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TABLE 2. TOTAL POPULATION OF CALIFORNIA COUNTIES, '

LA YT S

e ey

1w

UCpL. wa

~ Report 75 E-2,

JULY 1, 1970 TO JULY 1, 1975 "October 28, 1975

. .County July 1, 1970 lJuly 1, 1971 {July 1, 1972 {July 1, 1973 {July 1, 1974 |July 1, 1975
L AYameda 1,072,700 1,088,100 1,094,400 1,089,100 1,087,300 1,086,600
Alpine 500 500 600 . 700 800 800
Amador! 11,900 12,800 12,800 13,800 14,700 15,100
Butte 102,500 104,500 108,900 111,700 114,100 116,900
Calaveras 13,700 13,900 14,400 14,900 15,500 16,100
Colusa 12,400 12,400 12,300 12,400 12,600 12,800
Contra Costal 557,400 562,900 567,600 573,600 578,300 584,500
Del Norte 14,600 15,000 15,100 15,200 15,300 15,600
El Dorado 44,100 46,400 49,700 52,500 55,700 59,200
Fresno 413,800 422,100 427,900 432,100 439,500 447,100
Glenn 17,500 . 17,600 17,900 18,300 18,600 18,900
Humboldt 160,100 100,900 102,200 103,800 104,900 104,400
Imperial 74,500 76,300 77,100 79,600 82,100 © 84,100
Inyo 15,600 16,300 16,400 16,800 16,600 16,900
Kern 330,700 335,500 336,300 337,300 337,900 342,800
Kings! 66,700 67,000 68, 40D 69,200 68,000 68,200
Take 1%,800 21,000 22,300 23,300 24,200 © 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
Mon ot 4,100 4,800 5,800 6,600 6,800 7,300
Monterey 247,700 255,000 253,300 255,400 261,600 266,400
Napa 79,400 80,500 82,800 84,400 86,900 " 88,600
('~uevada1 26, 500 27,100 28,760 30,400 31,900 33,900
Orange 1,431,600 1,471,000 1,526,700 1,592,300 1,653,500 1,694,900
Placer 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 461,400 474,000 488,500 501,600 514,200 526,600
Sacramentol 636,600 645,700 661,000 670,300 682,600 687,400
San Benito 18,300 18,500 18,700 18,900 19,200 19,700

San Bernafdinol 685,200 689,500 690,500 691,400 694,600 | 698,‘30u2
San Diego 1,366,900 1,388,400 1,419,800 1,472,200 1,527,700 1,571,700
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 Luils 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 1,072,400 1,093,600 1,122,000 1,146,900 1,169,400 1,190,000
Santz Cruz 124,500 128,600 137,300 141,200 145,000 148,400
Shasta 78,000 79,200 80,600 83,900 86,200 87,700
'Sie:;a " 2,400 2,400 2,500 2,500 2,500 2,600
Siskiyou 33,200 33,500 34,000 34,600 34,800 34,900
Solano 172,400 178,100 180,900 179,700 18%,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 54,300 45,200 46,000
Tehana 29,600 29,900 30,100 30,700 31,600 31,800
Trinity 7,600 8,000 8,500 8,900 9,300 9,600
Tulare 189,160 194,000 196,700 199,600 202,600 207,700
Tuolumne 22,300 23,000 23,700 24,800 25,400 26,000
Ventura L 381,400 389,800 404,200 415,200 427,000 438,200
Yolo 92,700 93,400 96,300 97,200 98,600 101,700
(\ Yuba 44,400 45,700 45,600 44,500 44,300 45,000
California 20,026,000 | 20,265,000 | 20,419,000 | 20,647,000 | 20,882,000 | 21,113,0002

i

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

Zyunbers do not include 17,777 refugees living at Camp Pendleton, San Diego County, on

July 1, 1975,

This temporary population is expected toc be relocated by the end of the year.

Poarhiuinaeg



TABLE B.3.2

TOTAL POPULATION OF CALIFORNIA COUNTIES, PROJECTED 1980-1995%
Series B-100

1980 1985 1990 1995
County Seriecn D-100 Series D-100 Seriea D-100 Serias D-100 |
Alamedas « w - o - 1,143,800 1.194, 800 1,251,200 1,305,500
Alplane - - = = - = 700 800 900 1,200
Amador + = = = = = 18,100 20,400 22,400 24,000
Butte- = = = = = = 129,400 143,000 156,800 170,000
Crlavaras= = = = = 18,800 21,100 21,100 26,700
Coluoa - - - - - - 12,500 12,900 13,500 14,300
Contra CostCa - ~ - 652,800 715,200 780,900 844,700
Del Narte- - - - - 16,400 17,700 19,100 20,600
El Dorado= = = = - 64,200 76,100 87,700 96,100
Fresno - - — - - - 477,200 513,500 550,900 586,400
Glenn- - - - - - - 19,100 20,300 21,300 22,000
Humboldt = = - - - 108, 300 114,400 121,100 127,600
Impexrisl - - - - - 86,300 94,100 101, 800 108,800
Inyo = = = = + = - 19,900 22,400 24,700 26,700
Kern - - = = - - - 165.200 386,000 406,300 424,400
Kloga= = = = = - - 69,500 76,400 80,000 85,300
Lake = =« = = = w = 28,200 31,600 34,100 36,500
Lassen - = = = = = 20,300 22,000 23,200 24,100
Loa Angelea- - - - 6,963,200 7,122,900 7.346 800 7,591,600
Madera - - = -« & o 49,600 54,000 58.400 62,300
Marin- - = = = - = 233,200 249,200 265,400 280,200
Maciposa - - - -~ - 9.300 10, 700 12,000 13.200
Mendocino- - = - = 65,100 73,000 79,500 85,500
Merced - - - - - - 126,300 138,900 151,400 162,500
Modog= = = = = = - 8.100 8,400 4,700 9,000
Monos - - = - = = = 10, 500 13,100 14,900 16,600
Monterey - - = - = 299 000 329,800 162,100 396,500
Napa = = = = - - - 101,600 113,800 126,600 139,200
Nevads = - - - - - 37,200 42,100 46,700 51,000
Orange - - = = = = 1,970,500 2,233,900 2.465.300 2,647,500
Placer = = - - - - 109, 500 125,000 137,600 148,900
JPluman - - - - - - 15,400 17,100 18,400 19,600
Riverside~ = - - - 596,900 676,700 755,500 825,800
Sacramento - - - - 753,600 820,400 884,900 944 200
San Benito -~ - - - 21,000 23.000 25,100 27,100
San Bernarvdino - - 765,100 836,400 913,800 995,100
Saa Diego- = - - = 1.801,300 2,022,400 2,242,300 2,449,500
San Francisco- - - 661, 100 653, 500 653.700 655,100
San Joaguin- - -~ - 330,200 352,500 375,000 396,600
San Luis Obiapo- - 147,500 164,300 181,000 197,300
San Mageo- =~ - ~ = 593,100 616,300 637,500 653,800
Santa Bacbara- - - 305,800 333,700 161,900 388,300
Santa Clark- ~ - = 1,342,800 1,487,800 1,614,300 1,721,700
Santm Crux - ~ = = 177.200 203,400 227.800 252,200
Shanta - - = = = = 98,200 108, 100 117,400 125, 500
Sferrm - - - = -~ ~ 2,700 2,800 3,000 3,200
Stskiyou - - - - - 38,200 41,100 41,300 45,000
Selane - - - - - 198,400 220,800 249, 400 283,600
Sonoma - - — - - = 300, 500 349,300 395,400 438,700
Stanialaus - - « - 235,400 256,700 . 278,300 296, 500
Sutter - - - - - = 49,900 54,700 59,500 63, 700
Tehama -~ - = - - - 34,500 37,100 39,400 41,000
Trinfty=- = « - - - 10, 500 11,900 12,900 13,400
Tulare - - - = - - 224,300 245,500 267,300 288,400
Tuolumne -~ = - - - 32,200 36,100 39, 500 42200
Veatura= - = -~ = « 523,300 612,100 704,400 791,000
Yolo = - = = = -« - 118,800 133,000 147,300 161, 100
Yuba - - -~ - o - o 47,300 50, 800 55,300 59, 500
The State- - = - - 22,6%9,000 264,363,000 26,098,000 27,726,000

From California Department of Finance Report 74 P-2, June 1974
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TOTAL POPULATION OF CALI

TABLE B.3.3

FORNIA COUNTIES, PROJECTED 1980-1995

SERIES E-O :
- 1980 1985 19490 1995

County Series E-0 Series E-O Series E-0- Series E-0
Alameda- - - - - - 1,121,500 1,148,100 1,171,700 1,188,000
Alpine - « - = - - 600 600 600 600
Anador - - = ~ ~ = 17,200 18,100 18,600 - 18,900
Butte- - - = ~ - = 124,900 131,100 136,700 141,500
Calaveras- - ~ - - 18,000 18,700 19,200 19,500
Colusa = « + = - - 12,300 1 12,400 12, 600 12,700
Contra Costa - - - 639,400 681,400 721,600 756,600
Del Norte- - - - - 15,400 16,700 17,400 17,800
El Dorado~ - - - - 60,800 66,300 70,800 74,600
Prasno - = = « - - 466,800 491,600 515,900 537,600
Clenn- = = = = - - 18,700 19,200 19,400 . 19,400
Humboldt - - - - - 105, 700 109,100 112,400 115,100
Imperial ~ -~ - - - . B4,400 50,000 95, 500 100, 100
Inyo - = = = « < = 19,400 20,900 21,900 22,500
Kern = » =« ' = = 357,900 372,600 385,500 394,600
Kings- - = « = ~ = 67,700 70,500 73,200 75,600
Lake - - = =« - = 27,000 28,400 29,100 29,700
Lassen ~ - - = = = . 19,800 20,500 20, 700 20,700
Los Angeles- - - « 6,674,500 6,574,700 6,571,100 6,569,100
Madera - « - - - - 47,800 50,400 52,600 54,400
Marin- - - - » « - 228,900 239,100 248,600 256,600
Mariposs - - - - - 8,900 9,100 8,900 8,500
Mendocino- - - = = 62,900 66,600 69,000 70,800
Merced - =« — = = - 123,000 130,900 137,900 143,800
Modoe= = = = = = = 8,000 8,100 8,100 8,100
MORO - * = = = = - 9,700 10,500 10, 600 10,600
Monterey - - = - = 290,900 309,400 328,600 346,900
Napa - = = ~ = - - 98,300 103,300 107, 500 111,200
‘Nevadg - - - - - - : 15,700 36,700 35,900 34,900
Orange - = = « - - 1,900,500 2,063,600 2,194,900 2,299,500
Placer - ~ = = - - 104,400 110,300 115,100 118,700
Plumas - = - = = = . 14,900 15,600 15, 700 15,600
Riverside- - - - - 580,200 632,100 681,300 725,500
Sacramento - - - « 736,000 777,500 816,600 849,900
San Benito - - - - 20,500 21,600 22,600 23,600
San Bernardino - - 741,400 . 783,900 825,900 862,800
San Diego- - - - - 1,750,600 1,905,800 2,044,400 2,159,500 -
San Francisco- - - 651,400 635,700 621,900 610,000
San Joaquin- - ~ - 322,000 J 335,700 348,300 359,500
San Luis Obispo- - 141,300 149,900 156,600 - 162,800
San Mateo- - = - - 583,700 597,900 609,400 - 615,900
Santa Barbara- - - . 298,900 313,600 . 326,500 337,400
Santa Clara- - - - 1,309,200 1,399,200 1,482,400 1,547,200
Santa Cruz - - - - 170, 500 181,000 - 187,200 193,000
Shasta - = - = - - 95000 100,000 103,500 105,800
Sierra - = -« - -~ - 2,600 2,600 2,600 . 2,600
Siskiyou - - = - - 37,300 38,800 39,500 39,900
Solane - - - - - - 192,900 205,900 - 219,200 232,000
Sonoma - - - - - - 287,200 313,600 335,000 355,200
Stanislaus -« - - - 226,400 237,700 248,100 257,100
Sutter - - « - - - 48,200 50,600 52,300 53,600
Tehama - - - - - - 33,700 34,700 34,900 34,900
Trinity- -~ - - - - 10,100 10,600 10,700 10,600
Tulare - - - - - - 218,600 232,400 245,600 257,400
Tuolumne - - - - - 30,400 31,700 31,600 31,300
Ventura- - - - - - 497,700 550,200 601, 600 643,300
Yolo - = = = = = = 114,500 121,600 128,000 133, 700
Yubs - - - - - - - 46,300 48,200 50,000 51,300
The State- - - - - 21,933,000 22,757,000 23,573,000 24,250,000

n S

From California Department of Finance Report 74 P—2‘, 1974




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 year population projections. As an example, the popula-
tion growth factors for Orange County are developed below using a base year of 1973

and Series D-100 population projections.

