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EXECUTIVE OFFICE OF THE PRESIDENT
COUNCIL OF ECONOMIC ADVISERS
WASHINGTON, D.C. 20500

THE CHAIRMAN

April 17, 1998

Dear Chairman Schaefer:

Enclosed find documents relied upon in the preparation of my testimony on the
economics of the Kyoto Protocol before the House Commerce Committee’s Subcommittee on
Energy and Power. I apologize for not forwarding these materials sooner. CEA is a small

agency with large responsibilities, and we have gathered these documents as quickly as our
resources allowed.

In addition to the documents provided today, your request calls for materials that
implicate the President’s interest in the confidentiality of White House decision making
processes. That interest is particularly acute here because of ongoing interactions with forei en

governments and because we are continuing to consider, formulate and effectuate new policies in
this area.

Pursuant to standard procedures of the Executive Branch, we have consulted with the
Office of Counsel to the President to determine how to accommodate the Subcommittee’s
oversight needs regarding these materials, without undermining the interest of the Executive
Branch in the confidentiality of its decision making. As part of that accommodation, the White
House is prepared to make available for review, but not copying, by Members and Subcommittee
staff, confidential documents you have requested which were relied upon in the preparation of
my testimony on the economics of the Kyoto Protocol before the Subcommittee.

Please call me to discuss arrangements for such review, or to address any questions you
might have.

Sincerely,

frenpc.

Janet L. Yellen

The Honorable Dan Schaefer

Chairman, Subcommittee on Energy & Power
House Commerce Committee

2125 Rayburmn House Office Building
Washington, D.C. 20515-6115

Enclosures
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From The Desk Of

ANDY S. KYDES
To: - Ray Squitieri, Treasury Date:  January 14, 1998
Re: Summary Tables of Carbon Permit Impacts

Attached plcasc find a copy of NEMS summary tables in response to your request for information
on the i impact of alterative carbon fees on NOx and SOx emissions. A complete set of printouts are

available as in the AEO98 reference case in the event you want them. - In these tables, the results are- -~ — -+
derived as follows:

Column 1; AEBO98 results

Column2:  New base: Advanced AEO98 demand technologies case with some further
edjustments.  The sensitivity cases that we ran with the various carbon fees make
the following assumptions: (a) the fees are ramped up over three years reach and
retain a plateau in 2010, (b) that a carbon fee greater than or equal to $100/ton will

trigger the development and availability of an udvanced menu - of end-use -
technologies as defined in the AEG98 advanced cost reduction technology cases, (c)
supply side technologies remain defined as in the AEO98 reference case, (d) an
advanced ethanol technology as an oxygonate and for gasohol is made available by
2010, (e) economic overbuilding in excess of required reserve margins on a year-to-
year basis is allowed to reach 7 percent of the existing generation base in the utility
sector.

Column3:  New Base with a $100/ton darbon foe
Column4:  New Base with a $200/ton ¢arbon fee

Column 5: Ncw Base with a $300/ton darbon fee . // / (/

Table 62 is the table with the national and rchonal level Sox, Nox, and Carbon emissions. y). 2 & 7/

' Please let me know 1f you ueed anything else or want any explanation or further analysis.

i
1
cc Macy J. Hutzler
Scott Sitzer
Art Andersen
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From The Desk Of
ANDY S. KYDES
To: - Ray Squitieri, Treasury Date:  January 14, 1998
Re: Summary Tables of Carbon Permit Impacts

009
2 G2

Auached please find a copy of NEMS summary tables in response to your request for information |

on the impact of alternative carbon fees on NOx and SOx emissions. A complete set of printouts are
available as in the AEQ98 reference case in the event you want them. In these tables, the results are
derived as follows: SR : '

Coluorm 1:  ABO9S results - ‘

Column2: New base: Advanced AEQ98 demand technologies case with some further _
edjustiments.  The sensitivity cases that we ran with the various carbon fees malke
the following assumptions: (a) the fees are ramped up over three years reach and
retain a plateau in 2010, (b) that a carbon fee greater than or equal to $100/ton will
trigger the development and availability of am advanced menu of end-usc
technologies as defined in the AEO98 advanced cost reduction technology cases, (c)
supply side technologics remain defined as in the AEO98 reference case, (d) an
advanced cthanol technology as an oxygenate and for gasohol is made available by
20]0, (e) economic overbuilding in excess of required reserve INJrging on 4 year-to-

Year basis is allowed to reach 7 percent of the existing generation base in the utility
sector,

Column 3:  New Base with a $100/ton ;iarbon fes
Column4:  New Base with a $200/ton ¢arbon fee
ColumnS:  New Base with a $300/ton darhon fee

Table 62 is the tﬁblc_ with the national and frcgional level Sox, Nox, and Carbon emissions.

Please let me know if you need anything ell,se or want any explanation or further analysis.

ce Mary J. Hutzler
Scor Sitzer
Art Andersen
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East Cantral Ares Ralimbilily Coordinalion Apresment | 1.35 1,37 1,37 1,37 1.38 1.59 1.3y 1.38 1,38 1.37 L.33 1.57 1.36 1,56 1.41 1.44 1.4% 1. 44
Eleciric Rellabitily Comncil of Taxas | 42 38 3 % % .33 .33y .32 33 .33 38 .33 L33 .33 -3 .36 L35 35
Hid-Atlentic Area Council ) .26 .24 24 24 .25 .25 .26 25 .26 26 260 26 26 .26 .21 27 .21 .
Nid-Aserica Intercormecled Metwork | .47 .43 G5 46 45 .47 .47  .a7 A7 48 42 4 .48 A8 .48 Y Y 5
NidContinant Area Powsr Puol | .36 38 .38 .» .3 .39 .39 .39 39 3% .39 .39 3% .39 40 4D 40 .40
Koriheast Powsr CoordtmatSng Council/Mew York I 1o &7 07 07 .07 o7 .07 s .52 .68 .08 08 .08 .08 .03 .00 .08 .99
Northeast Powsr Coardimting Counoil/Rew England Il .09 30 .10 .19 .10 .0 .10 18 28 .0 10 e .10 .20 .10 .08 .69 gy
Soulhesstern Elsctric Relishilily Counoil/Florida | 26 .20 .28 .28 .zz .2v .21 .28 28 28 .28 29 ,29 .% .31 .51 .M .:m)
Southeastern Electric fsliability Council/Excl, Florida] .95 .97 .98 .99 .99 1.00 1.e1 1.e2 1.62 1.6% 1,64 3,635 1,03 1,08 1.0) 1.02 1.82 1.02
Souttwast Power Pool ) I 62 .63 63 .63 63 .63 .63 .64 .61 .63 62 .62 W1 6 61 6l 8l .
Kastern Systems Coordinating Council/Mp ) A .22 22 .22 .2 .28 .22 .23 .23 3 23 3 23 .3 s .83 s 2
Yostern Syrtoms Coordinating Council/ua I 27 .20 .28 .20 .28 .22 .28 .28 20 20 22 .28 28 .28 .22 .2 .28 .29
I a7 as a6 12 ar % a8 L1y A9 200 20 .4 24 .28 .25 .25 .26 .26

