Appendix A

Benefits:
Sources, Methods and Data
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Benefit Information from the Section 812 Retrospective
Report for CGE Model Use

1. Mortality
PM-Related mortality

Total avoided premature mortality data presented in Table 1 for years 1975, 1980, 1985,
and 1990 are taken from 812 Table D-13 (page D-45) (e.g., 58,764 for 1975). Total avoided
deaths in other years in Table 1 are calculated by straight-line interpolation.. Breakouts by age
group are based on the information in 812 Table D-14 (page D-46). The percentage of all
premature mortalities attributed to each age group is noted above each age group category in Table
1. That percentage is applied to total mortalities each year to derive age group-specific
mortalities.

Table 1. PM Mortality (avoided premature mortalities per year)

AGE GROUP
2% 4% 6% 13% 24% 28% 22%
total 30-34 35-44 45-54 55-64 65-74 75-84 85+

1970 0 0 0 0 0 0 « 0 0
1971 11,758 235 470 705 1,528 2,821 3,408 2,586
1972 23,506 470 940 1,410 3,056 5,641 6,817 5,171
1973 35,258 705 1,410 2,116 4,584 8,462 10,225 7,757
1974 47,011 940 1,880 2,821 6,111 11,283 13,633 10,342
1975 58,764 1,175 2,351 3,526 7,639 14,103 17,042 12,928
1978 76,188 1,524 3,048 4,571 9,904 18,285 22,095 16,761
1977 93,612 1,872 3,744 5617 12,170 22,467 27,147 20,595

1978 111,036 2,221 4,441 6,662 14,435 26,649 32200 24,428
1979 128,460 2,569 5,138 7,708 16,700 30,830 37,253 28,261
1980 145,884 2,918 5,835 8,753 18,985 35,012 42,306 32,094
1981 150,636 3,013 6,025 9,038 19,583 36,153 43,684 33,140
1982 155,387 3,108 6,215 9323 20,200 37,293 45062 34,185
1983 160,139 3,203 6,406 9,608 20,818 38,433 46440 35231
1984 164,890 3,298 6,596 9,893 21,436 39,574 47818 36,278
1985 169,642 3393 6,786 10,179 22,053 40,714 49,196 37,321
1986 172,421 3,448 6897 10345 22415 41,381 50,002 37,933
1987 175,201 3504 7,008 10512 22,776 42,048 50,808 38,544
1988 177,980 3,560 7,119 10,679 23,137 42,715 51614 39,156
1989 180,760 3615 7,230 10,846 23,499 43,382 52420 39,767
1990 183,539 3671 7342 11,012 23,860 44,049 53226 40,379
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Pb-Related mortality

For Pb-related effects, the 812 results were based on four separate analyses -- two sets of
additive analyses (for Pb emissions from industrial processes, boilers, and electric utilities; and
for Pb emissions from leaded gasoline), and two sets of alternative baselines (one holdin g all
other Pb emissions at 1970 levels, the other at 1990 levels). Tables G-6, G-7, G-9, and G-10 give
the four sets of results for male mortality by age group (40-54, 55-64, and 65-74), and Table D-13
gives infant mortality and adult female (age 45-74) mortality for the years 1975, 1980, 1985, and
1990. The D-13 results are reproduced in Table 2 below. The G-6 and G-7 results (for adult
male mortality) were averaged, as were the G-9 and G-10 results, the two averages were then
summed, with the sum reported in Table 2, below.' [For example, 1975 age 40-54 male mortality
from Tables G-6,7,9,and 10 (0.1, 0.3, 309, and 476 respectively) is reported as 393 in Table 2].
Avoided deaths in other years in Table 2 are calculated by straight-line interpolation.

Table 2. Pb-Related Mortality (avoided premature mortalities per year)

MEN WOMEN
total total
infant | 40-54 55-64 6574 (40-74) | 45-54 55-64 65-74 (45-74)

1970 0 0 0 0 0 0 0 0 0
1971 91 79 56 21 156 23 17 6 46
1972 182 157 112 42 311 47 33 12 92
1973 274 236 169 63 467 70 50 19 139
1974 365 314 225 84 623 93 67 25 185
1975 456 393 281 105 778 117 83 31 231
1976 833 801 585 224 1,610 239 174 67 480
1977 1,210 1,209 888 344 2,442 361 265 103 728
1978 1,588 1,618 1,191 464 3,273 483 356 139 977
1979 1,965 2,026 1,495 584 4,105 605 446 174 1,225
1980 2,342| 2,434 1,798 704 4,936 727 537 210 1,474
1981 2,660| 2,897 2,120 852 5,869 865 633 254 1,752
1982 2,978| 3,359 2,443 999 6,801 1,003 729 208 2,031
1983 3,207| 3822 2765 1,147  7,734| 1,141 826 342 2,309
1984 3,615| 4,284 3,088 1,204 8666 1279 922 386 2,588
1985 3,933| 4,747 3410 1,442 9599 1417 1,018 430 2,866
1986 4,135| 5009 3523 1,528 10,060 1,494 1,051 456 3,000
1987 4337| 5271 3636 1614 10521 1,570 1,083 481 3,134
1988 4540| 5533 3749 1700 10982 1,647 1,116 506 3,269
1989 4742| 5795 3862 1786 11,444 1,723 1,148 531 3,403
1990 4944 6,058 3975 1872 11,905 1,800 1,181 556 3,537

! Note that the D-13 results for infants and adult females sometimes differ from the Appendix G results. This is because
the D-13 results are the mean values from a Monte-Carlo simulation using the Appendix G inputs, rather than a simple reporting of
the Appendix G results.
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Conversion of total adult female mortality to mortality by age group is accomplished by
assuming the same age distribution associated with adult male mortality (i.e., if 50% of male
mortalities in a year were in the 55-64 age group, then it is assumed that 50% of female mortalities
in that year were in the 55-64 age group). Note that the female distribution might be skewed

somewhat because the youngest age cohort (45-54) is smaller than the corresponding youngest
male age cohort (40-54).
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Total Mortality Effects

Table 3 sums the results presented in the first two tables, with one modification to the
ealready-presented data. In Table 2, the youngest male age cohort is 40-54. Here, it is assumed
that 1/3 of the age 40-54 mortalities occur in the 40-44 group, with 2/3 occuring in the 45-54

group.