SERTES D-100 POPULATION GROWTH FACTORS

Orange County

! ‘ Future Years
| Year — { ‘ | !
1973 1974 1975 1980 1935 1990 | 1995
Fapulation! 1,592.300% | 1,653,500% | 1,694,000% |1,970,500° | 2,233,0000 {2,465,3007 | 2,647,500
growth 1.000¢ 1.038° 1.064° | "1.238¢ 1.402¢ 1.543° 1.665°

a From Table B.3.1

b From Table B.3.2

¢ 19XY Growth Factor

(19XY Population/1973 Population)

B.3.4




' TABLE B.3.5
FRESNO COUNTY - Fresno SMSA '

SERIES *C*' GROWTH IHUICES
CHORMALIZEDR T 1973)

[y
o] -

g@ . 8% 1pa 11z
1zz 119 163 EN
93 97 184 la4

MOTOR YEHICLED & EQUIFMEN
TRALS. EAUIP.. EHCL. BTR. 1
OTHER MARLFACTURTMG

197h 1971 1372 1973 1974 1975 1330 1733 1993 15395 zoRd
AGRICULTURE 93 9% 168 ted 194 181 141 195 183 11e 135
FORESTRY % FISHERIES 168 1ee 108 160 188 108 180 1988 1 189 180
MIHING
METAL 1aa low L 1eg L8 1én 199 led 130 d4B 104a
CRUDE PETRAOLEYUM & HAYURAL 12! 114 1@7 10@ 3 232 g Q2 37 gt 18s
MOHHETALLIC, EXCERT FUELS 94 EL ag  1e0 192 1e4 131 149 1487 et
CONTRACT COMSTRUCTIAON a2 Q5 97 188 10z 1eg 1Ze 143 1T1 31 257
MAKUFACTUR [HG g4 a2 94 198 185 113 133 178 213
FOOD & WIHDRED FROBNTS 511 98 95, 1@E 143 111 131 192 233
TESRTILE PILL FRODUCTS 9% 3 U8 1@8 192 184 135 143 243
RFPAREL & QTHCR FRERIC PR£3 S 34 lee 18c 113 145 129 344
LUMEER FRODLUCTS & FURNITH 293 3 94 1@8 1@e 112 136 162 274
PAFEE & HLLIEN FRODUCTES 15 e 93 1ed 183 1le 15T 2489 458
PRINTING & FUBLISHIHG 93 a5 97 189 ez 18% 134 147 2R
CHEMICALS & RLEIED PRrOMIC 79 i 82 1848 113 127 181 243 S
PETROLEN REFINIHG e 74 g6 lee 117 138 3@ E3F 41
PRIMHAEY METHI Y 28 L 25 19| 165 111 134 149 22
FRERICATED METALS & JORDHA 89 92 25 {68 184 1ag 142 1S4 395
MRCHINERY, EXCLUDING ELEC &1 av 93 @@ 17 11§ 147y 183 261
ELECTRICHL MACHINERY & SU 95 av 92 188 181 193 2142 329
7l 123 : 388
35 32 vy
30 ar 39

[
=

—

FOPULATION (ZERIES C-158% 36 28 93 @@ 162 183 112 122 132 145 157

]

SERIES *E’ GRUMWTH IHHiEE!

(HORMALIZED TO 1973:

AGR ICUL TURE 96 37 99 108 181 183 118 117 12
FORESTRY & FISHERIES 196 188 189 168 169 180 116

MINTHG

METHL . . 108 (89 189 190 1§68 160 13 108 18d 188 (40
CRUDE PETROLEUM % HATURAL 188 188 189 196 1ad 159 1al 161 13z 142 143
HOMMETALL IO EXCEPT FUELZ 92 G4 g7 18 183 18s 121 137 154 171 194
COMTRACT COMETRULTION el 23 36 199 1ad  1e? 12y 149 1Pz Z@a 229
MAKHUFACTUOR THG 532 93 9g 188 164 102 129 15E  1vE 0 2avy 239
FOQD 2 RIHDEED PREODUCTS [ 35 38 182 .19z 185 117 i@ 144 192 173
TEXTILE MILL PROJNITS & 2z 9¢ 19a @4 t@s 1322 158 188 Zz2:z 59
BPPAREL & OTHER FRABRREIC PR 29 2 45 1689 185 il 14y 1VE 0 Eaa 2¢nr 3Ea
LUMEER PROLMICTE & FURMITY 22 w2 96. e 1ad4 12 131 157 1sy 21 ]
PAPER & FALLIEN FROTDUCTES o5 4 95 tga  1\s tig 148 174 214 26 4
FEINTING & FUBLISHING L 23 Ay 1aa 184 1ev 1Ze 14m 1vL 13 4
CHERICHL: o alLIED 2RODUC 57 91 95 194 183 1:% 13T 1e5 284 X Zez
FETROLEIN RLIIHING 22 25 ay  1ed 193 tas o i 1R300 14 iaS o 15]
FRIMARY HETHALT RE S 3 g5 199 18z 1e4 1is 134 124 144 155
FABRICHATED HE'HLS & GPDHA B8 28 o5 ige 185 1iw 3% 1T4 214 ZEO 314
MACHINEREY » EWCLUDING CLED 27 3 95 19 1o 1Ay 1EE 150 179 Zar 231
ELECTRIGH. M HINERY & S0 52 0 28 94 180 187 114 154 28% 2632 245 433
HOTOF YEATULES f e MELFMEN 27 al a5 e 185 {10 138 157 203 343 290
TREAUS, TONTE L. FHCL, MTR. 1€0 1oe 13 1eg 160 140 1808 fod 100 1oy 109
OTHES {IAMUIFRCTUR THIS av 3! 25 lwd 1995 1fé 124 Ie? ZaZ F43 Do
FOFULATION @EERTED E-0) gL w3 99 @y 102 lg: o 18r 114 1l 124 129



TABLE B.3.6
KERMN COUNTY - Bakersfield SMSA

SEFEL T SROALTH THULCES

CHEFIALOZED Tu 1Tl
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TABLE B.3.7
LOS ANGELES COUNTY - Los Angeles-Long Beach SMSA

SERTEZ 'R GROUTH IHDIRES

CHORMALTZED 10 13735

1920 1905 1990 1933 20e

AGRICULTURE 162 10! 19t 190 99 %% 14 105 tla 120 130
FORESTREY 4 FISHERIESR S Qe 92 1o 1é2 lad 122 134 149 1ed 133

HMINIHG

METHAL e 180 189 183 1498 100 18¢ i|d tea 1o 10
CRUNE FtFEULrUH L HARTURAL a3 5 1ad 1dd 18y i 3 42 153 1e9
NOHRETHLLIC, EXCEFT FHELS 91 a4 37 1ax 182 186 137 144 &3 137 2
COMTRACT COHSTRUCT IOW 51 2a 9% 1Ra 185 111 13F 1¥2 D12 286 35
MAHUFRCTURTHY 21 27 93 1ed 18T 115 14 169 ZO3

Flie & RINDREL FROIDUCTS 25 D =R EATCS NS TN B & S S - 3 <P Y

TEATILE WilL PROGUCTSE ez ag 94 1gd 187 114 137 18l 1&g

AFPHEEL & OTHLR. FREDIC PR 33 85 24 . 1d@n 1|F 114 1329 isd4 193

LUNEER FRODUCTS & FURHITU Te 94 A 1aa 189 126 141 ted  ig8m 2 z
PAFER % FLLIED PEOTIUCTS 23 g% 95 160 1 1@ 13T i€l ped Qa2
PRIMTING & PUBLISHING a0 SO 85 1o@ 1de 112 12%  1¥e 283 258 315 .
CHEMIURLE & ALLIED PRODUC 79 28 22 158 183 117 158 19a 248 Zac 589
PETROLEINY REFINING gL il 92 ted® 182 104 121 139 el 128 214
PRIMHEY METALS &1 v 23 1@a 187 113 138 148 1ed 1353 ZE9
FRERICATED HMETARLE & ORINA TV g4 32 149 1a% 119 158 185 238 287 359
MACHIHERY » EXCLUDIHG ELEC 85 3 25 1e8 185 11! 134 159 t9b 231 2EE
ELECTRICAL MATHIHERY % SU 2} &7 93 t@e 16y 115 145 184 23z 297 )
MOTOR YEHICLES & EQUIFMEN &4 33 4 1ex t@d 117 i 13& 159 183 225
TRAMS, EQUIF.» E”tl..HTR. T3 at 99 188 11! 124 (52 1TE 282 233 279
OTRER MANUFACTURIMG 8 21 95 ieg 183 11| i3V . 1eF 284 252 31t

a1 1@z 1683 1@3 189 18g 181 185 149 114 129

FOPULETION <ZERIES C-15@) 1

SERIES *E' GROMTH IHWDICES
(HORMALIZED TO 19730

1978 1971 1972 1973 1574 1975 Pogm 19385 1998 1995 Zand

AGRICULTURE ER oY 28 168 182 182 |
FORESTRY % FI1SHERIE:Z ' o4 26 98 1H8 18z 1a4 |

MIHTHG

METHL 188 199 lea 168 1489 - 198 198 (g8 163 168 198
CRULE PETROLEUM % HATURRL %7 G 29 1&g 181 182 188 11t 119 1:z4 124
HOMMETHRLL 110, EXPEFT_FHFLH 95 ay 92 183 182 18T 111 119 12¥ 135 144
COMTRRCT COHSTRULT IOH a9 s 96 1568 ted 193 129 1S54 138 218 243
MHHUFHCTUHIHG ‘ <9 a4 a7 10| 183 187 125 144 185 138 Z13
FOOD ¢ KIMBPED FREODLNCTS ik HE 22 twd 182 184 1ie 122 14! 15% 187
TEXTILE MILL PROLUCTS e 42 95 188 184 189 134 1eE 194 223 279
AFFAEEL ¥ OTHER FHEFRIC PR 29 an 96 {183, 184 162 1:29 53 ig6 289 242
LUMEER FRODUCTS o FUREHITU %2 44 97 B3 143 1es L1210 138 1S%  1v4 194
FAFER & ALLIEN FFUINICTS o9 9z 96 163 144 1es 122 151 1Ve  FoR 234
FEINT NG & PUBL T3 IHG =5 gl 6 IR9 iAd 1A 1EZF 0 tyR 0 1T e D9
CHEMICHL: & ALLIED FRODUWC 27 41 95 1md 1S tlw o fRs 1IR3 294 2395 291
PETROILEUIN FEFINING 220 9y fea 183 tes 1210 10 155 174 193
PEIMASY HLTHLE ‘ g e 43 tog o 141l 182 1o t1e 122 12% 0 135
FREEICHTED HETHLS & OFOHAR. 91 4 97 103 1e3 1RE 1322 122 158 IVE 13&
MACKHIHES ¥ ELCLUBTIS ELEC 9 =L 97 ted 1Rk 187 134 143 1484 18e 216
ELECTF LAl MHCHIHERY 3 5L 33 a9z 96 led 194 (@3 133 161 19T 22V 2de
MOTOR WEHICLES & EOUIFMEM 34 BI0B7 oA 104 . 1ey BT 14 1T 1%V 225
TEAMS, EMILEF, o ENCl. MTR. 92 G9Y 99 1l 16t a3 1ha L1e 13T 1Em 136
OTHER DEHUF S TUR THG o3 aZ 98 tald 104 IR 1T BS 187 2E0 252
FOFOLAT I (=g TES O 19t 1l 168 1¢0 10 1an £ Q4 74 24 34
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TABLE B.3.8
MONTEREY COUNTY - Salinas, Monterey SMSA
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. TABLE B.3.9 ,
ORANGE COUNTY - Anaheim-Santa Ana-Garden Grove SMSA

