R ·.' ,, SI.I ::.:2 :~::~ 94 1(H) 107 114 154 205 26:.:: 345 4·;:·:=i 
MOT1)F: '·.'F., II 1.:L E'· i:.:0I.I ~ F·t-1t:tl :;!7 91 -~5 100 10~, 11 (1 1'36 1.;? 203 243 2·~1(1

' TPntl:,. 1.~(•!Jlf . i::~·:cc. MTF:. 100 11)0 p;HJ 100 1(1S) 100 1eo 1(1(1 1(1(1 100 1(10 
OTHCF: fl .l t·F.IF fl 1: 1 ui:;;• [ t I1; ,.,,::,7 ., 1 95 HJtt 105 110 1.::,:, 1.;·7 2,)2 24:3 2:.:::3 

F·IJF'IJLIH I 011 ,':,f.1':1t:·, E--~) 96 ·;1:3 9'3 1L)!) 102 10.:: 1o;; !H I I') 1:::4 12·~ 

( 
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TABLE 8.3.6 
KERN COUNTY - Bakersfield SMSA 

nc.F 1,:1.1L ru,:r: 
FuRE':,TF:', :•. f f:,:Huri: .. 

~s 
llh) 

~7 
P.1~:1 

99 
100 

100 
p):~1 

10\ 
l>):.) 

!OJ 
1>)0 

110 
lLhJ 

114 
l(t(t 

114 
11·11) 

1·•q 
1(1(1 

140 
1(11) 

M!flHIG 
M[T~tL
cF:1.1r,c r-1~"f r:1.1t.r-:11r,i ::. 1p:1 :·qp~:1L 
t-11:1tull·.·1t1U,;1~. r:::;U.:f-·I' r-·11EL::, 

1;)(I 
:·•(1 
·:1·;1 

I (10 
;13 
·:•·) 

t 1J(I 
';16 

lOQ 

t (1 .~1 
~ 1) ~ :, 
l (Ii) 

l 1)1) 
l i)-1, 

l (t:J 

1(1l' 
1(1:~ 

101 

t (IL) 
t 1,,: 
l l":, 

I (l1:1 

1~: :3 
1.'34 

1LJ1) 
1 ;,: ·~~ 
1c-•1 

t O(t 

1~. 1 
1 :··:-i 

1(11) 
1,:...; 
2(1') 

81 90 1I 1 123 

l·lt'IHUF:K r :,11.: I 11:; 
F(lt'.1].1 :~. 1-.: T!lf1F:Er1 F'!='(J!H.1(·TS 
Tl::'.-Cl" 1l.f. ti l LI.. F-'~·1)[11,1(: !':·~ 
ftPPt1r-·r~1 :·: l)THr~. Ft~f:r~· 1 C F'F: 
LUMC:.:Er·:: f'F•)Itll( r:·~: ::: r·1,,11;,111 ru 
Pfrf'FF: ::, H.L. f Flt 1:•f;·(1n1,11_·T::·: 
1-'FIIIT!lli: :: fl.11.:L.[·:HdlG 
CflEM I 1: f11 •:: ::.. 11\..L l [ [1 I F:OioUC 
F'E·.Tr..:Utb:ur·l r-:!:::.F!t,!£IIC 
Pf.: l M1'1f:', 1-1u1··1L:'. 
F~lCf·: I ('Hi[ (I l·I[ rm.::~ :·,, :".IF:l!tlfl 
1'1~11:fl(t·!Lf;y, f:-:CLIJDftl:", EL~( 
ELE1:H:11:.11L 1-111i:f1ltl[f:'' :,u 
MOrnF: '-.'EtllGI F:.: ::, [1:.,11tpfffll 
TRflll:,. ECIIJ!P., e.::Ct.. MT.R. 

':!'.:: 
1(1(1 

72 

·;+ 
·:ts 

1L_te) 

-~2 
:-::·~ 

·~N 
91 
')4 
·;17 
·?:: 
':I+ 
-~o 

100 
89 

11::1·: 
l (ll) 
11,,11'.I 
1(t(I 
1(11.1 
11.1(1 
1(1(1 
t (1(1 
! 1)(1 

1(t;J 

lUO 
1 (U) 

1(10 
t (c:1 
1(10 

10:" 
1:) ?. 
1(tL) 
1(1') 

1 t 2 
11)(1 
1(1,:'. 
l t (1 
11)? 
P).3 
t (1:3 
1 (It~ 

l l l 
t(n) 

l 13 

11-1 
1(I~ 
11_i(1 
11:3 
1~: ~~ 
} (It) 

113 
12\ 
114 
10€. 
1.17 
112 
124 
100 
12:~ 

l •I'.-~ 
1 ::<:, 
11)(1 

\'A 
I;- I 
1(11J 
1~f (L 

1~5.; 
135 
\ l :,: 
157 
1:.::3 
t ·-'.1,:, 
1o~J 
1t~'.6 

li'3 
14;· 
10(1 
1·:i;:: 

2l ':I 
I 1),) 

l 71 
2(1~1 
l ~;•,:1 
t 3:2: 
1 '? ~:: 
171 
257 
100 
195 

t (10 
24!:, 

(:..;,I 
1::: / 
15~: 
2.~:t:, 
210 
3,,,2: 
l Lj(I 

2t",(I 
2(14 
1(1(1 

::)t::: 

11"JO 
:::1.: 1 
'.":44 

1 :- 4 

2i-.: 1 
-f:~4 
1(1~) 

':JO 
2·ll 
l 1_1n 

,3·:·1~) 

·1•1') 
~-:r:'. ➔ 
l ,:i,;i 
···,.··, .~·-· :,
~:::·-::. 
~;t~.:~ 
: (1(1 
J..:.'4 

OTH~F' MAIIUF~CTURIHG 95 lOU 1Oi:~ 111 146 187 

100 10(1 100 102 109 \ 1? l ·'">C'..-:..-.! 132 139 

AGF: I Cl.II.Tl IF:[ ~if. -~1"/ 9";1 10 ►:1 1;)1 lLJ:~: 11(1 11/ 1~-::~.5 1:~:~: lkJ.(1 
FORESIRV ~ F!SflERIES 100 100 100 100 100 100 100 100 100 100 103 

Mlll!IIG 
MEHIL 
CRUDE t'EIF:1)LFl.ll·I ::. llflfURflL 
IIOl!r·l[·:THI.L IC, E;.:1:.EF'T FUELS 

1 (ti) 1(1 l) 
1(I>) 

10(1 

1(1(! 

IO l 
1u:3 

100 
102 
105 

l :;:10 
I ;j:,: 
1 t ·:1 

10(1 
114 
1:34 

1(1(1 
12(1 
1 ~l(t 

t 01:1 
L~,.; 
1t_>~ 

tOO 
132 
1:;::~ 

COIITF:ACT 1:,:1w.ri:::u1·.r 1,:,11 100 1 \)4 1o·:1 

l·lnt·JU;:-f1(: TtJF.: I I IG 
FOOD ::: f..:llll1f,'Ei'1 r·P•.',IJll_l•_.r:~: 
TE~llLE 1111.L PPODUCTS 
F'iF'Pi='1F:El. t 07HtF: Ftn::e::r1: F'R 
l1Jt·lf:t1~: F'F·i,'1!11.11: 1·:. ::: f'. 1.1r:1l I Tl.I 
F·f1F'[f.: :~ i·ll.L i ED er.:ot11.1i:: ;·:: 
Pf: u11111,; ,,. 1·11r,u ,.:11!' 1,; 
CHEM I 1;1·11..-:,: :~~ n:.. t : l. I., f·•r;:1)[rlJC 
n. TPOI. !'1.11·1 ,·FF l 11 l 111; 
F'I-'' I HIii-' '1' rir. HIL -~ 
FA0:,:1,·,1r1-r, w,rt,L·: ,. :-,:.•1111,1 
rrnCHilld···1·, t,·:(:t.1J~1fti1., 1:.l.FC: 
Elri" r1-J111L f-lHCIIIIIU:',' ::. ':,I.I 

:::.:.1 
:_::i,. 

l 1:1(1 
') 1 

·?6 
")7 

l iJ(l 
·35 
95 

!00 
'?G ~. . " 
'98 
'?3 
';1€, 

'?4 

100 
11)~~1 
1(11) 

11)0 
1(1') 
l ,_. ►-) 
1(!I) 
11.) 1) 
1(1(1 
t (1(1 
1(1l) 
p111 

1L) 1,.t 

1(1,} 
1(1~: 
1(:(I 
l (ttS 
l I)'.:, 

1(11_1 
1 (1,i 
1(! ;~ 
1,):.: 
1 •)2 
1~)•!
11:, :: 
: (!( 

1(1::: 
10~~~ 
t 1)1) 

l 1 '.0 

11 L) 
l 1)(1 
1(1 ·;1 

10::: 
1(1:3 
18·• 
1o::: 
1(17 
It •I 

1--=:r1 

11 ·~ 
100 
14c_:; 
1·,::,: 
1,:1(1

1c::· 
l?';.1 
1 11 
l ! J 
1-~: ~:i 
1::.'4 
I '..~,; 

1._,c: '-" ,_, 
18·1 
1L3(1 
1:::t:, 
1 ;1 0 
H.i(t 
1~; ..... 
1:;:~ 
11 ·~ 
t ~::3 
1~5 
t4:?. 
-~(1 ::: 

1~:;: 
1C.:IL) 
1(1L) 

2:~:-1 
20:) 
10(1 
1:::Si 
1n: 
12!:!• 
1.:: :: 
l :,: ,: 
11:.-i 

:::· 1:~ 
1':::::--
1(1(! 

:?~• l 
1(!(t 

21)/ 
t:~: i;H,, 
..~ \.~• 
1::;:i; 

:::::47 
l ·::-1 
1L)O 
·~:i-~(I 
·::01 
; 1)1) 

:.=:t-::1) 
~,: .~:3 

::4':l 
:~ 10 

M(1TOP '·/t:"1- 111::LF .: :> C:OtJlf:•1-1:~t·I 
TRAIi",. r,,1:11"., F.::i"I .. l'ITf:. 
OlH[(' lllllll.i~'f11~.rui;,:1111; ,• ,,.._,._, 

100 
,sis 
9~~ 

l i)t_l 

1(t(I 
11) •.'t 

l (11_1 
t 1) .. ; 
1lj:,, 

1(1L) 
1(t ,3 
1 l I 

11'._1(1 

I J '.: 
14::: 

l (1(1 
1.:•171 

1:~ 1 

1(1(1 
1:-;::, 

1Lj(I 
1 :::,: 
2·:::(1 

11)1) 

1-17 
::4:: 

I 00 1(11) 1 (1 (! 10:-: 1 t (t 114 

:.: :., ::.: -~ :: :. -., . 
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TABLE B.3.7 
LOS ANGELES COUNTY - Los Angeles-Long Beach SMSA 

'c:rn l E.,: 'C' GRCH!TH !tlP [CES 

,tlORMFILIZED ·10 l '}73) 

1970 1·~•71 1 ·~72 1·;1-;:s:;~ 1·;174 1·~-;5 1·:1.::f1 1;185 1·,·~o 1'?-':15 ,2(H](1 

==== ·=~==~===~=--=~=~=========~··:·~=--~==========~=======~=•·-----~--=------~----------
AGRICULTURE 1(12 101 101 10(\ 9':l ~~9 11)(1 105 IJ::1 1:'0 130 
FORE'c:TF:Y ~ FISHERIES 94 9t, 98 10(t 1(12 104 -~ 1:H 149 166 1851 ·::>·:> 

MHHIIG 
METl1L l(H) 100 1•30 ! (::) 11)0 100 10~ 100 1(1(1 1(1L) 100 

~CRUDE FETPui.>:uM •;•. 1rn·: URAL \"l ►) 93 .- 1(1,) lt14 107" ! i -~ 1:30 142 1:,5 16':.I 
rlOIUli:Tt\LLIC, •;:i4 ·,?·"' 1(11) .-:,-;:, 1;37C:~~L EF'T FUELS '? 1 103 106 i..:.., 144 1iS:3 215 

COtlTF:ftCT COMSTF:UC1 !Oil 86 90 95 1 (1 U H:!5 111 139 172 212 266 333 

Mflfll.lF ROI.IF: I MC 81 :::7 93 1 l.:1>J !07 115 140 169 203 24'1 305
Foor, ,:, K I11I,F:EU Ff=·,:iDu1:::rs ~:5 9(1 95 J (11,J 106 11 I 132 1=:...,.:..-, 176 2c,4 23~,) 
TE:,TILE i-lll.L F'f;'ODUCT:3 0':• 88 94 10i3 107 114 137 161 1 f:8 223 :":63·-·•- r .. ~.RPPiiF:[L ,:;., OTHL,: FAE:?IC PR 8'.3 ,:;.,:,, 94 h)O 107 114 1·-=-•::i 164 19:3 2:.::(1 274 
LIJNBER F'PODUCTS •;.: FIJRtlITU 76 84 n 1(1(1 t•J9 120 141 162 1s~:: 21 :0 248 
PftPCR ,, HLL I E!r F'f':O!IUCTS s:5 8':' 95 l 1)1) "106 112 135 161 1n 2~:;;· 281 
PRHIT me t PL18LISHltlG 85 89 95 10(1 106 11 ,: 139 1713 2~.:18 256 :315 
CHEl'IIC>C3 & ALLIED F'RODIJC 7-:;i :::f; '33 100 H.l:3 11? 15(1 191) 240 '.;:(1€, 389 
PETROLEUM REF!MlNG 94 $•b 98 163 102 104 121 139 16(1 2141•:.c.: --··~· PRIMtif.:'r' l·IErAL::: 81 C:7 9''., 100 107 115 130 146 164 1:35 20'9 
FABRlCA rm METALS ",;( ORDNA ',· :,:4 n l[HJ 109 119 151-) 186 230 287 :359 

~~MACH I tlERY, Ei'.CLUDllsG ELEC 85 90 1l:H:l 1~)5 11 l 1:34 15·3 19(1 2:31 2:32-~ 
•":,,?•";,ELECTRICAL MAC:HIMER't " SU 81 ,_, M I 93 1[1(1 107 115 145 184 c..-..•.:.... 297 "3:31~ 

;,-:,=:MOTOR VEHICLE:, & EQIJIPMErl E:4 :~9 94 te:) 1(16 112 116 136 15';:I 18·? ._ '- ,_1 

TRAtlS. EC!.IJIP., E~~CL. 1-!TR, -,-.3 81 90 10(1 111 124 152 176 202 238 279 
OTHER Mf'INIJFACTURIHG 86 91 ·~s Hl0 1'35 11'3 137 167 2(14 252 311 

POPULftT I Otl \SERIES C-150) 101 102 100 HH) 100 1')[1 101 105 109 114 120 

=================~===~============~=======~=========================~===-~=--=== 

SERIE~: ' E' GROIHH It-HI I CEe: 

(IIORMALIZED TO 1973) 

1970 1971 1972 1973 1974 1975 19:::~J 19:"::5 19";10 1995 20U0 
===~============---=~-=~==========================-· ---------~=======---·---------

A1;R I Cl.IL Tl.IRE 95 97 98 10(1 102 108 112 121 1'.::aJ 14(1 149 
FORE:3TRY t FlSHERIE3 94 96 98 100 1[12 1[14 11'5 1·26 137 1~-j ! i; 1 

M1H ltlG 
MErnL 100 1(1(1 100 1~)0 11)0 10[1 HJe 10~:i 1~30 100 1~:io 
CRUDE PETF:OLflJM :\ tlATURAL 
NOtlr-tETflll IC, E><CEF'T FUELS 

q-;,_., 
95 

')8 
'717 

9'3 
98 

1t10 
1(10 

101 
162 

102 
103 

106 
111 

111 
11 9 

115 
127 

12(1 
135 

124 
144 

COHTRACT cot~::::nwc r r 01-1 8'3 92 96 10[1 1[14 1(1:3 1 ·:-Q-· 154 I :,:O 21(1 243 

MAIIUFF1crur-.: I HG ,,FOOD •; l(!!IUF'El1 PPODl.!CTS 
lEXT!LE MILL PROt:l.!CT:3 
APPt'if:EL •. l)T~IER FHI:::P [( PR 
LUMl::Ee: f-'F: 1)r1ur::rs ' '•· FIJf::!HTU 
P11F'EJ:: ' •,-; ALLI EJI F'F·ur1tJCTS 

,·.F'F:!!IT!l ◄ la ,, PUt:LT:.::Hil~G 
CHEM I CH'..:' "' Al.LI ED FJ;::ll!UG'·' 
PETr?OI.EIJM F:ff IHHIG 
PF:JMtWY Iif_ THL.'.:: 
FH8k ren ri· D IIETfii.:,: t: ORDIIA 
MACH l llf::' '.', C-:CL!Jit I ll'G ELEC 
ELEi.:TF 1,:,1:. MHCti l ifff:'·/ ., SU 
MOT Of•' '••'e.11 [CL[S t E"'-' 1n1rn 
Tl':nt1:·:. EJ•ll[I'·. , E::ct.. MTR. 
OH!EF: 1;n1 HJFfll_. T!Jr'' I HI~ 