Table 3. All Mortality Effects, 1970-1990 (avoided premature mortalities per year)

AGE GROUP
infant 30-34 35-44 45-54 55-64 65-74 7584 85+
1970 0 0 0 0 0 0 0 0
1971 91 235 496 781 1,601 2,848 3,408 2,586
1972 182 470 993 1,562 3,202 5,696 6,817 5171
1973 274 705 1,489 2,343 4,802 8,543 10,225 7,757
1974 365 940 1,985 3,123 6,403 11,391 13,633 10,342
1975 456 1,175 2,481 3,904 8,004 14,239 17,042 12,928
1976 833 1,524 3,315 5,344 10,663 18,576 22,085 16,761
1977 1,210 1,872 4,148 6,784 13,322 22,914 27,147 20,595
1978 1,588 2,221 4,981 8,223 15,981 27,252 32,200 24,428
1979 1,965 2,569 5,814 9,663 18,641 31,589 37,253 28,261
1980 2,342 2,918 6,647 11,103 21,300 35,927 42,306 32,094
1981 2,660 3,013 6,991 11,834 22,336 37,259 43,684 33,140
1982 2,978 3,108 7,335 12,566 23,373 38,590 45,062 34,185
1983 3,297 3,203 7,680 13,297 24,409 39,922 46,440 35,231
1984 3,615 3,298 8,024 14,029 25,445 41,254 47,818 36,276
1985 3,933 3,383 8,368 14,761 26,482 42,586 49,196 37,321
1986 4,135 3,448 8,567 15,179 26,989 43,365 50,002 37,933
1987 4,337 3,504 8,765 15,597 27,495 44,143 50,808 38,544
1988 4,540 3,560 8,964 16,015 28,002 44,921 51,614 39,156
1989 4,742 3,615 9,162 16,433 28,509 45,700 52,420 39,767
1990 4,944 3,671 9,361 16,850 28,016 46,478 53,226 40,379
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2. Non-Mortality Effects
Chronic Bronchitis

Table D-13 in the 812 report presents two estimates of new cases of chronic bronchitis per
year, one based on a study by Schwartz, the other on a study by Abbet et al. Consistent with the
812 approach, Table 4 presents an average of the two as a mean estimate of the number of new
cases per year. New cases for years other than 1970, 1975, 1980, 1985, and 1990 are derived by
straight-line interpolation. It is assumed that the affected population contracts chronic bronchitis
by middle age (i.e., by age 45), would not have died by 1990 (the expected remaining lifespan for
a 40-year old is 38 years (from 812 Table D-14)), and would have continued emloyment at least
until 1990 had chronic bronchitis not been contracted. The cumulative number of cases of chronic
bronchitis in any year is then the sum of all new cases since 1970.

Table 4. Chronic Bronchitis Effects (thousands of $1990, and work-loss-days per

year)
($1000s)
med
Abbey Schwartz Avg cumulative expend. wid
1970 0 0 0 0 0 0
1971 39,795 34,714 37,254 37,254 9,798 1,604,632
1972 79,589 69,428 74,509 111,763 29,394 4,813,897
1973 119,384 104,143 111,763 223,526 58,787 9,627,794
1974 159,178 138,857 149,018 372,544 97,979 16,046,323
1975 198,973 173,571 186,272 558,816 146,969 24,069,484
1976 270,105 229,719 249,912 808,728 212,695 34,833,753
1977 341,237 285,866 313,551 1,122,279 295,159 48,339,130
1978 412,368 342,014 377,191 1,499,470 394,361 64,585,614
1979 483,500 398,161 440,831 1,940,301 510,299 83,573,206
1980 554,632 454,309 504,471 2,444,772 642,975 105,301,905
1981 587,739 476,398 532,068 2,976,840 782,909 128,219,305
1882 620,846 498,487 559,666 3,536,506 930,101 152,325,405
1983 653,952 520,575 587,264 4,123,770 1,084,551 177,620,205
1984 687,059 542,664 614,862 4,738,632 1,246,260 204,103,706
1985 720,166 564,753 642,460 5,381,091 1,415,227 231,775,908
1986 724,488 572,400 648,444 6,029,535 1,585,768 259,705,879
1987 728,810 580,048 654,429 6,683,964 1,757,882 287,893,622
1988 733,131 587,695 660,413 7,344,377 1,931,571 316,339,134
1989 737,453 595,343 666,398 8,010,775 2,106,834 345,042,417
1990 741,775 602,990 672,383 8,683,158 2,283,670 374,003,471
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The 812 report used a modified CV-based willingness-to-pay estimate to value an avoided
chronic bronchitis case. In an earlier valuation document produced by IEc,” however, a COI
estimate for chronic bronchitis was developed. Based on a 1990 Cropper & Krupnick paper,
annual medical cost is assumed to be ($1990) $263, and total COI is $3,838 per year (of which
$3,575 is lost income, and $263 is medical expense). Since the 812 report values a lost work day
at $83, then $3,575 of lost income represents, on average, [$3575/$83] 43.07 work loss days.

Table 4 (above) converts annual cases of chronic bronchitis into medical expenditures and
work loss days. Each case is assumed to entail $263 of annual expenditure on medical care, and
involve 43.07 work loss days per year. Thus, the cumulative 8.7 million cases avoided in 1990
resulted in $2.3 billion of avoided medical expense and 374 million work loss days in 1990.

2 Review of Existing Value of Morbidity Avoidance Estimates: Draft Valuation Document, 30 Sept. 1993.

Al



Non Pb-Related Hospital Admissions

Table 5 presents Non Pb-related hospital admissions for 1975, 1980, 1985, and 1990 from
812 table D-13. Admissions for other years are derived by linear interpolation (and assuming 0
for 1970). Where more than one source study for concentration-response functions are available,
the “total” used to calculate 812 benefits is the mean of the results from the individual studies.