SEFTES 'Y GRGWTH IHDILES

CHOFHARLIZED TQ 13782

AGRICULTURE 26 oy 99 1an la2 83 1a¥ 113 1iE 13% 139
FORESTRY & FISHLRIES Q% 1@a @S 16| 1ER 183 120 138 141 195 171
MINTHG .
METAL ton A0 183 199 188 1o 1Na 199 10a 198 1488
CRUDE POTRFOLESH & HATURAL oW 33 a7 149 184 167 1iE e 14e 153 167
HOMMETHLL IS, EXCERT FUELS 11t 187 184 leg 97 33 119 138 1ed  i9e 2E3
COMTRACT UOHITRUCTIOH 2e als a5 fgn 1@5 111 137 171 Z13 28T 337
MAHRUFACTIRETHG T 23 a2 183 188 117¥ 137 193 25d 324 412
FOOD i MINDRED PRODUCTS S S a% 1G9 185 118 19 187 Zed 249 289
TEXTILE MILL PRODUCTS =l 33 Q5 tmd 194 f@2 136 IF¥B 211 ZeE 324
APPRREL & OTHER FRBRIC FR B3 a9 a5 1ER 19§ 112 141 1F4 218 289 334
LUMBER PRUDUCTS & FURMITL V3 21 2§ 18R 111 183 15E. 19 23T 285 343
PRFER & ALLIED PRODUCTS az og a4 {pR 186 113 145 1St 228 283 334
PRIMTING & PURBLISHIHG 25 L] 25 19@ 188 112 148 182 287 283 338
CHEMICRLE & ALLIEDR PRODUC 22 av 33 189 187 114 163 226 3@4 495 54l
FETROLEUH REFINLHG 24 =k 24 180 18 112 148 189 203 244 294
FRINARY RETRLE a2 3] a4 ipd 187 114 125 148 1FER 0 15% 231
FHERTCHTED METRLS &% ORDHMA 24 =X 23 183 188 11€ 188 282 2561 335 434
TMACHIHERY EXCLUDING ELED &2 av 33 {pR 187 114 146 185 232 293 373
ELECTRICHL WACHIMERY & SH ¥3 o1 ap 1A 111 123 1sg 216 T 2FF 332 468
MOTOR YEMICLES & EQUIPHEN 97 Tl 29 1@ 181 1@2 181 11§ 137 163 134
TRAMS. SOUTF.. EXCL. HTR. 29 S5 93 1@ 1BE 118 147 180 220 23 33
OTHER MAHUFHETURTHG av R o5 199 185 i@ 143 121 225 299 168
POFULATION (SERIES C-1280 =ls a2 - 9g  i@a 184 196 125 148 1863 189 193

SERIES 'E* GROWTH INDICES
CHORMALIZED TOT 139730

RGRICULTUIRE L 25 =Xl S8 188 182 1a3 112 121 138 l4@ 149
FORESTRY % FISHERIES 95 57 98 182 18z 183 111 118 122 134 14l
MIHIHG

METHL S 108 198 199 160 180 18& 188 e 140 108 104
CRULE FETROLEUM & MATURAL 97 3 29 1@ fet 1@z 1@s i1 119 lEm 124
HOBMETHLLEC, ENCERT FUELS 93 25 a8 183 {82 1e5 119 131 145 133 174
EOHTREACT COHSTRUSTION g9 92 Qg 163 184 185 128 155 183 215 243
MAMLFAC TURTHES _ 1A a2 9g  tad  to4 (9% 13F 158 i8R 222 259
FOOB & KIMDREER FRODUECTS a1 94 97 fead t#3  1ge 122 144 153 1V3 208
TESTILE WILL PRODUCTS 25 B a5 1@E 196 1ttt 144 1gs 2E2 0 282 333
AFFAREL ¢ OTHER FHERIC PP 28 L 95 198 193 118 13% 173 213 2% 311
LUMZER PRODHIYE 3 FURNITY 20 ag 36 1ad  ied  1gR 1x2 152 133 2a1 258
PRFER & KLLIED PRODGCTS 57 1 25 {o8 183 103 135 lad 201 241 285
FEINTIHG & PURLISHING oz nE A& teo - 1|d 189 133 1ed 1989 225 68
CHEMIURLS & RLLIED PRODUC 24 53 4 1ol 198 112 147 191 42 300 IV9
FLTROLELN REFEINIHG =3 3 ag 198 194 188 12%  15F 1F7E 207 233
FRIMARY LETRHLS e L 3§ 169 162 193 115 128 127 139 15l
FREKTCHTED METVALS & OFIMIA 5% Gz 96 1esy 194 1uE 1Fe 151 1T Zhd 234
MACHIHERY s ELCLUDING ELEC 88 o 26 18% 194 0% 137 15%  1we DEd 262
ELECTRIURE MACHINCEY & S0 &8 a2 G 1y 194 163 134 162 194 3 2rl
MOTOR VENICLES & eUIFNEH S8 33 26 198 194 187 137 143 1TE 13 206
TRAHS. EMIIP. . EXCL. NTR. 22 25 28 1a@ 192 103 1% 1320 146 tel EF7
BTHEE MatBIFRL T THG =h 21 Q5 103 S 1le 1EF 0 1AT Zik B4n 294
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TABLE B.3.10 _ _
RIVERSIDE & SAN BERNARDINQ COUNTIES - Riverside-San Bernardino-Ontarioc SMSA
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TABLE B.3.11
NAPA & SOLANO COUNTIES - Vallejo-Fairfield-Napa SMSA

SERIES LY GFENOWTH THDICESD
CHORMOLLZED T 19730

197@ 1971 1972 [973 14974 1975 1980 1925 1330 1935 2000

AGRICULTUFE 81 94 97 198 162 106 182 114 118 129 140
FORESTRY & FISHERIES 188 108 189 198 189 199 183 199 189 led  1@9
HINIHG .
ME VFIL 160 182 188 102 108 102 108 199 1g3  lod 100
CRUDE PEIROLELM & NATURAL ©3 93 96 188 164 1§89 132 149 163 128 o1
MOMMETRLLICs EXCEPT FUELS $BG 108 186 199 185 180 188 193 188 169 L&D
CONTRACT CONSTRUCT (O 7734 91 198 IR% 128 161 289 272 3SR 457
HANUFAC T THE 88 92 96 199 1@ 189 134 19) 199 223 T8
CFOOD % KIHDRED PRODUCTS &7 91 95 189 165 110 130 152 177 28 241
TEXTILE MILL PROVUCTS 160 188 198 199 190 190 108 189 189 100 140
AFFAREL % OTVHER FRERIC PR &7 91 S5 194 185 118 137 148 170 282 237
LUMBER FRODUCTS % FURNITY 74 82 2@ 109 111 123 77 220 277 331 235
CPAPES & ALLIED PRODUCTS  1B@ 168 108 188 téd 168 106 199 164 160 (99
PRIMTING % PUBLISHING T84 9@ 1AB 1T 119 186 229 891 38% 549
CHEMICALE & ALLIED FRODUC 188 199 168 198 149 168 188 199 189 189 109
FETROLEUN REF INING 116 118 185 199 35 %1 97 123 157 195 245
FRIMARY METHLE €F FE &7 188 115 131 168 182 2B 235 &9
FRERICATED LETALS &% ORIMA S5 22 96 188 184 169 137 179 218 263 209
WACHIHERY: EXCLUDING ELEC €3 77 23 189 114 129 176 222 280 355 452
ELECTRICAL MACHIMERY % 3U 1B@ 183 126 182 199 199 188 160 189 168 10
MOTOR VEWICLES & EQUIFHEM 0@ 180 108 180 108 168 198 100 164 190 184
TRANS. EQUIF., EXCL. MTR. 106 183 1@% 109 186 198 109 199 199 19g 199
OTHEF MAHUF RCTUR ING gz 95 97 188 193 1Be 189 158 138 230 281
POPULATION CSERIES C-156> 25 98 186 1894 182 1@ 116 133 153 179 2687

SERIES *EY GROMTH IMDIZES
CHORMALIZED TO 19735

1979 1971 1972 1973 14974 1975 19396 19385 (999 1995 ZOA

AGRICLL fURE 95 37 98 188 iez 183 11F 121 4138 139 149
FEREZTEY 4 FiSHERIES 199 18R 193 188 199 lagg 129 igR 189 led 160
MIMIWG
METHL : g 1ag  1as 18 188 18s 188 i9@ 1g:  10a 1906
CERUDE FETEOULELM & MATURRL 31 a4 97 1668 182 185 124 142 187 184 FOF
HOHMETRLLIE, EACERT FUELS 184 10R 188 9@ 1§ 199 189 168 168 149 109
COMTREACT COHETEOCTION =9 el 95 1A 143 111 141 178 221 zZ¥1 0 329
MAMUFATTOR I ao 93 - 96 1848 1ed 1Y 128 15a 1TSS 2ne 232
Fool % KIMDEEQ PRODINTS P2 24 Sy 1es 1a2  iae 121 13701854 1vs 19
TEXTILE HILL FROLUCTS 10s 18 e 180 eg 1@ 89 10 1989 198 13n
APFAREL & OTHER FRERIC PR 21 Qg a7 1as 1a% 14s 122 1z& 19&  1VE 13
LUMRDER PEOQDUDCTE & FURHITY 323 93 Q5 169 o4 1eg 129 153 173 2pa 241
PAFER & RLLTET PRODGICTS g 189 198 180 164 188 188 {88 1638 1og 1049
FRINTING 5 FUBLIZHIHG 23 2 24 188 195 112 156 198 FSE 0 21% 0 4409
CHEMICRBLS & ALLIED PRODUC 31 “4 A7 1Ed 103 18 12® 13% 157 1Fy 193
FETFROLEW REFIHING L | 9% 198 1835 1la 132 1?1 2y 252 Zal
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POFIULAT QY o FRIEL E-015 a5 20180 108 faE: 163 11 11Y 124 1zo 135S



TABLE B.3.12
SACRAMENTO - YOLO-PLACER COUNTIES - Sacramento SMSA
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TABLE B.3.13
SAN DIEGO COUNTY - San Diego SMSA