90 
·:n 
,:,,:,...... 
:::':! 
92 
·=-~~-
::;} 
:37·,2 
'?6 
':.' 1 
·~ ! 
:-:::;: 
j;-1 

·:-i::: 
:~:;3 

94 
•;H:, 
92 
?:3 
~-:14 
9"3 
·?~: 
~q 

. '}..j 

'::':' 
94 
'?4 
92 
·;3 
'3? 
·~~:::: 

?7 
93 
~ -.,., 
96 
97 
96 
'?6 
95 
97 
99 
97 
97 
% 
'37 
99 
96 

1(1(1 
1i::ro 
100 
1~)f1 . 
i0(1 
1l1•3 
1o•:1 
1£10 
1(:(1 
l (11) 
1(11J 
1i.;:1) 

1(10 
1'0(] 
U1•J 
l(H) 

11-:t3 
1~)2 
104 
104 
b38 
1(14 
,04 
10~ 
103 
101 
1(1:3 
t-03 
jlj4 
104 
101 
1Lj•i 

107 
11)4 
10·;:1 
108 
106 
108 
11)~: 
110 
106 
103 
1(16 
107 
10·3 
107 
H13 
l i3:;: 

12:, 
116 
134 
129 
·121 
12:3 
12·~ 
1.36 
121 
10'; 
L:'.2L,,, 
133 
127 
l (,·~ 
131 

144 
128 
I 6:::: 

·15:~: 
138 
151
1c.•.-, ..J.:• 
16:~: 
I::::,: 
116 
13::";: 
143 
I 61 
1-48 
116 
1s:~1 

165 
14! 
1';14
n:o 
155 
176 
11•:i 
2[14 
155 
12'.' 
156 
16·1 
1 '32 
171 
1:;:: 
187 

t:;:3 
15"3 
2.31) 
2(19 
174 
2(:3 
2')8 
245 
1,4 
12·~ 
1-··~ 1:::t, 
227 
197 
1·::11 
2.:0 

213 
167 
270 
242 
194 
234 
2::::9 
2':•l 
193 
1 l5 
1·,o 
~:: 1(t 
·') ,• .
.:....t•t-
225 
1% 
25b 

POF·Ul.fiTrn11 <·A.:P I[·~: [-·!J) 1')1 1(1;- 100 1(!(! 10LJ 11)0 ·~ ~_., ';14 }4 9-4 94 

------ -~,:~~~~==~-~==~·~===~===-=~====~=~==~====~======~===~ ~=~~=~=~==~=====--~====~= 
B.3.7 
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TABLE 8.3.8 
MONTEREY COUNTY - Salinas, Monterey SMSA 

~lGFt' I 1:1.11. Tt.11-•f.' 
FOPl~TRI c FISHERIES 

'712 
BJ 

':<-; 
88 

97 
•.~4 

100 
11J1.1 

10~ 
1(11_:: 

10~ 
11·:: 

110 
1s,.~ 

1 11 
1/0 

1 L' 
19:J 

l: I 
22~ 

1.)2 
~55 

Mi ti I Ill", 
MCft·)L 
1;Ruli£. 1·f··;~·l•L.F1tM ,:. ti,·1r11F:t=1L 
~ltJIH·![:t'1l.l ff'• t::~1;£PT l'UEl S 

11Ji) 
·:<·:. 

t1J~: 

ll)l~I 

y:, 
~.Lil 

\(~0 
':l;," 

ti)l 

lL:T:.1 
ti),) 

~1.11) 

11_1;1 

l(I:~ 
·~•·:1 

l(11) 
{(11:-

~9 

1(1(~ 
t::•;' 
1-)~': 

100 
14'3 
l!i 

10:) 
1~0 
132 

1r0 
1~:~ 
1~:~ 

l00 
209 
t:8 

74 90 I : 1 

l·H"ttlUFflC fl 1f.' l tJ1_; 
FOOD f ltil-~.'·[I,I F·R(iQll(:1::: 
rE:-a { L..F ; I~ l. l.. PF:(1f.i1JC f ·:: 
f1r'f'IWE:t. " (tTIIU: F11CF: I,; FF: 
LUf·IE:EF: ~-1.·1n11.11_: r~: ,, F 1 ,lfilH ru 
PAF·E~: .h ~it.L'ED F·~·oou;_.1·s 
F'F:Hll !111; ., f'IJCU::.Hl!lt; 
CHEMI(:8! ~ t ~l.L[~D Pl~ODUC 
PErnULE.Ut: n:1- 111111,~ 
PR 11-tr1F:'o' Ill li'il •c. 
mer: I ,.:f1; u, IIEl'flLS : OF:lll lfl 
1'111t;H I lff.f:i, E::CLl.lf•: 111; CL U. 
EI.E•:TR I t.lH. llttLH !HE to:Y .. , :,:1_1 
MOTt)F: '·/EH lt:r.. F:' c:, cC!IJ I I 'l•IFJI 
TRANS. E~UIP., EXCL. i'ITR. 
OTIIER M11lliJFIICTUf-: lflG 

,c
·' ,.c

'./ _, 
:;:o 

1r1n 
1(1(1 
L(I (1 
11·1~: 

~.o 
l (,(t 
l(tO 

7-l 

:q 

~•(1 
:·:t, 

1(1(1 
l (11,:t 
11) •~1 

11)~ 

1l)iJ 
l 1_1 I.! 

')3 
\'."lb 

lUO .,~.... { 

';10 
91 
'35 
·.:1:::: 

t i_\Q 
1(11) 

l LJI) 
l (l2 

;:9 
100 
1(t(1 
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ORANGE COUNTY - Anaheim-Santa Ana-Garden Grove SMSA 
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RIVERSIOE &SAN BERNARDINO COUNTIES - Riverside-San Bernardino-Ontario SMSA 
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TABLE 8.3.14 
SAN ,JOAQUIN COUNTY - Stockton SMSA 
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TABLE B.3.15 
SAN MATEO-ALAMEDA-CONTRA COSTA-MARIN-SAN FRANCISCO COUNTIES - San Francisco
Oakland SMSA 
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HOtH-IE·t fill. IC, E,:U:PT FUELS ':41 94 97 100 103 1(17 128 145 166 1·;1~ 222 

CONTPACT CONSTFUCTIOH :35 90 95 105 111 135 162 196 292 

MRtlUFHCT,JF I ti!; 84 89 94 100 106 112 137 163 197 240 2·:12 
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TABLE B.3.16 
SANTA BARBARA COUNTY - Santa Barbara-Lompoc-Santa Maria SMSA 
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100 
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SERIES 'E' GROWTH IIIU!C[S 

(NOF:Ml"ll.EED Tl) l'):0.3) 

fl Ge'. I CUI. Tu<.E 99 100 101 102 107 I I 2 11 7 1"" ' IZ'? 
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TABLE B.3.17 
SANTA CLARA COUNTY - San Jose SMSA 

SEF.:1['3 'C' GF:OIHH HID ICES 

.:tlORMALI.:ED TO 1':-(3) 

1970 1')71 1·~."'2 1•~7:;: 1974 1:'75 19::::o 19:35 1 ·~·)0 1 ':l'?:", 20(10 

===··===~~=~~·==~==·.~======~=====~==~=========~-==========----=====------~------~= 
AGR I CUL TUF·E 91 ~4 97 10,J 10:3 10€. 111 116 121 131 142 

ltH) 1(t(tFOF:E':.TP',·' ~-: FJ:,:flEPIES 1(10 l•J•) l ~)0 1~Ju 1(10 100 rno 100 100 

MHl!t11; 
ME ffiL 1 i:t:~: 100 1,_10 1nit 100 1(10 100 1 (1(1 l (tO 100 100 
CRU[IE PETF:01.EIJM •!< tlATURAL !00 too 1(H3 100 100 100 100 100 ton l Ct0 l(Hj 

,:,-,tlotlMETALL! C, E:-~CC:PT FUELS v<. 88 94 100 1€17 114 150 168 195 224 257 

188 .......•':>,:, ,:,._, 3~]3 :386COHTRACT CCtlSTRIJCT JOtl 80 86 93 100 108 116 148 

33:3 432MfltlLWACTUF: l t11; 80 86 93 H,i(1 108 116 153 1"38 257 
.;,-, 24'?FOOD ',;, KI t;DF..Ei) PRODUCTS v- 88 '34 1(1iJ t(t? 114 1:35 157 lf:3 21:3 

l(HJ H.H)TE)(T!LE MILL PF:IJDLICTS 1€t0 103 100 1eo 1 €H) 11.:10 1ij1J 100 100 
,:,-,, ~•:, :::s·~

·JAPF'f:c:F,L •.•: OTHER F1-1E.:R IC PR 81 ....... . 100 107 115 154 191 2:36 2·:n 
LUMBER F'ROI:UCTS :-.:i FURtl!TU 7b ,_,O·":>.... 91 10::t 110 12£1 142 161 183 2~J::: 238 

::,25F'RPEI': •-.;: ALLIED PRODUCTS :?5 90 95 HW 106 112 141 173 213 26'.:: 
qe,PRHITIHG '·'..., F'UlJL t!::HiilG 8l:' , " 96 l(H) 104 1i.;:19 142 180 226 2:::5 360 

CHEMICALS t ALL !ED PRODUC ,· ,· 84 '32 ...,-.,-, 1(1(1 10"3 119 157 205 268 348 453 
143 171 2i3'' 2,;o -::i.::. ...-.PE"fr:OLr:UM REF IIHl,G 91 'H 97 100 103 107 

155 175 20(1 2C.8PR li'lf1F:'r' l·IETAL'c: i'6 83 91 100 I 10 120 1'36 
FRf:r-: 1Ct1TED METflL:,: ,:, ORDNFt (7 84 92 1i:HJ 109 1,19 153 191 2'"3';1 .'::(HJ :377 

" ,, "::' 239 :309 4(10l'IRCHIMER'/, O:GL1Ji1 I rlG ELEC ,_, I '31 -~s U30 105 I lO 144 186 
ELECTRICAL. MACHI I/ER'/ 

,, 
SL\ 80 80 93 10(1 108 116 1,52 22~~1 29';1 41)2 540 

")";:'Cj '" --, 1-:..:, 
~I•' 344 425MOTOF: './EHICLE2- ~-: EQUIPMEII 6;;:: ,~ 85 100 118 ·-··-· 188 22'::I 

1·":-"'."_., 166TRAtf3. Eil!U!F'. . rncL. MTR. 109 106 103 10•3 97 ·,4 77 •3~: I 1:3 
1-:-,:, 32(1._,,_,OTHEP MAt·WffiGTUR I tlG 87 91 96 101) 105 110 169 208 258. 

POPULt'lTI m1 (SEfUES C-150) 94 95 98 100 102 104 118 132 146 158 16"9 

-========~======·============================·=========--·---===-----------------

SERIES 'E' GROIHH IMDICES 

(NORM,1LIZED TO 1973) 

1970 1971 1972 1973 1974 1 '375 1 ·~80 1985 19% 1995 2(100 
-------==-==--===--========~==~======~===============-====~=================-==== 

AGF: I CULTURE 95 '::17 98 100 102 103 112 121 1:30 139 149 
FOF:E:3TR'l t-: FI:':HERIES 100 1,,0 100 11-)fj 100 10(1 100 100 l(H) 100 mo 

MHlHIG 
l(H) 10(1 1(1(1 100 1(1(1 1(tO. l(H)METAL 100 100 100 100 

cr:UDE PETF;OLEUN t tlATURAL 100 10(1 10(1 l(H) 100 100 1(H} 10(1 1 ►)0 l oiJ 10,) 
tiOMMETfiLL i C, F.~·:CEF'T FUELS 100 100 100 1(1(1 100 100 100 1(10 10(1 10(1 HHJ 

••' ICIJtlTRACT c:011:::-r,,ucT I 011 86 91 95 1(1(1 105 110 1·-:,-, 17(1 207 24'] 29G: 

1 .- .- -,<,<
MANUFfK1 UR I IIG o,-, 91 96 10•3 105 1 t1•3 136 ~t-t:> 201 24i:i .:..·.•·-'•-• I 

FOOD t, r·:: Itrn P. ED PRUDIJCTS 92 94 97 100 103 1(11:) 121 137 15:; 173 193 
TE:HILE MILL ~·F:ODUCTS 100 1(1(1 10(1 l(H) l(H) 1[10 1nn 100 1(10 100 1•j(j 

❖Q APPAREL. •.: on1rn FHBRIC PR ,._,._, 92 96 l0iJ 104 1(19 i:32 15";1 1:3':.I 223 ::·r; 1 
•::,'>LUME:rn ,, PF.'ODU(T'3 ?, FUR ti! Tl.I - J ·is ·~8 100 · 102 1(15 117 1 ·::i·➔ 1-12 15 1?- I ?0 

PFIPE'f.; •;< HLL![f.l P:-:::ODIJCTS :;::3 '32 96 100 104 1(1:3 1:,: 1 157 1:::,:; 219 2~15 ,,.,F'F:IrlT IIIG ·~'• run. 1:,H ltlG 91 ·;15 100 105 11 (1 1:~;7 169 206 2•A,::: 2,:,5
'JO 

CHEM I CAL:,: ~,; nLLIED PF:IJDUC :,,4 89 ·;15 100 106 112 145 186 22.,i 2'??. :.::~::;-3
1·•,c:;PETF.:OLEUM REf 1t·l IUG 87 91 96 10;3 105 1(f•3 ..:.•~ 166 2(1(: 2'3';1 2,H 

PRIMrWY t·1 ET ti I. f: ':'5 -~, '38 l(H3 102 103 112 121 12'::I 1 ·.::::: 14 7 
-?•:,.,

FAE:PICnTED tffTHL:3 ' 0:.< ORDMR 9~) ,,3 97 100 104 10, 126 147 1 °7LJ 1·::.·~: _._,..,
1,, .•MAUI I t!Eii\', E>'i":LUD I tlG ELEC 87 •:11 Q' 100 10~ li'B ;,i::, 1€,I:, 2(11 2,11 ~:'.1:::6 .. " 

~~El ECTF: I •:t➔ L r·1t•rnr:1rnY .,, SU ...._, ')(1 95 100 ·106 111 14·~ 18"3 230 2t:G 351 
1 .- ...- 1:,::,:MOTOR VF.HI 1;L :0.:_:, .,. l:•JU I,PMEN ?O '?4 97 100 103 107 124 144 t•--· 212 

1 -:>•::, 1 ;:-:::TF.:tlli'.:-. EC!1J Ir-· •• t::~CL. MTR. 91 94 97 t.JC1 t0:3· 106 140 l 5::: 193 
.,:,,:, 1•:, ..,IJTH~F: ~Ii-ii lUF r·o:: ·;· I.IF: 1HG ,_.... 92 96 10U 104 109 J·a 161 1·:-1:..:: 22·3 2€:,3 

1 ., . ., l •;c;;-f·(1f·Ut.flT I Utl ,.·,:1cP![; E-0) ':'4 95 n 1ijl,3 1•)2 !IH 114 12'3 •.J ·-' 139 

- - "' - - -- .• -- . •...... - •... -- - -- ... -- - ·- - - ·.41-·. --~~~-•~==~··==============:=~~=======---===n====-=~==~== 
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TABLE B.3.18 
SANTA CRUZ COUNTY - Santa Cruz SMSA 

fti";l,'fi"llj fl.~[ ,~;· ·;~::: ~•.:i 1(•1_·, 11·1 I I•\~ I 1·11:, In ..·· t Lt·.. l I :' I.':'"'..: 
f1,f:e:.,rI F 1·:,11rn:1: :: !(i.1 1(11"1 11-10 i(t~~, llnJ lin1 p_·1;~• lL)1) \1_111 l•HI ti"•i~, 

l'lltll,il, 
Ml. ·111i. t,:,.: lUL

0 

,I 1_ (h) ii'.•:: lL\,I : ,·::1 I ~ t ' : •Ill 

I, f,'1.1 [I\-, I•'(· , :, '.11 Fl 11'1 .' ti ·111_,~;t'tl 
tl1_1t1:1~. ftil. I ! (,, \ ;.:1· U·' 1 1:i_:El ·; 

l J._n 1 11'11., 
:1 ~' 

1(HJ 
·,,-,,. 

l•..1- ..1 

i \ ,1.) 

1,1;,1 

: ·<3 
! 1,111 

1,1•,, 
i ,I,' 

l•.. ·, 

111,_1 
1-l 

1L.t(1 

MHtllJf i't(. r1.I!-' lllt, 
F1.1(1l1 :· t'; ,111,•::u 1:•1i1·1u1..1i": rs 

21 
·:-(i 

'~3 
•4( 

t u~.1 

l (1 ,., 

} L) ;-• 

t 11·l 
1 I ': 
t (t',. 