To derive expenditures on hospital admissions, the following per-incident valuations are
assumed (from 812 Table I-2):

COPD & Pneumonia: $ 8,100
Congestive Heart Failure:  $ 8,300
All Respiratory: $ 6,100
Ischemic Heart Disease: $10,300

In the 812 benefits analysis, the “COPD/pneumonia” and “all respiratory” results are assumed to
be alternative measurements of a single health effect (rather than separate, additive health effects).
Thus, in the 812 benefits estimate, expenditures for the two categories are averaged rather than
summed. The total expenditure reported in Table 5 is:

EXP = 8.3(#CHF) + 10.3 (#IHD) + 0.5(8.1(#COPD) + 6.1(#resp)).
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Table 5. Non Pb-Related Hospital Admissions and Medical Expenditures (number of cases, and
thousands of $1990 annually)

COPD & Pneumonia
Schwartz Schwartz Schwartz Schwartz total
94c spok 94a 94b
1970 Q 0 0 0 0
1971 4,380 3,954 3,388 2,601 3,581
1972 8,759 7,908 6,777 5,202 7,162 2,293 1,209 3,502
1973 13,139 11,861 10,165 7,804 10,742 3,440 1,813 5,253
1974 17,518 15,815 13,554 10,405 14,323 4,586 2,418 7,004
1975 21,898 19,769 16,942 13,006 17,904 5,733 3,022 8,755
1976 28,304 25,274 21,730 16,541 22,962 7.259 4,126 11,386
1977 34,710 30,779 26,518 20,075 28,021 8,786 5,230 14,016
1978 41,116 36,284 31,306 23,610 33,079 10,312 6,335 16,647
1979 47,522 41,789 36,094 27,144 38,137 11,839 7,439 19,277
1980 53,928 47,294 40,882 30,679 43,196 13,365 8,543 21,908
1981 55,986 50,458 42,564 32,030 45,259 13,840 10,240 24,080
1982 58,044 53,623 44,245 33,381 47,323 14,316 11,937 26,253
1983 | 60,101 56,787 45,927 34,732 49,387 14,791 13,634 28,425
1984 62,159 59,952 47,608 36,083 51,451 15,267 15,331 30,598
1985 64,217 63,116 49,290 37,434 53,514 15,742 17,028 32,770
1986 65,479 66,515 50,477 38,629 55,275 16,066 17,989 34,055
1987 66,741 69,915 51,665 39,824 57,036 16,390 18,951 35,341
1988 68,004 73,314 52,852 41,020 58,797 16,714 19,912 36,626
1989 69,266 76,714 54,040 42,215 60,558 17,038 20,874 37,812
1990 | 70,528 80,113 55,227 43,410 62,320 17,362 21,835 39,197
All Respiratory Admissions Ischemic Total

Schwartz Schwartz Shwartz total Heart Expend.

tacoma spokane Pope NHaven Thurston Disease ($1000s)
1970 0 0 0 0 0 0 0 0
1971 6,401 5,879 6,196 4,627 2,749 5,170 1,270 57,703
1972 12,802 11,757 12,393 9,255 5,498 10,341 2,539 115,406
1973 19,202 17,636 18,589 13,882 8,248 15,511 3,809 173,109
1974 25,603 23514 24786 18,510 10,997 20,682 5,078 230,813
1975 32,004 29,393 30,982 23,137 13,746 25,852 6,348 288,516
1976 41,169 37,404 39,404 29,529 17,473 32,996 8,020 369,594
1977 50,333 45415 47826 35921 21,201 40,139 9,692 450,673
1978 59,498 53,427 56,249 42,312 24,928 47,283 11,365 531,752
1979 68,662 61,438 64,671 48,704 28,656 54,426 13,037 612,831
1980 77,827 69,449 73,093 55,096 32,383 61,570 14,709 693,909
1981 81,349 74,187 75,756 57,354 33,245 64,378 15,225 734,075
1982 84,870 78,924 78,419 59,612 34,106 67,186 15,741 774,241
1983 88,392 83,662 81,081 61,869 34,968 69,994 16,257 814,407
1984 91,913 88,399 83,744 64,127 35,829 72,803 16,773 854,572
1985 95,435 93,137 86,407 66,385 36,691 75,611 17,289 894,738
1986 97,703 98,368 88,223 67,876 38,555 78,145 17,651 823,907
1987 99,972 103,598 80,039 69,368 40,420 80,679 18,013 953,076
1988 102,240 108,829 91,854 70,859 42,284 83,213 18,374 982,244
1989 104,509 114,059 93,670 72,351 44,149 85,747 18,736 1,011,413
1990 | 106,777 119,290 95486 73,842 46,013 88,282 19,098 1,040,581
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Pb-Related Health Impacts (excluding IQ)

Hypertension and Coronary Heart Disease

Table 6 presents cases of Pb-related hypertension and coronary heart disease for 1975,
1980, 1985, and 1990 from 812 table D-13. Cases for other years are derived by linear
interpolation (and assuming 0 for 1970).

In the 812 report, a case of hypertension is valued at $681 (since the “cases” of
hypertension are really “numbers of people with hypertension in any year” (as opposed to, e.g.,
“individuals first diagnosed with hyperension™), then the valuation is $681 per year). This
valuation includes physician care, drugs, and hospitalization costs (“avoided costs” in Table 6), as
well as lost work days. On average, each case of hypertension causes 0.8 lost work days (see pg.
G-9 of the 812 report). Since the 812 study values WLDs at $83 per day, the implicit WLD
component of the $681 value is 0.8*$83 (or $66.40), and the remainder ($614.60) represents
avoided costs. In Table 6, each hypertension case produces $614.60 in costs and 0.8 work-loss
days.

Table 6. Avoided Costs and Work-Loss-Days from Pb-Related Hypertension and Coronary Heart
Disease

Hypertension Coronary Heart Disease
avoided avoided
(d-13) costs (d-13) costs
cases ($1000s) WLDs cases ($1000s)  WLDs
1970 0 0 0 0 0 0
1971 166,060 102,060 132,848 263 13,655 11,292
1972 332,120 204,121 265,696 525 27,310 22,584
1973 498,179 306,181 398,544 788 40,966 33,875
1974 664,239 408,241 531,391 1,050 54,621 45,167
1975 830,299 510,302 664,239 1,313 68,276 56,459
1976 1,719,639 1,056,890 1,375,711 2,739 142,438 117,786
1977 2,608,979 1,603,478 2,087,183 4,165 216,601 179,112
1978 3,498,319 2,150,067 2,798,655 5592 290,763 240,439
1979 4387659 2696655 3,510,127 7018 364,926 301,765
1980 5276999 3243244 4,221,599 8,444 439,088 363,092
1981 6,239,022 3,834,503 4,991,218 10,089 524,649 433,844
1982 7,201,045 4425763 5,760,836 11,735 610,210 504,596
1983 8,163,069  5017,022 6,530,455 13,380 695,770 575,349
1984 9,125,092 5,608,281 7,300,073 15026 781,331 646,101
1985 10,087,115 6,199,541 8,069,692 16,671 866,892 716,853
1986 10,599,067 6,514,187 8,479,254 17,551 912,631 754,676
1987 11,111,019 6,828,833 8,888,816 18,430 958370 792,499
1988 11,622,972 7,143,478 9,298,377 19,310 1,004,110 830,321
1989 12,134,924 7,458,124 9,707,939 20,189  1,049.849 868,144
1990 12,646,876 7,772,770 10,117,501 21,069 1,095588 905,967
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The valuation for coronary heart disease (CHD) in the 812 report, $52,000 per case, is a
COI estimate that excludes forgone eamnings due to WLDs. The report provides some discussion
of possible magnitude of foregone earnings (noting that the magnitude varies inversely with the age
of the affected person, and that it could be as great as the COI estimate for some age groups), but
does not provide a “best estimate.”