SERIES "C' GRITHTH IHDICES
CHORMALIZED 7o 19725

197 1371 1972 1973 1974 (275 138 1905 1993 1955 2094

AGRITULTURE a7

98 @2 188 181 162 192 1as 183 117 127
FOREZTRY & FISHIFIES 23 oV 98 108 18:  1ad 121 132 12 1€ 178
MINTHG
METHL .o Tedr 138 188 1wl 1ea  1ag 188 fRg 1wd 18d 1@d
CRUDE PETROLELM & HATHRAL 193 188 {90 189 169 a9 199 108 19a 190 189
NOHHETRLLICy EWUERT FUELS 322 33 @7 108 183 1ade 138 18E 1vyT &t =349
COHTRACT TONSTRULTION 85 92 96 g {@d 189 131 169 196 24z 299
MARHUFACTUR ING g2 ag 84 t@e 147 {14 144 IFE 221 276 344
FOOD &= MNIMDRED PREQDUCTS 53 g2 96 186 1@4 109 1E% 158 175 2os 24%
TEXTILE MILL PRODUCTS 18 190 188 teo 1696 1680 1989 1984 1§ 190 19w
AFPAREL ¥ OVHER FRERIC PR S0 26 33 t@s 1e2 116 146 1FT 214 2RI 3Z9
LUMEBER PRODUCTS & FURMITY 77 =L 92 s 1@ 119 148 1TV 218 251 4S5
PAFEF & AELIED PRODLUICTS o @9 9d1gd 188 113 14T 188 23D 34l 3Rl
PRINTING ¥ PUBLIZHING 24 33 6 140 1564 1IR3 33 1e3 199 247 385
CHEMICRLE & ALLTOL PRODUC 21 a4 a7 lada 183 16s &% 144 el 135 232
- PETREOLEUH REFIHING G2 25 97 1ad 1B 1T 13¥ 158 1¥V 211 253
FRIMARY METALES v 34 32 laa 189 119 1&9 2T 148 151 154
FRERICATED METALS % ORDHA 22 8% 94 189 197 11s 133 13 2@5 3252 399
MACHINERYy EWCLUDING ELEC S5 £ 26 ipd 182 1|3 132 186 Zus 288 333
ELECTRICAL MACHINERY % 35U 73 51 98 188 {1t 123 0 i¥4 23V 222 43r &z
HOTOR WEHICLES % ERUIPMEN 183 143 122 169 g2 €7 26 3% 4z 54 63
TRAMS., EQNIF.s EXCL. MTR. 78 a2 91 @8 1@ 128 155 183 217 268n 313
QOTHER MAMUFRCTURIHG N 5 97 1o 183 18s 23 IS8 189 231 283
POFULATION (3SERIES C-158) 9z 34 Q6 IE@ 184 187 125 143 1&V 12V 287

SERIES *E' GREOWTH INDICES

-

tHORMALIZED TO 1973

I19VE 1971 1972 1973 1974 1379 1930 1385 1998 1935 2438

RCRICULTURE ' Qg
FORESTRY & FISHERI

mt

X5
-uj

ECY

i

MIMIHNG

ME TFL. . 169 199 1O L8 168 1RO 109 1RA 169 149 189
CRUDE FETRULEUM & MATURAL 198 188 108 198 168 198 108 {60 169 138 194
MGHMETRLLIC: EXCERT FUELS S1 94 97 198 193 186 123 141 161 182 2%
CONTRACT COMSTRUCT IO g5 92 96 188 1md 1@ 133 181 192 237 267
HALUFAC TR THE g8 9% 95 1ed  1B4  10g 132 158 189 2F1 25
FOOD % KINDRED FEODUCTS  Sir 93 67 168G 163 187 126 148 163 133 280
TEXTILE HILL PRODUCTS 189 109 189 106 166 160 168 100 165 109 198
RFPAREL % OTHER FAERIC PR 85 29 95 189 198 111 144 18% 235 285 349
LUMEER FEODICTS & FURKRITU 93 93 27 163 1064 187 186 148 101 197 284
FAFER % ALLIED FROVUCTS 85 %8 95 183 105 101 . 141 177 228 243 27
PRINTING @ FUBLISHING a7 .91 95 194 I8S 118 137 (2 I04 245 292
CHEMICALS & ALLIED FRADUC 86 91 95 {93 185 119 138 171 219 294 244
FETFOLEUH REFIHING 2% . A WL 16D 164 100 131 156 185 2t7  FEE
PRIMARY METALS °f 96 A% o9 16E 144 112 123 133 14 193
FREFICATEL METRLS & OFDHA S0 24 97 188 183 125 123 141 161 152 294
WRCHIHERY: EXCLMDING ELEC 57 31 95 160 184 149 {34 163 198 333 275
ELECTRICRL MRCHINERY % 32U 83 85 54 108 18 113 158 196 252 321 483
HATOE WERICLES ¥ EOUIFMEN 23 92  $6 160 164 189 124 te2 144 I&1 273
TRRHE. EFULF,« FUCL. MTP. 93 95 97 13 LT 105 119 134 150 157 1ud
ATHER MAHCF AT TUE THE g6 98 95 100. 1S 111 14t 1TH ZiE Zée 20
FOpUL T F FSERTES E-0) “3 0 94 96 (e 104 AT 119 123 133 147 154
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TABLE B.3.14
SAN JOAQUIN COUNTY - Stockton SMSA

CESTES Y GROVNTH DY S

CHORML TIED T 1273

AP LETLO1RTE LA S 197 el Lt 1R
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| ‘ TABLE B.3.15 . |
SAN MATEO-ALAMEDA-CONTRA COSTA-MARIN-SAN FRANCISCO COUNTIES -~ San Francisco-
Oakland SMSA : _
, ' SERIES 0 GROUTH INDICES
( CHGRMALIZEED TO 1973

1979 1571 1372 1572 1974 [57% 1928 [98% 1933 19320 zZ004a

"RGRICULTURE B Er S 1ggd 182 13 118 118 119 12 140
FORZETRY % FISHEFIES 2E £ 98 13 182, 184 117 138 194 1YV Znl
HINIHG
METFL 25 L] [5 @ 185 11y 142 184 198 2T 2UE
CRMODE FETROLEUM 3 HATURNL 182 183 18l 108 99 S2.18% 1330 128 195 ivS
HOHMETALLIC, EXCEFT FUELS 51 249 97 198 183 1av 138 149 166 1hZ 222
COHTFACT ConsTEUCTION 25 24a 95 1@a 183 111 135 1ed  19%c  23@% @8Rl
MAHUFACTUR [ 24 o3 34 140 tee 11Z 137 &3 197 202
FOOD & HINDRED PRODUCTS P e 36180 184 as 122 135 131 12
CTEARTTLE MILL FRODUCTE 12 lez 1@ 134 EE g 113 129 139 1V
© AFPAREL & OTVHER FRERIC PR 232 o8 a4 e 1E@s 113 139 tge 133 IR
LUMEER FFODULSTS o FURNHITU 72 &t 98 1oR 111 134 149 1¥9 194 237
FAFER & RLLIED PROIDUCTS v 21 95 aa 1Es tie 139 151 1Ve 243
PRIMY IHG & PUBRL [ZHIHG e S 43 148 1|e liz 135 1sl 19l . E% 273
CHEMICHLE & WLLIED PRAODUC 33 29 24w 1Aas 113 139 1e% Zes o Z0: i
PETROLEUR REFTHIHG 29 37 A5 1ga 182 1@z 121 141 le3  tte Dol
FRIMARY METHLS 2 91 95 198 185 119 123 18T 1S3 LT 1w
FRERICATEDR M&TALS & ORDHA 27 ER! 96 1mA 185 189 133 163 199 2de I
MACHIMERYs EACLUSIHNG ELEC Cd 39 94 1ud 1Bs 112 ide 172 214 zZEE 3
ELECTRINAL MACHIMERY & 3U Ve 3z 091 tew 11§ 121 t¥L EZR& 242 399 D
MOTOR WEHICLES & EQUIPMEM &3 73 26 1o& 11V 136 IES ZET 2V3 338 4
TRAMZ. EQUIF., ESCL. WTR. 22 v 43 1@ 187 1135 114 138 143 vl 13
‘ 3 X 96 188 1ed4 189 134 16l 134 23T &

OTHER MANUFFCTURIHG
POPULATION (SERIES C-138) 33 led 188 198G 169 lod 189 112 13 12 123

SERIES 'E’ GROWTH IMDICES
THORMALIZED TO 1973

1278 1971 1572 1973 1274 1975 19398 1925 19939 1993 2000

Pt o iR S R R e e e e e e e e e R

AGRTCULTURE 95 9F 98 188 182 1m3 112 121 138 137 149
FORESTRY & FISHERIES 92 35 47 188 193 iB& 120 136 152 163 Qa7
MIHIMG :

METAL 2% . 9% 16 199 168 1G] 1627 184 105 AT 189
CRUDE FETROLEUN & MATURAL 51 34 97 189 183 188 123 141 161 182 204
NOHMETALLIT, EXCEPT FUELS 2% 96 58 189 192 18¢ 113 128 132 141 1%
COMTRACT COMSTRUSTIOH 2y 9% 96 180 184 182 12% {51 177 2AS 205

HAMHUFACTUR THS el 9z 97 1lgl 183 1ey 125 145 e 1853
FOOD & KIHUEED PEADUCTS g [E 98 togw 18z 184 114 25 139 148
TEAXTILE MILL FRODCTS e 5] 93 te@ 1ol el 184 1@y 1ad 112
APFGREL & OTHER FRERIC PR 94 Q2 S7  1@ag 184 187 127 142 1¥2 197
LUMEER FREOIUHITS % FURNITL 232 2% 27 e a3 18S 11E 133 147 183
FAFER & ALLIED PEODICTS al Ha a7 toe 16T 148 123 141 188 181
FRINTIHG % FURLISHIHG ELd a3 a5 toE (ed 167 137 149 1¥: 0 Zul
CHEMICALS & RLLTIED PRODUC &8 2z 96 1B 184 143 13 1ed 14dm 225
PETROLELNY REFTHING 2y 24 57 189 182 147 124 143 163 1&5
FREIAARY METHL.2 9E . 3T 99 1o 181 1e3 tia 11 123 1:é
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TABLE B.3.16
SANTA BARBARA COUNTY - Santa Barbara-Lompoc-Santa Maria SMSA

SEFIES U7 GEGHTH (HLITESR
CHORMELTZED TO 12720

19 1971

LR e

AGRITULVURE 102 191 1At 1o g 3 33 32 BN 23 @
FORESTRY & FI-HERIER a1 a0 g i las ue 1w 1)

MIHTHG

METHL o] Hi as o 1ns 1ik 1y Judo 2l
CRULE PETSLCUN o HATURNAL 93 el o 10n 1wl L] EICHEEN Y
HRHMETHUD [$- ENCERPT FUERLS 28 LS LIS 07 S £ SN A KU e I L

118 1E0 154 199 242 318 453

Lo}
L]
0
—
—
2

CONTRIGT COHSTRULTION

FIRHUFE R TR TS Y 2y E5- TR I IV 0~ b T R E |
Fivg o r LaDle? POOpcT: S ar L S ST S N B € VI .|
1
1

FELTILE FELLL FEODIICTS BT TS 53 N T S s 1S TR ¥ X T B A L SIS WKL D % 1% S S T B WA
AFFAEEL Y i HLEE FRERFIS PRS0 V8 (WS O o TS B W 14 ] N XN (X[h] 1 681 1O 1w Lo
LUMEER FRODIC TS ¢ FURMITL 100 190 LO0 1gsd Don el s o)) fe 16y T
FHFER % mLl (&b FRODUCTS )T T TS ' B S I U Y 51 S 11 B I ¥ 1 T 5 5 B LS TR W FY
PRINTING &% FUBL UTHEHG el s 23 168 19r tad 12 14 YEoEaT
CHEMIMALS & FALUIED FRODAG 190 19d D33 ron 1wy (a0 Jed e 106
PETHOLELIN REFIHIHZ 5T O 1Y T B W 7 % A I 5 N 01 WD 1115 B 0% A= B W 143
PRIMARY METHLS 9y R T S N Y FE N 25 120
FREFICATED METRLS & NRDHA Hide IR Y05 T S G AP S | B
MACHIHEMY . BETLUaNG ELES w4 Y 1ee ler ioe 121t 217
ELECTRIUHL MOCHIMERY & 3U b a9y ol 10f 192 119 @ Dad
1
1
1