Yostern Systens Cosrdimting Councib/TaV
- |

-Iwxaze. 90106994 run in /store2 en Tue Jon & 16111125 FST 1993

ot Soag

—le$,; Hilogn oxide Emtaa T I N e } l
Electrioity Supply and Desmnd 2000 [2809 12005 2006 |2007 12628 {2099 {2018 12011 |2212 J2013 j2014 {2018 |zoi¢ j2017 t2018 12019 (2620
[} 1 1 i | 1 | 1 1 | ] | 1 i | | |
United Statas | 5,53 5.37 5.44 5,46 5.46 5.4 5.46 4.51 4.5} 4.91 9.26 4.2 4.35 &.2Y 4.33 4.38 4.43 4.44
East Carrirul Area Roliability Coordination Agremoanl | 1.34 1.33 1.34 1.34 1.3 1.37 1.37 1.18 .19 2.8 .97 .91 89 .84 &7 .30 .91 .92
Eloctric Raliabiltty Coumoil of Taxna | 42 33 38 37 35 .32 .2 .26 .23 .21 .8 29 .20 .20 22 22 22z .23
Hid-Atlantic Arsa Council I .26 .24 25 .25 25 .20 .26 .22 .28 .23 .23 .23 .23 .22 .23 .23 .24 .24
Hid-dasrica Interconnectod Nelxork I .47 41 a2 2 2 .3 &3 .m1 .32 .33 .13 33 .34 34 3 .34 34 L34
Mid-Continent Arsa Pomer Pool [ % .38 .37 .3 .38 .39 .39 .3 .3 31 .2y .30 .33 .32 .32 .32 .32 .32
Rartheas{ Power Coardinatling Counpll/Nex York | .10 .07 .07 .07 .87 .0B .00 .06 .06 06 06 06 b6 .0F .06 .06 .05 .0b
Horthaes " Power ‘Codrdliut g Cotnc)/Rav England 1 .89 ¢ X" 10 .10 .09 .07 07 .07 .67 .06 .86 .07 .07 .¢7 .87 .7
Scutheastarn Electric Rellshilily Councll/Fiorids 1 .26 .26 .26 .26 .25 .25 .26 .21 22 . 20 .22 22 .23 26 .24 M4 .29
Southeas\ern Edeciric Reliability Counoll/Exel, Floridal .97 .99 1.01 1.02 Y.62 1.0) 1.08 .92 92 .09 .8 91 .99 % .94 .94 .95 .95
Sarlhrest Poner Pool 1 62 .60 .60 .59 .59 .59 .83 A 46 45 A5 46 A6 AT 46 .86 .40 AT
Western Systens Coordinating Council/mw | 2 2 .22 22 .22 .22 .22 .a% A9 19,19 9 19 a1 .19 .28 .19
Wastern Syslens Coordirating Counoil/aA l 27 .27 .27 27 .27 21 .27 .22 &2 2 22 B3 23 2 2 2 .2 .2
Vaslern Systens Coordinating Councll/CNY ] 37 us s 16 A7 A7 A7 7 .y a7 ar 19 .19 9 19 28 L0 .20
l ' -
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Table 1. Total Energy Supply and pisposition Summary
_ (Quadrillion Btu pex Year, Unless Otherwise Noted)
cispositicn, and Prices 2000 2000 2000 .2000 |2008 2005 2005 ~ 2005 2010 2010 2010- 2010 |201S ‘2015 2015 2015 |2020 2020 2020 2020
o] (2) -@ @ ly (2 ) w0 14 @2} ) (4) lal ) ) @y 1) (2 ) W
| : | [ I |
a . ] i i !
oLl & Lease Condensate. |13.06 13.06 13.07 13.07{12.33 12.33 12.33 12.26]11.60 11.80 11.77 11.56]11.07 11.05 10.37 10.61}10.33 10.31 10.15 9.76
1 Cas Plant Liquids....| 2.39 2.38 2.37 2.36| 2.63 2.64 2.66 2.56) 2.93 2.94 3.02 3.0a| 3.28 3.13 3.24 3.17| 3.30 3.29 3.40 3.25
tural Gas....cc.vs--.--]20.85 20.76 20.75 20.60]22.83 22.90 23.10 22.25{25.30 25.35 26.09 26.19|26.72 26.68 27.86 27.16|28.12 28.05 28.92 27.72
e reaaean e .124.33 24.42 24.42 24.21]25.52 25.52 24.99 24.22|26.50 26.33 23.52 19.25]27.64 27.18 23.54 16.96}20.37 28.06 24.25 19.42
[ Pow&r. .oon-- teeeenne.] 7.36 72.36 7.36 7.36| 6.67 6.87 6.87 6.87] 6.36 6.36 6€.36 6.36] 5.12 S.12 5.12 5.12] 4.09 4.09 1.09 4.09
ble EXiergy ------cc--s¢ | 6.82 6.82 &.84 6.83177.11 7.11 1.17 7.3a] 7.41 7.42 7.97 8.05| 7.86 8.00 8.89 9.06] 8.1y 8.48 9.32 9.83
P e | .s6 .56 .56 .56] .55 .S5¢ .54 .54) .48 .48 .55  .60] .64 .83 1.01  .92| .89 .98 1.25 1.37
TS D .|75.36 15.35 75.37 74.93|77.64 77.30 17.65 76.04{80.79 £0.67 79.28 75.04|02.32 62.13 80.63 74.98|83.29 83.25 81.37 75.44
| i ' | | ]
| ] |
01l covvunnnn P, |19.18 19.19 19.15 19.11]21.98 22.09 22.10 21.91}23.18 23,31 23.16 22.96|24.35 24.65 24.34 24.09]25.40 25.71 25.3¢ 24.97
eum Producta ... ...| 4.39 4.26 4.27- 4.40] 5.5 5.51 5.52 §.19} 7.56 7.30 7.10 .62} 8.81 8.21 7.60 5.89| 9.50 9.02 8.2¢ 6.19
d GAS e | .22 4.23 4.22 4.21] 4.44 4.43 4.52 4.42] 4.70 4.72 4.87 4.85| 5.06 6.10 5.18 S.28| 5.36 5.35 5.74 5.53
[EPOLES «ovcnenenrnenes | .62 .62 .62 .63 .58 .58 .58 .60} .57 .87 .59 .66 .54 .54 .87 .64 .56 .56 .58 .66
KT WS |28.¢0 28.31 28.27 28.35]32.55 32.61 12.73 32.12[36.01 35.90 135.72 34.08)38.77 38.51 37.89 35.91[40.82 40.67 39.90 37.35
1 | i | - |
| | ]
LEWS +wemmm s | 1.73 1.73 1.74 1.‘)3] 1.73 1.73 1.73 1.'12[ 1.78 1.70 1.70 1.79]| 1.86 1.82 1.62 1.80| 1.64 1.53 1.9 1.€¢€
WL GBS .vcnvennnnnnnsnnnn | .28 .28 .28 .28| .28 .28 .26 .28 .29 .29 .29 .29| .30 .30 .30 3o .32 .32 .32 .32
............... veeiieee-f 2.0 2.1 2.42 2.41] 2.64 2.64 2.64 2.64| 2.84 2.@4 2.84 2.84] 2.03 3.03 .03 3.03] 3.23 3.23 3.23 3.3
N ] 4.41 a.41 4.42 4.41] .65 4.65 4.66 £.65| 4.51 4.84 4.8) 4.33| s.19 5.14 §.15 5.13]| .20 S$.0% S5.15 S5.21
i I | .
ACY e s | .49 .€) .63 .4¢| .0s .01 .03 -.07] .14 19 -.27 -.31} -.09 13 0s .oo} -.017 -.08 .00 -.05
N | | | |
ion . | |
feum Producte .....--.- .]38.37 38.38 38.35 38.26|41.38 $1.4i 41.43 40.69[44.37 44.37 43.72 41.62]46.21 46.20 45.42 42.87|4¢7.65 47.70 46.82 43.85
al GaS.ecuvcennnraannannn |24.76 24.6% 24.68 24.51|26.93 27.00 27.28 26.34[29.57 29.63 30.51 30.56[31.32 31.53 32.76 31.97{33.00 32.99 34.1& 32.75
....... |22.23 22.22 22.21 22.01]23.11 23.10 22.63 21.83[23.91 23.73 20.91 16.71[24.87 24.41 20.78 16.28(25.40 25.09 21.26 16.49
7.36 1.36 1.36] 6.87 6.87 6.87 6.67| 6.36 6.36 6.36 6.36] 5.12 5.12 5.42 5.12] 4.09 4.03 Q.09 4¢.09
6.82 G.84 G.8¢| 7.12 7.12 7.17 7.35] 7.63 7.43 1.99 8.07| 2.88 8.02 8.92 9.06| 8.22 0.51 9.35 9.86
41 .41 .41 3T 37 .37 A7) <0 .39 T 42 46 .91 .4 .43 .a6] .43 4] .45 .49
99.% 99.9 99.4[105.8 105.3 105.8 103.4]112.0 111.% 109.9 104.0}115.8 115.7 113.4 105.8]|118.8 118.8 116.1 107.5
: | . ] | :
\t§s - Petroleum.........|21.84 21.73 21.69 21.79|25.80 25.847 25.89 25.37]|28.97 28.91 28.56 26.88]31.30 31.04 30.12 28.18)33.26 33.20 31.99 29.50
{ | i |
1996 dollars petr unit) | . | | |
111 Price (§ per bbl) ...}19.12 139.11 13.11 19.06]20.25 20,27 20.25 19.76/20.60 20.77 2¢.36 19.17[21.17 21.08 20.3$ 19.12{21.82 21.81 21.06 13.95
1head Pricei(s / Mef)...| 2.13 ~2.12 2.13 2.13] 2.15 2.1 2.19 2.08| 2.26 2.29 1.49 2.36] 2.32 2.37 2.67 2.58] 2.49 2.56 2.85 2.64