Tolley (1994) provides an estimate of “restricted activity days” for a variety of diseases,
including an estimate of 43 RADs for CHD.? Kenkel (the author of the relevant chapter) notes that
a RAD can “range from reduced activity alone to a day of work loss to a day of bed disability,”
but that “the RADs for the more serious conditions may reflect a greater restriction of activity than
the RADs for the minor conditions.” Based on the assertion that CHD is “one of the more serious
conditions,” I’ve assumed that Kenkel’s CHD RAD is equivalent to a WLD in the 812 study.
Thus, each case of CHD is associated with 43 WLDs as well as $52,000 in expenditure. Note
that, at $83 per WLD, this implies $3,600 in lost income per CHD case, a magnitude somewhat
smaller than those discussed in the “CHD-related lost earnings” paragraph of the 812 study (see
page G-11).

Stroke

Table 7 presents cases of Pb-related initial cerebrovascular accident and atherothrombotic
brain infarction (the two types of stroke are summed in Table 7) for men and for women for 1975,
1980, 1985, and 1990 taken from 812 table D-13. Cases for other years are derived by linear
interpolation (and assuming 0 for 1970). The 812 study values avoided stroke for men as
$200,000 per case, and for women as $150,000 per case (see 812 Table I-2). The valuation
includes medical expenditures and reduced earnings — presumably, the gender-based difference is
due to differences in labor market participation (although it is possible that there are differences in
medical expenditure). For computational simplification, each female stroke case (valued at 75%
of a male stroke case) has been redefined here as 3/4 of a male case (valued at 100% of a male
stroke case). For example, 100 female stroke cases valued at $150,000 per case (for a total value
of $15 million) would be redefined as 75 cases valued at $200,000 (for a total value of $15
million). The two types of cases are then summed (see the “m+3/4f” column in Table 7), to be
valued at $200,000 per case.

The source study used for stroke valuation in the 812 report* divided lifetime cost of a first
stroke into four components: Indirect costs (i.e., reduced earnings) and three categories of direct
medical expenditure (“acute care”, “long-term ambulatory care”, and “nursing home” costs). In
Table 7, below, each stroke case is assumed to cause two years of acute care, followed by ten
years of ambulatory care, followed by ten years of nursing home care. Therefore, in 1972 (for
example), there are 356 acute care cases, which is the sum of 1971 and 1972 stroke cases (from

3 Tolley, Kenkel, and Fabian (eds), “Valuing Health for Policy: An Economic Approach,” 1994. See esp. pps. 69-70.

4 Taylor, et al., Lifetime Cost of Stroke in the United States. Stroke, 1996; 27:1459-1466.
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the column “m+3/4f). In 1973, there are 594 acute care cases (which is the sum of 1972 and
1973 stroke cases), and 119 ambulatory care cases (i.e., stroke cases from 1971).
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Table 7. Avoided Costs and Work-Loss-Days from Pb-Related Stroke

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1880
1981
1982
1983
1984
1985
1986
1987

2007
2008
2009
2010
2011

(d-13)
cases
men
0
88
176
265
353
441
905
1,370
1,834
2,299
2,763
3,274
3,785
4,297
4,808
5319
5,578
5,838
6,097
6,357
6,616

(d-13)
cases
women
0
41
82
122
163
204
421
637

1,070
1,287
1,527
1,767
2,006
2,246
2,486
2,601
2,715
2,830
2,944
3,059

m+3/4f

0

119
238
356
475
594
1,221
1,848
2,475
3,101
3,728
4,419
5,110
5,801
6,492
7,184
7,529
7,874
8,220
8,565
8,910

(2 yrs)
acute

cases
0
119
356
594
832
1,069
1,815
3,069
4,322
5,576
6,830
8,148
9,530
10,912
12,294
13,676
14,712
15,403
16,094
16,784
17,475
8,910

(3-12yrs) (13-22 yrs)
NH

amb.

cases
0
0
0
119
356
713
1,188
1,782
3,003
4,851
7,325
10,427
14,155
18,455
23,328
28,773
34,790
41,380
47,688
53,714
59,459
64,923
70,105
65,685
60,575
54,774
48,281
41,098
33,569
25,695
17,475
8,810
0
0

cases

OO0 00000000000

-
-y
w

356
713
1,188
1,782
3,003
4,851
7.325
10,427
14,155
18,455
23,328
28,773
34,790
41,380
47,688
53,714
59,459
64,923
70,105
65,685
60,575
54,774
48,281
41,098
33,569
25,695
17,475
8,910

(10 yrs)
wid

cases
0
119
356
713
1,188
1,782
3,003
4,851
7,325
10,427
14,155
18,455
23,328
28,773
34,790
41,380
47,688
53,714
59,459
64,923
70,105
65,685
60,575
54,774
48,281
41,098
33,569
25,695
17,475
8,910

[ =T = B = T = Y = Y = N = = B = A = I = I = |

avoided
cosis

($1000s)
1]
2,245
6,736
11,576
16,765
22,304
37,793
63,235
90,519
119,646
150,616
184,643
221,725
260,690
301,537
344,266
382,343
415,768
449,419
483,295
517,397
376,793
229,888
224,120
217,282
209,373
200,394
190,345
178,808
165,782
151,268
135,266
117,776
110,352
101,766
92,020
81,113
69,044
56,396
43,167
29,358
14,969