-3
FiagLn
42 G 0O

MOTOE YEMIGLES & EQUIFMCH g T 1an 1o pan LER
TRAMZ. ECJTFG. EXCL. MTHE. oE: 25 1y 117 13y 1239
OTHER MEAHUFAITUS THG BN pCh T (1 B W T W I S B
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DOy PRSI

[ 3 SV

fun
g IR s ]
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L]

FOFULATINMN (EZERIES C-1500 laz 1e2 113 124 IV ldén 18l

o
X
L
Iny
w
1
-
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SERIES ’E* GRUMTH IMIICESD
CHORMF.IZED TO L3755
1970 1971 LAF2 1973 1974 1998 1530

AGRICULTURE a7 a3 9 1A I8} 18l 18y 1
FURESTEY & FISHERIES 19g 18a 169 194 168 l&d low 1an

MIHTIMG

METHL 160 1@9  {ag 1998 1ag U3 1A pag L 1an TR
CRULE FETFOLLOMN & MATURHL 37 ol 2% 16H 16l 1ol 1wag 116 115 11w 12n
HOMME TALL T4« ENCEFT FUELS 94 ay 99 1AD 1al La: o e 11e I BLTR B3]
CONTENCT COHsTRUICT QN a% 2z ag 199 1a4 1ar 134 e a4 23 2T

HAHLE P TR T b o 97 e ez 10 3E 123 1sT
FOOD o KIHDCED PRODUCTS TSI 1 NS U 0 S W N AT NS 41 D T S WL

SES I W T T I 1Y S 4 T S I W A VY B R 8 1
LTS I 13 RS =TT W1 X W

TENTILE MILL PRODNCTS 100 10A
REFEEL » QTHER FHESIC PR 10 100

—
T
T
——
Doty
T

LIMEER PRoni T o FURHTTLD 59 EN USR5 S S OO O £ P I 1 S b O e .
FRPEKR 5 ALLIED FRODDCTS Te i LTI T N T U O N I 1 B Wy S A
FRELIUT TR &0 PR R LHDY, T I 27 a0 107 1de 220 1da e lun
CHEMIVEL A & B LIED FRODUC 100 g 0] [ua 1 100 1 1640 1o 100
FETFILLIGS FE It 5 =0 cE- S T B S R KA TR 1 S I SIS Bl N
FEIMAEY Go Tl hh o G T 1> N 3 SR Y P I T I % D ) S S )
FHEFSTLATL S HEInws & ARDHN 21 e Ay oyan 163 fwes 1230 140 Iy LED
MACHEMES e LCLOTTH, ELE) 0 e bR BT WA WL 5 S St A LR
ELECTRLLNE MACHTINERY & b 2% T T T < TR Y PERS N L B (- WS TC R K SRR -4 R S
MOTORE YERICUES o EUUTRFMEN Lud Lo 1o L 13 Lend 199 1o 1aa Ly g
TRAHS, ECAtF.. o, MTE. 9 g XA e« N U Y R S Y IS A I 3 T Y B R 52
GTHUR Foeks st TR [ H 5E a2 ISR X TR I N3 1SR X v CVRN RCICHN R ot RN ey
FOro ar et "ER LB Bl ay el LTS TSI U 4 P 1) T I 0 S U SR S S-S Q]
L I T L e LRI T R L LTS e L Mo ESm S STy I Nl Do = o Pyt - -
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' ' - TABLE B.3.17
SANTA CLARA COUNTY - San Jose SMSA

SERILES °C' GROMTH INDICES
CHORMALIZED TG 19732

1970 1971 1972 1973 1874 13VS 1920 1983 1930 1890 2440

AGRICULTURE S1 74 a7 184 193 i1|s it 115 12t 131 b4
FORESTRY & FISHERIES 103 199 te@  1ug 1ee 188 las 188 1ad lag 14
MEHEHS
ME L e 1@ 1eg 1o 168 A QR ted 1ém 1Da 1aw
. CRUDE PETESLEUM &% HATURAL 100 100 148 18d 188 io0 180 1&8  fag 148 149
NHOHMETALLIC, £4CERPT FUELE &2 32 a4 168 187 114 158 168 159 224 - 237
COMTRACT CCHSITRUCTION 2a 84 93 188 192 116 148 188 238 393 386
MEMHUFACTUR THG 20 8 93 i1@a 183 11& 192 19 3323
FOUL 4 KIKDREYD PRODUCTS gz aa a4 (e 1Y 114 133 a7 21z
TESTILE MILL FRODUCTS a6 183 1og 180 188 1dg lo@ 184 108
AFFAREL & OTHER FRBERIDT PR 21 &7 9% 1@9 197 119 154 121 2491
LUMEBER FROGULTE & FURHITU  Fo 23 91 @3 118 12a  14: 1f 202
FRFER 2 ARLLIED FEODUCTS 28 L 95 1h@  1as 112 141 17 : 2R3 .
PRINTIMG # PUBLTEHING of Qaz 96 168 184 1e9 142 180 285 FA
CHEMICALS & ALLIED PRODUC 77 84 32 lar 189 119 157 283 ada 457
PEVROLEIW REFIMING 91 24 a7 188 163 1av 142 1Vl 25l 323
FRIMARY METALS Ve a2 a1 " leE fi1e {28 13 153 206 ZLE
FREFICATEDR METALS & ARDIHNA V7 4 a2 f@a 18 119 153 191 IBa BT
MACHIMERY s E&CLUDING ELEC 87 3 25 @@ 185 11é 144 183e 39 SR3
ELECTRICAL MACHIMERY & S &8 g5 a3 jeg 18& lis 15E 0 2:zZ9 - 43T S4B
FMOTOR YEHICLES & EQUIRMEM &2 T2 85 1843 1ig 133 1ge E29 344 5
TRAMS, EQUIF. EXCL. MTRE. 189 184 182 1648 ar 34 vFoaa 137 1&6
GTHER MAHUFACTURIHG a7 a1 96 18w 165 118 128 189 258 220

PGFULHTIUN {SERIES £-198) @4 9% 98 1G9 162 164 11% 132

e Ak i e e e o T o e e o o B e ok et i T e B e P S e s Mm S S MM M N A M I E T N MM MC TS ZRESR = IST D

SERIES 'E’ GROMTH IHBICES
(MORMALIZED TO 19732

AGR ICUL TURE © 95 a7 93 169 192 183 118 121 130 139 149
FORESTRY % FISHERIES 166 160 198 169 168 185 199 168 18 148 169
MIHING . ‘ ,

METFRL 1g@ 188 196 168 188 186 190 190 186 199 109

CRUDE PETROLEUM % NATURAL 165 189 186 130 188 199 199 180 180 190 189

NOMMETALL i, EWCEFT FUELS 186G 160 180 199 100 1988 160 (66 1869 120 169
COMTRACT COMSTRUCT1OH g6 %1 95 188 185 118 137 1FG 207 243 293
MRHUF AT LR THG &7 91 96 149 8% 189 136 l€6 201 243 295

FOOb & KIMDRED PRUODUCTS 32 94 97 102 182 186 131 137 195 173 193

TEXTILE MILL FRODUGTS @5 148 100 169 169 160 198 108 199 100 199

RFFAREL = OTHER FHERIC PR 8§23 92 96 189 194 1093 132 153 18% 203 61

LUMEER PRODUCTS % FURHITIE 93 95 &3 108 182 185 117 123 142 196 178

FAFER & ALLIED PROBUCTS &3 93 96 199 164 192 131 157 136 219 259

FRINTIHG & PUELISHUHG g7 91 35 199 195 118 137 16% 208 245 105
CCHEMICALST & ALLIED PRODUC &4 8% %5 108 186 112 195 186 2324 3

PETROLELUN REF LHING §7 91 98 1BF 185 107 135 168 20 234

PRIMREY METRIE as 97 3§ 16B 192 183 112 121 1E% 147

FREFICATED METALS & ORDNA 9% %3 97 (o9 104 187 126 147 17 222

MACHIHERY s EyrLuiins ELEC 27 %1 95 188 165 189 138 168 291 286

ELECTRICAL RACHIHERY 2 S0 85 43 95 (@@ 186 111 144 183 220 351

HOTOR VEHICLES 2 EQUIFMEN ©0 %4 97 100 183 167 124 144 169 212

TRAGS. EOUlF, s ENiL. WTR. 91 94 %7 186 19% 106 122 1460 15% 133

OTHER PATUFACTUE [HG 23 92 F€ 199 184 1093 1323 161 3@ 263
FOPLLATIGN CIERFIES E-9y 94 95 98- tad 192 184 114 122 12% 135 139
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' TABLE B.3.18
SANTA CRUZ COUNTY - Santa Cruz SMSA

AT A TR S ST EIC S NI A1 A 2P

CHORMDL TOET T 4 o

1970 LAT LT 1 U DR Lk Dt e Ui oo
HGE P10 T E R AN T TN U O FYTE I F U UL R R S G

Fuokel Ty o FISHERIE X LA TYR IS N TS T W% S s NS WU TY S N S TW U L TR W 1% N N T I RIS FAIY

M1

PIE Tr1h, Lot [ TN L [N S Lk A 1:1 0 L IS
LD e e FYP S R R 1 1 XN [N pricy 100 10 i it oo i
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TABLE B.3.19:

SONOMA COUNTY - Santa Rosa SMSA

AGRICULTHEE
FORESTRY 4 FISHERIES

MIMIHG

METHL

CRUDE FETRCOLEWM 5 HATURAL
HOGHMETAHLLIC, EMCEFRT FUHELS

COHTRACY COMITRUCT [0

MAHUFRCTURING |
FOOD & = {HDREDR PROUDUCTS
TERTILE KILL FRODUCTS
AFPAELL & LTHER FRERIC PR
LUMEBER FeODUCTE & FURNITU
PAPER & BLLIEDL PRODUVCTS
PRIMTIMG & PUBL [SHING
CHEMICALS & ALLIED PRODUC
FETROLELST REFINIHG
PRIFARY HETRLE
FREETCATED METALZ % ORDHA
MACHIMERY y EACLUDING ELED
ELECTRICHL HACHIBERY % SU
HOTOR YEHICLELZ & EQUIPMEM
TRAHS. EXUIF. s EBCL. MTR.