nemouth erice (§ / tan).|17.36 17.44¢ 17.46 17.40]16.00 16.26 16.26 16.17014.87 15.15 15.50 15.82113.88 14¢.24 14.61 14.58|13.26 13.50 13.74 14.26
llectrdcity (cents / xwn}] 6.5 6.5 6.5 6.5} 6.2 6.2 6.3 6.2 6.0 6.2 7.1 7.3] 5.6 5.8 6.8 7.6] 5.5 5.6 5.7 7.6
| ] | ] |
1e.d012158a - 0 Tax, Reference pemand Technologqy (1}, fecD05.4012298a (2), fee050.40122984 (3), fe=100.4012298a (4)
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Table 17. Carbon Emissions by Sector and §aurce
(Million Metric Tans per Year, Unless Otherwise Noted}
; | |
4 Source |2000 2000 2000 2000 {2005 2005 2005 2005 |2010 2010 ‘2010 2010 [2015 2015 2015 2015 [2020 2020 2020 2020
1¢1) {2) (3) (4} 1) (2) (3) () {(1) (2) (&) 4y 1(3) (2) 3) 4) 11} 2) (3N 4)
] : | 1. | .-
al | - | | |
U veaearonncs e ..} 25.8 25.8 125.8 25.7} 25.0 25.0 25.0 24.8] 24.8 24.7 24.1 23.1| 24.6 24.5 24.0 22.7| 24.3 24.2 23.8 22.2
Gas, . -.-- eeseaeaaes { 77.0 76.% 716.% 76.8| 78.7 18.7 78.6 78.2| 81.3 80.8 77.8 74.7| 84.0 83.3 79.8 75.7| 86.1 85.4 82.1 77.4
...................... [ t.4 1.4 1.¢ 1.4] 1.4 1.4 1.4 1.4] 1.4 1.3 1.3 1.3 1.3 1.3 1.3 1.3|] 1.3 1.3 1.3 1.3
CREY. e aenenn- Ceearaa }201.3 201.8 201.6 199.4|215.6 215.6 212.7 202.4)229.8 228.5 209.1 174.0[247.9 244.5 219.4 179.9[265.8 262.9 235.5 190.¢
............ teeer..-..|305.5 306.0 305.8 303.3]320.7 320.7 317.6 306.8]237.1 335.4 312.3 273.1[357.9 353.6 324.5 279.6(377.5 373.6 342.6 291.1
l | | | |
1 I | | |
UM ermnencnaeer oo 12,9 12.9 12.8 12.8] 12.9 12.9 12.9 12.8]| 12.8 12.8 12.7 12.5] 32.7 12.7 12.5 12.4} 12.5 312.4 12.3) 12.1
GiaS. v cvve nrasonsnnns | 49.9 49.9 a9.9 49.7| s2.12 s52.0 52.0 s1.2| 54.1 $3.9 S51.0 S0.8] 55.5 5.3 54.2 51.1| 55.6 55.3 54.3 50.17
............ ceereredl 2.2 2.2 222 220 2.3 2 2.3 2.3 2.« 2.4 2.4 24| 2.5 2.5 2.5 2.5 2.8 2.5 2.8 2.5
CAEY . av v v ..]382.1 182.6 182.4 161.1|192.8 192.8 190.) 184.9]204.1 202.9 185.1 158.6|216.9 213.8 190.7 160.5]223.9 221.3 196.5 162.9
........... i a....]247.1 247.5 247.4 2¢5.8]260.1 260.1 257.5 261.3[273.5 272.1 253.7 224.3]|287.7 284.3 260.0 226.5(294.4 251.6 265.7 228.3
| | . i | I
2. | | | |
UM eeonnrvsnana eeaee .]103.3 103.2 103.12 102.6]109.6 103.39 109.9 107.9[116.€ 116.0 113.4 109.7{118.€ 119.5 117.1 110.4219.3 120.0 117.4 110.6
. Gas ... vvier..-..]255.5 155.5 155.5 154.4[158.6 158.6 158.7 153.4]1€6.0 165.3 163.1 153.9]|167.2 166.6 164.4 152.3]167.9 166.8 164.4 151.4
............. veivu....] 60.6 60.6 60.6 S9.¢| 62.7 62.3 62.4 $7.9| 6€2.7 62.2 S57.3 49.3| 61.6 61.1 $6.5 47.0| 60.5 60.1 S5.3 44.6
CARY i veevarrnacenannn |187.5 188.0 187.6 185.6|203.0 203.5 20i.3 193.2]217.0 217.5 207.2 182.5[228.5 227.8 213.8 184.7]237.4 237.3 221.4 187.8
...................... [506.8 507.2 506.8 S02.0]$33.5 534.3 532.2 512.5|561.2 561.0 S41.2 495.4|575.9 575.0 551.7 €94.5|585.3 S84.3 558.5 494.4
| | | |
atlon | . | i .
BB, o v ee e |502.7 502.8 502.8 502.2|$52.7 S$53.1 553.2 549.6]600.6 $99.8 589.3 569.5|628.1 622.6 €07.4 500.8|649.0 646.1 627.0 5%51.3
LCAB cucrrecnnaannnnos | 12.1 12.3 1:2.1 12.0| 1¢.5 4.4 14.6 14.3| 17.2 17.2 17.) 17.0| 18.3 18.3 18.6 18.3] 19.7 19.7 19.9 13.1
....................... | .1 B} -1 .1 .5 .5 .5 .50 1.4 1.4 1.4 1.4] 2.2 2.2 2.2 2.4f 2.7 2.7 2.6 2.5
lefty. oo ennoenananans | 3.3 3.3 3.3 3.3] 5.9 5.9 5.8 5.8] 8.7 8.7 8.0 2.2] 10.7 0.6 9.5 8.5{ 12.2 12.1 10.% 9.7
Levevnenanncnns e .|516.2 518.2 518.2 517.7]573.6 574.0 574.1 570.2]627.9 627.1 615.8 595.0]659.4 653.7 637.7 609.7)683.6 630.6 660.3 622.6
| | | | !
bon Bmissions .. | 1
UM, o e cvvcecncnranonnen }644.7 644.6 §44.6 643.4|700.1 700.9 701.0 695.1|753.6 753.¢ 739.6 714.8|784.0 779.3 761.1 726.3]6805.1 802.9 780.5 716.2
L GAS. . vvnenmnaronans {294.5 29¢.3 294.5 292.8]303.5 303.7 303.7 297.1]316.6 317.2 311.0 296.4]325.0 323.5 316.9 297.4(329.3 327.2 320.6 298.6
.............. vereie...] 64.2 64.2 64.2 63.0| 66.0 66.1 66.2 s1.6] 66.5 65.9 61.1 53.0] 5.5 65.0 €0.1 s0.8{ 64.5 61.9 S$9.1 48.4
..... J R | A .1 IR ¥ | .5 .S .S 5] 1.4 1.4 1.4 1.4] 2.2 2.2 2.2 2.1f 2.7 2.7 2.6 2.5
LT 1 2 ]574.1 575.7 §74.9 569.4[617.3 £17.9 610.1 5B6.4|659.7 657.7 609.4 522.1|704.0 €96.7 €33.4 533.6[739.2 733.5 664.3 S550.8
b eiieree e | 1578 1579 1578 1569| 1688 1683 1681 1641] 1800 1796 1722 1588| 1881 1867 1774 1610] 1941 1930 1827 1637
. | 1 . | | -
Generators | | | i
eum. ... ... .- e { 11.2 11.6 11.1 10.6f 9.2 5.3 9.5 9.1 8.2 8.2 9.1 6.s| 7.6 1.7 %21 7.8{ 1.8 8.3 9.3 7.3
1 GaB. oo e | 60.0 59.1 58.7 57.9] €1.8 82.9 87.1 60.4]104.3 107.3 126.1 141.9(123.7 128.2 152.5 161.1j143.6 145.4 168.7 171.1
....................... 1502.9 505.1 505.0 500.8|526.3 525.7 513.5 497.0|546.7 542.2 474.3 373.4]572.7 560.8 471.8 364.7{587.9 579.8 486.4¢ 372.4
S }]574.1 $75.7 574.9 569.4.|617.3 617.% 610.) S86.4]659.7 657.7 609.4 522.3{704.0 696.7 633.4 533.6]739.2 733.5 664.3 550.8
| | ( | |
ithon Emissions . | . .
QU . .o ina e P |655.9 €56.2 655.7 65¢.1|709.3 710.2 710.5 704.2|761.8 7¢1.6 748.6 721.7]791.7 787.0 770.2 734.2(812.9 811.2 789.7 T43.5
3] GaS.vcnvrnaennnne ..|3%4.5 353.4 383.2 350.8[385.7 396.6 390.8 377.5}423.5 924.4 937.1 438.3|448.7 451.7 469.¢ 458.5]|472.8 472.6 483.3 469.7
e reedenaeaan .|567.1 569.3 569.2 563.9]592.3 591.¢ 579.7 558.6[613.2 608.1 535.4 426.4]638.2 625.7 532.1 415.5|652.4 €4).8 545.5 420.9
e Ceeeeaeaaen | .1 .1 .1 .1 .S .5 .5 .50 1.4 1.4 1.4 1.4| 2.2 2.2 2.2 2.1 - 2.7 2.7 2.6 2.5
al.... e ..| 1578 1579 1578 1569| 1688 1689 1681 1641 1800 1736 1722 1580 1881 1867 177¢ 1610 1941 1930 1827 1637
| | : | |
missions | - | ] | :
Fer PIrSOn) ... aaeiean .] s.1 s.1 s.1 5.7 5.9 5% 5.5 5.7 6.0 6.0 5.8 £.3] 6.0 6.0 5.7 5.2) 6.6 6.0 S.6 5.1
| : | ' I i |
5.d012198a - 0 Tax, Reference Demand Technoloqy (1), fee005.d4012298a (2), fee050.4012298a (3), fee100.4012298a (4¢)
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Table 62. Gmissions by NHRC Region (million ehort tons)
except Carbon and Carron ploxids (million metric rons)