WLDs
0
16,603
49,810
99,620
166,034
249,051
419,675
677,908
1,023,749
1,457,198
1,978,254
2,579,288
3,260,299
4,021,287
4,862,252
5,783,194
6,664,794
7,507,052
8,309,967
9,073,541
9,797,772
9,180,135
8,465,918
7,655,120
6,747,741
5,743,782
4,691,557
3,591,067
2,442,310
1,245,288

O 0000 CO 000 o0
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Taylor et al. found that indirect costs accounted for 58% of lifetime stroke cost. Acute
care costs account for 45% of lifetime medical costs, while long-term ambulatory care and nursing
home costs account for 35% and 17.5% (respectively) of lifetime costs.” Assuming a total
valuation per stroke case of $200,000, lifetime medical costs would be $84,000 (i.e., 42% of the
total), and reduced earnings would be $116,000 (i.e., 58%). Acute care accounts for 45% of
medical costs, which is $37,800 over two years, or $18,900 per year for two years. Ambulatory
care accounts for 35% of medical costs, which is $29,400 over ten years, or $2,940 per year for
ten years. Nursing home care is assumed to account for 20% of medical costs, which is $16,800
over ten years, or $1,680 per year for ten years. The avoided costs (thousands) per year in Table
7 is equal to:

[(acute cases)*18.9] + [(amb cases)* 2.94] + [(nh cases)*1.68].

Table 7 assumes that the work loss days associated with stroke are spread evenly over a
ten-year period. The reported “WLD cases” for 1979 (for example) would be the sum of all
stroke cases (in column “m+3/4f”) from 1971 to 1979 (i.e., the number of people who suffer
WLDs during a year is equal to the numer of inital stroke cases during that year and the preceding
nine years). Applying the “ten year” assumption, $116,000 of lost income per stroke case is equal
to $11,600 per case per year for ten years. At $83 per work-loss day (which is the value used in
the 812 study), $11,600 in reduced annual earnings represents almost 140 WLDs per year. The
final column in Table 7 (“WLDs") gives WLD cases/year times $11,600/WLDcase/year divided
by $83/WLD.

SNote that Table 7 reflects an assumed 20% share for nursing home costs, thus allowing the three components to sum to
100%.
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Pb /1Q Effects

Avoided Costs of Compensatory Education
Table 8. Avoided Compensatory Education Costs

. The Section 812 report presents an Due To Reduced Exposure to Pb (number of
estimate of reduced lifetime expenditure on cases, and thousands of $1990)
compensatory education due to reduced Pb- ($1000)
related IQ decrements (the 812 report assumes (d-13)  cumulative cost
that children with IQ scores more than two Year  cases cases avoided
deviations below the mean score (IQ scores 23;3 752 g g
are normalized with a mean=100 and standard 1972 1512 o 0
deviation=15) require special compensatory 1973 2:263 0 0
education during their school years). Table 8 1974 3,024 0 0
presents cases of Pb-related “IQ<70" for 1975 3,780 0 0
1975, 1980, 1985, and 1990 from 812 table D- TR 7,039 0 ¢
13. Cases for other years are derived by :2;; :g'zig 752 ) 772
linear interpolation (and assuming 0 for 1970). i 18815 o288 14329
_ 1980 20,074 4,536 28,658
Annual IQ<70 “cases” in the 812 1981 23,363 7,560 47,764
report are the number of infants (i.e., less than 1982 26,652 11,340 71,646
one year old) affected by airborn Pb in that 1983 29,942 18,379 116,117
year. It is assumed that education expenditures o i i i i
are affected for each child for the 12-year b N o e e
: : 1986 38,295 59,048 373,065
period of ages seven (o ei ghteen. The e 40,069 79,122 490,893
“cumulative cases” column in Table 8 presents 1988 41,844 102,485 647,501
the number of children (each year) for whom 1989 43618 129,138 815,891
compensatory education costs have changed 1990 45393 158323 1,000,286
(for that year). For example, in 1978, 1a81 190,042 1,200,685
education costs differ only for that cohort born e el
in 1971; while the 1979 result is for 1971 o el
cases plus 1972 cases. By 2009, +88 330,650 2,089,102
compensatoty education costs are no longer 1996 363,980 2,299,623
affected, since those born in 1990 are 19 years 1997 395,816 2,500,767
old in 2009. 1998 379001 2,394,528
1999 358,927 2,267,701
The Section 812 report assumed a per- o WAsEL B
; 2001 308911 1,951,702
year cost of compensatory erducatlon of p— 278970  1762.531
$6,318. That per-unit cost is multiplied by the 2003 245739 1,552,579
number of “cumulative cases” to derive the 2004 200219 1,321,846
“cost avoided” in Table 8. 2005 170,924 1,079,800
2006 130,855 826,743
2007 89,011 562,374
2008 45,393 286,793
2009 0 0
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Earnings. IQ, and Pb Exposure

The Section 812 report presents an o
estimate of increased lifetime earnings due to ~ Lable 9. Pb-Related IQ Decrements in Children,

reduced Pb-related IQ decrements (reductions aad Lagged Bitots . Audults, 1570-1590
in airborne Pb cause reductions in blood-lead

(D-13) Cumulative
levels, resulting in improved IQ scores, which Year Points  Points (adults)
are then associated with greater lifetime - 1970 0 0
income). Table 9 (to the right) presents the 1871 205,698 0
Pb-related avoided aggregate IQ point i 471,997 0
decrements for 1975, 1980, 1985, and 1990 g it s 3

d 1974 822,794 0

from 812 table D-1,3. Pomt. decrf:mems fqr 1678 1,028,492 0
other years are derived by linear interpolation 1976 1,829,025 0
(and assuming O for 1970). 1977 2,629,558 0
1978 3,430,091 0

Annual IQ point loss “cases” in the 1979 4,230,624 0

812 report are the number of infants (i.e., those 1830 Sy 0
less than one year old) affected by airborn Pb :22; z':i:'?‘;; g
in that year, times the average number of IQ Tola 7448118 5
points (eventually) lost per child (i.e., it is the 1984 7.853.772 0
aggregate number of IQ points, rather than the 1985 8,559,426 0
number of children affected). It is assumed 1986 8,923,194 0
that Pb exposure (on infants) has no effect on 1967 9,286,963 0
income until adulthood (i.e., age 18), and the b o 2
: - - . 1989 10,014,500 205,698

effect continues until age 65. The “cumulative (558 10.878.268 617,005

points (adults)” column in Table 9 reflects this
lagged effect. There is no impact until 1989,

at which time those exposed in 1971 are
affected (as 18-year olds). In 1990, adults born in 1971 and 1972 are affected.
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Table 10 is a continuation of and
extension of Table 9. The first data column,
“Cumulative Points (adults),” is also found in
Table 9 (note that the data entries for 1989 and
1990 are identical in the two tables). The
table ends in the year 2056, when those
exposed (as infants) to airborne Pb in 1990
would be more than 65 years old, and
presumably out of the labor force. Between
2008 and 2036, all of those exposed (as
infants) between 1971 and 1990 would be
between 18 and 65 years old — therefore, the
“cumulative points (adults)” measure is
unchanged during those years (i.e., at
104,230,179 points).