1:,: '' 
t'.:",';, 1 ·;·•,.1 

-., ' ..: ,... 
► I.-, 

TC:-:T Il l: Li U. pi;:·1)111 I:': T :: 
1~1·r·:-r1Vi·.L :·. 1:1!'tl[f· 1:1·11:r::11·· f·P 
Ul!·lE:t !> l'\,•,)t111i-·1:::: :: FIJf::tllTU 
F'Hf•'l:'I..' ;:: t·i1 L i t-~J,i 1~·r-:1)Dl,l1: l:3 
f-•F: ttll a11-, :.:. PI.IF:i. I ::,H uIi:-; 

I (H) 
i,(··:., 
:·t 

l L)IJ 
:;n 

1>)L) 
l 1)1,,1 

1L)0 
.t (l(t 

-~·-.,,, 

l 1,H) 

lL.•1:1 

t i.:•1:1 
11·1,:, 
1(H) 

lL.1(1 
1(II) 

~ L~ 
l (11~: 
l (1;· 

l (11_1 

l (1 ► ·1 

1~J(1 
1 1 ~,; 

~ .:n) 
1.-.1i:: 
1 ~_;-,.-
11.'1(1 

l ,,; l 

1 (1 L) 

1Ol"I 
1:3 ·:~ 
l Lj(1 
2t)';l 

\ (h) 
11 :1_,1 

10,·, 
:~:.'.a.1 

ll.l ► I 
11_'11 '• 
., '. 
..:., ' 
l l_q:,r 

.,;:;·1 

~ I _q I 

I !ILi 

t l)1J 
.~ ·~ ·:_: 

1:Ht-}1 r(,l·ll. '' :'. :-·1u. I FJ.! 
PElF:(1\..,[U~! ~·:r:f:!r·llt1:J 
PF'.Hlt'll•'1' r1t.<Tr1~. .':: 

F·F:1.1Dl_l(: 11_',l,'1 
l(tij 
:·:;: 

[►)(! 

l (l(I 
1t-)0 
1(10 

1 (I •J 
l L~::_1 

1L)Lj 

1(1(1 
1()1) 

1o·:• 

1(11:1 
1(~\ L) 

I l ,:: 

lL:'.:(l 
: (H) 
14•;1 

1(1L) 
l l~1L) 
1:::(1 

1,:in 
1L)i ·1 

21 ·.4 

[1'.1(1 
t 1)(1 
:::r:_:.1 

1 (11:1 
t l)\:1 
·,;: 1? 

f"HC:F [1.:.1't'n ~l 
Mfli":tlflltJ:.·-.,·1 

MC;'~:t_·,·., :-:: ur<'Vllfl 
E.:,'.(.l,l.\f.1(lt1; !:-:L.[1~.: 

11) l 
,~l ·;•'':' 

l (10 
:39 

l LJ -~I 
l L1i) 

1Ct>J 
1 L:'. 

l (11._,i 

1?t:: 
l.':-1 
2,:u:1 

142 
,,; ,:' ~t 

1 i::'..'.• 21? 
1;.:. ·: ') 

El U:TF:1::·i:1: H~!( Hilll"'!<'t' ::: :::1_1 5:~: 71,) 88 1 C(I 1~::(1 1-1·1 2 ..::t;~ ·::(1 t •l (1 L'I 

M1H1 ..1f-'.': \/17.ll{('!..F'· :;. 1:-.1. 1,..llF"MEJl 
T~:Hl•I:::. 1:1 ::JI r•. • t:..:t.":L. MT~;. 
(rlfl!::F: !·lt7ll il_if-"HCruI:. I tlG 

ti:1,;:i 
l (n') 

-~2 

t(1(1 
1 LJ(I 

')5 

I 1)(1 
l(HJ 
·n 

1 (1(1 
t'-1(1 
1O(t 

1L)L~1 

100 
1u:~: 

1 (1 L) 
1 tiL) 
! (1~:; 

10(1 
l 1~11J 

1:::t~. 

lL.H.'.I 
1(1(1 

1?::: 

[ 1,11') 

l L)(I 
2-:t•'.1 

L1_'1(1 
t 1_·1(1 

1i) 1) 

11:11) 
3'.:.d 

l?t 

diOF:t·!11l.I2Ei) TO 1·9;'::) 

AGl?Il~IJl.f"IJPE 
FOR[·~r1,:·1· 2. Fl~H~~IES 

~5 
100 

·.~? 
1 (1(1 

';l8 
100 

1LJ(t 
1(10 

l Li·::, 
1(1(1 

1 (1 :~: 

.t(1(1 
l 1 :? 
1(\Li 

L?l 
1\j(I 

1:,::o 
1 (1U 

1:"'.: ·~· 
t 1_1L:i 

t 4;·: 
l ►)•) 

l'IIlllll1; 
MF rt1L 
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TABLE B.3.19 
SONOMA COUNTY - Santa Rosa SMSA 

StRIE'3 , C' GPOliTH HWICE::. 

( OIOF:t·1i1LI ZED T(I 1·~73) 

19:'U 1'j 7 l ! ':1?2 1 ·)7·;: 1')74 1•,7~ l ';l:~(t 1·1:35 19•:H) 1·?•:1•~. 2flL)0

=======~==,-=-~=====-=~~======~~====:.--~~===:~~=~===~~======~==~~~=----~--~'-~-=~~=~= 
AGR l CUL T%:E 107 1(•4 102 1(IL) ·:JS 9€. 83 37 ·;10 9:3 107 rn,,,FOF:ESTio' :. FISHERIES :38 92 96 100 !04 i 3·~ 170 20t 23::1 263 

MHl!IIG 
METflL 84 :::·;i 94 1 (h) 106 112 1.18 1.,,.-;,,:a 1 i:,::'3 ! •; l :225 
CRLIDl F'E '.·~:OL.EUM ';,, IIATURAL 10(1 l llli 1(10 1(!,) 1 L)Lj 1eo 100 1 6 ~:, 1(10 1(1(1 1(1L) 

-:,.-.-:-FUEL:, "~ ·?~:i ! ~J•) 111 1~5 1~-- ,...:;,,NOMMETfil.LIC, E:,:cEF' r o._, 95 1O'S 137 205'' 
COMTF:ACT COl·l:3TRUCT I Ool 85 8'~ 95 ID0 106 112 136 168 207 25:3 321 

MAl1UFtiCTI.IF' I l·IG 84 89 94 1130 106 112 1·;:7 163 19i; 240 2~2 
FOOD t- ••·: itl DIs ED PRODUCTS 94 ';1€, ':18 U7H:.1 102 1•}4 114 12:~: 1:33 14? 161 
TEXT! LE hfLL c'ROPUCTS 1(10 1~H} 100 U~0 t i)t1 10(1 1 ►:i~) h](1 1(1(1 1i.J,) 1~11.) 

APPHR[L t UTHEF. FA[:;·HC PR 100 10:..:i 100 t(HJ 1(1(1 100 1013 100 1[11) 11-)(1 l(H) 

LUME:EF'. f I• ,-,Dll(' Vi " FURtlITU -::'·":>, :;, l 90 1(:() 111 124 14S 175 20,; 243 286
'" PflPER '.!< " fiLLi Eit PRODL'CTS 100 100 lt'0 100 UJ(1 100 l (1(1 100 10(1 l01J 1(10 

PRHITII-IG l'.i PUBL!Sfl!HG e6 '?0 95 100 105 111 1:36 1£.4 24520(i '.;:(H) 

CHEMICALS ,,,, ALLIED PRODUC 100 10(1 1'30 1(11) 100 l(HJ 100 100 10(1 11-)0 100 
F'ETROI.EUrt REF IIIHIG 10~J HHJ 100 Hn) l(HJ 10(1 i(H) 100 100 100 10(1 
PRIMARY i'1£ lfiLS 65 75 87 10/J 115 1:33 162 190 223 26(1 :31,34 
ni8e:ICATEI1 METALS ••;~ ORDIIA 81 87 93 i.:io 107 115 146 18(1 223 279 :34::: 
MACH I HEF:".', E:•:CLIJD I l·IG ELEC 8'' ·,2 96 1(10 1i.J4 10,,: 121 154 193 246 314 
ELECTF: I Cfll IIACH I t:EF:Y :$; SU 102 H.11 101 HHJ 99 99 143 210 309 4c:') 624 

, ... C-i::'..;,,.)._IMOTOR '.JEHICLE:3 ;t: EOU I PMrn 7:3 f::5 92 HU) 10', I 1 ,,: 154 19(1 23? 29(1 
TRAl-1:3. ECtUij:•. ' £~::CL. MTR. 100 HH:::1 100 )(10 1 (H) 10(i 100 I 0,:1 l(HZ1 100 100 
OTHER MP.ilUFACTUR I IIG 83 88 94 10(1 107 114 152 192 241 :::05 :3:::6 

POPULAT!i.ltl (SEP I ES C-150) 89 91 96 100 103 105 131 159 186 214 244 
/

( ==========~===========· ================================================~-==-----

, E,S'ER!ES GROIHH HlDICEs; 

<IIORMAL I ZED TO 1973) 

19,0 l ''71 1972 1973 1"974 1975 19,,,0 1985 1990 1995 2(11~HJ 
--======-=--====~====~======================-==-===========~==============-===--

AGR I CUL TUF:E 95 97 '::18 100 102 1.03 112 121 1:30 1A(1 14',
1,:,--:,FORESTRY t FISHERIES 91 94 97 100 10:3 1(16 ,:_._, 142 161 1:32 205 

MHIIIIG 
METAL 100 100 100 1(10 100 10(1 10(1 1(10 100 100 10(1 
CRUDE PETF:OLEIIM 2-: NATURAL 100 100 1(10 1~:io 1(1(1 1(1(1 10,:, 100 1(10 1(10 100 
NONMETflLl. IC, EXCEPT FUELS 95 ')6 98 10(1 1(12 104 113 122 132 1'42 l "'--=-·-•.:.. 

CONTF:ncT c.0I1~:rnucT I ON 88 92 96 100 104 1(19 182 160 190 224 263 

-:,,,:,,:,q<• 1-:-.-:, ,_ ... ._,0 a•Ml'll·IUFf\CTUP l IIG 90 'a• 96 l 0,3 1(•·1 107 127 149 1·:,19 
FOOD t KiNDPED PP(1DUCTS 96 ';17 9·, 100 101 103 10"9 116 1?·::- I:,,,, 135 
TEXTILE i'i l LL. PROD UC f•,: 1(10 100 100 t(H) 1(H) 100 160 100 1(1(1 11:10 1()(1 

0APPARfL ,. OTHER F88F~ ~ C PR 1(H) lt'H) 100 -u:11J 1(1(1 1(1(1 '100 1(H) 10(1 1tH:1 ! (H) 

LUME:EF: P!=:(l·DUGTS ,·,
•.;.; 1f1·:: 1•:,•-:, 142 162 1~::.:: 2(16FURMITU 91 94 97 100 106 .:...•-· 

PAPEF: ,.
•.; tiLLIE::D PPODUCTS l ftO !l--_10 1(10 100 100 1(1(1 10(1 100 100 100 1(10 

,.PF: HIT Ill•: •,• F'IJf:L I '3H I t!G :?,? '32 ':16 100 104 1(18 1.3(1 155 u:::3 214· 24:;:: 
cHrn 1er,,..,., f! flll.!Efl FR1)DUC 1(1(1 1~Jo 1(10 1.(10 1(H::1 1(10 1(10 1(10 100 100 190 
PETF:OLE';f·l RE"Fltl!t-lG 100 100 100 l(H) 1:)(1 100 1(HJ l(H) 10(1 l '.:·u:: 100 
PR IMAP',' M£Ttit..:~ 1(1(1. 1(10 100 1(U) 11)1) 1(1(1 l(Hj 10(1 100 1UO !U(1 

"Ffl[:F• [ Cfll E (I M[TAL'3 •.;.; ORr1tlA '?0 si:: 97 1(HJ 1~:13 107 1'C'h 146 169 193 220 
MACH I lfff"··. E;(Cl.lJD!I-IG EL.EC 8G ':'2 '36 100 104 109 1:::2 159 190 2::::4 261

( .-.~ELECfF: I CC,l. Mft(Hil'H~~'.•',' SU 81 ,:0( 93 1(1l1 107 114 157 212 2:::2 :;;~:':, 474'C·' 

' MOTOC '.-'E:H J Cl.ES •. EOUIFtH:.tl ':-1(1 ·~:;: 9:7 l (11"::I 103 107 126 146 16'.) 1•:1..i. 22~) 
TF:fltl'3. rc-:.1JP., c:,{(l.. rim. 100 1(1(1 100 1(11) 1 ;)(1 100 1L)e 100 1t1(1 1(1f) 100 
ornrn nm1;Jfi1CTLI~' rtii_; 86 ?1 -~5 100 105 1 H1 ,137 ! 7,3 2'(17 2~0 2'?9 

F'OF'lllfff I 1)tl t'SEP.IES E-(1) 89 '31 % 1(l(! 103 105 124 136 145 154 162 

----··-;·-···------==~~-=;·-=-~=~=. =~~·-=======···~==·•==========. =;===============~~==-·= 
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TABLE B.3.20 
STANISLAUS COUNTY - Modesto SMSA 
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TA[lLE B.3.22 

EXPLANATORY NOTES FOR TABLES 8.3.5 THROUGH 8.3.21 

Tables B.3.5 through B.3.21 are used to project stationary source emis

sions. The Series C and E projections are described in Section 3.1.7 of 
the text. The indices presented in Tables B.3.5 - 8.3.21 were developed 
through computer programs utilizing data from references [37] and [49]. 

Table 8.3.23 depicts an example of using the indices from.Table B.3.9 to 
generate growth factors for Orange County. The Emission Source Categor

ies in Table B.3.23 correspond to emission inventory categories used by 
the ARB. The Growth Indicator Category Indices correspond to the rela
tionships described by Table 3.11 in the text. For example, it is 
assumed the Mineral Emissions Category will grow at the rate indicated 
by the "Mining Non-metallic, except fuels" growth index. From Table 
B. 3. 9, the "Mining Non-meta11 i c, except fuels" growth indices for Seri es 
C and Series E are: 

Orange County Growth Indices 

Mining Non-metallic, 
except fue 1 s 

Year 
1973 1974 1975 1980 1985 1990 1995 2000 

Series C 100 97 93 119 140 164 196 233 

Series E 100 l 02 105 118 131 145 159 174 

These indices and the other appropriate indices are presented in Table 
B.3.23. Some time should be spent understanding the relationships between 
Table 3. 11 of the text, Table B.3.9 of Appendix Band Table B.3.23 

Study of Tables 3.11, B.3.9 and B.3.23, will reveal that only about one
third of the indices in Table B.3.9 are used in Table B.3.23. The ex

planation is that Table 3.11 relates only the present form of ARB emission 
inventory to the industry growth indices in Table 8.3.5 through 
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8.3.21. If an available emissions inventory has greater disaggregation 
of emission sources, then it may be appropriate to use growth indices 
different to those described in Table 3.11. Table 3.12 in the text 
relates the industrial groupings used by OBERS to Standard Industrial 
Classification (SIC) codes. SIC code descriptions are presented in the 
Standard Industrial Classification Manual - 1972, prepared by the Office 
of Management and Budget and available through the U. S. Government 
Printing Office, Washington, D. C. ( Stock number 41 Ol -0066). 

The population indices in Tables B.3.5 through B.3.21 are based on either 
C-150 or E-0 population projections from Department of Finance Report 74 
P-2, June 1974 ..If a range of emission values is desired, then the use 
of the Series C and Series E indices for population and industry is appro
priate to establish the upper and lower limits. However, if only one pro
jection is desired, the D-100 population projection used with the Series E 
projection for industry is recommended. Discussion with Department of 
Finance staff indicates that present population trends are best described 
by the D-100 series. 1 The Series E industry projections are recommended 
because present economic trends indicate slow growth. 

The remainder of this·explanatory note lists specific growth indices 
development by computer program methods. 

Methods Used to Develop Growth Indices 

Growth indices of population for both C-150 and E-0 series were obtained 
from mid-year (July 1) population estimates by county in 1970, 1971, 1972, 
1973, 1974, and 1975, and mid-year (July 1) population projections (of 
the C-150 and E-0 series) for 1980, 1985, 1990, 1995, and 2000. County 
populations for each year were totaled to produce SMSA population values 
for the eleven years. All SMSA populations values were then divided by 
the 1973 SMSA population and multiplied by 100 to produce population growth 
indices expressed as percentages of the 1973 population (1973 = 100%). 

lstaff discussion with Nels Rasmussen of the Dept. of Finance, March 1976. 
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Industrial growth indices for the 'C' series were obtained from OBERS 

industrial earnings data for 1970, 1975, 1980, 1985, 1990, and 2000 
[37]. These earnings (expressed in 1967 dollars) were converted to con

stant dollar gross production using multiples supplied by OBERS. Produc
tion for 1971, 1972, 1973, and 1974 was determined from logarithmic 

interpolation between the 1970 and 1975 production values. Production 
for 1995 was determined from logarithmic interpolation between 1990 and 

2000 production. Production figures for all eleven years were then 

divided by the 1973 production figure and multiplied by 100 to produce 
growth indices expressed as percentages of the 1973 activity (1973 = 100%). 
If the earning data were deleted for reasons of confidentiality, the OBERS 

indices were used to estimate our growth indices. If a category's earn
ings were zero or too small to project, all indices were set to 100 to 

indicate no change in activity. 