| | |
]z060 2000 2000 2000 |2005 2005 2005 2005 |2020 2010 2010 2010 |zo1s 2015 2015 2015 |2020 2020 2020 2020
j (1) (2) 13) ta) 1) (2) {3) (9 _jay (2} 1) (4) _|¢1) 2) (3) t4) _1q) (2) (3) (4)
1 | | - ] |
Beerimrannsanan P A | f | |
tates { |
CATDON. . cvnaeserans ve..|S74.1 375.7 STL.9 569.4[617.3 617.9 610.1 586.4)659.7 657.7 609.4 522.1{704.0 696.7 633.4 533.6(735.2 733.5 664.3 550.8
. Dioxide.....oc-ceaaa- | 2305 2111 2108 2088 2263 2265 2237 2150] 2419 2411 2234 1315] 2581 2555 2322 1557] 2711 2630 2436 ‘2020
pioxide.......cvees ...]10.19 10.19 10.19 10.19] 9.69 9.63 9.63 9.69] 9.00 9.00 9.00 9.00| 9.00 9.00 9.00 9.00f 9.00 9.00 9.00 2.00
cap Oxide....cono- e | 6.15 6.17 6.1 6.10f 6.29 6.28 6.16. 5.96| 6.48 6.42 5.81 @83l ¢.75 6.64 5.8) 4.74] 6.9a 6.86 5.9% 4.8
t-al Area Reliability | : | |
CATDOR . - e onramevenanns }129.9 129.1 129.1 127.0]135.7 136.8 134.4 129.4]143.6 143.7 130.1 106.5|149.2 148.6 134.¢ 99.0{155.3 155.5 139.6 105.9
) Dioxide. ... . cceeenn ... 1422.9 473.5 4734 465.7|487.6 501.6 452.9 474.5|527.3 527.0 476.9 190.6]547.0 544.9 432.8 363.1|5€9.6 570.0 511.9 368.3
pioxide. .. auaanarenn ...] 3.39 3.61 3.61 3.60] 1.33 3.53 1.48 3.41] 2.%8 3.10 3.11 3.28] 2.94 3.10 3.22 3.01| 2.80 3.10 3.02 3.1}
len OxidE. . veeennene-ema-] 1.50 1.50 1.50 1,48| 1.55 1.57 1.52 1.47) 1.61 1.61 1.41 1.0¢] 1.64 1.63 1.42 .88] 1.68 31.68 1.45 .95
. Reliability Councfl Tx | | . | . | .
Carbon........ veenee....]45.92 45.91 45.89 45,74]47.40 47.40 47.28 46.27]50.00 49.80 45.62 33.86|52.61 51.31 47.59 36.42|54.64 5¢.40 50.01 38.41
, Dloxide. ... ...c-un- ....j168.4 168.3 168.3 167.7{173.8 173.8 173.4 169.7]183.3 182.€ 167.3 124.2]152.9 190.3 174.5 133.51200.3 199.5 183.3 162.8
- Dioxide......ccceainnn 4.3 38 L3S .35] .3¢° .34 .35 B - I .3a - .18 .33 .3 .30 .19] .32 .32 .29 .22
jen Oxfde.......- e | -47 .47 .47 47| .43 .43 .43 .42 .38 .37 .33 .28 .38 .38 .33 .26 .19 .39 .38 .27
sntic Area Council | § |
Carbon. ......-- PPN |34.48 34.36 34.37 24.04]35.70 15.62 35.34& 34.30[39.69 319.72 38.37 35.19]41.62 41.76 39.66 35.4€[45.23 44.36 42.49 37.84
a Dloxide....... Ceearennn 1126.4 125.0 126.0 124.8]130.9 130.6 129.2 125.8]145.5 145.6 140.7 129.0]152.6 153.1 145.4 130.0}165.8 162.7 155.8 138.7
r Dloxide. .. ..o oens ...] .55 .63 .63 .72 .S4 .€2 -63 .11| .50 .60 .S7 .64} .S0 .56 .49 .57l .s2 .56 .49 .57
gen Oxlde. ... . oooonene ..l .29 .29 .29 .29 .28 .23 .28 .27] .30 .30 .28 .26] .3 .33 .28 .28} .3 .33 3c .27
rica Interconnecced Retw | = |
CArDON. .o - cvvarenen on ..}40.87 41.08 40.39 40.77}44.56 42.61 41.35 38.37[47.70 ¢5.45 41.88 35.31]50.20 48.18 42.72 36.21[52.30 S0.53 44.22 37.3%
A DLOKAAE. cevraareraesat.|149.3 150.6 150.3 149.5]163.4 156.2 151.6 140.7[174.9 166.6 153.6 129.5[184.1 176.7 166.6 132.8|191.8 185.3 162.1 137.0
r DLOXid@. «ocuncmurnonnns | .88 1.00 1.01 .98 .70 .12 . .M4 .7s| .§5 .65 .64 .7 .61 .sz .18 .82| .57 .58 .86 .99
gen Oxlde....oocer-une o) .82 .83 .53 .52| .52 .50 .48 .45], .54 .52 .45 .36 .56 .54 .a6 .36]  .S9 .57 .48 .37
tinent Avea Power Fool | . : i |
Carbon......- iieeeess.-]32.68 32.65 32.63 32.19]37.10 37.19 37.45 35.14[36.85 38.54 3€.79 22.04[41.10 €0.98 38.39 34.25{42.12 42.06 39.06 3¢.28
n DioXIdE...sceeereee---|119.0 119.8 119.6 118.01136.0 136.4 1372.3 128.8{342.5 141.3 134.9 117.5|150.7 150.2 140.8 125.6}154.5 154.2 163.2 125.7
£ DIOKAAE. s nuerereencans | .42 .42 .43 41| .44 .45 .46 41 .43 .43 .41 37 .42 42 .39 .37 .40 .40 .38 .38
gen OXS5AC. ccveronanenenasl 239 .39 .39 .39 .43 .44 .44 .41| .4S .a4d .41 .34 .45 .45 .41 .36| .46 .46 .41 .38
\at Power Council/dewx York| . | i |- . |
 CAEROR. ceerennarnaeeenss 2380 11.56 13.54 13.46[13.11 13.09 13.19 12.55[14.04 13.97 13.07 ¥1,86{15.26 16.33 14.16 12.84[16.16 16.33 15.34 11.99
n Dioxlde. coeeeeresinns--|49.52 49.73 49.64 49.36|48.06 48.00 48.36 46.01|51.48 51.21 47.91 43.48]55.97 56.22 51.98 47.09]59.26 59.87 58.44 43.9%5
i Dioxide..... ... veeeeena] e26 Ti24 24 J24) 20" 20 .21 .20 19 .19 Y] IS T Y IS & B £ 3 13 .14 .16 .16 .15 .12
gen OXide. .vvrecannanceesl 211 .1t 11 .11f .09 .09 .09 .o8| .09 .09 .07 .06| .09 .09 .07 .07} .09 .10 .09 .06
ast Power Council/New angl] | | 1
L CATDOM. vvvvvereee-ensess]|11.59 12.59 11.59 11.50|14.59 14.56 14.58 14.19[1¢.97 15.00 14.61 11.75{14.9$ 14.95 13.88 11.53]15.50 15.45 14.25 12.34
an Dioxide...-.. e .[42.50 42.51 42.49 42.16[53.48 53.47 53.46 §2.03|54.90 S4.99 53.87 43.12]54.82 54.81 $0.91 42.28]56.85 56.64 $2.25 45.26
ur Dioxide........- PR B 1) .18 .19 18| .20 .20 .20 .19] .17 .18 .7 .10] .16 .16 .15 .09] .14 .19 .18 .10
ogen Oxdde. .. ..o.ov - ozz-e .10 .10 .10 .10] .11 11 .11 211 .11 (11 .11 .07y .11 .11 .10 ,07] .31 .12 .09 .08
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Table 62. Bmissions by MBRC Region (million short tons)
except CarbPon and Carbon Dioxide (million metric tons)
I P [ -
|2000 2000 2000 2000 [2005 2005 2095 2005 |2010 2010 2010 2010 [2015 201s 2015 . 2018 j2020 2020 2020 2020
: 1) 120 (3 gl () 3 e} oy (2  (3) (0 (@ @y 13) W) 1) ) 13) 4)
em Electric/¥larida | ) |- |
ArDON. . e evran - e |26.48 26.33 26.25 26.12|30.55 29.97 26.09 27.22[32.60 32.13 29.05 25.19|37.72 36.06 31.43 27.04|$3.57 41.44 13.27 28.85
ploxide........ ievie...|97.09 96.55 96.24 95.75|112.0 109.9 103.0 99.8]120.2 117.8 106.5 92.37[138.3 132.2 115.2 $9.1|159.7 151L.9 122.0 105.8
Dioxfde...oeeiannaeonn .] .¢0 .39 36 .35f .35 .37 .M .34} .33 .37 .3y 27| .36 .38 32 .26 .43 .42 .34 .27
D OXidE. . vcvennnasonan | .29 .29 .29 .28} .32 .31 .29 .20} .33 .32 .28 .24] .37 L3S L29 25| .43 .40 .30 .26
ern Blectric/Excl Pla | | -
AFDON. . e ervecanmocnnns {204.0 105.6 105.3 104.1[112.5 114.8 115.5 111.3}120.6 122.1 114.4 103.5[130.5 130.6 120.4 108.1]135.8 138.0 126.0 112.2
Dioxide.......cecnenn ..|381.3 387.0 385.3 281.8]412.4 421.0 425.0 408.1[442.3 447.9 419.6 379.3|480.0 478.7 441.4 396.3]497.8 506.0 4€1.9 411.2