- QTHER MEHUFACTORING

PGFULATION (SERIES C-158)
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FISHERIES
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- METRL

CRUDE PETROLENN & HATURAL
MOMMETRLLIC, EXCEPT FUELS

COMTRRACT EGHSTRUCTIUH

FAMUFACTLR THG

FOOD & KIHDEED PRODNCTS
TEXTILE WMILL PROGDOUCTS
APFAREL 2. OTHEER: FREREIC PR
LUMBER FEODIMTS & FURMITU
FRFEF & RLLIED FROTHICTS
PRIMTING & FUBLIGHING
CHEMICALS & ALEIET PRODUC
PETFOLELM REFIHING
PRIMARY METALS

FABFRECAMIED HMETARLS & OERDHA
MACHIMES s EXCLUNING ELELD
ELECTRICO, MALHIMERY & S
MOTOR YeERICLES @ EDUIFHEH
TRERH: . ECOTR e S8CL. HTR.
DTHCE MPGIFACTUS [HG ‘

FOFULATIM ¢CERIES E-a0

SERTES *C* GROUTH IWDICES

CHORMALTZER TO 19730

1697 1¢d 102 ton b o
B35 K 96 1gn 194 19
o4 2% 24 1ag 1os 112

198 1va 188 100 18s 1en
3s 29 a5 lya 1a% (11
33 & 95 lew i9s 11z
a4 89 Qg4 tan las 112
94 TN~ = T 15 - 153

163 1ad tag s [gg o 1ad
188 182 1068 109 1Ad 1498
T3 z1 93 18w ti1 124
18 108 18e 4 1af 100
2E afr A% 108 19 111
1859, tof 1a8 198 1ga 188
1846 1@ 148 143 1@s  1ae
&3 7o a7 1o@. 119 133
| &7 *3 lgE 187 115
29 22 6 188 184 183
R ICHN ™ N A = 5 R e 1 33 949
T2 £E 2 tp 163 1S
108 i@ 169 18R 190 18d
232 S8 %4 185 1ar  1ias
o2% o1 o5 1e@ 183 185

18,

03
145

C1EE

152

[
LEAR I ]
[ X O ¥

13w 2003

- Qs
2l 224
1e? 194
\Rs]sl [530)]
17y 2645
2a7 258
33 240
=3 147
(5151 183
gR 1wid
A 243
12 I % IS
(515 BT )
BE - TR
B 106
22 Zhd
2z ave
a3z 246
233 434
27 294
g 180
1 B3

L g o P R OV N S

Tag

Lxx Iy ) I ot R R
W T e e 00 D

&

SERIES *E* GROWTH INDICES

CHORMALIZED TO 1973)

3 v a2 lag 182 i
o1 o4 97 18 1g3 1
168 18 18§ 166 108 18
168 o 198 160 188 14
b g, 93 164 182 14
s Qz Qe 168 ifg 189
g 95 96 189 184 1A
TRy 93 [9g 181 18
108 184 19 198 188 18
e 1da 1eag led 10a 14
%1 Q4 ay 180 18z 19
RS tnd 108 199 188 1an
] 32 96 ted 1064 103
1€ (v 1ég Loe [958 laa
180 @9 198 199 199 149
196, too log 108 199 tad
el Az 97 lon 1az IRy
eo az ¢ 100 184 g9
21 a7 93 1By 197 114
“g CK A7 an 183 1avy
160 teg {éag 104 189 144
2g 1 45 1og 185 tia

N ]

0 T S =

S bt ek fmh e e b el b b b b et pet s pet -

e
Ll U o

—
il
XN}

b el 0 5 S [

Qlun RN ]

300D T e

R TER

LIS Ry N <

Ll

: e WD L

=R

bk s

[ ]
fad 2 D

U CCR o N e R ]

T) ba s P vh bk b bl bk b s e e ek b b

Y Ty 0D Ty 0D S T D T D T 0 =)
Vo TG

T D O

O T e T o e

Pare PO da PO i) b= e= b
DR S W 0 ¥

B.3.19


https://EOUIFtH:.tl
https://MAl1UFtiCTI.IF

TABLE B.3.20
STANISLAUS COUNTY - Modesto SMSA
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TABLE B.3.21

VENTURA COUNTY - Oxnard -Simi Valley-Ventura SMSA

AGRICULTUNE
FORES1RY & FISHERIES

MIMIHG
HMETHL
CRULE FETROLEUM & HATURAL
HOMMETFLLIC, ESCEPT FUELS

COHTERACT LOHATRUCTIOHN

MAHUFACTLR THG
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TEXTILE MILL FRODUCTE
AFFAREL & OTHER FRRRIC
LUMBER FFODUCTE @ FURNITU
PAFER & RLLTED PRODUCTS
PRIMTING & PUBLISHIHG
CHEMICHLS & RLLIED PRODIC
FETROLEUM REFIMIMG
PRIMARY METHLY.
FRERICATED NETALE &
MACHTHERY s EWCLUDIHE
ELECTRICAL MACHINERY
MATOR YEHICLES & EQUIFPMEN
TRAMS. ERIIP., EXCL. MTR.
BTHER MAHUFACTURIHG

FE

QRINA
ELELD
& sSu

FOPULATION CSERIES C-13582
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METHL
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TABLE B.3.22
EXPLANATORY NOTES FOR TABLES B.3.5 THROUGH B.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 - B.3.21 were developed
through computer programs utilizing data from references [37] and [49].
Table B.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-metallic, except fuels" growth indices for Series
C and Series E are:

Orange County Growth Indices

Mining Non-metallic, Year
except fuels 1973 (1974 (1975 {1980 [ 1985 11990 {1995 {2000
Series C 100 97 93 { 119! 140 | 164 | 196 | 233
Series E 100t 102 ) 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 B and 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 3.7171 relates only the present form of ARB emission
inventory to the industry growth indices in Table B.3.5 through

B.3.22
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B.3.27. 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 4101-0066}..

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. 1If 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 lTower limits. However, if only one pro-
jection is desifed, the D-100 popuiation projection used with the Series E
prOjection for indosfry is reoommended Discussion with Department of
Finance staff 1nd1cates that present population trends are best described
by the D-100 ser1es 1 The Series E industry projections. are recommended
because present economic trends indicate s1ow growth

The remainder of this-explanatory note 1ists specific growth 1nd1ces
deve]opment 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 (JuTy 1) population estimates by county in 1970, 1971, 1972,
1973, 1974, and 1975, and mid-year (July 1) popu]at1on progect1ons (of

the C-150 and E-0 ser1es) for 1980, 1985, 1990, 1995, and 2000. County
populations for each year were totaled to produce SMSA population values
for the eleven years. A1 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%).

IStaff 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.

B.3.24
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TABLE B.3.23

GROWTH FACTORS FOR STATIONARY SOURCE EMISSIONS

ORANGE COUNTY - Apaheim - Santa Ana = Garden vae SMSA

EMISSION SOURCES

© GROWTH FACTORS!

{Growth Indices Category) 1973 1974 1975 1980 {. 1985 1990 1995 2000
. lcl I_E| Icl IEI, 'IC'I -|El 'Icl lEi lcl IE] 'lcl |£I TCI lEl !cl E
PETROLEUM Sl L
Production-{Mining-crude petroteum & natural gas) 160 1 100 ) 104 {101 § 107 {102 §118 [ 106 128 | 111 |140 [115 [153 1120 | 167 | 124
Refining-(Manufacturing~ petroleum reﬂn‘(ng) 100 11004106 1104 £ 113 1108 1140 [ 129 {169 §152 {203 |178 244 {207 | 294 | 238
Marketing-{Population) . 100 | 100 104 _1_04 . 106 |106 | 125 } 119146 {130 {165 1138 [1R0 (144 | 193 [ 149
ORGANIC SOLVENT USERS ] ) .
Surface Coating- (Hanufacturing-composite 1ndex) 100 | 100F 108 1104 | 117 J109 [ 167 | 132|199 ] 158 |254 |188 |324 222 | 412 | 259
Dry Cleaning-{Population) 100 | 100(-194 (104 | 106 {106 125 f 119|146 [130 |165 |138 (180 144 193 149
Degreasing- {Manufacturing-composite index) 100 | 100} 168 104 | 117 [10% | 1687 | 132|199 31158 [254 | 188 (324 (222 | 412 | 259
Other- (Popu]ation) 100 L1001 104 {104 (106 hos 125 [ 1191146 1130 {166 -§138 1180 1144 | 193 1 149
CHEMICAL - (Manufacturing-chemical and allied products) 100- 1001 107 [106 114 1112 ) 168 1147 1226 | 19T [304 | 243 [405 305 541 379
METALLURGICAL~- (Manufacturtno-primary metals) 100 { 100) 107 N0z | 114 Y104 | 125 11151146 1126 y170 [137 [198 (148 } 231 | 16
MINERAL-{Mining or non-metallic, except fuels) o0 | too{ 97 |102 93 105 J 119 [ 118|140 |131 {164 {145 |166 159 { 233 | 174 -
F°?3-3ﬁ;&ﬁ{ﬁﬂ%}g“ﬁ;gf*gcﬁfﬁgﬂgd'Pmducts ) 100 | 100| 105 [103 | 110 106 [139 | 122 167 {140 |200 |189 fea0 [179 | 288 | 200
PESTICIDES-({Agriculture) 100 1 100] oz Jto2 }103 {103 {107 f112 113 121 }ne frso hizs (140 |39 | 149
W00D PROCESSING-(Manufacturing-lumber products 14 fur‘ni_ture) 1060 | 100 111 {104 |123 1108 158 | 1321152 }158 [235 |188 286 (221 | 348 | 258
COMBUSTION OF EUELS .
Power Plants 100 1 100] == J-rn Pome Jame Fcom { cea | ame fmmm |om= {ma= fooe feem | wma | ---
Other Industrial-(Manufacturing- -composite {ndex) 100 | 100¢ 108 J104 (117 109 | 157 [132)190 |158 |254 |188 324 (222 | 412 | 259
Domestic & Commerical-{Population) 100 | 100 104 1104 166 1106 | 125 | 1191146 130 {165 138 1180 |144 {193 | 149
Orchard Heaters-(Agriculture) 1006 §100] 1021102 |103 {103 1107 | 112113 {121 {118 [130 |128 (140 | 139 | 149
WASTE BURNING '
Agriculture Oebris- (Agriculture) 100 | 1001 102 1102 {103 {103 107 RFA R 121 1118 {130 {128 (140 139 | 149
Forest Management-{Forest & Fisheries) 100 [ 100 100 {102 100 {103 [ 120 [ 111 {130 (118 [141 [126 |155 (134 P 171 | 142
gange3lmprovement-(Angcu1ture) '}00 1001 102 o2 [103 o3 {107 [ 12|13 121 {118 |30 [128 (140 139 | 149
umps 00 § 700] woe doom Jooo foeo oo YV oco ] e Jemm Vo boem Jeec feem ] e }oam-
Comgal Burnet)'-s-(i-lanufacturing-'lumber products 100 [ 100| 171 flos |123 [toa | 158 |132{1r0z 1158 |235 [188 |286 |22 | 348 [ 258
& furniture : . :
Incinerators- (Population) 100 | 7100{ 104 [164 {106 [106-} 125 [119} 146 (130 |165 (138 (180 (144 193 ¢ 149
Other-{Population) . 100 17001 104 104 |06 1106 135 1191146 130 ]165 128 [180 (444 {193 | 149
MISCELLANEOUS AREA SOURCES :
Wild Fires-{Constant) 100 | 160] 100 Q100 1100 {100 | 100 |too|t00 [l00 3100 1100 {(tOO {100 § 10O | 100
Structural Fires-(Population) 100 | 100} 104 (104 7106 |106 } 125 |119] 146 ]130 |165 138 {180 144 | 193 | 149
Farming Operations-{Agriculture) 100 [100].102 {102 103 {103 | 107 {112| 113 |121 {118 (130 128 [140 } 139 { 149
Construction & Demolition-{Contract Construction) 160 | 100} 165 {104 |11 [108 | 137 | 130} 171 156 (213 |83 [268 215 [ 337 | 249
Unpaved Roads- (Population) 100 }.100)-104 |104 106 106 | 126 } 119|146 1130 |165 (138 [180 ]144 | 193 | 149
Other- (PDPu]athng 100 | 100} 104 104 [106 {106 | v25 {119 Y46 |130 j165 [132 [180 ([144 ;193 | 149

From Table B.3.9

Special Study - Please refer to section on Fossil Fue! Electric Gener‘atfng Plants.

Future emissions are assumed negligible.
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4. AIR QUALITY MONITORING AND AIR QUALITY MODELING .
4.1 AIR QUALITY MONITORING SYSTEMS AND GATA BASES

The air quality monitoring program operating in California provides
data necessary to meet a number of objectives [1]:

-- To assess ajr 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 po]Tutant concen-
trations and the effectiveness of State and 10ca1 contro]
programs

-- Tolestab11Sh control strategies, approbriate airfpo]]ﬁtion
control rules and regu1at10ns, and land use plans.

-- To determine the relationship between po1]utant concentrations
and their effects on man, an1mals,_vegetat1on, property and
v1s1b111ty

-- To 1mp1ement air pollution episode emergency act1on systems
and agr1cu1tura1 burning decisions.