Industrial growth indices for the 'E' series were obtained from OBERS 

industrial earnings for 1980, 1985, 1990, 2000, and 2020 [49]. These 

earnings (expressed in 1967 dollars) were converted to constant dollar 
gross production using multiples supplied by OBERS. Power curve (Y=axb) 

regression was applied to the five production values and the resultant 

coefficients used to estimate production for all eleven years, based on 
the growth trend for that category. Production figures for all years 

were then divided by the 1973 production value and multiplied by 100 to 
produce growth indices expressed as percentages of the 1973 activity 
(1973 = 100%). If a category's earnings were too small to project, all 

indices were set to 100 to indicate no change in activity. 
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Tlll!LE B.3.23 

GROWTH FACTORS FOR STATIOHARV SOURCE EMISSIONS 
ORANGE (QUND'__- An~~efm - Santa Ana - Garden Grove SMSA-· 

"' w 
N 
u, 

EM!SS!Otl SOURCES 
(Growth Ind1Ces Category) 1973 1974 

·c '< ·c E" 

PETROLEUM 
Productfon-{Mfnfng-crude petroleum &natural gas) 100 100 104 101 
Reffning-(Manufacturfng-petroleum reffn1ng} 100 100 106 104 
r~rketing-(Populatfon) 100 100 104 104 

. 

ORGANIC SOLVENT USERS 
Stirf_ace_Coat1ng-{Manufaciurfng-c6mp0s1te index) 100 100 108 104 
Ory Cleaning-(Populatfon) . 100 100 104 104 
Oegreasfng-{Manufacturfng-composf te index) 100 100 108 104 
Other-{Populatfon) 100 100 104 104 

CHEMJCAL-(Manufacturfng-chcmfcal and allied products) 100 100 107 106 

METALLURGICAL-(Manufacturtng-prfmary metals) 100 100 107 102 

MitlERAL-(Mining or non-metallic, except foels} 100 100 97 102 

FOOO &AGRICULT\JRAL PROCESSING· 
100 100 105 103(Manufacturing food &kindred products} 

. 

PESTICIDES-(Agriculture) 100 100 102 102 

WOOD PROCESSJNG-(Manufacturing-lumber products & furniture) 100 100 111 104 

CCl<SUSTION OF ~UELS 
100 100Power Plants ... ... 

Other Jndustrial-(ManUfactur1ilg-compos1te fndex) 100 100 108 104 
Domestic &Corrmerfca1-(Populat1on) 100 100 104 104 
Orchard lleatcrs-(Agriculture) _ 100 100 182 102 

WASTE BURNING 
Agriculture Debris-(Agriculture) 100 100 102 102 
Forest M,magement-(Forest & Ffsherfes} 100 100 100 102 
Range 

3
Improvement-(Agriculture) 100 100 102 102 

DulllpS 100 100 ... ... 
Conica 1 Burners-(Maflufacturf ng-lumber products 188 100 111 84 

& furniture) , · · 
lncinerators-(PopUlation) 100 100 104 104 
Other-{Population) 100 100 104 104 

MISCELLANEOUS AREA SOURCES 
Wild Fires-{Constant) 100 100 100 100 
Structural Fires-(Populatfon) 100 100 104 104 
Farming Operati'ons-(Agricul ture} 100 · 100 I -102 102 
Construction &Oemolition-(Contract Construction) 100 180 105 104 
Unpaved Roads-(Po)ulation) 100 180 104 104 
Other-{Populatfon 100 100 104 104 

I 

GROWTH FACTORSI 

1975 1980 1985 
·c ... • •• ·c ... 

107 102 118 106 128 111 
113 108 140 129 169 152 
106 106 125 119 146 130 

117 109 157 132 199 158 
106 106 125 119 146 130 
117 109 157 132 199 158 
106 106 125 119 146 130 

114 112 168 147 226 191 

114 104 125 115 146 126 

93 105 119 118 140 131 

110 106 139 122 167 140 

103 103 107 112 113 121 

123 108 158 132 192 158 

... . .. . .. ... ... ... 
117 109 157 132 199 158 
106 106 125 119 146 130 
103 103 107 112 113 121 

103 103 107 112 113 121 
100 103 120 111 130 118 
103 103 107 112 113 121 ... ... ... ... ... . .. 
123 108 158 132 192 158 

106 106. 125 119 146 130 
106 106 125 119 146 130 

100 100 180 100 100 100 
106 106 125 119 146 130 
103 103 107 112 113 121 
111 108 137 130 171 155 
106 106 125 119 146 130 
106 106 125· 119 146 130 

. 

1990 1995 2000 
. 'C '< 'C '< 'C .•. 
140 115 153 120 167 124 
203 178 244 207 294 238 
165 138 180 144 193 149 ·- - -

254 188 324 222 412 259 
165 138 180 144 1'3 149 
254 188 324 222 412 259 
165 - 138 180 144 193 149 

304 243 405 305 · 541 379 

170 137 198 149 231 161 

164 145 196 159 233 174 

200 159 240 179 288 200 

118 130 128 140 139 149 

235 188 286 221 348 258 

... ... . .. . .. ... ... 
254 188 324 222 412 259 
165 138 180 144 193 149 
118 130 128 140 139 149 

118 130 128 140 139 149 
141 126 155 134 171 142 
118 130 128 140 139 149 
... ... ... ... . .. ... 
235 188 286 221 348 258 

165 138 180 144 193 149 
165 138 180 144 193 149 

100 100 100 100 100 100 
165 138 180 144 193 149 
118 130 128 140 139 149 
213 183 268 215 337 249 
165 138 180 144 193 149 
165 138 180 144 193 149 

-
zFrom _Table B.3.9 
special Study - Please refer to section on Fossil Fuel Electric Generating Plants.3Future emissions are assumed negligible. 
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4. AIR QUALITY MONITORING AND AIR QUALITY MODELING 

( 
4.1 AIR QUALITY MONITORING SYSTEMS AND DATA BASES 

The air quality monitoring program operating in California provides 
data necessary to meet a number of objectives [l]: 

To assess air quality in each air basin. 

To determine compliance with air quality standards and with 
rules pertaining to significant deterioration of air 
quality. 

To determine the long-term trends of air pollutant concen
trations and the effectiveness of State and local control 
programs. 

To establish control strategies, appropriate air pollution 

( control rules and regulations, and lan.d use plans. 

To determine the relationship between pollutant concentrations 
and their effects on man, animals, vegetation., property and 
visibility. 

To implement air pollution episode emergency action systems 
and agricultural burning decisions. 

These objectives, together with practical considerations, are the basic 
determinants of the existing monitoring network in the State of Calif
ornia. The practical considerations include the selection of pollutants 
to be monitored, the determination of the number and location of sampling 
sites, the selection of appropriate instrumentation, analytical techniques, 
sampling frequencies, and the development of applicable data handling 

4. l 



and analysis procedures [3]. Practical considerations should also include 
assuring traceable calibration between different instrumental methods 
and station locations. The amount of funding available is in most cases 

the major consideration in the design, operation and expansion of 

monitoring networks. 

4.1. l Existing Networks 

The air pollutants measured and recorded at stations in the California 

network include photochemical oxidants, ozone, carbon monoxide, nitrogen 
dioxide, nitric oxide, total oxides of nitrogen, sulfur dioxide, total 
hydrocarbons, methane, lead and particulate matter [4]. The types of 
pollutants monitored and the sampling period and frequency for these 
pollutants are a function of the respective ambient air quality standard, 

instrumentation, and agency practices. Hourly concentrations are recorded 
for all pollutants except suspended particulate matter, and the highest 
hourly value each day is recorded as the maximum-hour (or max-hour) 
concentration. Hourly concentrations are averaged for those pollutants 
with standards requiring a longer averaging period, e.g., the 8-hour 
standard for carbon monoxide. For suspended particulate matter, a 24-
hour sampling period is used to collect data. The frequency of particulate 
sampling is a function of the agency. The Air Resources Board recommends 
a sample every sixth day; the districts vary from every sixth day to every 

other day [4]. The highest 24-hour concentration measured during the 
year and the annual geometric mean of all samples are compared with the 
standards to determine compliance. Samples for particulate lead analyses 
are collected in the same manner as suspended particulate matter samples 

except different filter materials are used. The ARB recommends a 3-day 
sampling frequency. The analyses of the samples collected during a 
month's period are averaged to determine compliance with the 30-day 

average lead standard. 

Ambient concentrations of one or more gaseous pollutants are measured 
continuously at 131 air monitoring stations in California. Oxidants 

are measured at 120 stations. Samples for suspended particulate 
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matter are collected at 189 stations [2]. The Air Resources Board 
operates 20 of these air monitoring stations. These stations are capable 
of monitoring continuously six to eight pollutants and wind direction and 
speed. Additionally, 18 of these stations are operated by local air 
pollution control districts under contract to the Air Resources Board. 
The locations of the stations in the State-supported network are shown 
in Figure 4.1. The remainder of the stations are operated as part of 
the local air pollution districts' control programs. 

Data from all State and air pollution control district air monitoring 
stations are received, processed and published by the Ai.r Resources 
Board. The data are published on a regular basis in quarterly reports 
[5] and also in special publications [6,7]. These data are also forwarded 
to the Environmental Protection Agency for i.nclusion in the Storage and 
Retrieval of Aerometric Data (SAROAD) System. The SAROAD System is an 
ambient air quality data bank maintained by the Environmental Protection 
Agency. SAROAD also contains information on the scope of the monitoring 
activities throughout the nation. Summaries of monitoring and air 
quality data are published annually by EPA [8]. 

4.1.2 Mobile Monitoring Stations and Special Studies 

The Air Resources Board, the California Department of Transportation 
and some local air pollution control districts have mobile monitoring 
vans and trailers. The majority of these stations have the capability 
of continuously monitoring all the gaseous pollutants monitored at 
fixed stations. The ARB mobile stations also measure wind speed and 
direction. 

The use of these mobile stations is a function of the operating agency. 
The Bay Area Air Pollution Control District uses vans for calibration of 
so2 and H2S monitoring instruments operated by refinery companies, for 
surveillance of so2 and H2s in complaint areas, and for areawide air 
monitoring purposes. These activities are listed in decreasing priority 
[9]. 

(_ 
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FIGURE 4.1 

STATE OF CALlf'ORNIA 
AIR RESOURCES BOAl<D 

AIR RESOURCES BOARD SUPPORTED 
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The Air Resources Board uses vans for special studies to [10]: 
( 

( 

Fulfill obligations to monitor air quality in all air basins 
in the state. 

Determine optimal location of fixed stations by identifying 
peak concentration points. 

Complement existing fixed station monitoring systems (emergency 
episodes). 

Crosscheck existing monitoring station data. 

Audit local air pollution control district monitoring stations. 

-- Participate in enforcement and complaint investigation activites. 

The residence time of the Air Resources Board mobile stations at any 
site ranges from 2 to 6 weeks depending on the objectives of the study. 
The air quality data obtained from these special ARB studies are published 
in the quarterly air quality data reports of the Air Resources Board [ll]. 

4.1.3 Criteria for the Number of Monitoring Stations 

The U.S. Environmental Protection Agency has promulgated regulations 
concerning air monitoring in all Air Quality Control Regions (AQCRs). 
These regulations specify what pollutants are to be monitored and the 
minimum number of monitoring stations [12]. 

The minimum number of stations and the pollutants to be monitored for 
the AQCRs in California are given in Table 4.1. Table 4.1 also gives 
the number of monitoring sites in existence in 1973 and 1975. The number 
of monitors required depends on the Priority Classification, i.e., 
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TABLE 
Priority 

Classification 

4.1 (continued) 

Air 3e.s:.r.. Pollutant 
Usi!'.g 1974 A:..r 
Qual:!. ty Date.(b) Monitors Req_uired __ 

W!Dni tors 
1973 

in Use 
1975 

Additio:i:!l ;,:c::i -'.:o::s 
~Q.'.2_~~"'~-j 

So"J.th Central 
Coast 

Particulate !I 3 Hi-Vol 
-1 Tape 

2 Hi-Vol 
l Tape 

3 Hi-Vol 
2.Tape 

so2 co 
III 
--LII 

1 Bubbler 
0 

D 
l 

0 1 :s~~'J't-~e:· 

!·!J2 
Ox 

::;::::: 
I 

0 
l 

1 
2 

2 
2 

South Coast Particulate I 28 Hi-Vol · 38 Hi-Vol 41 Hi-Vo!. ' 
8 Tape 11 Tape 21 Tape 

S02 .1 Continuous 20 Cont., 24 Cont, 
-I'> II J Bubbler 4 Bubbler 7 Bubbler 
...... 

co I 11 JO 35 
li02 I 10 33 Cont, 35 Cont. 

I, Bubbler 7 Bubbler 
Ox I 11 Jc. 4 

San Diego ·Particulate I 11 Hi-Vol 3 Hi-Vol 8 Hi-Vol 3 IU-Vol 
6 Tape 3 Tape 6 'fape 

S02 3 Cor.t. 5 Cont. 
III 1 Bubbler l Bubbler 1 Bubbler 

co I 3 3 7 
N02 III 0 1 ·B1.:bbler l Bt:bbler 

3 Cont, 7 Cont. 

Ox I a 8✓ 
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Air 9asi!l Pollutant 

TABLE 4.1 (continued}
Priority 

Classification 
Using 1974 Air 
Quality Data(b ) Monitors Required 

li.foni tors 

,·o.,'2
-'-;/' ,,1 

in t's e 

1975 
Additional 1·'.or:!... tO::'S 

F\~-:u~,..,ed 

Sc'..:.:.~eas:. J0.se'!"t ?c.:-ti.culate 

S82_ 
C0 
~:02 
0:.-

I 

:rr 
III 
I:T 

r 

7 Hi-Vol 
2 'i'ape 
1· 3u.bbler 
0 
0 
2 

8 Hi-Vol 
•3 Tape 
2 Cont. 

4 Cont. 
4 

14 fI:-Vol 
8 'l''E:._?C 

2 Cor:~. 
E 
4 Cont. 
9 

Y.nu.."ltain Cou.117.ies ?ar:.i.cu:ate III 1 Hi-Vol 8 Hi-Vol 15 H:.-Vol' 

SQ_4 III 
o Tape 
1 BubGler 

0 
0 

Tape l 
0 

'i'ape 
1 Dp1::;'i'.'1 "'r 

co III 0 0 l 
.,,. 
<D 

XO;?_ 
o., 

rn 
III 

0 
0 

0 
0 

0 
l 

Lake Cour:.ty Particulate III 1 Hi-Vol l Hi-Vol 2 Hi-Vol 

B~ III 
o Tape 
l Bubbler 

0 Ta_pe 
0 

0 '::'aue 
r Co~t. 

co 
XO 

III 
III 

0 
0 

b 
0 

0 
0 

.Ox III 0 0 0 

(a) From Air Quality Engineering Unit, Division of Technical Services, Air Resources Board. July 9, 1975 , ...Noverr.ber 3,· 1975. 

(b) Reference: Federal Register, Vol. 36, No. 158 - Saturday, August 14, 1971. 



I, II, or Ill. These classification criteria consider the maximum 

pollutant concentrations recorded in the AQCR with a classification of 

Priority I indicating higher levels of pollution. 

It should be noted that the existing monitoring system in most areas 
of California greatly exceeds the minimum requirements of the Environ

mental Protection Agency [13]. 

4. 1.4 Criteria for Locating Monitoring Stations 

The placement or location of sampling stations in a network must be 
such that the data obtained by the stations will be of value in meeting 
the stated objectives of the monitoring program. With this in mind, the 
following criteria have been identified [3]. The different criteria 
reflect the different objectives of monitoring activities and a proposed 

monitoring site will not meet all criteria. 

Criteria l. Monitoring stations must be pollution oriented 

It is most important that areas most heavily polluted be 
identified and monitored. It is in these areas that progress 
toward meeting ambient air quality standards is most critical. 

Criteria 2. Monitoring stations must be population oriented 

A portion of the network must be located according to the 
population distribution. This is particularly important 
during times of air pollution alerts and episodes. 

Criteria 3. Sampling stations must be located to provide areawide 
representation of ambient air quality 

Data must be representative of the entire Air Quality Control 
Region. Areawide data is needed to show conformity to the 
ambient air quality standards. This includes both developed 
and undeveloped areas within the region. In the nonurban 
areas, increased consideration should be given to those areas 
where future land development is anticipated. 
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Criteria 4. Ambient monitoring stations must not be source 
or source category oriented 

In ambient monitoring, every effort is made to avoid a source 
oriented exposure unless the source influences a significant 
iection of the public. However, a control regulation limiting 
the emissions from certain industrial activities would require 
that stations be located where compliance with the regulation 
can best be evaluated. This type of monitoring is set up at 
stack level or ground level as required under the applicable 
rules and regulations. Data collected from source testing
by the Air Resources Board is not regularly published. 