DioxiCE. . s i iaaean veeo| 2,64 2.24 2.24 2.21| 2.51 2.1% 2.21 2.25] 2.39 2.12 2.38 2.52] 2.€6 2.30 2.34 2.74] 2.74 2.36 2.45 2.47
nOxide......-- wevee...} 1,06 1,07 1.07 1.07] 2.22 1.13 1.14 1.11] 1.17 1.17. 1.31 1.04} 1.28 1.21 1.10 1.04] 1.22 1.24 1.33 1.05
Power Pool | - { | )
ALLON .. v nenre e ..159.92 59.75 59.73 59.35{65.03 64.95 62.68 61.37{66.41 6€7.94 62.74 54.31|70.22 69.59 62.25 56.89[72.96 71.7) 6€.18 56.29
Dioxide. ..o neeannnn 1219.7 219.31 219.0 217.6]238:4 238.1 229.8 225.0{250.8 249.1 230.0 199.2[257.5 255.2 228.2 208.6|267.5 263.0 242.6 206.4
Dioxide.....-. veeiee...] .68 .68 .68 .68] .64 .64 .65 .6s] .62 .61 .s& .46} .s9 .59 .51 .50] .56 .56 .54 .a8
nOoxAde. ... ceiiniaane | .s9. .69 .68 .é8] .70 .20 .&7 .66] .72 .70 .62 .s4| .69 .68 .57 .54 .70 .68 .61 .52
ystems Ccuncll/NWP | : ' | |
AYEON. v ve v veranane e |24.84 24.7) 24.76 24.71}28.20 28.10 27.67 28.92]29.72 29.85 28.91 25.77]31.31 31.11 30.42 26.77|32.57 32.40 31.05 26.23
Dioxide...cccennnnaannn |91.07 90.69 90.79 30.61|103.¢ 103.0 102.2 106.0]109.1 109.5 106.0 S¢.50{114.8 114.1 111.5 98.17/119.4 118.8 113.8 96.18
pioxide....... R s X .16 .16 16| .15 .26 .15 .15| .14 W4 .14 5 5 1 S B I & | .12 .10| .12 .12 .12 .09
n Cxide....... e L) .24 .24 .24 .24] .24 .24 .24 .25) .25 .28 .24 .21 .26 26 .25 .22 .26 .28 .28 .21
jystoas Council/RA 1 .
T 7Y WP .|27.99 28.1€ 27.98 27.91[30.32 30.22 29.45 28.60[31.98 31.81 30.00 25.89[33.10 32.57 30.42 26.08]34.21 33.77 30.35 24.95
ploxide........ wewe....]202.6 103.2 102.6 102.3]112.2 120.8 108.0 104.9(117.3 116.6 110.0 94.51]121.4 119.4 111.5 95.63[125.4 123.8 111.3 91.48
pDioxide. .. ....c.ucnenns | .22 .21 .23 .21 .20 .20 .20 .20] .18 .18 .18 L17] .16 .16 .16 .15 .16 .16 .15 .14
moxdde. oo | .30 .30 .30 .30 .31 .31 .30 .29 .» .31 .29 .25 .32 .31 .29 .24 32 .32 .28 .22
iystems Council/CW | | | |
BIDOB. o vt cii e ne ..122.87 22.90 22.97 22.47|22.53 22.52 22.59 16.72}27.12 27.63 23.88 21.07]|35.82 15.09 27.65 23.03]|38.87 37.58 31.95 24.23
ploxide........ wevev...}83.85 83.97 84.24 62.40{82.62 82.56 82.82 68.64] 99.4 101.3 87.54 77.24[331.4 128.7 101.4 84.44{142.5 137.8 117.3 88.82
Dloxice..... e ..| .os8 .08 .08 .08 .08 .08 .08 .08{ .os .08 .08 07| .08 .08 .08 .07 .08 .08 .08 .07
0 Oxide. . coniinnnanenan | .38 .19 .19 ,19] .18 .18 .18 st .23 .24 .20 .18 .32 .31 .23 .20] .38 .34 .28 .21
| | | | |
..d012198a - 0 Tax, Reference Dewmand Technology (1), fee005.d012298a (2), fee050.d012298a (3), ;eelOd.dOlZZ‘ma (a)
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Table 117, Hational Jmpacts of the Clean Alr Act Amendments of 1990 (CAAA90)
|2000 20060 2000 2000 2005 2005 2005 2005 |2010 2010 2010 2010 [2015 2015 2015 2015 j2020 202C 2020 2020
fy @ (3 @ @ (2 (3) ) ) (2) ) {4 () (2) ) -4) 1) () 3) (4)
e ' 1 {
; Retrofits (gigawvatzs)..} .00 .00 .00Q .e0] .00 .00 .00 .00] .00 .00 .00 .o0] .00 .00 .00 .00f .00 .00 .00 .00
: I | | i
3ional §02 Allowances | | . - I
{thousand tons).......-. | .00 .00 .00 .00] .00 .00 .00 .00| .00 .00 .00 .00] .00 .00 .oo .o0] ..o0 .00 .00 .00
] S | | -1
owance PYice ........- ...]133.7 82.2¢ 79.59 79.91[181.4 163.7 139.0 129.5|224.4 184.3 114.5 31.53]|181.9 149.2 106.5 16.52|166.9 113.4 101.4 35.86
] | { I
ssions (million tons)....[10.19 10.19 10.19 10.19] 9.69 9.65 5.69 9.69| 9.00 9.00 9.00 9.00{ 9.00 9.00 9.00 9.00] 9.00 9.00 9.00 9.00
| | | i
cduction by Sulfur Categ. | | | | {
n tona) | | | . . |
fur (< .61 lbs s/wmbtu}..|474.6 459.1 458.3 €55.8|538.1 512.5 501.1 462.8]608.4 572.3 476.8 352.2[667.5 §25.4 500.0 174.9|697.6 668.9 552.7 385.5
fur(.61-1.61 1bs.5/muBru) [453.2 494.5 45¢.4 290.0[482.7 489.2 486.0 471.3]467.1 472.1 450.5 375.5[459.8 456.4 422.4 331.2(454.4 451.2 411.9 336.0
lfur (> 1.67 }ba.S/mBtu) [178.4 154.0 194.2 192.8]185.9 197.1 185.1 164.7[188.1 201.3 174.3 1€3.2]196.6 207.8 183.6 180.6]214.5 222.7 186.5 184.2
| | { | |
e Prices | | | ] l .
jonal Gasoline........... | .oo0 .00 .00 .00] .00 .00 .00 .00| .00 .00 .00 .00} .00 .00 .00 .00| .00 .00 .00 .00
ated Gasoline....... veeeo| .00 .00 .00 00| ,00 .00 .00 .00[ .poO .00 .00 .00f .00 .00 .00 .00] .00 .00 .00 .00
wlated Gasoline.......... | .oo .00 .00 .00] .00 .00 .00 .00] .00 .00 .00 .00} .00 .00 .00 .00| " .00 .00 .00 .00
xygen Reformulated Gas...| .00 .00 .00 .00} .00 .00 - .00 .00} .00 .po" .00 .00] .02 .00 .00 .00] .co .00 .00 .00
P | .00 .00 .O0D 00| .00 .00 .00 .00} .00 .00 .00 .00} .09 .00 .00 .00| .00 .00 .00 .00
| ! | ! |
e (uantities | { . } | |
loral Casoline........... | -.oo0 .00 .00 .o0| .00 .00 .00 .po| .00 .00 .00 .00{ .00 .00 .00 .00| .00 .00 .00 .00
ated Gasoline......... ...| .00 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .0a] .00 .00 .00 .00| .00 00 .00 .00
wlazed Gasoline .| .00 .00 .00 .00] .00 .00 .00 .00| .00 .00 .00 .00f{ .00 = .00 .00 00| .00 .00 .00 .00
ncygen Reformulaced Cas...| .00 .00 .00 .oo|] .00 .co .60 .oof .o0 .00 .00 .00] .09 .00 .00 .00} .00 .00 .00 .00
e e eeee.| .00 .00 .00 .00] .00 .00 .00 .00] .00 .00 .00 .00f .00 .00 .00 .00] .00 .00 .00 .00
' | I | | |
late Prices | | | . | | -
llate <= 0.05% Sulfur.....| .00 .00 .00 .00} .00 .00 .00 .00} .00 .00 .00 .cof .00 .00 .00 .00] .00 .00 .00 .00
llate '> 0.0§% Sulfur......| .00 .00 .00 .00 .00 .00 .oo .op{ .c0 .00 .00. .00] .00 .00 .00 .o00|] .co .co .00 .00
PR i vean.| .00 .00 .00 .00| .00 .00 .6a .00 .00 .00 .00 .00} .00 .00 .00 .00| .00 .00 .00 .00
| - | | ] .
late Quantiries ] . | | | - 1 |
llate «~ 0.05% Sulfur..... | .o0 .00 .00 .00] ,.00% <900 .00 .00} .00 .00 .00 .00} .00 .00 .00 .00|{ .00 .00 .00 .DD
llate » 0.05% Sulfur......|] .00 .00 .u0 .00} .00 .00 .00 .vo| .00 .00 .00 .00} .00 .00 .00 .00| .00 .00 .00 .00
et e e ....} .00 .00 .00 .00] . .00 .00 .00 .00f .00 .00 .00 .00} .00 .00 .Q0 .00{ .00 .00 .00 .00
! : 1 1 | l