These objectives,'together with practical considerations, are the basic
determinants of the existing monitoring network in the State of CaTif-
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,
sampTling frequencies, and the development of applicable data handling
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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.

4.1.1 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, Tead 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 &-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 Tead 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 menitoring 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 Resourceé Board.

The Tocations 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 Air Resources

Board. The data are published on a regular basis in quafter1y reports

{5] and also in special publications [6,7]. These data are also forwarded
to the Environmmental Protection Agency for inclusioh.in the Storage and
Retrieval of Aerometric Data (SAROAD) System. The SAROAD System is an
ambient air qua1ity data bank maintained by the Environmental Protection
Agency. SAROAD_a1so 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 ofkaansportation
and some local air pollution control districts have mobile monitoring
vans and trailers. The majbrity 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
502 and HZS monitoring instruments operated by refinery companies, for
surveillance of SO2 and HZS in compiaint areas, and for areawide air
monitoring purposes. These activities are listed in decreasing priority

£91.
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Pl

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 Tocation of fixed stations by identifying
peak concentration points.

-- Complement existing fixed station monitoring systems (emergency
episodes).

-- Crosscheck existing monitoring station data.

-- Audit Jocal air pollution control district mpnitoring stations.

-- Parti;}pate in enforcement and complaint inyestigation actjvites,
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 Résources Board [11].

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 C1assffication, i.e.,

4.5
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TARLE 4.1 (continued)
Pricrity ’
Classification

Using 1974 Afr Monitors in Use

Additional Xenitors

Alr Zasin Pollutant Quality Date(b) Monitors Required 1973 1975 Reguired
Socuth Central Particulate 1T 3 Hi-Vol ' 2 Hi-Vol 3 Hi-Vol -
Coast 1 Tape 1 Tape 2.Tape -
802 1 Bubbler - 0 Q 1 Dubkhler
[ 8] ] I T —
. o 3 > -
Ow I 1 2 2 -
South Cosst Particulate T 28 Hi-Vol - 38 Hi-Vol 41 Hi~-Vo2' -
' 8 Tape 11 Tape 1 Tape -
302 1 Conbtinuous 20 Cont. - 24 Comt, -
Ir -, 3 Bubbler 4 Bubbler 7 Bubbler -
co I 11 30 35 -
" NO2 T 10 ‘ 33 Cont, 35 Cont. -
. 4 Busbler 7 Bubbler
Cx I 11 31 4B -
San Diego ‘Particulate I 11 Hi-Vol 3 Hi-Vol 8 Hi-Vol 3 Hi-¥ol
6 Tape 3 Tape & Tape -
0o ' 3 Cont. 5 Cont. --
IIT . 1 Bubbler 1 Bubbler 1 Bupbler -
T T 3 3 i -
NGz - - IiT -0 1 Bubbler 1 Bubbler -
3 Cont, 7 Cont. -
Oy I 3 & 8 -
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+
., .. -~ TABLE 4.1 (continued)
~ Priority ,
Classification " Monitors in Use
_ Using 1974 Adr . 7 : ' Additicnal Monitors
Air Basin Pollutant Quality Data{b)  Monitors Required 1973 - 1975 Pacyuined
Sguthesst Desert Particulate I 7 Hi-Vol 8 Hi-Vol 14 Hi-Vol -
) 2 Tarve -3 Tape g Tane ~—
' S22 ©IIT 1L Zuhbler 2 Cont. 2 Cont. -
2O . - I1L o - - . 6 & -
e T ITT 0 4 Cont, 4 Cont, -
7] ' 1 2 4 ) 9 ==
Vountain Counities Particulate III 1 Hi-Vol 8 Hi-Vol 15 Hi-Vel ——
0 Tape 0 Tape 1 Tane -—
SCh 111 1 Bubbler 0 0 % subbler
CO ITT 0 Q X -
P : TIL 0 N 0 0 _—
Q. ' : TIT 0 0. i —-
Leke Courty " Particulate 11T ~. 1 Hi-Vol 1 Hi-Vol 2 Hi-Vol
. ’ - 0 Tape . 0 Tape 0 Tape
525 T11 1 Bubbler 4] > Gont. -—
[56] Il ] 0 8] ==
oo 111 0 3. 0 -
Sx ' ki 0 0 C -

(a) From Air Quality Engineering Unit, Division of Technical Services, Air Resources Board. July 9, 1975 ,.November 3,- 197

{b) Reference: Federai Register, Vol.-36, No, 158 - Saturday, August 14, 1971,
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I, 11, or III. These classification criteria consider the maximum
pollutant concentrations recorded in the AQCR with a classification of
Priority I indicating higher levels of pollution.

[t 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 1. 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
section 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 appiicable
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 Tevels 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 Tisted 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 d1scuss1on would imply that monitoring systems are des1gned
and established after a comprehensive, regionwide ana1y51s 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].



4.1.5 Influence of Monitoring Site 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)0 represents concentrations of carbon monoxide
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)0 are plotted to indicate the dependence of carbon

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 averagesfof
CO concentrations versus slant height [16], indicates an inverse

- relationship betweén average CO concentrations and slant height, i.e.,
increasing s]ant'héights resulting in decreasing average}cbncentfations.
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 demonstrateduin'Figures 4.2
and 4.3. '

Research studies have been completed identifyingﬂa technique for quan-
tifying the influence of slant height on €O 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
Tocation 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 Tevel does not rise Unti1 most of
the availabie nitric oxide has disappeared by reactioh._ The reaction -
‘N0+03
so fast that ozone and nitric oxide cannot co-exist in any appreciab1e

= NO2 + 02 is responsible for this behavior. That reaction is;

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
js 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 p011utant oriented
resulting in a bias in the concentrations measured [11]. 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.






4, AIR QUALITY MONITORING AND AIR QUALITY MODELING
4.2 AIR QUALITY MODELING

4.2.17 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 ca11ed 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=KJ)+ 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 cbmp1ete1y 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 gjven 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 arcas:

1. Emissions assessment;
meteorological processes;
topography; and

W o

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 1s 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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4.4.2 CGeneral Theory

Alr quality models arce designed to simulate 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 atmosphere,
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 Targe
gradient (difference) in concentration between it and the ambient air.

FIGURE 4.6

TURBULENT DISPERSION
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Grossly simplified view of how ¢ turbulent eddy breaks up o plume and causes
rapid mixing of pollutants with ambient “clean’ oir,
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SOURCE: (20)

Pollutants will mix with the ambient air across this gradient by two
processes.  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 poliutants 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 turbuient 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, po]lutants'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 NO2 or particu-

3 for particulates)

late matter (~severa1 ppm for N02, ~several hundred ug/m
result in a significant perturbation of the fiow field due to their
influence on 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:

4.22



Poruliev B M i v 9
ot ax y 9z ax ox  ay By
aC .
+a (Kz T4} + [#R. (C,..., Cn)] + (4S.)
hz iz ’
Where,
t = time

X,y,z = Cartesian coordinates

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

K,,K ,K_ = 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

deposition
aC. . .
£_3_= change in concentration of pollutant C with respect to time
at
aC

__% = change in concentration of pollutant C: with respect to distance
DX 1n_the x_d1rect1on. The other partial derivatives (3Ci/ay and
9Cz/az) indicate similar relationships

The concentration Ci of each of the £ = 1,..., n pollutants considered
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 (aci/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 Tosses 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 poliutants 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 re1ationships shown in
Equation 1. Assumptions inherent in derﬁving the solutions 1imit the range
of cases that can be handled. Before any individuai model is used, the
assumptions involved in the derivations and the Timitations 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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FIGURE 4.7
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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/meterz-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 dispersidn model and is usually applied only to point and line
sources. The study area for a microscale analysis ranges from 1 to 10
kilometers across in the direction of the average wind. A mesoscale or
airshed analysis is regional in scope and is normally USéd when the area
source approximﬁtion 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 jndividual 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 émploys 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. However, 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 expréss 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 Targe 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 te further simplify the basic dispersion eguation
(Equation 1) so that it could be solved ana1yt{ca11y‘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
diréction of transport may be neglected, i.e.,

aC,

o 2
> K 3 Ci
ax

and S. is constant.
oxZ v

X

3) The po]]utant being diffused is a stable gas or particulate matter
‘1ess than 20 microns diameter which remains suspénded in the air
~over long periods of time, i.e., Ri = 0,

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

5) The equation of continuity is fulfilied, i.e., none of the pollutant
B 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 T is simplified to the

followinyg Form:

% 52
S SRR S (2)
Yook Y 3yZ 227 "
X X

The substitution of ny(x)2 = ZKyE and o,{x)? = 2Kzﬁ'yie1ds a solution for

a point source at ground level with the following form:

C, . i exp - 12 Y2+ 2 )
ﬂﬁoyaz qy“?_‘ 5,7

Where,

C. = concentration of pollutant at receptor

Sf = emission rate of pollutant <

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

u = mean wind speed

empirically derived measures of the eddy diffusivity (K ,Kz)
of the atmosphere, i.e., how well the atmosphere can
disperse the pollutants.

Oy+9z

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

1. The downwind concentration at any Tocation 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 Kz'
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3. The maximum concentration at ground‘1eve1 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 1ine, where at ground level there is no explicit
dependence on u (because o

_ y
u), concentrations will actually decrease with increasing wind.

and ¢, are inversely proportional to

This is because the eddy diffusivity K in 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 Spatia1 relationship between the emissions source and receptor must
“be estabiished through a coordinate system. A commonly éccepted 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 extendingvhorizonta11y in
the direction of the mean wind. The y-axis is in the horizontal plane
and perpendi¢u1af 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 Tine perpendicular to the wind direction) s assumed
uniform. Therefore, the y 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 Tower heights and
overestimate at higher heights. Also, these equations breakdown in the
case of very Tight 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 pol]ut&nts. 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 metéoro]ogica] 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 ta]l_bui]dingé in the
immediate vicinity. Coastal regions with land/sea brééze'circulation
patterns and génera11y hilly or mountainous surrounding terrain are poor
locations for épp]ication of this model. Second, the plume formulation
cannot account for chemical reactions that are more ébmpléx than a
simpie decay mechanism due to the steady-state assumption;‘ Plume model
applications are then restricted to primary po11utants'such as sulfur
dioxide, parti;u]afes,'and carbon monoxide,

The plume formulation is the only technique developed so far to describe
individual point and Tine source emissions, such as from power plant stacks
and highway segments. 1In 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 Formuiation

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 similar decay term may also 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 Tine 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

GAUSSIAN PUFF IN A VARIABLE WIND FIELD
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pass over the receptor in order to predict concentrations at a downwind
receptor. Both the determination of the trajectory pattefn 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 Gaussjan Dispersion Mbdé11ng

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;mode1s recommends
among others the Highway Afr 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 [mpact on Air
Quality

5. Analysis of Ambient Air Quality for Highway Environmental
Projects

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

The User Manuals are oriented for use by highway engineers 1in 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 (u), and along-wind distance (S) across the city. The

main assumptions of the model are:
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Steady-state conditions prevail

Emissions occur at ground level and are un1f0rm over the city
Pollutants are nonreactive

Lateral dispersion can be neglected

W N -

Vertical dispersion from each elemental sourte-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 Tine sources with pollutants confined to the mixing layer.

As indicated in assumption 5, the model requires twb_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 vertica]&distribution, the
equation may be written as

X/Q = 3.993(S/U)° 1S for (S/u) < 0.471 H}-3130

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

X/Q = 3.613 H°"?3% + § - 0.088uH!"28° for (S/u) > H1-130
- 2HU S .