The air quality monitoring network should then comprise stations reflecting 
one or more of the above criteria. It should contain stations that are 
situated primarily to monitor the highest levels in the region, to 
measure population exposure, to measure pollution generated by specific 
classes of sources and to record the nonurban levels of pollution. In 
many cases a given station location will be capable of meeting more than 
one of the listed criteria, i.e., a station located in a densely popu
lated area, besides measuring population exposure, will also monitor the 
effectiveness of controls on emissions from certain industrial activities 
if such emissions controls are part of the overall control strategy. 

The preceding discussion would imply that monitoring systems are designed 
and established after a comprehensive, regionwide analysis of needs, 
objectives, and resources. This is not the case. The existing air 
quality monitoring network in the state has been developed in an incre
mental fashion. Different agencies throughout the state establish 
stations based on different site selection and monitoring criteria. The 
main reasons that have governed the location of a station were convenience 
and availability of a site rather than the selection of a location which 
had a definite purpose of determining the air quality of a particular 
area or layer of the atmosphere. The height above ground level of a 
station seemed to be unimportant. Many agencies still report air 
monitoring data as if all of the stations have the same physical char
acteristics with respect to height, area, sample collection methods, and 
calibration procedures [14]. 

4. 11 



--

--

4. l. 5 l_n_f_l_u_Q!')~_e__o_f Monito_r_i_n_g__~_i_l:_e Location 

The impact that site location can have on air quality data is shown 

by the plot of carbon monoxide concentration vs. slant height in 

Figure 4.2 [15]. (Slant height is the ''line of sight'' distance from 

the sampling probe inlet to the nearest motor vehicle traffic.) 

FIGURE ,4_2 
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In Figure 4.2, (CO) represents concentrations of carbon monoxide 
0 

measured four feet above the highway median. (CO)x represents carbon 
monoxide concentrations measured at select distances from the median. 
The ratios (CO)x/(CO) are plotted to indicate the dependence of carbon 

0 
monoxide concentrations on slant height. Figure 4.2 indicates a 
decreasing carbon monoxide concentration with increasing distance from 

the roadway. 

This is an intuitively obvious relationship known for many years that has 
not been considered in reporting carbon monoxide data. This relation
ship between CO concentration and slant height is normally considered when 
establishing a monitoring site. The sampling probe must be set back a 
minimum distance from vehicular activity to avoid undue influence. 
However, the degree to which the slant height factor has been considered 
in the location of existing stations is uncertain. Also, the influence 

that slant height has on air quality data presently being recorded at 

these existing stations is also uncertain. 

Figure 4.3, which presents a plot of 3-year maximum hourly averages of 
CO concentrations versus slant height [16], indicates an·inverse 

. relationship between average CO concentrations and slant height, i.e., 
increasing slant heights resulting in decreasing average concentrations. 
There are other factors that are unique to each monitoring site and that 
influence the CO concentrations recorded, e.g., motor vehicle activity 
and meteorological processes. However, the influence of slant height 
on existing air quality CO data is clearly demonstrated in Figures 4.2 

and 4.3 . 

Research studies have been completed identifying a technique for quan
tifying the influence of slant height on CO concentrations and for 
adjusting CO air quality data to reflect this influence [15]. However, 
it is unlikely that an adjustment factor for CO data will be incorporated 
into air quality data banks. Since the needs of various users differ, 
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it is considered more valuable to report unadjusted data and allow the 
individual users to make the adjustments for their particular needs 
[4]. Unfortunately, this approach requires a degree of expertise and 
familiarity with air monitoring practices and data that is seldom found 

in planning agencies. 

Another phenomenon which demonstrates the influence of monitoring site 
location on air quality data is the ozone depression experienced near 

heavily traveled roadways [17]. 

Unburned organic gases and nitrogen oxides combine under the action of 
sunlight to produce ozone in smog. The production of ozone by the 
photochemical reactions is a relatively slow process. Studies in smog 
chambers have shown that the ozone level does not rise until most of 
the available nitric oxide has disappeared by reaction. The reaction 
NO+ o = N02 + o2 is responsible for this behavior. That reaction is3 
so fast that ozone and nitric oxide cannot co-exist in any appreciable 
concentrations. This process is known as scavenging of ozone (03) by 

( nitric oxide (NO). 

Fresh vehicle exhaust, which contains high concentrations of nitric 
oxide, reduces ozone concentrations. Near roads, in areas of high 
traffic density or where exhaust fumes are trapped, the ozone level 
drops to very low values. This effect is demonstrated in Figure 4.4 
which shows ozone concentrations as a function of perpendicular distance 
from a roadway [17]. The results shown in Figure 4.4 should be 
considered qualitative since the concentrations shown approach the level 
of sensitivity of the instrument used to measure oxidant [18]. 

This scavenging effect must be considered in locating fixed air monitoring 
stations. To obtain valid measurements of ozone (or oxidants since ozone 
is the principal constituent of oxidants), monitoring sites should be 
located well away from sources of nitric oxide such as power plants and 

heavily traveled roadways. 

( 
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( 
In summary, air quality monitoring stations are pollutant oriented 
resulting in a bias in the concentrations measured [ll]. Monitoring 

stations are characterized as being oriented for primary pollutants 
or oriented for secondary pollutants. Since air quality data from 
different stations are influenced by a combination of variables unique 
to each station, care should be exercised when making comparisons of 
air quality data from different monitoring stations. 

( 
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C 
4. AIR QUALITY MONITORING AND AIR QUALITY MODELING 

4.2 AIR QUALITY MODELING 

4.2. l Introduction 

Air quality modeling is a systematic method for quantitatively relating 
pollutant emissions from sources to pollutant concentrations at receptors. 
This involves either analytical approaches based on the theoretical treat
ment of atmospheric dispersion and transport or empirical approaches based 
on relationships deduced from observed emissions and air quality data. The 
analytical models are commonly termed dispersion models and the empirical 
models are called statistical models. 

In its simplest form, a model relates ambient pollutant concentrations (x) 
to pollutant source emission rates (Q) and a background concentration (b), 

x = KQ + b 

( 
The variable K is a function of atmospheric conditions and the spatial 
relationships between a source and a receptor. Depending on the 
sophistication of the model, K can be highly complex or very simple. 

The development and application of air quality models requires careful 
evaluation of the situation and the models available to insure selection 
of the best approach. Air quality models are at a stage of development 
such that no model is capable of completely simulating the many possible 
interactions of pollutant emissions and meteorological processes. Many 
models are well suited for particular applications and a variety of 
techniques can be used to satisfy a particular application. 

It is unlikely that any one model will be acceptable or appropriate for 
all applications in a given region. Optimally, a variety of techniques 
should be available. The choice of any one of the alternatives depends 
primarily on the quality of the input data, the budgetary resources of 
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the user, and the nature of the problem to be investigated. The com
ponents of an air quality model are shown in Figure 4.5. As illustrated, 

a model comprises four major inputs that ·include the following areas: 

·1. Emissions assessment; 

2. meteorological processes; 

3. topography; and 
4. applicable chemical reactions. 

A geocoded emissions inventory provides the pollutant data base for an 

air quality model. These data must identify emission quantities along 
with spatial and temporal distributions. Meteorological processes 
constitute the basic dynamic framework for predicting pollutant concen

trations in the atmosphere. In general, climatic summaries provide a 
data base for operating the model and specifying expected conditions for 
a certain time or place. Specific meteorological data are used to 
simulate particular situations such as pollutant episodes. The fluid 
flow of atmospheric processes is sensitive to topographic features. 
Hills obstruct the flow, while valleys channel wind movement. Buildings 
and similar structures obstruct winds and complicate the prediction of 

pollutant movement. Many of the chemical reactions between pollutants 
and atmospheric constituents are a complex function of particular 

pollutants and meteorological processes. 

The current field of air quality models covers a wide spectrum from the 
very simple proportional model to very complex and costly regional photo
chemical air quality models. The following sections cover the basic 
theory and approaches of air quality modeling, specific modeling 

techniques, and examples of the very simple proportional model. The 
following discussions are at times very technical. If interest is 
waning, go to Section 4.2.6 on Statistical Models. This is the suggested 

minimum reading on air quality modeling. It should be pointed out that 
the proportional model, the simplest of all models, has been the 

technique for almost all air quality control strategy evaluation 

completed to date. Consequently, familiarity with this model is 
essential. 
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'l. 'l. % Genera_l __T_h_e_o_ry 

/\ir quiJI ity models an! designed to simu·late the action of the atmosphere 

·in mixing, modifying, and transporting pollutants. Pollutants are mixed 

by the physical process of turbulent dispersion. 

When a stream of exhaust gases (a plume) is released into the atmosph2re, 

small eddies of air act on the edge of the plume to mix the pollutants 
with the surrounding air (Figure 4.6). The edge of a plume has a large 

gradient (difference) in concentration between it and the ambient air. 

FIGURE 4.6 

TURBULENT DISPERSION 

Gro::;::;ly ~;implifiod view of how o turbulent eddy Lrn::.1k:; up ~1 plumo and cJuse:-: 
r;1pirl 1nixinu or polltit;lt11:; with ;.1mbienl "cli..::m" :1ir, 

SOURCE: <20 l • 

Pollutants will mix with the ambient air across this gradient by two 

proc('Sses. Mixing by molecular diffusion occurs by the interaction of 

pollutant molecules with air molecules. This is indicated by the thin 
arrows in Figure 4.6. Another more important mechanism for mixing and 
transporting pollutants is turbulent motion. The eddies associated with 
this turbulent motion affect sizeable volumes of the plume. A parcel of 
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the plume moved by a turbulent eddy is shown in Figure 4.6. Turbulent 
eddies will produce a much more rapid mixing of the plume than molecular 

diffusion. For this reason, molecular diffusion is usually ignored in any 

analysis of pollutant dispersion. 

In the process of turbulent motion, pollutants are modified by chemical 
as well as physical processes. These can be simulated by kinetic mechanisms 
comprising sets of chemical equations. The transport of pollutants is a 
function of regional winds, temperature inversions, and topographic 
features. Transport phenomena are usually accounted for in models by 
the specification of regional wind patterns based on wind observation 

data. 

The set of equations governing the behavior of a fluid system such as 
the atmosphere consists of the conservation equations for mass, momentum 
(Navier-Stokes equations), and energy. In the most general case these 
equations are coupled as well as nonlinear, thus posing a formidable 
computational problem. In the case of air pollution, if it is assumed 
that the presence of the pollutants does not alter the behavior of the 
atmosphere on the scales of interest, then the conservation of mass 
equation becomes decoupled from the others. This assumption is quite 
valid in most cases. Only very high concentrations of N02 or particu-
late matter (~several ppm for N02, -several hundred ug/m3 for particulates) 
result in a significant perturbation of the flow field due to their 
influence ori the radiative exchange processes of the ambient atmosphere. 
Further, if the atmospheric flow field is described by a combination of 
empirical observations such as wind and stability data, and reasonable 
assumptions are made to fill data gaps, the momentum and energy equations 

may be eliminated from consideration. 

After appropriate assumptions and manipulations, the conservation of 
mass equation may be written to represent the basic transport-dispersion 
processes of the atmosphere as follows: 

( 
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;JC. ,lC. 
l + V '/. + W (Ky ,lC_i) ( 1) 

ax ay ay 

+ a ( Kz + (+S.) 
()Z 

-· '/, 

Where, 

t = ti me 

x,y,z = Cartesian coordinates 

u,v,w = components of the mean wind velocity in each of the coordinate 
directions respectively 

eddy diffusivity coefficients in each direction that are related 
to temperature stability, wind shear, surface roughness and 
convective heat flux 

R. = rate of generation of the i-th pollutant by chemical reactions 
~ and may be a function of the concentrations of other pollutants 

S. = net source term which considers both emissions and losses by
1
• deposition 

change in concentration of pollutant C with respect to time 

'!, = 
ac. 

change in concentration of pollutant C· with respect to distance 
ax in the x direction. The other partial~derivatives (aCi/ay and 

aci/az) indicate similar relationships 

The concentration C. of each of the i = 1, ... , n pollutants considered 
·i 

may be written as an equation of this form. 

The change of concentration with time is expressed in the first term of 
the dispersion equation. Steady-state solutions are obtained by models 
which assume this term (3Ci/at) to be zero, i.e., no change in con
centration with time. The next three terms represent the advection or 
transport of pollutants by the mean winds. The first three terms on the 
right hand side of the equation allow for pollutant dispersion by 

turbulence. The last two terms account for the generation of the pollutant, 
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the emission into the atmosphere and the losses by chemical reaction, 

( deposition, etc. This equation and its associated boundary conditions 
form the basis for all the dispersion models discussed in this report. 
Figure 4.7 presents a schematic representation of this basic equation. 

In the case of air pollution, since it is assumed that the presence of 
the pollutants does not alter the behavior of the atmosphere, the 
dispersion equation is decoupled from the equations governing atmospheric 

motions. Once u, v, w, Kx, Ky, and Kz are specified, the dispersion 
relation may be solved. 

The derivation of the parameters mentioned above and effects of the 
atmosphere on other aspects of pollutant dispersal are discussed in the 
section on meteorology submodels. The following sections discuss the 
solution techniques utilized to solve the dispersion and transport 
relationships once the atmospheric parameters are specified. 

4.2.3 Dispersion Models 

( 
Dispersion models are generally differentiated by the approach utilized 
for solution of the dispersion and transport relationships shown in 
Equation l. Assumptions inherent in deriving the solutions limit the range 
of cases that can be handled. Before any individual model is used, the 
assumptions involved in the derivations and the limitations of each 
model type must be understood. The basic types of dispersion models and 
their assumptions, formulations, and input requirements are presented 
after a brief discussion of sources, scales of analysis, and coordinate 
systems. 

There are three general configurations of emission sources: point 
sources, line sources, and area sources .. Point sources, as the name 
implies, emit pollutants from one specific point in space. Power plants, 
sulfuric acid plants, and incinerators are examples of point sources. 

Line sources are an idealized situation in which pollutants are emitted 
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at a constant and uniform rate along a line. Freeways and heavily
traveled streets are treated as line sources for dispersion modeling.

( The area source approximation is used when numerous small point and line 
sources result in uniform emissions from an area. Urban areas and large 
parking lots have been idealized as area sources for dispersion modeling. 
Typical units for the emission rates from these source configurations 

are given below: 

Point sources grams/second 

Line sources grams/meter-second 

Area sources grams/meter2-second 

The scales of analysis for air quality modeling of interest in land use 
planning are the microscale and the mesoscale. Microscale analysis 
deals with the localized impact of a single source or a group of sources. 
The methodology for microscale air quality estimates is based on the 
Gaussian dispersion model and is usually applied only to point and line 
sources. The study area for a microscale analysis ranges from l to 10 
kilometers across in the direction of the average wind. A mesoscale or( 
airshed analysis is regional in scope and is normally used when the area 
source approximation is being made. A coordinate system is used to 
delineate grid squares for a study area (e.g., a checker board pattern) 
and area source emission rates for each grid square are identified. 
This allows the use of a simple model for estimating the dispersion of 
pollutants. When emissions are not assigned to grids, they are assumed 
to be uniformly distributed throughout the study area. 

One of the basic differences between individual mesoscale models is the 
choice of the coordinate system to be employed. Airshed models may be 
classified according to the type of coordinate system used. The first 
type of model employs a coordinate system which is fixed with respect to 
the ground. It is known as an Eulerian coordinate system. The second 
type attaches its coordinate system to a fictitious vertical air column 
which moves horizontally in the direction of the large scale winds. 
This form is often called the Lagrangian Model. 
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The more common coordinate system is the Eulerian frame in which sources 

are located, winds are described, and concentrations are computed or 

measured at specific points in a fixed grid. llowever, the dispersion part 
of the pollution problem is more naturally formulated in terms of a moving 

air parcel or Lagrangian reference frame. Some models attempt to use 
this method. Since sources are more easily described in a fixed frame, 

and conservation of mass is more difficult to express in Lagrangian 
coordinates, moving cell models incorporate a quasi-Lagrangian coor

dinate set. 

The meteorological factors in many situations are the most important 

variables in air quality estimates. Consider the fact that for a given 
year, the total daily emissions into the atmosphere from a region are 
essentially the same and that the day to day differences in air quality 
for that region depend entirely on the differences in meteorology. Wind 
behavior is almost invariably separated into two parts for modeling. 

Relatively large scale motions are described as transporting the pollution 
from sources to receptor. Relatively small scale motions are described 
as dispersing and mixing the pollutant as it is transported. Additional 
meteorological considerations include mixing layer, atmospheric stability, 

and solar radiation. 