ase.d0121983

- 0 Tax, Reference Demaud Techmology (1), fee005.4012298a (2), fee050.d40122968a (3), feel0D.d4012298a (4)

BRERGY

INFORMATION

ADMINISTRATION

86/52/10 .

L1

S

@LBS SRY 2@z « J510-,813,300



WATIORAEL

ENERGY MODBLING
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Table 1.

Total B
{Cuadrillion Btu per Year, tnless Ot

nergy Supply and piaposition Summary
herwigse Noted)

, Disposition, and 2rices|2000 2000 2000 2000 2005 - 2005 2005 2005 [2010 2010 2010 2010 |2z01s 2015 2015 2015 |2020 2020 2020 2020
fuy  (2) ) () V) (2) @) (@) Ly () (3) s) ey 2) ) )ty 2y - ) )
| | ] | l
ion | | | 1
. Oi1 & Lease Condznsate.|13.06 13.07 13.07 13.06|12.33 22.26 12.26 12.26[11.80 11.51 131.47 11.42[11.07 10.49 10.37 10.29]10.33 9.60 9.45 9.35
ral Gas Plant Liguids....| 2.39 2.35 2.36 2.36] 2.63 2.5 2.55 2.52] 2.93 3.16 2.13 3.13] 3.28 3.25 3.10 3.35] 3.30 3.37 2.47 3.46
Natural Gas....c-cco-n-- .|20.835 20.57 20.65 20.64)22.83 22.21 22.15 21.95]25.30 27.18 26.94 26.80[26.72 27.75 28.15 28.52(28.12 28.73 23.62 25.44
....... o eieeiiineeae.-|24.33 24,11 22,98 24.02]25.52 2¢.15 24.00 23.93|26.50 15.13 12.83 11.11}27.64 13.78 9.30 7.62|28.37 13.26 8.64 6.36
car POVET. ..-- P ...] 1-36 1.36 7.3€ 7.36] 6.87 €.81 6.87 €.87] 6.36 6.36 6.36 §.36] .32 5.12 5.12 5.12] 4.0% 4.09 4.09 &.09
wable ENBIGY .c-vcooev-on | 6.82 ¢6.86 6.99 6.97) 7.11 7.56 7.80 8.29| 7.41 9.38 10.40 11.27( 7.86 11.17 13.50 14.47| 8.19 12.79 14.76 16.46
P | -56 .56 .56 .s6| .S§ .s4 .54 .s4| .a8 .54 .43 .60] .64 1.20 1.15 i.13] .89 1.32 1.22 1.M
TOtAl. v acnecnnr e |715.36 74.89 74.92 74.98|77.84 76.14 76.16 76.35|80.79 72.25 11.56 70.69}62.22 172.77 70.88 70.50|83.28 73.1£ 71.24 70.33
| | | | ! [ .
I | { | -
& 041 L.o.aaaeene veveeo.-|19.16 19,20 23.00 19.08[21.98 21.94 21.76 21.€0]23.18 22.38 21.84 21.20|24.35 23.68 22.80 21.95|25.40 24.79 24.07 22.950
olaum ?roduaC® ... ....-.- | 4.39 4.40 4.40 4.41] 5.55 5.16 5.27 5.43] 7.56 5.37 5.33 s.15| 8.8L 5.10 5.15 5.24| 9.50 5.41 §.26 5.73
Ll GBS eeveeceneronmennl 4.21 4.22- 4.23 4.24] 4.44 2,41 4.2 «.42] ¢.70 5.10 5.18 5.27] 5.06 5.61 5.72 5.64] 5.36 5.85 5.98 6.11
. JMDOKES «vvwesmmemocres | -.s2 63 .63 .63| .58 .60 .é0 .60| .57 .85 1.08 1.28] .54 .87 -1.06 1.26] .s6€ .88 1.07 1.27
Tocal....... . Ceenne ..|28.40 28.35 28.33 28.35(32.55 32.12 32.05 32.06[36.01 13.70 33.43 32.90{33.77 35.25 34.72 34.09|40.82 36.93 36.39 36.01
I © ] J |
; | | | | |
oleum ... .- e | 1.73 1.73 1.72 1.71] 1.73 1.72 1.72 1.72] L.78 1.68 1.46 1.37| 1.66 1.68 1.55 1 c9| 1.€5 1.54 1.42 2.0
iral Gaf. .. .iaceeaaane ceee| .28 .28 .28 .28} .28 .28 .28 .28 .29 .29 .23 .25 .30 .32 .30 .30 32 .32 .32 .32
I R {"2.41 2.41 2.41 2.41} 2.64 2.64 2.64 2:64| 2.84 2.84 2.84 2.8¢| 3.03 3.03 3.03 3.03] 3.23. 2.23 3.23 3.23
TOCAL . vvennenaasns oo ] 4.41 4.412 4.40 €.40] 4.65 4.68 £.54 £.64] 4.91 4.81 4.5% 4.30] $.19 5.00 4.87 4 82§ .20 5.09 4.97 4.86
| ! | |
T T A | 49 .ag .46 .46| .05 =-.11 -.03 -.04] 14 -.27 ~-.36 -.28| -.09 ~-.04 .01 osl -.07 -.13 -.13 -.12
l | | 1 |
ptian | . | |
coleum Producss ...------- }38.37 38.25 18.25 38.26]41.33 40.67 40.62 40.61)44.37 41.10 40 .42 £0.05|46.21 42.07 €1.34 40.72]47.69 42.87 41.99 41.37
ural Gas.....orccnenns ...-}24.76 24.49 24.59 24.58|26.9) 26.29 26.2¢ 26.04]29.57 31.83 31.65 131.55]31.12 32.88 33.38 33.66(33.00 34.06 35.08 35.01
Logeonnn e eenasenene .i..}22.13 21.53 21.78 21.00}23.11 21.75 21.63 21.55}23.91 12.54 10.28 8.49}24.87 11.03 €.51 4.76)25.40 10.30 5.70 3.32
lear Pawer....- iinee...] T.36 T.36 .36 7.36[ 6.87 6.87 6.8) §.87| 6.36 6.36 6.35 6.36] 5.12 S5.12 5-12 5.12] 4.09 4.09 4.09 4.09
evable BRergy .--.e-eo--- .{ 6.82 6.86 6.34 6.97| 72.22 7.56 7.81 8.29| 7.43 9.40 10.42 11.2a] 7.88 11.20 13.92 14.49( 8.22 12.82 14.79 16.495
EBF cneeersaeaean s PP B 3 § .41 41 .41 .37 .37 .37 .37 .40 .65 .88 1.08} .41 .69 .87 1.07] .43 .71 .89 1.09
OLAY . ve v ancennarensnns ...} 99.0 995.3 9%.3 99.4(105.8 103.5 103.5 103.7{112.0 101.9 100.0 98.81{115.8 103.0 100.7 99.8[118.8 104.9 102.5 101.4
i e : { - '
ports - pecroleum. .. ... ... |21.84 21.78 21.76 z1.71|25.ao‘23:33 25.31 25.31028,97 26.07 25.71 24.98]31.30 27.10 26.40 25.70{33l25 28 .66 27.92 27.32
. , | | T | 1 '
: (1996 dollars per unic} | |
1 0il price (§ ger bbl) ...[19.12 19.08 19.08 19.06[20.25 19.75 19.75 19.76{20.90 18.73 18.49 18.18]21.17 18.30 17.95 17.81|21.82 19.56 19.24 13.17
lellhead Pricet§ / Mct)...] 2,13 2.12 2.12 2.12[ 2.15 2.05 2.0% 2.03| 2.26 2.59 2.65 2.68} 2.32 2.91 2.58 2.94] 2.49 2.8 2.36 13.00
Winemouth Frice (§ / ton).|17.36 17.39 17.34 17.38[16.00 16.18 16.14 16.17[14.87 16.79 17.86 18.41[13.83 15.65 17.75 1£.54|12.2¢ 15.52 17.03 18.33
Blectricity {cents / Kan)| 6.5 6.5 6.5 €.5] 6.2 €.2 6.2 6.2l 6.0 8.7 9.4 10.1} 5.6 8.5 9.1 9.5 s.s 8.3 9.0 9.4
| | | ' i
base.2012198a - @ Tax, Feference Demand Technoloqy (1), fe150.d40122982a (2}, fee200.4012298a {3)  -fce250.4012298a (4)
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Table 17. Carbon Emissions by Sector and Source
(illion Metxic Tons gex Year, Unless Otherwise Noted)
. | .
nd Source J2000 2000 2000 2000 |2z00s 2005 2005 2005 |2010 2010 2010 2010 [zo1s 2015 2015 201§ |2020 2020 2020 2020
lay (v ) (@ Jm (1) (3 ) () @ @) &) Ly ) 13) ) ly  (2) {3) q)
| | | |
- | | |
25.7 25.17 25.7| 25.0 24.8 $a.8 24.8| 24.8 22.4 21.8 21.2}) 24.6 22.2 21.5 20.9] 2¢.3 21.7 21.1 20.4
76.8 16.8 7¢.8] 70.7 78.4 78.2 78.5| 81.3 71.9 69.8 67.9] 84.0 172.6 70.S §8.7] 86.1 5.8 72.0 69.%
1.4 1.6 . 1.4} 1.4 1.4 1.4 1.4 1.4 1.3 1.3 1.3} 1.3 1.3 1.2 1.2] 1.3 1.2 1.2 1.2
158.7 197.8 197.9|215.6 201.4 200.1 198.5[229.8 145.1 127.3 114.5]247.9 140.8 105.9 93.6[265.8 142.9 108.1 "90.1
302.6 301.7 301.8]320.7 305.9 304.5 303.2§337.3 240.7 220.2 204.9]357.9 236.9 199.1) 184.4|377.5 240.3 202.4 181.7
| ] | . | :
1 | |
12.8 12.8 12.8| 12.9 12.8 12.8 12.8| 12.8 12.4 12.3 12.1] 12.7 12.3 12.2 12.0] 12.5 12.0 1.9 11.8
43.7 49.7 49.56| s2.1 S51.2 51.2 51.3] S4.1 49.8 49.1 43.3| 55.5 50.1 49.3 49.6] 55.6 49.8 48.9 48.1
2.2 2.2 2.2| 2.3 2.3 2.3 2.3] 2.4 2.4 2.4 2.4f 2.5 2.8 2.5 2.5 2.6 2.5 2.5 2.5
180.5 179.6 179.8[192.8 134.0 182.8 181.3]204.1 131.8 115.3 103.3]216.9 125.2 93.8 82.6|223.9 121.7 91.8 76.3
245 .1 244.3 244.4)260.1 250.3 24%.1 247.7|273.5 196.4 179.1 166.2}287.7 150.1 157.7 145.7]294.4 186.0 155.1 138.7
| ] o
: i . {
102.6 102.6 102.6{209.6 107.7 107.3 107.2]115.4 107.3 104.6 104.4(118.6 108.1 107.2 106.4]119.3 108.1 106.2 107.5
154.3 154.4 154.4)|158.6 153.¢ 153.7 153.7[166.0 151.4 148.3 145.4{167.2 148.0 146.0 142.5{167.9 148.8 148.0 141.1
59.4 69.4 59.4| 62.3 57.9 57.9 57.8] 62.7 48.5 47.5 46.8| 61.6 45.3 45.5 44.9] 60.6 43,9 43.2 2.6
184.9 183.9 184.3]203.0 192.0 190.6 168.6(217.0 154.4 134.7 120.3|228.5 146.2 103.8 37.2]237.4 142.3 108.0 39.9
501.2 $00.J 500.7{533.5 511.0 509.4 507.3]561.2 461.5 435.1 317.0|57%.9 448.7 408.5 392.9|585.3 443.1 405.4 381.1
' i : | | |
| . | |
502.2 502.2 502.2]552.7 549.6 549.3 §49.2|600.6 561.1 552.9 541.0}628.1 S62.3 550.6 540.9]649.0 577.9 565.6 554.98
12.0 12.0 12.0] 14.5 4.4 2d4.4 14.2] 17.2 17.4 17.2 17.0] 18.3 18.6 16.5 13.6| 19.7 19.7 20.2 202