The Section 812 report assumes a
discounted lifetime income change (i.e.,
discounted to the time of exposure as an
infant) of $2,957 per IQ point (using a 5%
discount rate). Converting to an annual
undiscounted flow from age 18 to age 65 (and
assuming, for simplicity, a constant per-year
flow) gives an annuity of $377 per IQ point
per year. The “Income Lost” column of Table
10 converts the cumulative IQ point effect on
adults to an income measure, by multiplying
the data in the “Cumulative Points (adults)”
column by $377/point. For example, reduced
Pb exposure of infants in 1971 resulted in an
aggregate 205,698 IQ point increase among
18-year-olds in 1980, which caused an
increased income of $77,548,000 in 1989.

Increased income due to a reduction in
Pb-exposure can be thought of as either a
change in productivity or as a change in
quantity of work. In the third data column of
Table 10, the annual income change is
converted to “avoided work loss days” by
applying a valuation of $83 per work-loss
day. Thus, for example, the $77,548,000
income increase in 1989 is the equivaent of
[$77,548,000/$83 =] 934,317 avoided work
loss days.

Table 10. Pb-Related Income Changes and Work
Loss Days

Cumulative ($1000s) Work
Points (adults) Income Lost Loss Days
1989 205,698 77,548 934,317
1990 617,095 232,645 2,802,950
1991 1,234,190 465,290 5,605,901
1992 2,056,984 775,483 9,343,168
1993 3,085,476 1,163,224 14,014,752
1994 4,914,501 1,852,767 22,322,492
1995 7,544,059 2,844,110 34,266,388
1996 10,974,150 4,137,255 49,846,440
1997 15,204,774 5,732,200 69,062,648
1998 20,235,931 7,628,946 91,915,012
1999 25,972,742 9,791,724 117,972,574
2000 32,415,206 12,220,533 147,235,335
2001 39,563,325 14,815,373 179,703,295
2002 47,417,097 17,876,246 215,376,453
2003 55,976,523 21,103,149 254,254,809
2004 64,899,717 24,467,193 294,785,463
2005 74,186,680 27,968,378 336,968,415
2006 83,837,411 31,606,704 380,803,664
2007 93,851,911 35,382,170 426,291,210
2008 104,230,179 39,294,777 473,431,054
2036 104,230,179 39,294,777 473,431,054
2037 104,024,481 39,217,229 472,496,737
2038 103,613,084 39,062,133 470,628,104
2039 102,995,989 38,829,488 467,825,153
2040 102,173,195 38,519,295 464,087,886
2041 101,144,703 38,131,553 459,416,302
2042 99,315,678 37,442,011 451,108,562
2043 96,686,120 36,450,667 439,164,666
2044 93,256,029 35,157,523 423,584,614
2045 89,025,405 33,562,578 404,368,406
2046 83,994,248 31,665,831 381,516,042
2047 78,257,437 29,503,054 355,458,480
2048 71,814,973 27,074,245 326,195,719
2049 64,666,854 24,379,404 293,727,759
2050 56,813,082 21,418,532 258,054,601
2051 48,253,656 18,191,628 219,176,245
2052 39,330,462 14,827,584 178,645,591
2053 30,043,489 11,326,399 136,462,639
2054 20,392,768 7,688,073 92,627,390
2055 10,378,268 3,912,607 47,139,844
2056 0 0 0
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Miscellaneous Effects

Direct Work-Loss Days
Table 11. PM-Related Work Loss Days and

The Section 812 report presents an Household Soiling Expenditures (number of days,

estimate of Work-Loss Day (WLD) B shemsassie it LS
decrements due to improved ambient PM (d13) (1-6)
concentrations. Table 11 (to the right) direct (§1000)
presents the PM-related avoided WLDs for WLD Soiling
1975, 1980, 1985, and 1990 from 812 table R 0 2
D-13. WLD decrements for other years are i T oy i
derived by linear interpolation (and assuming :2;2 i':zﬁ’;;g ;asj'iz;
0 for 1970). It is possible that there is some s iy 079,162
overlap (i.e., double-counting) between these 1975 6,966,775 1,223,977
results and the implied WLDs from chronic 1976 9,016,136 1,584,025
bronchitis (which is also related to PM 1977 11,065,487 1,844,073
exposure). 1978 13,114,859 2,304,121
1979 15,164,220 2,664,168
Household Soiling Expenditures ::g? :;;;gx 2?5:2;2
1982 18,587,711 3,265,634
Table I-6 in the Section 812 Report 1983 19,274,776 3,386,343
includes the estimate for avoided PM-soiling- 1984 19,961,841 3,507,052
related expenditures for 1990 ($3,964 1985 20,648,606 BiEET 761
million). Unfortunately, there is no year-by- L Sl b i
. s 1987 21,414,444 3,762,256
year breakdown of avoided soiling e 21797214 3,829,504
expenditures elsewhere in the 812 report. 1989 22,179,983 3,395:752
Furthermore, there is insufficient detail in the 1990 22,562,752 3,964,000

812 Report’s air quality modeling results to
allow a recalculation of the soiling
expenditure estimate. Therefore, an indirect
estimation approach is taken here: it is assumed that avoided soiling expenditures vary each year
in linear relation to the change in work loss days (which, like soiling, is dependent only on
ambient PM concentrations).® Specifically, soiling expenditures in year X are assumed to be equal
to WLDs in year X, times the ratio of 1990 soiling expenditure divided by 1990 WLDs
($3,964,000/22,562,752 days).