To be meaningful, estimates of air quality must be given in terms of 
pollutant concentration and averaging time. When estimates are given 
with averaging times identical to those of the ambient air quality 
standards, direct comparisons with the standards are possible. However, 
several methodologies for estimating air quality result in estimates 
with averaging times different than the standards. To compare these 

estimates with the standards, they must be converted to the same averaging 
time. The mathematical technique for this conversion, known as Larsen's 
model, is discussed later in this section. 
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4.2.3-1 The Gaussian Formulation 

( 
Historically, efforts to further simplify the basic dispersion equation 
(Equation l) so that it could be solved analytica1ly have resulted in 
the familiar Guassian plume formulation. The assumptions utilized by 
Turner [19] in the development of solutions for the Guassian dispersion 
model for point, line, and area sources are given below: 

1) The average ·wind direction determines the x-axis and the average 
wind speed used is representative of the mixing layer. 

2) There is continuous and constant emission from the source, or the 
period of emission is equal to or greater than the travel time to 
the downwind position of interest, so that dispersion in the 
direction of transport may be neglected, i.e., 

and S. is constant. 
i, 

( 
3) The pollutant being diffused is a stable gas or particulate matter 

less than 20 microns diameter which remains suspended in the air 
over long periods of time, i.e., Ri = 0. 

4) Except where specifically mentioned, the plume constituents are 
normally distributed in both the cross wind and vertical directions. 

5) The equation of continuity is fulfilled, i.e., none of the pollutant 
emitted is removed from the plume as it moves downwind and there is 
complete reflection at the ground. 

6) The standard deviations (o's) used by Turner represent time periods 
of about 10 minutes and are empirically derived parameters of the 
atmosphere's ability to disperse the plume constituents. 
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Based on the above assumptions, Equation l is simplified to the 

ronowinq form: 

ac. 
"/, ( 2) 

u ax 

X X 
The substitution of "y(x) 2 = 2K/i" and cr 2 (x) 2 = 2K}i' yields a solution for 

a point source at ground level with the following form: 

5 v'- + z,.Ci= __-"i'-- exp - 1/2 [---~ -~] (3)
0 /'. CJ /..'ITtJOy<lz y z 

Where, 

C. = concentration of pollutant at receptor
·1. 

s. = emission rate of pollutant ·1. 
'/, 

X,Y,Z = coordinate values for receptor (Fiaure 4.8) 

u = mean wind speed 

= empirically derived measures of the eddy diffusivity (KY,K ) 
of the atmosphere, i.e., how well the atmosphere can 2 

disperse the pollutants. 

The important features [19] of Equation 3 which apply to a point source 
at ground level, are: 

1. The downwind concentration at any location is directly proportional 

to the emission rate of the sources. 

2. The more turbulent the atmosphere, the more rapid the spread of the 

plume in the transverse direction. Turbulence increases the eddy 
diffusivities Ky and K • 

2 
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3. The maximum concentration at ground level is found directly down
wind, on the plume line, and is inversely proportional to the( 
downwind distance from the source. 

4. The maximum concentration decreases with higher wind speeds, u. 
Even on the plume line, where at ground level there is no explicit 
dependence on u (because oy and oz are inversely proportional to 
u), concentrations will actually decrease with increasing wind. 
This is because the eddy diffusivity Kin the equation above 
increases with wind speed due to increased mechanical turbulence. 

These are the four key features of most Guassian models used to describe 
the dispersion of emissions from a point source. 

The spatial relationship between the emissions source and receptor must 
be established through a coordinate system. A commonly accepted coor
dinate system used by Turner [19] for point sources is shown in Figure 
4.8. In the system considered here, the origin is at ground level at or 

( beneath the point of emission, with the x-axis extending horizontally in 
the direction of the mean wind. The y-axis is in the horizontal plane 
and perpendicular to the x-axis, and the z-axis extends vertically. The 

plume travels along or parallel to the x-axis. 

For line and area sources, the pollutant concentration along the y-axis 
(a horizontal line perpendicular to the wind direction) is assumed 
uniform. Therefore, they coordinate is not used in estimating pollutant 

concentrations for these sources. 

The plume formulas have been used extensively in the past and have 
formed the basis of many of the air quality models currently available. 
However, the simplicity of the classical Gaussian models has been 
achieved through assumptions which restrict their application. The 
requirement for a uniform and constant wind over the entire three
dimensional area-of concern is contrary to the known behavior of winds. 
Wind speed generally increases with height in the lower several hundred 
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FIGURE 4.8 
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meters of the atmosphere. Consequently, the assumption of a single wind 
speed will tend to underestimate concentrations at lower heights and( 
overestimate at higher heights. Also, these equations breakdown in the 
case of very light or calm winds since the wind speed is in the denomi
nator, i.e., division by zero. The existence. of a temperature inversion 
or stable layer prevents the upward spread of pollutants. The region 
below such an inversion is called the mixing layer and the thickness of 
this layer is called the mixing depth. When certain meteorological 
conditions exist, the equations are modified so that the vertical plume 
material distribution becomes uniform at a certain downwind distance 
from the point where the plume encounters the mixing level. The dis
tribution in the horizontal remains Gaussian. 

Since meteorological variables in the model are assumed to be uniform in 
time and space, the use of the model is restricted to regions of rela
tive flat terrain without bodies of water or tall buildings in the 
immediate vicinity. Coastal regions with land/sea breeze circulation 
patterns and generally hilly or mountainous surrounding terrain are poor 
locations for application of this model. Second, the plume formulation( 
cannot account for chemical reactions that are more complex than a 

simple decay mechanism due to the steady-state assumption. Plume model 
applications are then restricted to primary pollutants such as sulfur 
dioxide, particulates, and carbon monoxide. 

The plume formulation is the only technique developed so far to describe 
individual point and line source emissions, such as from power plant stacks 
and highway segments. In situations where sources are isolated and 
analyzed individually, the Gaussian plume model may be "fine-tuned" to 
yield results which are much improved over a multiple source analysis. 

Gaussian Puff Formulation 

In an attempt to improve on some of the disadvantages of the plume models, 
the Gaussian puff models have been developed. The transformation of 
Equation 3 to the Lagrangian (moving) coordinate system is one which moves 
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with the puff and retains time dependence, but the computations become 

extremely lengthy for multiple-source situation. The solution remains 

valid for light wind conditions unlike the plume models. 

Refinements for elevated sources and receptors are also possible as in 

the case of the plume models. A s imi 1ar decay term may al so be incorporated. 

Line source formulas have been developed for the general case of highways 

at any angle to the mean wind. When the angles are small, the same formula 

applies but the line must be broken into shorter segments and contributions 

from each segment must be added. 

These models follow the history of a polluted puff as it travels downwind 

and disperses in a Gaussian distribution (Figure 4.9). The trajectories 

of the air flow must be known and a puff moving along a trajectory must 

FIGURE 4.9 
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pass over the receptor in order to predict concentrations at a downwind 
receptor. Both the determination of the trajectory pattern and the number( 
of puffs that must be followed requires the use of computers to obtain a 
fair representation of the concentrations over the study area. 

As in the Gaussian plume formulation, topography is difficult to incor
porate. Background contributions to the pollutant are allowed to vary 
in time and can thus be better incorporated. The primary disadvantages 
to this approach are the computational requirements of time and storage. 

Available Manual Methodologies for Gaussian Dispersion Modeling 

The modification and application of the basic Gaussian model for manual 
solution in a variety of situations is presented in [19,20,21]. For 
applications to any specific situations, it is suggested that the reader 
refer to these or other references on Gaussian dispersion modeling. 
Williamson [20] is recommended as an introduction to the analytical con
siderations of the Gaussian model. For point sources, the work by 

( Turner [19] is recommended. 

For line sources, a recent survey report [22] of highway models recommends 
among .others the Highway Air Quality Impact Assessment Model of the 
California Department of Transportation. 

The User Manuals [23] for the Highway Model covers six topics as follows: 

1. Meteorology and its Influence on the Dispersion of Pollutants 
from Highway Line Sources 

2. Motor Vehicle Emission Factors for Estimates of Highway Impact 
on Air Quality 

3. Traffic Information Requirements for Estimates of Highway Impact 
on Air Quality 
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4. Mathematical Approach to Estimating Highway l111pact 011 /\ir 

Quality 

5. Analysis of Ambient Air Quality for Highway Environ111ental 

Projects 

6. A Method for Analyzing and Reporting Highway Impact on Air 

Quality 

The User Manuals are oriented for use by highway engineers in preparing 
the air quality elements of environmental impact statements for highway 

projects. The manuals provide an excellent introduction to the modeling 
of air pollutant dispersion from line sources. Manual solutions for 
many highway configurations and meteorological conditions are possible 

through the use of graphical solutions for the basic Gaussian diffusion 

equations. 

Solutions for area source models based on dispersion principles are 
possible but are often very time consuming. Most solutions involve the 
use of digital computers. A simple but physically realistic model has 
been developed by Hanna [24] for estimating pollutant concentrations due 

to area sources. In this model, the surface concentration is directly 
proportional to the wind speed. The area source emissions for indivi
dual grid squares should be uniformly distributed within each grid and 
the source strength of adjacent grid squares should not differ too 
greatly. 

4.2.3-2 The Air Pollution Potential Model 

Another simple urban dispersion model has been developed by Miller and 
Holzworth [25]. The model calculates the average normalized concen-
tration (X/Q) i.e., the concentration (X) averaged over a city and normalized for 
a uniform average area emission rate (Q) as a function of mixing height 
(H), wind speed (ii), and along-wind distance (S) across the city. The 
main assumptions of the model are: 
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1. Steady-state conditions prevail 
2. Emissions occur at ground level and are uniform over the city( 
3. Pollutants are nonreactive 
4. Lateral dispersion can be neglected 

5. Vertical dispersion from each elemental source conforms to 
unstable conditions, and concentrations follow a Gaussian 
distribution out for a defined travel time that is a function 
of mixing height. Thereafter, a uniform vertical distribution 
of pollutant occurs as a result of further dispersion within 
the mixing layer. 

The model treats the city as a continuous series of infinitely long 
cross-wind line sources with pollutants confined to the mixing layer. 
As indicated in assumption 5, the model requires two equations according 
to whether none or some of the pollutants emitted at ground level achieve 
a uniform vertical distribution within the mixing layer before being 
transported beyond the downwind edge of the city. 

( When none of the pollutants achieve a uniform vertical distribution, the 
equation may be written as 

X/Q = 3.993(S/u) 0 
• 

115 for CS/u) < 0.471 H1 " 130 

When some of the pollutants achieve a uniform vertical distribution, the 
average normalized concentration is 

X/Q = 3.613 H0 • 130 + s 0. 088uH l • 2 6 0 for (S/u) > Hl. l 3 0 

2HU s 

For most cases the coefficient 0.088 is very small, and can be neglected 
[25]. 
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This model was utilized to assess the mesoscale primary pollution 
potential for California [26]. Air pollution potential is a measure 
of the inability of atmospheric processes to adequatf)l_y dilute and 

disperse pollutants. The pollution potential concept is valuable in 

relating changes in emissions to changes in air quality. An area of 
high air pollution potential will experience a relatively large degra
dation in air quality with increased emissions. Conversely, an area 

with low air pollution potential will experience a relatively small 
change in air quality for an identical change in emissions. 

Air pollution potential is treated with statistical tools, in which the 
frequency of occurrence of meteorological events is of primary importance. 
For example, the pollution potential of a stable primary pollutant would 
be considered high in an area where light winds and strong, surface

based inversions occurred simultaneously and with great frequency. In 
assessing the air pollution potential for a particular area, emission 

factors are normalized or assumed to be constant. The model determines 
the spatial and temporal distribution of air pollution potential as a 

function of meteorological parameters only. 

The meteorological parameters used to quantify the air pollution potential 
model are average wind speed and mixing height. These are determined 

from data on the wind and temperature structure of the lower layers of 
the atmosphere. Both of these meteorological variables can change 
rapidly in space and time. The pollution potential is an inverse 
function of the average wind speed and mixing height in this model. 

There are several ways to use wind and stability data to calculate 
pollution potential. Estimates of vertical atmospheric stability are 

made by following a procedure whereby stability criteria are divided 
into six classifications depending on the surface wind speed and the 
intensity of incoming sunlight [19,27]. From these classifications, 
pollution potentials are calculated using wind speed, mixing height, and 

normalized emission rates. 
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In the equations for the model, the values for mixing height (H) and 
mixing layer average wind (u) are in the denominator. If either of( 
these terms becomes very small, the value of X/Q becomes very large and 
must be used with caution as a measure of urban pollution potential. 
The minimum values of morning mixing height (H) from the data are 45-50 
meters [26]. With low mixing heights and wind speeds near zero, the 

term X/Q becomes very large. For example: 

Boundary Urban Pollution 
PotentialMixing Height Surface Wind Layer Winds 

(meters) (knots) (meters/sec) (X/Q) 

0. 175 58450 0 

0.687 15350 l 

2 0.199 9050 

High values of X/Q should be used cautiously when related to pollution 
( potential. For all cases, the ratio X/Q is calculated for a source size 

(i.e., city size) of 10,000 meters in the direction of the wind [26]. 

4.2.3-3 The Moving Box Model Approach 

An alternative approach to air pollution modeling has been advanced by 
those investigators who have been concerned with the photochemistry of 
air pollution. In this case, the conservation of mass equation (Equation 

l) is reduced to 

A Lagrangian coordinate system is employed such that V = 0 while Kx = KY 
= 0 and Kz = Or, in other words, a box is assumed to be carried by00 • 

the winds with no lateral dispersion of pollutants allowed, while the 
pollutants emitted are presumed to mix instantaneously throughout the 
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volum0. of the box. A later version of the moving eel l model includes an 

analytical solution to accommodate horizontal dispersion [22]. The box 
may either extend from the ground up to the inversion base, 01· be 

represented by a column of boxes up to the inversion base (Figure 4.1 □). 

The simplifications made in this approach are clearly not representative 
of the actual atmospheric processes which affect the transport and 
dispersion of pollutants. 

FIGURE 4-10 

THE TRAJECTORY MODEL 

SOURCE: (31) 

In addition to its obvious misrepresentations, there are more subtle 
difficulties inherent in this moving-box approach. First, the technique 
by which the boxes are transported from one location to the next involves 

a wind trajectory analysis which is typically done by interpolation of 

wind measurements taken at ground level wind stations [29,30]. Generally, 
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measurements of this type are not representative of the transport taking 
place throughout the vertical column. The proximity to buildings, the 
height of upwind buildings, and the stability of the atmosphere combine 
to modify the ground level measurements so that only estimates can be 
made of processes transpiring aloft. Thus, it must be anticipated that 
as the box is transported further and further downwind, the errors 
become larger and larger. This problem becomes acute with the complex 
wind patterns of California coastal air basins. 

Second, the resulting computed concentrations are instantaneous values 
rather .than hourly-averaged values. No attempt has been made thus far 
to justify the assumption that the instantaneous concentrations computed 
by a box model at a particular receptor point (i.e., at the site of a 
monitoring station) is representative of the hourly-averaged concentrations 
which are measured, and which also constitute the basis of the National 
Ambient Air Quality Standards. In particular, the technique employed by 
Eschenroeder and Martinez [29] for model validation purposes bears no 
relationship to the way air quality standards are defined. The time 
variation of pollutant concentrations in the box is computed at various 
points along its trajectory, and these computed values are compared not 
to actual monitoring data, but to values interpolated between monitoring 
stations nearest to the path of the box. In order for the box models to 
compute representative hourly-averaged concentrations at specified 
receptor points, trajectories would be needed for boxes arriving at each 
receptor point at, say, ten-minute intervals. 

4.2.3-4 The Three Dimensional Grid Approach 

The limitations of the Gaussian plume and moving box models, 
coupled with the need for more precise representations of air quality, 
have prompted a move toward the numerical solution of the conservation 
of mass equation on a fixed three-dimensional grid, including advection, 
dispersion and chemical. reactions. Models which use this approach are 
quite complex and require much more data than are normally available for 
any given air quality control region. The level of precision (not 
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necessarily accuracy) is correspondingly increased, however, such that 

more complex meteorologicul conditions muy be accounted for and the 
model can in theory be applied to a greater variety of adverse situa
tions occurring in the atmosphere over urban centers. 

Unfortunately, many of the criticisms described for the box models may 
also apply to the grid models, particularly with respect to uncertain

ties in trajectories for air parcels. The disadvantage unique to the 
grid approach involves the phenomenon of numerical dispersion, also called 
artificial dispersion. In this case the finite difference solution of 

the conservation of mass equation introduces a machine-induced error 

into the analysis. 

FIGURE .4.11 
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Artificial dispersion is based on the assumption that pollutants are 
completely mixed and uniformly distributed in any given cell. For any 

( time increment of a simulation, a certain amount of pollutant will be 
dispersed from each cell to adjacent cells. These pollutants are 
assumed to be spread evenly throughout the adjacent cells. In the next 
time increment, pollutants will be leaving these adjacent cells when in 
reality the pollutants have not traveled completely across the cells. 
Artificial and real dispersion are showri schematically in Figure 4.11. 

4.2.4 Meteorological Sub-Models 

4.2.4-1 Wind Fields 

.. .-·,wind behavior is almost invariably separated into two parts for modeling. 
Relatively large scale motions are described as transporting the pol
lution from source to receptor while relatively small scale motions are 
described as dispersing and mixing the pollutant as it is transported. 