.1 3 ] .5 .5 .S .5y 1.4 1.1 1.3 1.2 2.2 2.0 1.9 1L.8] 2.7 2.5 2.6 2.2
3.2 3.2 3.2] S.9 5.8 .17 s.7] 8.7 6.0 S.2 4.7} 20.7 6.7 5.0 4.4] 32.2 7.2 5.4 4.5
517.5 517.5 §17.6|573.6 570.3 $70.0 669.6]627.9 585.8 576.7 563.9|659.4 539.7 576.1 565.81683.6 507.3 593.6 S61.8
| | -
| I .
643.2 643.2 643.3|700.1 694.9 694.1 694.0]751.6 703.17691.€ €78.7|784.0 70a.9 €91.5 €82.3]805.1 719.7 704.7 694.S
292.8 292.9 292.8)303.9 297.4 297.6 297.6]318.6 290.5 284.4 278.6[325.0 289.3 284.) 278.4)329.3 292.8 289.1 279.4
61.0 63.0 63.0] 66.0 61.6 61.6 61.5] 65.5 2.2 S1.) 50.5| 65.5 50.1 49.2 €8.5] €4.5 47.7 46.5 a6.4
1 .1 Y| .5 .5 .S .S] 1.4 13 1.3 1.2] 2.2 2.0 1.9 1.8 2.7 2.5 2.4 2.
567.3 564.5 $65.2]|617.3 581.1 579.) 674.2}659.7 137.3 382.5 342.8]704.0 €13.0 314.8 277.7]739.2 414.1 313.3 260.9
1566 1564 156¢| 1688 '1¥38 1631 1628] 1600 1d8¢ 1411 1352] 1881 1465 1341 1289] 1941 1477 1356 1281
| | | |
] | | i *
| 11.2 -10.7 10.6 10.7) 9.2 8.8 8.9 8.7 8.2 4.8 4.7 5.4} 7.6 6.7 6.0 3.4{ 7.8 4.9 3.6 3.0
.| 60.0 57.8 S9%.0 5¢.9} e1.8 79.3 78.4 75.5|105.9 165.9 169.5 173.9]123.7 182.3 19¢.¢ 204.5]343.6 195.9 214.1 222.8
..-]|502.9 498.8 495.0 495.5]526.3 494.9 492.0 490.0[546.7 266.5 208.3 163.5|572.7 230.0 114.1 €9.8|587.9 213.4 95.6 .35.1
...|574.1 567.) 564.5 £65.2]617.3 583.1 579.3 §74.2]659.7 437.3 182.5 342.8]704.0 419.0 314.5 277.7]739.2 414.1 313.3 260.9
- { ' | |
I- | |
..|655.9 €53.9 €53.8 654.0]70%.3 703.7 702.9 702.7|761.8 707.9 696.3 €04.1]792.7 731.6 637.4 685.7|612.9 72¢&.6 T08.4 697.5
|354.5 350.5 351.8 351.8|386.7 176.8 176.0 373.1|421.5 456.4 a54.0 452.5]448.7 €71.6 478.7 482.9|472.8 488.6 S03.3 502.2
1 561.8 556.0 558.6]592.3 556.5 651.6 $51.5]613.2 318.7 259.5 214.1]638.2 280.1 163.4 118.3[652.4 261.1 192.5 81.4
1 A .1 IS .S .5 .6 1.4 1.3 1.3 1.2]. 2.2 2.0 1.9 1.8] 2.7 2.8 2.4 2.3
....| 1578 1566 1564 1564] 1688 1638 1631 1628| 1800 1484 1411 1352 1881 14€S 1341 1289) 1941 1477 1355 1283
. l | | . - |
n Puissions | | | ] | -
§ Per PELBON) . ....vare-cns } 5.7 s.7 S.7 ‘5.7l 5.9 5.7 5.1 5.7} 6.0 s.0 4.7 4.5 s.0 4.7 4.3 t.1] 6.0 4.6 4.2 1.0
i | i ] | i
ase.d012198a - O Tax, peference Demand Techaology. 1), feel50.d012298a (2), fee200.d4012258a (3}, fee250.401229%68a (4) N
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Table 62. Emiasions by NHRC Region (million short tons}
_except Caxbon_and Carbon Dioxide (million metric tons)
| : |
|2000 2000 2000 2000 |2005 2005 2006 2005 [2010 2010 2010 2010 [2015 2015 201S 2015 {2020 2020 2020 2020
| (2} (2) 13) (¢)  1(1) (2} {2} t4) _j(2) (2) 3 () |11) (2) (3) () _j) (2) (3) (e)
| | ! i |
P e R | | | | |
ites | | | |
whon..... PN .....|574.1 567.3 564.5 565.2|617.3 583.1 $79.3 $74.2(659.7 437.3 332.5 342.8]704.0 413.0 314.5 277.7|739.2 414.1 1313.3 260.9
Moxide. .. oiaaieaaanan | 2105 2080 2070 2072| 2263 2138 2124 2105| 2419 1603 1402 1287| 2581 1536 1163 1018 2711 1518 1149 856.4
Moxide. .coonornnn ...]10.19 10.19 10.42 10.33| 9.69 9.69 9.63 9.§9| 9.00 9.00 9.00 9.00| 9.00 9.00 9.00 9.00] 9.00 9.00 $.00 9.00
, Oxide 6.08 6.04 6.04| 6.29 S5.9¢ S.90 s.85| 6.48 3.84 3.25 2.78| 6.75 3.29 2.04 1.572] €.94 3.15 1.86 1.16
-al Area Reliabfli | o | |
LTEON . e e v saneenn Ceeaan 1229.0 126.2 125.7 126.1]135.7 128.8 126.4 128.1(143.8 99.5 93.60 86.31[149.2 80.25 71.04 64.137]155.3 74.49 58.55 52.20
J0XAAL. e a e e ce...]472.9 462.7 461.0 462.4[¢97.6 472.4 470.9 4€9.7]|527.3 364.7 343.2 316.4|547.0 293.9 260.5 235.3(|569.6 273.1 214.7 131.7
doxbde. v aaencananen ..] 3.39 3.68 13.57 3.51| 3.32 3.43 3.33 13.33}] 2.98 4.07 4.43 a.76| 2.84 3.10 4.73 5.89| 2.80 2.31 1.95 3.18
V Oxide. i eenn ...] 1.50 1.47 1.46 1.47| 1,55 1.4¢ 1.46 1.46| 1.61 1.00 .96 .89 1.64 .63 .59 .53] 1.68 .48  .2§ .23
weliability Counci) Tx | | |
AEDON. + vvesennnnseness+]45.92 45.73 45.72 45.72]47.40 46.25 46.17 46.07[50.00 29.33 26.67 25.58|52.61 27.66 22.18 20.70}54.64 27.34 21.85 19.40
dioxide..... PN ..|268.4 167.7 167.6 167.7(173.8 16%.6 169.3 168.9|183.3 107.6 97.60 93.77]|192.9 101.4 61.32 75.89|200.3 100.2 80.11 71.)4
pioxide........- P | .35 .35 .35 .35] .34 .35 .34 .38} .34 .09 .06 .o8] .33 .14 .13 9| .32 .4 .19 .53
a OxSde. ... .iinennnn voe] o477 41 41 La7] a3 43 .43 .42] .38 .23 .22 .21] .38 .15 .0 .16| .39 .15 .10 .07
tic Area Council , | | |
arbon. .. ..... DN L]34.48 33.80 33.€2 33.84]35.70 34.34 33.58 33.47}39.69 30.39 27.04 24.06|€1.62 28.36 21.40 19.70]45.23 27.06 21.07 18.24
Dioxide. .. cesaeanenes ..]126.4 123.9 123.3 124.1]130.5 125.9 123.1 122.7]145.5 111.4 99.2 BA.20|152.6 1C4.0 78.48 72.23]165.8 99.2 77.24 66.86
pioxide. .... e | .55 .61 1.10 1.22] .54 .6} 1.04 1.0 .so .s1 .se4 .77 .so .39 .53 .41 .52 .35 .64 .63
p Oxfde.. .. ..onnnne voo.] .29 .29 .29 .29] .28 .27 .26 .26] .36 .19 .16 .23f ., .16 .10 .08 .33 .aas .09 .07
ca Interconnected Hetw | | . |
ATBON. . cies e e |40.87 40.78 €0.53 €0.27]44.56 37.6€ 37.83 17.94|47.70 20.30 24.88 22.86]50.20 32.12 24.39 22.00(|52.30 31.30 24.46 20.060
DIOXIBA. .o caceereean [189.8 149.5 148.5 1€7.7[163.4 138.1 2136.7 139.1]174.9 111.1 91.20 83.83|184.1 117.8 89.41 80.65{191.8 114.8 3%.67 73.34
DioxXid@. .v. sienaacecon | .88~ .99 .99 .s1] .70 .78 .73 .23 .sS .€9 .37 P 1 B 3 § .90 .60 .38] .57 1.14 .00 €2
n Oxide...... e | .sz '.s2 & .62| .52 .45 .44 .4af .54 .2S .17 .14] .s6 .29 .13 .10 .59 .29 .15 .QS
nent Rrea Power Fcol | |
BIDOD. . v vnnn e ...|32.68 31.54 31.76 31.78(37.10 34.89 34.04 33.5338.85 2(.55 17.58 15.30{41.10 21.08 10.00 9.41[|42.13 14.62 9.2) 4§.18
PIOXEdE. e o i {119.6 135.6 116.4 116.5{136.0 127.9 12¢.8 122.5]142.5 91.47 64.47 56.0%[150.7 77.28 36.67 34.52]154.5 53.62 13.79 29.98
pioxide. .. ... conran-s | .42 .40 .40 .40| .44 .41 .38 .38 .43 32 .23 .23 .42 .28 .02 .03]| .40 .17 .01 .02
pOxide. ... .cevcnnnnons | .39 .38 .38 .38f .43 .41 .40 .39 .as .24 .16 .13] .48 .18 .04 04| .46 .11 .04 .03
Fower Council/New York| 1 ) | | .
ACbOD. . . ceeeeeaaen |13.50 13.50 11.41 13.45[13.11 12.56 12.22 12.27|34.04 10.085 10.13 10.57[15.26 10.60 9.65 9.72{16.16 10.70 9.58 9.15
pioxide. ... ...t |49.51 49.50 49.17 49.32]48.06 46.0§ 45.19 45.00]|51.48 39.79 37.13 18.75]55.97 28.88 35.40 35.6459.26 19.23 15.13 33.5%
ploxida..... A e 2 .24 .26 .26 .20 ..2Q .20 .20 .19 .15 .14 .12 .17 .14 .15 .20 .16 .16 .21 .36
n OXEd@. . v roennann PR I 8 1 .11 .11 11| .09 .08 .03 .08 .09 .05 .04 .04{ .09 .05 .04 .04} .09 .05 .04 .03
power Ccuacil/New Engl| | . | ] ]
A2 <Y | VAU .]11.59 11.52 11.58 11.60|14.59 14.15 16.26 14.24|14.97 10.66 9.30 8.84[14.95 10.00 8.52 8.25|15.50 9.59 8.S8 6.42
Dioxide. .cceiennoanannn [42.50 42.25 42.44 42.53[53.48 51.50 §2.28 52.23|5¢.90 38.32 34.10 32.77|54.82 36.68 31.23 30.24|56.85 35.15 31.47 30.86
Dioxide. ... e aaraenan | -18 .18 .16 a6 .20 .19 .17 Y A ¥ .08 .05 .05} .16 _ .0S .07 .11 .14 .07 .08 .23
snOxide. . . .ovaoaooz o | .10 .10 .10 .10} .11 .11 .11 .11 .11 .05 .04 .04) .11 .05 .04 .04] .11 .05 .04 .04
- d012138a - O Tax, Reference Demand Technoloqy (1), feelSD.d012298a (2), fee200.dp12298a (3), fee250.d012258a (<)
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Table 62.