¢ This is an inexact estimate, since incremental soiling expenditures are linear with changes in PM concentrations (relative
to the baseline case) (see 812 Table I-2, page I-15) while incremental WLDs are log-linear to changes in PM concentrations (relative
to the baseline case) (see 812 Table D-6, pages D-20 and D-25).
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Changes in Productivity of Workers Engaged in Strenuous Qutdoor Labor

Table I-3 (page I-17) of the 812 Study ) .
reports the 1990 present value (@ 5%) of the Table 12. Avoided Ozone-Related Productivity

1970 - 1990 flow of avoided ozone-related Prtreascs and Work-Logs Diays
productivity losses for workers engaged in (d15) (-3) i
strenuous outdoor labor (e.g., agricultural 15% FEV  prod. prod. @83/day
workers). Unfortunately, no single-year decrease ($million)  ($1.000) WLD
estimate is presented in the 812 study, so an 1970 0 0 0
indirect estimation for single-year productivity ok il R i
losses is employed here: annual productivity :g;‘: 2.12 ;; £§
loss is assumed to vary linearly with annual iy 45 43 405
“15% FEV decrease” (both productivity loss 1975 53 42 504
and FEV decrease depend exclusively on 1976 67 53 633
ozone concentrations). 1977 80 63 763
1978 94 74 892
The Section 812 report presents an A 1C¢ R 1E
estimate of avoided pulmonary function :ﬁ 1; 133 :122;
decrements (measured by “forced expiratory 1682 151 119 1,436
volume in one second” (FEV)) due to 1983 166 131 1,578
improved ambient ozone concentrations. 1984 181 143 1,721
Table 12 (to the right) presents the ozone- 1985 196 185 1,864
related avoided “million person-days with 1986 219 173 e
decreased FEV by 15% or more” for 1975, T o 0L o=
1980, 1985, and 1990 from 812 table D-15 Jpos— = =
(page D-47). Avoided pulmonary function e - 246 2,967
decrements for other years are derived by PV(1990) 3,801 3 3,000

linear interpolation (and assuming 0 for 1970).

The final row of Table 12 (labeled
“PV(1990)”) gives the 1990 present value of the 1970-1990 stream of “million person days with
decreased FEV (15%).”” This figure (i.e., 3,801 million) is used in conjuction with the annual
“pulmonary function decrements” and the 1990 PV of the annual productivity loss (i.e., $3 billion,
as reported in Table I-3 of the 812 report) to derive year-by-year productivity changes. For
example, the avoided productivity loss in 1990 ($246,000) is assumed to be the product of the
1990 pulmonary function decrement measure (312) and the ratio 3000/3801.

The final data column in Table 12 converts productivity loss to work loss days by applying
the per-WLD of $83. For example, in 1990, $246,000 in lost productivity divided by $83 per
WLD results in 2,967 work loss days.

7 This PV is used for computation only — it has little meaning by itself.
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Table 13. SUMMARY - Avoided Expenditures From Non-Fatal Health Impacts (Millions of $1990)

Not Pb-Related Pb-Related Total
congestive
chronic hospital household hyper- heart compensatory
bronchitis admissions soiling tension disease stroke education
1970 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0
1971 9.8 57.7 2448 102.1 13.7 22 0.0 430
1972 294 1154 489.6 2041 273 6.7 0.0 873
1973 58.8 1731 734.4 306.2 41.0 11.6 0.0 1,325
1974 98.0 230.8 979.2 408.2 5486 16.8 0.0 1,788
1975 147.0 288.5 1,224.0 5103 68.3 223 0.0 2,260
1976 2127 369.6 1,584.0 1,056.9 142.4 37.8 0.0 3,403
1977 295.2 450.7 1,944.1 1,603.5 216.6 63.2 0.0 4,573
1978 394.4 531.8 2,304.1 2,150.1 290.8 90.5 4.8 5,766
1979 510.3 612.8 2,664.2 2,696.7 364.9 119.6 14.3 6,983
1980 643.0 693.9 3,024.2 3,243.2 439.1 150.6 28.7 8,223
1981 782.9 7341 3,144.9 3,834.5 5246 184.6 478 9,253
1982 930.1 774.2 3,265.6 4,4258 610.2 221.7 716 10,299
1983 1,084.6 814.4 3,386.3 5,017.0 695.8 260.7 116.1 11,375
1984 1,246.3 854.6 3,507.1 5,608.3 781.3 301.5 181.2 12,480
1985 1,415.2 894.7 '3,627.8 6,199.5 866.9 3443 266.8 13,615
1986 1,585.8 923.9 3,695.0 6,5142 9126 382.3 3731 14,387
1987 1,757.9 953.1 3,762.3 6,828.8 958.4 4158 499.9 15,176
1988 19316 982.2 3,829.5 7,1435 1,004.1 4494 647.5 15,988
1989 2,106.8 1,011.4 3,896.8 7.458.1 1,049.8 483.3 815.9 16,822
1990 2,283.7 1,040.6 3,964.0 7,772.8 1,095.6 517.4 1,000.3 : 17,674
1991 376.8 1,200.7 1,577
1992 229.9 1,4171 1,647
1993 2241 1,639.9 . 1,864
1994 217.3 1,869.2 2,086
1995 209.4 2,089.1 2,298
1996 200.4 2,299.6 2,500
1997 190.3 2,500.8 2,691
1998 178.8 2,394.5 2,573
1999 165.8 2,267.7 2,433
2000 151.3 2,120.1 2,271
2001 135.3 1,951.7 2,087
2002 117.8 1,762.5 1,880
2003 1104 1,552.6 1,663
2004 101.8 1,321.8 1,424
2005 92.0 1,079.9 1,172
2006 81.1 826.7 908
2007 69.0 562.4 631
2008 56.4 286.8 343
2009 432 0.0 43
2010 294 29
2011 15.0 15
2012 0.0 0
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Table 14. SUMMARY - Avoided Work-Loss Days From Non-Fatal Health Impacts, 1970-1990

1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

1981
1982
1983
1984
1985
1986

1988
1989

(millions of avoided WLDs)
Not Pb-Related Pb-Related Total
congestive 1Q-related
chronic direct pro- hyper- heart prod. WLD @83/day
bronchits WLD  ductivity lension disease  stroke loss (millions)  ($millions)