The simplest models assume that the mean winds (large scale motions) are 
( constant in time and space and unchanging in either speed or direction. 

This is the assumption utilized in the Gaussian plume model. The values 
of wind. speed and direction can be based on observations from a single 
location or a combination of observations from several locations. 

In more complicated and realistic models, winds can be simulated from 
point to point ·with both vertical and horizontal variations. In the 
vertical, wind speeds almost always increase with height. Some approaches 
allow for vertical speed variation by using specified functions - such 
as a "power low function" in which wind speed is proportional to altitude 
raised to an exponent, i.e., u « zn. Wind direction changes with height 
are more difficult to specify and. to fit into models. Only if the wind 
is measured or carefully worked out from dynamic theory can realistic 
direction changes with height be incorporated i~to models. 
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Realistic horizontal wind variability is relatively difficult to in

corporate into models. The dominating principle is the conservation of 

mass, for both the pollutant and the air. Models include schemes of 
varying complexity to meet this requirement. A relatively simple method 
is to calculate two-dimensional horizontal motion from a wind stream 
function and assume no vertical motion. This type of flow does not 
permit convergence or divergence of mass. 

The mass-consistent wind formulation [32] is a more complicated tech
nique for defining a wind field. With this approach, ground level wind 

observations at discrete points in space are interpolated and then 
adjusted to satisfy the continuity equation of fluid flow. 

In the case of incompressible flow, the equation may be written as: 

where u and v are the lateral components of the wind vector and w is the 

vertical component of the wind vector. The resulting wind field gives 
the speed and direction at all points within the grid, and is theoretically 
consistent. Significant differences occur between an interpolated wind 

field and an interpolated wind field adjusted to be consistent with the 
continuity equation of wind flow. The interpolated observed wind field 
is obtained from wind monitoring stations which are subject to local 
influences and give little information concerning upper level winds. 
The mass-consistent wind field is produced depending on the nature of 
the wind shear and inversion height assumption. Until mixing depth and 
upper level winds are monitored as regularly as present ground level 
winds, the validity of either wind field will remain in question. 

The role of small scale motions and turbulent eddies in dispersing 
pollution is handled by the models in several ways. 
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The most common method used in the Gaussian formulation is based on the 
( relationship between the spread of a pollutant cloud, the distance from 

the source, and the meteorological conditions which control turbulent 
eddy mixing. These relationships are developed from experimental 
observations of plumes. This, together with the assumption of a Gaussian 
or "normal" distribution and the conservation of pollutant mass allows 
an estimate of concentration at any point downwind from the source. 

The dispersion equation uses eddy diffusivity coefficients or "K" theory 
to account for the role of small wind eddies. This assumes that there 
wi 11 be a movement of pollutant from a region of higher concentration to 
regions of lower concentrations and this flow is proportional to the 
eddy diffusivity and to the change of concentration per unit distance 
across the area. This method parallels solution techniques for molecular 
diffusion problems. 

Both theories mentioned above can be applied to the same problem. The 
advantage of "K" theory is a much greater versatility, but it is limited 

( by greater computing time requirements and a greater chance of computa
tional errors. 

4.2.4-2 Mixing Depth 

Two related techniques have been used to estimate the mixing depths (the 
height of the inversion base above the ground) over an urban area. The 
first technique was developed by Holzworth [33]. Here it is assumed 
that nighttime radiational cooling of the ground and heat loss from the 
air to the cool ground result in stable lapse rates at night; and that 
during the day, absorption of solar radiation by the ground and heating 
of the air results in unstable lapse rates and vertical motions (mixing) 
that ultimately .produce a mixed dry adiabatic layer. Neglecting factors 
(e.g., advection, subsidence, etc.) that could change the vertical 
temperature profile after its time of observation, it is assumed that 
the mixing depth depends upon the vertical temperature structure and the 
surface temperature. This last assumption must be further conditioned 
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by the fact that effects of vertical wind shear and mechanical tur
bulence in augmenting or diminishing vertical mixing have been neglected. 

In some cases, these factors may be important, but here only the effects 
of convection are considered. Since radiosonde observations are seldom 
made at the times of interest, the mixing depths are estimated by 
extending a dry adiabat from the maximum surface temperature to its 

intersection with the most recently observed temperature profile (Figure 
4. 12). 

A second method [32] recognizes that the temperature profile observed at 
one location may not necessarily be assumed to apply in other locations, 
especially if the topography is complex. This method correlates the 

difference in mixing depths with the difference in surface temperatures 
recorded at a reference station with those at other locations in the 
study area. A set of curves is then prepared such that the mixing de~th 
at the reference station may be used to predict the mixing depth at the 
other locations around the urban area on the basis of surface temperature 
measurements. Unfortunately, data were insufficient to properly define 
the correlation curves, and it remains to be seen whether such a tech

nique can serve to adequately describe the substantial spatial and 
temporal variations characteristic of inversions, particularly those 

which occur over California coastal regions. 

In addition to the effect which the mixing depth estimate has on the 
computed wind field, the significance of errors in mixing depth with 
regard to the impact on computed concentrations is also a function of 
the atmospheric stability within the mixing layer. If the mixed layer 
is highly unstable, then pollutants emitted at ground level will be 
mixed upward rapidly, and the mixing depth will be a direct determinant 
of computed ground level concentrations. If the mixing layer is rela

tively stable, the effect of the mixing depth at a given location will 
not be seen until the emitted pollutants are transported further down
wind, since a longer time period would be required for the pollutants to 
mix upward and "sense" the presence of the inversion. 
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Perhaps the most critical aspect of estimating the mixing depth lies in 
the representation of an inversion base when it is at or near ground 
level. This particular condition is of utmost concern since it is often 
associated with severe air pollution episodes. Small fluctuations in 

the mixing depth under such conditions can lead to significant changes 
in ambient concentrations since the proportional change in the volume of 

air available for mixing may be quite large. 

4.2.4-3 Diffusivities 

To date, there has been a single, standard approach to the estimation of 
diffusivity coefficients and/or standard deviations of the wind field. 

This approach was originally advanced by Pasquill [27] on the basis of 
plume measurements taken in areas of flat topography with no nearby 
bodies of water. Subsequent attempts at estimation of diffusivity co
efficients have been geared toward improving the data or modifying the 
results in order to account for more complex terrain conditions, such as 

that posed by a city [34]. 

There have been few measurements of these important parameters which may 
be used directly in the various models. Hence, more often than not, 

the diffusivities become ''free'' parameters which are adjusted to produce 

the best fit of model results to observations during the validation 
phase of model development. 

4.2.4-4 Solar Radiation 

The intensity of solar radiation is a critical factor in the photo
chemical processes leading to the formation of oxidant. Under uniform 
sky conditions the radiation intensity may be determined for an urban 
area. Problems occur when patchy or variable clouds are present, since 
the intensity may be drastically diminished in areas where direct sun
light is blocked. Reynolds, et al. [35] in their validation of the SAI 

Model noted that: 
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"In comparing the radiation profiles measured at the two measure
ment sites, Commerce and El Monte, for each of the six validation( days, it is apparent that they are often not coincident. For 
example, on 29 September at noon the radiation intensity at El 
Monte was 30% lower than at Commerce. Consequently, the measures 
of photolysis rate, kl and k7, differed by 30% between the sites. 
While we have adopted "averaged" curves based on measurements made 
at the two locations, it is clear that radiation intensity varies 
spatially as well as temporally, and that these variations can have 
a significant effect on the magnitudes of predicted concentrations. 
For example, if the steady-state approximation is valid, kl is 
proportional to ozone concentration. A 30% error in kl, due to 
inaccuracies in estimation of the constant locally, will then 
result in approximately a 30% error in predicted ozone level." 

4.2.5 Additional Considerations in Air Quality Modeling 

4.2.5-1 Boundary and Initial Conditions 

To simulate a particular day of high air pollution potential, it is 
necessary to make some assumptions about conditions on the boundaries of 
the modeling region. Normally, there is little or no data concerning 
pollutant concentrations at the boundaries since they are chosen such( 
that the entire urbanized area is contained within the model. Likewise, 
there is no monitoring data available (except in special cases) concerning 
the initial vertical profiles of pollutant concentrations. 

The procedure that is followed almost universally is to assume that 
there is no gradient in concentration across any boundary, and that the 
initial profiles are uniform with height above ground level. The errors 
which are introduced into the modeling process due to such assumptions 
are difficult to assess, since conditions will vary from day to day. 
Unfortunately, one of the more controversial aspects of control strategy 
development centers on the question of pollutant transport from one air 
basin to another. In regions where such controversies exist, the ability 
to properly set the boundary conditions is critical to the success of 
the modeling effort. 
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4.2.5-2 Sub-Grid Scale Methodologies 

In the case of three-dimensional grid models, there are important 
processes occurring on scales smaller than the grid can resolve. Strong 
point and line source emissions such as from power plant stacks and 
street "canyons," respectively, require special treatment in order to be 

properly considered in these models. 

To date, three of the models currently available have incorporated sub

models which address sub-grid scale considerations. These are the 
Stanford Research Institute (SRI) APRAC-lA model for carbon monoxide, 
and the Systems Applications Incorporated (SAi) Urban Airshed Model and 
s3 EXPLOR model for photochemical pollutants. The SRI model has a 
street canyon sub-model which describes, in a relatively simple fashion, 

the circulation pattern expected to occur over a street that is bounded 
on both sides by tall buildings. The SAI model for photochemical 

pollutants incorporates a more sophisticated street canyon sub-model as 
well as a simple point source treatment which allocates portions of a 
plume to the grid cells which the plume is expected to occupy. EXPLOR 
was specifically designed to predict pollutant concentrations in a 
milewide corridor transversed by a roadway. By dividing the airspace 
over the roadway into cells, an attempt is made to track the particles 
of pollutants from one cell to the next in a numerical integration of 
the conservation of mass equation in two dimensions. 

Although it is important that such effects be addressed, it is not 
realistic to expect model results to be vastly improved as a result. 
When dealing with such complex phenomena on such a small scale as an 
individual street canyon, the variability of building heights, the 
presence of parked cars, the speed of the traffic on the street and 

various other factors become critical in the determination of pollutant 
concentrations. It is presently beyond the scope of any of the models 
developed to consider such effects, and thus it must be expected that 
results would not be consistently good. 
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4.2.5-3 Chemical Reaction Sub-Models 
( 

In the case of photochemical oxidants, a special sub-model is required 
to describe the complex series of chemical reactions taking place in the 
atmosphere between the various pollutant species. Several reviews of 
atmospheric chemistry have appeared in recent years and a number of 
kinetic mechanisms for photochemical smog have been proposed [36,37,38]. 
Although the various mechanisms proposed produce reasonable agreement 
with smog chamber studies, it is clear that the nature of the multitude 
of reactions occurring in the atmosphere is not well understood. A 
polluted urban atmosphere typically contains upward of 100 hydrocarbon 
species, each of which may undergo any number of possible reactions with 
each other as well as with other atmospheric constituents. In addition, 
many of these species and their intermediate products are present in 
very low concentrations such that experimental studies are difficult if 
not impossible to conduct with avai.lable instrumentation. Thus, many of 
the rate constants used in chemical models have not been verified with 
actual experimental data. 

( 

For the purpose of an atmospheric simulation model, the kinetic mechanism 
must be as compact as possible to avoid excessive computing times in the 
numerical integration of the model. This requirement necessarily 
implies the use of a lumped-parameter approach, whereby a class of 
compounds or reactions are assumed to be described by a single compound 
or reaction with an "average" rate constant assigned. Additionally, the 
number of product molecules from a reaction may be assigned. The method 
by which such assignments are made involves the fitting of model results 

to smog chamber data. 

Although this approach is reasonable under the circumstances, it is also 
fraught with uncertainty. Curves of pollutant concentrations vs. time 
may be produced with any desired shape if a sufficient number of free 
parameters are available for adjustment. Whether the kinetic mechanism 
thus developed is representative of what actually occurs is strictly a 
matter of conjecture, since the reactions tha.t occur in a smog chamber 
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are not necessarily similar to the reactions and other prorrsscs whicl1 
occur "in the ambient atmosphere (e.g., the formation of plmtoche111ica I 

aerosol). These fundamental problems occur for any photochemical model, 

no matter how intricate its formulation. 

Of the kinetic mechanisms published to date, the 15-step model of Hecht 
and Sienfeld [38] replicates smog chamber data rather well, in addition 
to being relatively compact. The fifteen steps are summarized in Table 
4.2, where the symbol R denotes a generalized hydrocarbon radical; ,t, r,, 
and y, are adjustable coefficients; and PAN denotes peroxyacyl nitrates. 

The first three steps involving nitric oxide, nitrogen dioxide, ozone 

and sunlight (hv) describe the formation and destruction of ozone in the 
absence of organic gases. These steps are common to all of the kinetic 
mechanisms which have been proposed. The mechanisms diverge when it 
comes to describing how the presence of organic gases disrupts this 

equilibrium situation. 

4.2.6 Statistical Models 

4.2.6-1 Appendix J Relationship 

The Appendix J relationship for photochemical oxidants was developed by 
the U.S. Environmental Protection Agnecy for use in the development of 

state implementation plans for the achievement and maintenance of the 

National Ambient Air Quality Standards for oxidant. 

The EPA relationship was derived by plotting the peak one hour oxidant 

measurements from four different cities vs. the 6-9 a.m. ambient non
methane hydrocarbon measurement for the same day. A curve was then 
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TABL~ 4.2 

The 15-Step Mechanism of Hecht and Seinfeld for Photochemical Oxidant 
(-

1 NO+ 0N02 + hv -
0 + 02 + M -2 03 + M 

N02 + 0203 + NO ~ 

o3 + N02 
4 N03 + 02-

N03 + N02 5 2HN03H2O 
NO+ N02 6 2HN02-H20 

OH+ NOHN02 + hv -1-
8CO+ OH CO2+ H02
02 -

OH+ N02H02 + NO ~ 

H02 + N02 lQ.,,. HN02 + 02 

( -
HC + 0 ~ «R02 

12HC + OH 13R02 

HC + 03 11., yR02 

R0 2 + NO .!i,. N02 + e:0H 

R02.+ N02 .!i., PAN 

represents energy from sunlight 
a third body (like Nz) which acts as a catalyst
molecular oxygen 
atomic oxygen 
ozone 
nitric oxide 
nitrogen dioxide 
carbon monoxide 
carbon dioxide 
hydroxyl radical 
water vapor
hydrogen dioxide 
a generalized free radical where R represents any HC chain 
a hydrocarbon usually averaged
peroxyacl nitrates 
nitrous acid 
nitric acid 

£ adjustable coefficients 

Source [38] 4.52 



drawn as shown in Figure 4.13 such that all points plotted are below it, 
thus representing an upper limit to possible oxidant concentrations for 
a given level of morning hydrocarbon concentration. This curve may then 

be used to construct a second curve which relates peak oxidant to percent 
emission reduction required to meet the standard (Figure 4. 14). The 
second curve is known as EPA's "Appendix J" rollback curve. 

The basic procedure for deriving the Appendix J curve is as follows: 

l. Select the peak oxidant concentration and determine the 

corresponding non-methane hydrocarbon concentration as defined 
by the envelope curve shown in Figure 4. 13. 

2. The percentage rollback requirement to attain the 0.08 ppm 
oxidant standard is defined as follows: 

ro 11 back = 

where = non-methane hydrocarbon concentration correspondingH1 
to the peak oxidant measurement 

= 0.24 ppm non-methane hydrocarbon, as defined by theH0 
air qualtiy standard for hydrocarbons. This standard 
was selected as representing the hydrocarbon con

centration corresponding to a peak oxidant level 
of 0.08 ppm. If the peak oxidant level is 0.23 ppm 

(corresponding to 1.0 ppm hydrocarbon), for example, 
then the percent emission reduction required is 

l.01~00.24 x 100% = 76%. 

3. Repeat the computations for several values of peak oxidant to 
define the "rollback curve" shown in Figure 4.14. 

4.53 

https://l.01~00.24


• • 

( FIGURE 4- 13 

MAXIMUM DAILY 1•HOUR- AVERAGE OXIDANTS 

AS A FUNCTION OF 6-TO-9-A-M- AVERAGES 

OF NON•METHANE HYDROCARBONS AT CAMP STATIONS 

0.30----------------~-----

0.25 

0.20 

APPROXIMATE UPPER-LIMIT 
OBSERVED OXIDANT"' 

PHILADELPHIA 

• • PHILADELPHIA 
LOS ANGELES 

• 

• • • 

• 

LOS ANGELES 

DENV!R 

• LOS ANGELES 

( 
E 
~ 
~ 

.,; 
>-
z 
<( 
0 

x 
0 

• 

• 

0.05 

0l'--------'---------'-------'-------'----__JL---1 
0 0.5 1.0 1.5 2.0 2.5 

NONMETHANE HC, ppm C 

SOURCE: C39 > 

4.54 



FIGURE 4.14 

EPA'S APPENDIX J ROLLBACK MODEL 
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There are several assumptions inherent in the development of this 
( relationship, as summarized below: 

1. The background concentration for oxidant is zero. 

2. It is assumed that the 6-9 a.m. hydrocarbon measurement is 
directly proportional to total regional emissions. 

3. It is assumed that the peak oxidant measured is representative 
of the peak oxidant which actually occurred in the region. 