For most cases the coeffiéient 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 adequately 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 Tower Tayers 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 exampie:

Boundary Urban Po!1ution
Mixing Height Surface Wind Layer Winds Potential
(meters) (knots) (meters/sec) (X/Q)
50 0 0.175 584
50 1 0.687 | 153

50 o 2 | 0.199 | 90

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
1) is reduced to ‘

=R, +5,
~ T T

ot

A Lagrangian coordinate system is employed such that V = 0 while Kx = Ky
= 0 and KZ = o, QOr, in other words, a box is assumed to be carried by
the winds with no l1ateral dispersion of pollutants allowed, while the

pollutants emitted are presumed to mix instantaneously throughout the
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volume of the box. A later version of the moving cell model includes an
analytical solution to accommodate horizontal dispersion [22]. The box
may either extend from the ground up to the inversion base, or be
represented by a column of boxes up to the inversion base (Figure 4.10).
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
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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 Tevel 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.atmbsphere 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 pattefns of California coastal air basins.

Second, the resulting computéd 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 Timitations 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 meteorological conditions may 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 involives 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

ARTIFICAL DISPERSION
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Artificial dispersionAis baséd 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 po11utant will -be
dispersed from each‘ce11 to adjacent cells. These pollutants are
assumed to be spfead evenly throughout the adjacent cells. In the next
time increment, pollutants will be leaving these adjacent cells when 1in
reality the pollutants have not traveled completely across the ce11s.

~ Artificial and real dispersion are shown schematically in Figure 4.11.

4.2.4 Meteoro1b§ica1 Sub-Models
8.2.4-1 Wind Fields

- “Wind behavior is'aTmost invariably separated into two parts for modeling.
j Ré]ative1y 1arge=sca1e‘motions‘are described as transbortihg the pol-
Tution from source to receptor while relatively sma11 scale motions are

described as dispersing and mixing the pollutant as it is transported.

The'simp1est models assumé‘that the mean winds (large scale motions) are
constant in time and space and-unchanging in either speéd or direction.
This is the dssUmption‘uti1ized in the Gaussian plume model. The values
of wind speed and direction can be based on observations from a single

" location or a cdmbination of observations from several locations.

In more-comp]iéated and realistic models, winds can be Simu]ated‘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 1is proportional td altitude
raised to an exponent i.e., U« Z". 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 iAto models.
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Realistic horizontal wind variability is relatively difficult to in-
corporate into models. The dominating principle is the conscrvation of
mass, for both the poliutant 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 Tevel 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:

qu |, 3V, 9w _
ET A T

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 T1ittle information concerning upper Tevel 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
will be a movement of pollutant from a region of higher concentration to
regions of lower concentrations and this flow is propoftiona1 to the
eddy diffusivity and to the change of concentration‘per unit distance
across the area. This method parallels solution techhiques for molecular
diffusion problems. | '

Both theories mentioned above can be applied to the same problem. The
advantage of nye theory is a much greater versati]ity,]but_it is Timited
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 thé'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 0601‘ground result in stable Tlapse rates at night; and that
during the day, absorption of solar radiation by the grbund and heating
of the air resu1t$ 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 profi1e 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 cther Tocations,
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 Tocations in the
study area. A set of curves is then prepared such that the mixing denth
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 Tayer is rcla-
tively stable, the effect of the mixing depth at a given Tocation 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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FIGURE 4.12
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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 E1 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 E}
Monte was 30% Tower than at Commerce. Consequently, the measures
of photolysis rate, k1 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, k1 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 mode]ing_regjdn. Normally, there is Tittle or nb.data concerning
pollutant concentrations at the boundaries since they are chosen such

that the entife 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 proceduré 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, ohe 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 Tine 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-
modeis which address sub-grid scale considerations. These are the
Stanford Research Institute (SRI} APRAC-1A 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 mechan1sms 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 avai1eb1e 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 s1mu1at1on model, the k1net1c mechan1sm
must be as compact as possible to av01d excessive comput1ng t1mes 1n the
numerical 1ntegrat10n of the model. This requirement necessar11y

implies the use of a lumped- parameter approach whereby a class of
compounds or react1ons 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 ass1gned The method
by which such assignments are made involves the f1tt1ng of model results
to smog chamber data. ‘

ATthough this approach is reasonable under the circumstances, it is also
fraught with uncertainty. Curves of pollutant concentrations vs. time
may be produeed‘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 that occur in a smog chamber
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are not necessarily similar to the reactions and other processcs which
occur in the ambient atmosphere (e.g., the formation of photochemical
aerosol). These fundamental problems occur for any photochemical model,
no matter how intricate its formulation.

0f 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; «, B,
and v, 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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TABLE 4.2

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

NOo + h\) _.L.-, NO + 0
0+ 0y + M = 03 + M
03 + NO 2.,  NOz + 02
03 + NO, L, NO; + Oy
- 5 |
NO3 + NOg i ZHNO
6
NO + NO -, 2HNO,
o H20
HNOp + hy £, OH + NO
Co + OH __g..,'. | COy + HOp
i > C
HOy + NO 25 OH + NOj -
HOy + NO2 10, HNOp + 0p
HC + 0 L «RO2
HC + OH 1z, 8RO
HC + 04 13, YRO
RO, + NO 4, NO, + €OH
RO, + NO, 15, PAN
h,, represents energy from sun11ght
M a third body (1ike Np) which acts as a catalyst
02 _ molecular oxygen
0 - atomic oxygen
0 ozone
N nitric oxide
NO» nitrogen dioxide
co carbon monoxide
€Oy carbon dioxide
OH hydroxy] radical
H»0 water vapor
HO2 hydrogen dioxide
ROo a3 generalized. free radical where R represents any HC chain
HC a hydrocarbon usually averaged
PAN peroxyacl nitrates
HNO» nitrous acid
HNO3 nitric acid

=,B,vand £ 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 Tevel 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" roliback curve.

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

3.

Select the peak oxidant concentration and determine the
corresponding non-methane hydrocarbon concentration as defined
by the envelope curve shown in Figure 4.13.

The percentage rollback requirement to attain the 0.08 ppm
oxidant standard is defined as follows:
Hy - g

rollback = -Tq—-—~

where H1 = non-methane hydrocarbon concentration corresponding
to the peak oxidant measurement
HO = 0.24 ppm non-methane hydrocarbon, as defined by the

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

1.0 - 0.24

70 x 100% = 76%.

Repeat the computations for several values of peak oxidant to
define the "rollback curve" shown in Figure 4.14.
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FIGURE 4.13
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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 §s 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 wh1ch data were used are
representat1ve 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'propoftion"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.

Fiha11y, 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 gfeéter than 0.28 ppm, EPA has authorized the use of a
Tinear 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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(:§?.5?:p§)-x 100 = 75% is necessary to achieve the oxidant standard.

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:

Emissions

. . _ . . Future Year
Air Qualitye, eore vear = 0 7 (Atr Walityg, e Year"B) Emissions

Base Year

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

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 scarcfty

of air quality monitoring data for non-methane hydrbcarbons and ques-
tions as to the applicability of this relationship to the phbtochemica1
problem in California, the Air Resources Board staff'did not use the
Appendix J methodology. Instead, the ARB staff defined certain 6rgénic
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 Geom. Mean

Observed Adjusted

Air Basin Adjustment Maximum Maximum
North Coast 30 104 74
San Francisco Bay Area 30 74 44
North Central Coast 30 67 37
South Central Coast 30 72 42
South Coast 27 127 100
San Diego 30 87 57
Northeast Plateau -- -- -
Sacramento Valley 30 57 27
San Joaquin Valley 40 169 129
Great Basin Valleys -- -- --
Southeast Desert 40 128 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 wihd4b10wn.dust.‘ The ambient Tevels 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 develobed._
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 cariried by the wind. These adjustments are to be subtracted
from the observed levels. Due to the variable nature of these natural
phenomena, it fs only possible to estimate them as annUa] 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
photochemica1.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 particu]até matter 40%
Photochemically generated particulate matter 40%
Naturally occurring particu]ate matter | 20%.
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For future year particulate matter air quality estimates, photochemi-
cally generated aerosols must be considered. These aerosols are estimated
on the basis of the above assumptions and the following methodology:

Photochemically-generated
Aerosols in SCAB for Reactive Organic
; _ 1970 Gases in SCAB
Photochgg;cgélg-?ﬁnﬁgi;ed aerosols = —partive Organic Gases for 19xx
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

Aeroso]s]in SCAB for Reactive Organic
. . 970 Gases for
Photochemically-generated aerosols Reactive Organic Gases 195

in 19xx in SCAB for 1970

Examples of Air Quality Estimates Using the Proportional Model

To estimate air quality using the proportional model, the following data
are 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
Naturally occurring background air quality
Estimated future year emission rate for study area
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Similarly, to estimate the emissions allowable to achieve a certain air

quality, the following data are required:

1. 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 substitutihg 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 Controliable

Emissions (tons/day)

Ambient Air Quality

(8 hour average in ppm)

4.62

11548

4

1975

6874

For Carbon Monoxide For SCAB

1977

1980
3033 . 2325
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)

Tﬁ154§7—4] ppm for 8 hours
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

1970 €O Air Quality [o5r—co-amissions

i 3033
= (41) 7549 - 70.8

1977 €O Air Quality

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.

1970 €O Air Quality 1570-co-gmiesions

(41) 2325
T1548 = 8.25

1980 CO Air Quality

Rounding, 1980 CO Air Quality = 8 ppm for 8 hours = Z. This estimate
for CO air quality is below the 8 hour CQ standard of 9 ppm.
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In the original State Implementation Plan [41] the following data are

given for the South Coast Air Basin:

Highly Reactive Organic Gases

Year . 1970 1975 1977 1980 - 1970

Particulates

1975 1977 1980

Projected Emissions
Directly Emitted

(tons/day) 1785 475 404 349 235
Photochemically-
generated Aerosols

(tons/day) 235

140 146 143

X Y z

" To estimate future year levels of photochemically-generated aerosols

(PGA), the following relationship was used:

Photochemica]1y—genekated. 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 473
1975 Aerosols (PGA) = 63 tons/day = X
for 1977 and 1970
1977.Aeroso1s (PGA)  = 1;32'404
1977 Aerosols (PGA) = 53 tons/day =Y
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 incorporated in this probortional model analysis.
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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]:

1. Pollutant concentrations are lTog 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 1ine on logarithmic graph paper.

3. The arithmetic mean concentration is the same for all averaging
times.
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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 Tongest averaging time only one data point will be
determined.

6. The arithmetic mean is proportional to reg1ona1 emissions,
i.e., po]1utant burden.

The principal statistical parameters used in the model are:

geometric mean or arithmetic mean

standard geometric deviation

maximum concentration expected once a year for a specified
averaging time

frequency distribution of expected p011utant concentrations
(this distribution is log-normal).

4 [FL N I

The Larsen modelfhas been used to define expected maximum‘p011utant con-
centrations on the basis of historical data. In such an app11cat1on,
the data is plotted on special probab111ty graph paper as shown in
Figure 4.15 on a cumuTat1ve frequency basis (i.e., the percent of
observations less than a given level). A best fit straight 1ine
{assuming the data is Tog-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
correspond1ng to th1s point is interpreted to be the expected peak level
for the data set. Th1s technique has been useful in he1p1ng 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 technique involves an implicit Tinear
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 ihterpreted to be
proportional to emissions.
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FIGURE 4.15
SAMPLE LARSEN ANALYSIS ON LOG-PROBABILITY PAPER

CONCENTRATION, PPM QR PPHM

;J‘ o b e b

R PP ) RN IS I s ek T e .
RL 4l o L] H his ) x an

% OF TIME EQUALLED OR EXCEEDE

If the monitoring data follows Line A, then a 50% reduction in emissions
would result in air quality defined by Line B. 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.

4.67



TN
'

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 and emission input data, an appropriate Gaussian plume
mode] 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
Tognormality 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 clearly 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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