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0

16 1.4 0.0 0.1 0.0 0.0 0.0 3.2 262

48 28 0.0 0.3 0.0 0.0 0.0 7.9 659

9.6 4.2 0.0 0.4 0.0 0.1 0.0 14.3 1,190

16.0 5.6 0.0 0.5 0.0 0.2 0.0 22.4 1,856
24.1 7.0 0.0 0.7 0.1 0.2 0.0 320 2,657
34.8 9.0 0.0 1.4 0.1 04 0.0 458 3,798
48.3 1.1 0.0 21 0.2 0.7 0.0 62.3 5,175
64.6 13.1 0.0 28 0.2 1.0 0.0 81.8 6,786
83.6 15.2 0.0 3.5 0.3 15 0.0 104.0 8,633
105.3 17.2 0.0 4.2 0.4 20 0.0 129.1 10,714
128.2 17.9 0.0 5.0 04 26 0.0 154.1 12,792
152.3 186 0.0 58 0.5 33 0.0 180.4 14,977
177.6 19.3 0.0 6.5 06 4.0 0.0 208.0 17,266
2041 20.0 0.0 73 06 49 0.0 236.9 19,661
231.8 20.6 0.0 8.1 0.7 58 0.0 267.0 22,161
259.7 21.0 0.0 8.5 0.8 6.7 0.0 296.6 24,621
287.9 21.4 0.0 8.9 0.8 7.5 0.0 326.5 27,099
316.3 21.8 0.0 9.3 0.8 8.3 0.0 356.6 29,596
345.0 22.2 0.0 9.7 0.9 9.1 0.9 387.8 32,188
374.0 22.6 0.0 10.1 09 9.8 28 420.2 34,876

1990
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Table 15. SUMMARY - Avoided Work-Loss Days From Non-Fatal Health Impacts, 1991-2056
(millions of avoided WLDs)

Not Pb-Related Pb-Related Total
congestive 1Q-related
chronic direct pro- hyper- heart prod. WLD @83/day
bronchitis WLD  ductivity tension  disease  stroke loss {millions)  ($millions)
1991 9.2 5.6 14.8 1,227
1992 8.5 9.3 178 1,478
1993 TT 14.0 21.7 1,799
1994 6.7 223 28.1 2,413
1995 57 34.3 40.0 3,321
1996 4.7 49.8 54.5 4,527
1997 36 68.1 727 6,030
1998 24 91.9 94.4 7,832
1999 1.2 118.0 119.2 9,895
2000 0.0 147.2 147.2 12,221
2001 179.7 179.7 14,915
2002 2154 2154 17,876
2003 254.3 254.3 21,103
2004 294.8 294.8 24,467
2005 337.0 337.0 27,968
2006 380.8 380.8 31,607
2007 426.3 426.3 35,382
2008 4734 473.4 39,295
2036 473.4 473.4 38,295
2037 472.5 472.5 39,217
2038 470.6 4706 39,062
2039 467.8 467.8 38,829
2040 464.1 464.1 38,519
2041 459.4 459.4 38,132
2042 451.1 4511 37,442
2043 439.2 439.2 36,451
2044 423.6 423.6 35,158
2045 404.4 404.4 33,563
2046 381.5 381.5 31,666
2047 355.5 355.5 29,503
2048 326.2 326.2 27,074
2049 293.7 293.7 24,379
2050 258.1 258.1 21,419
2051 219.2 219.2 18,192
2052 1786 178.6 14,828
2053 136.5 136.5 11,326
2054 92.6 92.6 7,688
2055 471 471 3,913
2056 0.0 0.0 0

* Results are unchanged from 2008 to 2036.
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Appendix B

Benefit Extensions to 2100:
Analytical Alternatives
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The graphic below outlines different possible scenarios for the treatment of costs (pollution
control expenditures) and benefits (avoided medical expenditures and lost labor productivity)

%

et \_.‘
: B1
|

1870 1990

Scenario for Emvironmental Expenditures = A

Scenario for Avoided Damages (Benefits) = B1 or B2 or B3

At issue is
how to handle future projections of costs and benefits in the model.

Costs represent pollution control expenditures (as a percent of total production costs).

Benefits represent avoided medical expenditures, productivity losses, and decreased labor supply
(as percents of totals).

For costs, the model incorporates initial large investment in pollution control capital (new and
retrofits of existing capital) that decline with time to the marginal level of new or replacement
capital by 1990. For future years, additional capital investment is replacing capital that wears

out, so the 1990 capital investment in pollution control (expressed as a percent of total investment)
is used to project future pollution control investments (Line A in the figure above). Operating and
maintenance expenditures by sector were expressed as fractions of total production costs and this
fraction also was presumed to reach a steady-state magnitude by 1990. Hence, compliance to the
CAA involves a continuing but constant fraction of each dollar invested in new capital goods (with
this new capital devoted strictly to pollution control) and a continuing but constant diversion of
unit production costs to operate and maintain this equipment.

For benefits, there are several options.

Since the goal is to show what the market would look like absent the pollution control investments,
foregone benefits (damages) are introduced into the model.
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The damages increase in time relative to foregone improvements in air quality conditions. When
the model reaches 1990, there is the need to decide how to treat the stream of future benefits
beyond 1990.

B1 = assumes that all damages other than some Pb health effects stop. The IQ, compensatory
education and stroke health effects continue though at a decreasing rate for each age cohort affected
in the benefits model. The data appearing in Appendix A follows this convention.

B2 = assumes that all damages continue to grow into the future as the economy, population and
emissions grow into the future unchecked. These calculations have not been prepared under the
1970-1990 retrospective scenario. (NOTE: As far as can be determined from the prospective
report, the benefits estimates prepared under the 1990-2010 analysis did not develop separate
streams of benefits for the pre-1990 CAAA pattern of regulations and the post-1990 CAAA
regulations. There are data reported on the differences in emissions, but there appears no
information showing incremental changes in health effects or monetary benefit estimates.)

B3 = assumes that damages continue into the future, but remain fixed at the 1990 level. This would
imply that a presumed “threshold” of damages had been reached (e.g., factors in the economy
would constrain damages to some fixed level, in this case arbitrarily equated with 1990
conditions).

Of these three, the second (B2) offers the most meaningful way to represent the long-run

consequences foregoing the Clean Air Act’s enactment. This is particularly the case in view of the
long-term continuation of policy costs.
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