4. It is assumed that there is a consistent relationship between 
the peak oxidant measurement and the 6-9 a.m. hydrocarbon 
measurement (variable transport of pollutants is ignored). 

5. It is assumed that the four cities for which data were used are 
representative of the nation as a whole. 

( In short, Appendix J ignores the space and time variable processes which 
are critical to determining the emissions/air quality relationship. 
Appendix J suffers from the problem that it must be assumed that the 
emission reductions will occur in the same proportion everywhere in the 
control region. Reliance on past data to define the relationship pre
cludes a meaningful analysis of projected future emissions, which may be 
distributed quite differently from past emission patterns. 

Finally, and perhaps most significant for control strategy development 
purposes, the Appendix J curve is undefined at peak oxidant concen
trations above 0.28 ppm. For those air quality control regions with 
peak oxidant greater than 0.28 ppm, EPA has authorized the use of a 
linear rollback approach whereby oxidants are assumed to be directly 
proportional to hydrocarbon emissions (despite overwhelming evidence 
that the relationship is definitely non-linear). In this case, a 0.32 
ppm peak oxidant measurement would imply that an emission reduction of 
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·OS) t ,eve( · •······32 - -· -···· x 100 = 75"1 ,s. necessary o ac h. the oxidant standard.- -·- 1,, 
. 32 

Note that this figure is less than the emission reduction required under 

Appendix J for a 0.23 ppm peak oxidant. 

4.2.6-2 Proportional Model for Air Quality Estimates 

The proportional model is a mesoscale approach to estimating air quality. 
This model assumes a linear relationship between the concentration of a 

pollutant in a study area and the emission rate of that pollutant in a 
study area. The proportional model as used in the State Implementation 

Plan [40] is applied to entire air basins. However, this model can be 
applied to a smaller study area when the transport of pollutants from 
other areas into the study area is not a significant consideration. The 
proportional relationship is represented by the following equation: 

EmissionsFuture Year 
Air QualityFuture Year= B + (Air QualityBase Year-B) °Em-issionsBase Year 

Where B represents the background concentration due to natural phen-
omena. The air quality values used are the historical maximum concentrations 

of the pollutants in terms of the air quality standards. 

This model requires representative air quality monitoring data for the 

study area and assumes that the meteorology for the study area will be 
similar for the base year and the future year. 

The proportional model assumes that emissions are uniform throughout the 

study area and constant throughout the year of the emission inventory. 
In other words, temporal and spatial variations in emissions are· not 
considered. Also, since there are many uncertainties concerning the 
relationship between the emissions of precursors of secondary pollutants 
and the resulting air quality, several simplifying conventions have been 
established to facilitate estimates of air quality. These assumptions 

are discussed below [41]. 
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Convention 1. Air quality estimates for nitrogen dioxide (N02) are 
( based on the emissions for all oxides of nitrogen. 

This convention was established since there are few sources of N02, which 
is an unstable secondary pollutant. Nitric oxide (NO), which is gen
erated mostly by high temperature combustion of fuels (automobiles and 
power plants), is the principal precursor of N0 2. 

Convention 2. Air quality estimates for photochemical oxidants are 
based on the emissions of highly reactive organic gases. 

The photochemical process that produces oxidants is a complex, multi
step reaction that is not completely understood at this time. Air 
quality estimates based solely on the emission of highly reactive 
organic gases have a basic weakness in that the well-recognized role of 
oxides of nitrogen in the photochemical reaction is not considered. 

The Appendix J relationship between non-methane hydrocarbons and photo
( chemical oxidants [40] was developed for use in the preparation of 

control strategies for photochemical oxidant. Because of the scarcity 
of air quality monitoring data for non-methane hydrocarbons and ques
tions as to the applicability of this relationship to the photochemical 
problem in California, the Air Resources Board staff did not use the 
Appendix J methodology. Instead, the ARB staff defined certain organic 
gas emissions as reactive and used a linear relationship between reactive 
organic gas emissions and oxidant concentrations. 

Convention 3. Air quality estimates for particulate matter are adjusted 
to reflect the effect of natural or accidental phenomena. 

The application of the proportional model to particulate matter is 
complicated by two additional factors. In some air basins, a signi
ficant portion of the atmospheric particulate matter is not directly 
emitted. Some is due to aerosols which are photochemically formed in 
the air and some is introduced into the air as a result of various 
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Table 4.3 

ADJUSTMENT OF OBSERVED 
PARTICULATE MATTER CONCENTRATIONS 

1970 Annual 

Observed 
Air Basin Adjustment Maximum 

North Coast 30 104 

San Francisco Bay Area 30 74 

North Central Coast 30 67 

South Central Coast 30 72 

South Coast 27 127 

San Diego 30 87 

Northeast Plateau 

Sacramento Valley 30 57 

San Joaquin Valley 40 169 

Great Basin Valleys 

Southeast Desert 40 128 

Geom. Mean 

Adjusted
Maximum 

74 

44 

37 

42 

100 

57 

27 

129 

88 

From "The State of California Implementation Plan For Achieving and 

Maintaining the National Ambient Air Quality Standards," Air 

Resources Board, January 30, 1972. Appendix V. 
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natural phenomena such as wind-blown dust. The ambient levels of 
( particulate matter reflect aerosols from each-of these sources as well 

as directly emitted material. 

A set of adjustments were assumed for the eleven air basins in the 
State in existence when the California Implementation Plan was developed._ 
For the San Joaquin Valley and the Southeast Desert Air Basin a higher 
level was assumed because of the frequent occurrence of sandstorms and 
soil being carried by the Wind. These adjustments are to be subtracted 
from the observed levels. Due to the variable nature of these natural 
phenomena, it is only possible to estimate them as annual geometric 
means. Table 4.3 presents the background estimates of pollutant used by 
the ARB [41 ]. 

A certain percentage of atmospheric particulate matter is generated by 
photochemical reaction. The following percentages are assumed for the 
South Coast Air Basin (SCAB) in 1970 [41]:· 

( 

Relative Contributions 

of Particulate Matter 

Source In SCAB by Source 

Directly emitted particulate matter 40% 

Photochemically generated particulate matter 40% 

Naturally occurring particulate matter 20% 
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For future year particulate matter air quality estimates, photochemi
cJlly generJted aerosols must be considered. These aerosols arc cstin~1tcd 
on the basis of the above assumptions and the following methodology: 

Photochemically-generated 
Aerosols in SCAB for Reactive Organic 

1970 Gases in SCABPhotochemically-generated aerosols = ----,,,----,~-=-:::,.:..::.----,~=-----Reactive Organic Gases for 19xx
for SCAB in 1gxx in SCAB for 1970 

Photochemically-generated aerosols for all other air basins were estimated 

in the State Implementation Plan using the following assumed relationship: 

Photochemically-generated 
Aerosols in SCAB for Reactive Organic 

1970 Gases forPhotochemically-generated aerosols = -,,------,~_:_;,.:..::.-~-,,----
Reactive Organic Gases 19xx

in l 9xx in SCAB for 1970 

Examples of Air Quality Estimates Using the Proportional Model 

To estimate air quality using the proportional model, the following data 

a re required: 

1. Historical maximum concentration of pollutant of interest 
2. Emission rate in study area of pollutant of interest based on 

emission inventory of the year in which historical maximum 

occurred 
3. Naturally occurring background air quality 
4. Estimated future year emission rate for study area 
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Similarly, to estimate the emissions allowable to achieve a certain air 

C quality, the. following data are required: 

l. Historical maximum concentration of pollutant of interest 
2. Emission rate for study area of pollutant of interest based on 

emission inventory of the year in which historical maximum 
occurred 

3, Naturally occurring background air quality 
4. Desired future year air quality 

By substituting the four known values for either situation.in the 
proportional relationship given above, the desired value is easily 
determined. 

In Revision 4 to the State Implementation Plan [41], the following data 
for CO are given for the South Coast Air Basin: 

( 

Year 

Projected Controllable 

Emissions (tons/day) 

Ambient Air Quality. 

(8 hour average in ppm) 

For Carbon Monoxide For SCAB 

1970 1975 1977 1980 

11548 6874 3033 2325 

41 X y z 
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To estimate future year air quality, the proportional model was used as 

follows: (NOTE: The CO background concentration was assumed to be 

zero.) 

1975 CO Air Quality = 1975 CO Emissions 
1970 CO Air Qualtiy 1970 CO Emissions 

1975 CO Air Quality = 6874 tons/day 
41 ppm for 8 hours 11548 tons/day 

1975 CO Air Quality = (6874) hoursn1548T 41 ppm for 8 

1975 CO Air Quality = 24.4 ppm for 8 hours= X 

Rounding off yields 1975 CO Air Quality= 24 ppm of CO for 8 hours. 
Referring to Table 2.1, this is above the standard of 9 ppm for 8 hours. 

Similarly, for 1977 and 1980 

1977 CO emissions1977 CO Air Quality= 1970 CO Air Quality 1970 CO emissions 
3033 = ( 41) 11549 = 10.8 

Rounding values yields 1977 CO Air Quality= 11 ppm for 8 hours= Y. 

This value is still above the 8 hour standard for CO of 9 ppm. 

1980 CO emissions
1980 CO Air Quality= 1970 CO Air Quality 1970 CO emissions 

= (41) 2325 
11548 = 8.25 

Rounding, 1980 CO Air Quality= 8 ppm for 8 hours= Z. This estimate 
for CO air quality is below the 8 hour CO standard of 9 ppm. 
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In the original State Implementation Plan [41 J the following data are 
given for the South Coast Air Basin:( 

Highly Reactive Organic Gases Particulates 

Year 1970 1975 1977 1980 1970 1975 1977 1980 

Projected Emissions 
Directly Emitted 

(tons/day) 1785 475 404 349 235 140 146 143 

Photochemically-
generated Aerosols 

(tons/day) 235 X y z 

To estimate future year levels of photochemically-generated aerosols 
(PGA), the following relationship was used: 

Photochemically-generated Reactive Organic
Photochemically-generated aerosols= aerosols in SCAB in 1970 Gases in SCAB 

for SCAB in 19xx Reactive Organic Gases in for 19xx 
SCAB for 1970 

1975 Aerosols (PGA) = 235 
1785 475 

1975 Aerosols (PGA) = 63 tons/day= X 
for 1977 and 1970 

1977 Aerosols (PGA) = 235 
1785 404 

1977 Aerosols (PGA) = 53 tons/day= Y 

l 1980 Aerosols (PGA) = 235 
1785 349 

1980 Aerosols (PGA) = 46 tons/day= Z 

Total particulate emissions are the sum of directly emitted particulates 

and photochemically-generated aerosols. Naturally occuring particulate 
matter was not incoroorated in this orooortional model analvsis. 
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For the South Coast Air Basin, in accordance with the original State 

Implementation Plan: 

Year 1970 1975 1977 1980 

Directly Emitted 
Particulate Emissions 235 140 146 143 

(tons/day) 

Photochemically-generated 
Aerosols (tons/day) 235 63 53 46 

Projected Controllable 
Particulate Emissions 470 203 199 189 

(tons/day) 

4.2.6-3 Larsen's Model for Relating Air Quality Estimates with 

Different Averaging Times 

The importance of developing air quality estimates based on averaging 
times identical to the air quality standards was discussed previously. 
The Larsen Model [42,43] provides a mathematical basis for relating air 
quality estimates to the ambient air quality standards when the averaging 

time for the two air quality values are different. 

The Larsen Model incorporates the following assumptions of air quality 

monitoring data [44]: 

l. Pollutant concentrations are log normally distributed for all 
averaging times, i.e., a graph of frequency on the vertical 
axis vs. the logarithm of the corresponding concentration 
values on the horizontal axis has a normal (bell-shaped) 
distribution. 

2. Median concentrations are proportional to averaging times 
raised to an exponent, i.e., the data can be plotted as a 
straight line on logarithmic graph paper. 

3. The arithmetic mean concentration is the same for all averaging 
times. 
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L 

4. Maximum concentrations are approximately inversely propor
tional to the averaging times raised to an exponent. 

( 
5. For the longest averaging time calculated (usually one year) 

the arithmetic mean, geometric mean, maximum concentration and 
minimum concentration are all equal. This is possible since 
for the longest averaging time only one data point will be 
determined. 

6. The arithmetic mean is proportional to regional emissions, 
i.e., pollutant burden. 

The principal statistical parameters used in the model are: 

l. geometric mean or arithmetic mean 
2. standard geometric deviation 
3. maximum concentration expected once a year for a specified

averaging time 
4. frequency distribution of expected pollutant concentrations 

(this distribution is log-normal). 

The Larsen model has been used to define expected maximum pollutant con
centrations on the basis of historical data. In such an application, 
the data is plotted on special probability graph paper as shown in 
Figure 4.15 on a cumulative frequency basis (i.e., the percent of 
observations less than a given level). A best fit straight line 
(assuming the data is log-normally distributed) is then drawn through 
the upper portion of the data, and extended to the percentile representing 
a frequency of occurrence of once per year. The pollutant concentration 
corresponding to this point is interpreted to be the expected peak level 
for the data set. This technique has been useful in helping to deter
mine whether a given peak concentration is reasonable or whether it is 
due to freak conditions of one kind or another. 

A second application of the Larsen techn.ique involves an implicit linear 
rollback assumption. A full year's worth of data is first plotted on 
log-probability paper. The arithmetic mean concentration, which is 
approximated by the 70 percentile value, is then interpreted to be 
proportional to emissions. 
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FIGURE 4.15 
SAMPLE LARSEN ANALYSIS ON LOG-PROBABILITY PAPER 
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If the monitoring data follows Line A, then a 50% reduction in emissions 
would result in air quality defined by Line 8. Given the arithmetic mean con
centration of 8 ppm (70 percentile concentration), an emissions reduction of 
50% inplies a new arithmetic mean concentration of 4 ppm. 
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The geometric standard deviation of the data is a measure of the variability 

( of such variables as meteorological conditions, instrument changes, and 
emissions pattern changes. If the line defined by the data is raised or 
lowered proportionate to the expected change in regional emissions 
(using the 70 percentile point as a reference), the number of measure-
ments above a given level (the air quality standard, for instance) 
expected to occur per year as a result of the emission change may be 
determined (Figure 4.15). Also the expected maximum value associated 
with the new level of emissions can be estimated. 

Finally, a third application involves the coupling of the Larsen model 
with an annual average Gaussian plume model. Using annual average 
meteorological ahd emission input data, an appropriate Gaussian plume 
model would compute the annual mean concentration. By applying the 
Larsen analysis to historical monitoring data for a given region, the 
standard deviation of monitored pollutant concentrations may be deter
mined and applied to the modeled average concentration to determine the 
projected peak concentration. This may be done for various averaging 

( , times, consistent with the averaging times used in the historical data. 
The Larsen analysis can be completed for each pollutant of interest 
using the historical air quality data for that pollutant. 

As mentioned, the Larsen analysis assumes a log-normal distribution of 
concentration vs. averaging time. In practice, this analysis is applied 
only to the data for the higher recorded concentrations since other data 
may not approximate the log-normal distribution. This assumption of 
lognormality is not always valid [45] and its applicability to the air 
quality data for the study area should be evaluated before utilizing the 
Larsen technique. A further simplifying assumption is made, however, in 
order to bypass the need for a Gaussian plume analysis. This assumption 
is that the distribution of emissions does not change within the time 
frame of the analysis (i.e., that any emission increases or reductions 
occur proportionally throughout the region). Such an assumption may be 
valid over the short run, but is ciearly not representative of what may 
be expected to occur over the long term. 
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The principal asset of the Larsen model is the minimization of require

ments for sophisticated dispersion models without sacrificing the 

capability for estimating episode or worst-case situations. 

Normally, the concentrations resulting from extreme meteorological 
conditions such as calm winds, recirculations, and fumigations cannot 
be handled very accurately by currently available dispersion modeling 
techniques. Moreover, any model which would be considered even reasonably 

suited to this task would be extremely sophisticated. Consequently, the 
air quality modeling for extreme meteorological conditions which are of 

greatest interest from an air quality standpoint has not met with a 
great deal of success [46]. 

When simpler methods are used to model air quality on a long-term 
averaged basis, the variance of air quality estimates are damped out. 
By using statistically based models such as the Larsen model, the 

variance lost by long-term averaging can be incorporated into the 

estimates. 

The fundamental drawback to these statistical approaches, and indeed, to 

any approach which ignores the physical and chemical processes governing 

the accumulation and dispersion of air pollution is the fact that they 
are directly dependent on the conditions which prevailed at the time and 
place where their data base was gathered. Changes in emission patterns 
due to control programs or changes in urban form cannot be properly 

evaluated. 
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