Emissions hy NERC Reglion

_except Carbon and Carbon

(million short tons) {Continued)

ploxide (million netric_tons)

| !
|2000 2000 2000 2000 ]200s 2005 200S 2005 |2010 2010 2010 2010 J2025 2015 201§ 2015 2020 2020 2020 2020
f) (2 (m ey o) @) () (4) Q) @ (3) W) fy 2y (@ 1 (2) ) (4
ern Electric/Florida | ) ) { ; | -
ALDOM .+ vv e nanrneseenss|36.48 25.97 25.66 25.75|30.55 26.56 26.65 2€.52(32.80 21.34 20.35 19.53[37.72 22.49 19.55 18.03]43.57 26.13 22.37 16.36
Dloxlde................|97.09 95.23 94.10 94.41§112.0 97.38 97.73 97.23|120.2 78.25 74.63 71.59]|138.3 81.45 71.67 66.11[159.7 35.80 82.01 67.32
Dioxide....-ccoo-o- .| .40 L3S .32 .32f .38 .04 .3 .,f .33 .21 .19 .21] .36 .23 .24 241 .3 .32 .35 .38
n Oxid8 ... -n- I B 14 .28 .28 .28) .32 .28 .28 .28 .32 .18 17 BV Y 17 .13 .11 .43 .22 .16 .10
eo1n Electric/Excl Fla | | i ] _
arbon......- e |104.0 104.1 102.3 102.3]112.5 111.1 110.1 109.2|120.6 84.25 15.37 6€7.52]130.9 88.54 61.76 50.96]135.8 98.78 88.50 52.89
pioxide.... ...~ vu.....}381.3 381.9 375.2 375.2]412.4 907.2 403.7 400.5{442.% 308.9 276.3 247.6|480.0 324.6 226.4. 186.8]497.8 362.2 251.2 193.9
Pioxide. . ooeocareroane | 2.64 2.26 2.12 2.09f 2.51 2.3 2.11 2.11] 2.39 2.29 2.27 2.17] 2.66 3.01 2.10 1.10| 2.74 3.66 3.86 1.94
n Oxide. ... connn- . .| 1.06 1.07 1.04 2.04] 1.122 1.11 1.10 1.09] 1.17 .79 .70 59| 1.24 .82 44 .26} 1.22 .91 .51 .24
pPocer Pool | : | |
carbon....... Ciiiie..-]|59.92 59.07 59.21 59.368}65.03 61.01 60.41 59.51]6e.41 ¢1.89 133.36 29.69|70.22 40.53 26.10 24.40]72.96 38.25 27.77 22.65
pioxide.......- veriee.-|219.7 226.6 217.1°217.7|230.4 223.7 221.5 219.3{250.8 153.6 122.3 108.9]257.5 148.6 95.68 89.44|267.5 140.3 101.8 83.03
Dioxfdde. ..o iaraaes ..l .68 .68 .68 .68| .63 .65 .65 .65( .62 .35 .23 .17] .59 .43 .25 .23| .56 .38 .36 .53
i OXIQE..ovenenonsonces | .69 61 .61 .s8] .70 .65 .65 .64} .M .39 .29 26| .69 .34 1S .13 .70 W32 .17 .11
systems Council/NHP. | | ) | | |
Zarbon. .. ... .- Ceaaas co..]24.84 24.74 24.72 24.02]28.20 27.92 22.67 28.65|29.74 18.00 15.47 10.95|31.21 20.72 12.23 9.97(32.57 20.00 13.84 9.13
pioxid@........--- .....|91.07 90.70 90.6Q 91.01]203.4 102.4 101.4 105.0/109.1 66.00 $6.73 40.16]|114.8 75.39 44.83 36.56[119.4 73.32 50.73 33.47
pioxide...cooeen- eeanel 16 .16 .15 16| .15 .16 .15 as| L4 .01 .04 .01 .13 .08 .03 .02 .12 .07 .05 .0}
en OXABE@. v ranocsennrons | .24 .24 .23 24| .24 J24 .24 .24| .25 .12 .10 .04 .26° .15 .06 .04] .26 .14 .08 .03
Systcus Ocuncil/Rh |
CATDOM. « e nemanemrness 137.99 27.90 27.92 20.09]30.32 23.58 28.22 27.35|31.98 21.09 16.53 14.69]33.10 21.89 16.89 12.91(34.21 21.98 16.86 14.81
DIOKEAE. . s ecanasrnrons |102.6 302.3 102.4 103.0[111.2 104.8 103.5 100.3}137.3 77.32 60.85 53.49|121.4 80.25 61.93 47.34|125.4 80.60 €1.83 54.30
Dioxid@. ..e.---n- I | 21 .21 .21 .22 .20 .20 .20 .19 .18 .18 .12 .11] .16 .19 .22 .18| .16 .19 .24 .49
en Oxide. . ... veeee..} .30 .30 .20 .29] .32 .29 .29 28] .31 .19 .13 .11 .32 .20 .13 .os| .32 .20 .13 .10
Systéms Council/OWV | , | |
CATEQM. c oo remn msamennss |22.87 22.37 22.37 21.98(22.53 19.29 19.58 16.93[27.12 14.96 12.16 6.93]35.02 14.81 30.81 7.50|38.87 11.89 10.67 7.35
L DioxldG. cach s Je3.85 82.03 82.04 30.58|82.62 70.72 71.7% 62.25| 99.4 54.84 44.53 25.42[131.4 54.32 39.64 27.511142.5 50.93 39.14 26.35
- Dioxid@....cecereorenn | .oe .08 .08 08| .08 .08 .oe .08| .08 .04 .01 .01} .08 .05 .02 .02] -o@ .04 .02 .03
jen Oxidc................l .19 .19 .19 .18 .18 .16 .16 141 .23 .12 .05 0e] .32 .11 .07 .03| .35 .09 .Q6 .02
| | | ] |

se.d012198a - O Tax, Refaorence
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Table 117. national Impacts of the Clean Air Act lmendments of 1990 (CAAA90)
e - |
|2000 2000 2000 2000 |2005 2005 2005 2008 2010 2010 2010 2010 [2015 2015 2015 2015 {2020 2020 2020 2020
1 (3) (2) {3) (4) _ta@) (2) (3} 1) {43} (2) (3} a) [¢1) (2} (3) () ) (2} {3) (4)
1 1 l |
- Retvofits (gigawatts}..| .00 .00 .00 .00|] .00 .00 .00 .o0{ .00 .00 .00 .00y .vo .00 .00 .o0| .c0 .30 .00 . .GO
- | | | | |
(lonal 502 Allowances | | i [ 1
(thcussnd EORS) .. -conv-- | .oo .00 .00 .00| .oo .00 .00 .g0| .00 .00 .00 .00] .o¢c .00 .00 .00] .00 .ca .00 .00
| ] o |
yaance exice o vei.....-]233.7 62.63 77.26 88.33}181.4 119.0 145.1 134.7{22¢.¢ .00 .00 .po0j181.9 .00 .00 .00j166.9 .00 .00 .00
| | | |
sstons (million tons)....|10.19 10.13 10.42 10.33| 9.69 9.69 9.6 9.69| 9.00 9.00 5.00° 9.00| 9.00 9.00 9.00 9.00| 9.00 9.00 9.0D 9.00
! | i | |
Sduct fan by Sulfur categ. | | | | \
n tons) |
for (< .61 1bs s/smBru) .. |474.6 454.0 451.1 453.6]535.1 478.8 481.4 477.6|608.4 229.2 153.2 125.0|€67.5 217.9 105.7 74.31[697.6 198.4 103.9 64.44
fur{.61-1.67 1bs.6/cmBtu) [153.2 484.2 482.1 486.3]482.7 471.3 465.6 465.6|467.1 317.1 2B5.0 256.7|459.6 279.6 219.8 197.0|454.4 270.8 208.7 176 .6
1fur (> 1.67 1be.5/maBtu) [178.¢ 19%.1 195.6 19C.4{185.9 185.5 181.2 180.9):88.1 139.0 114.6 98.04]196.6 134.5 78.84 54.92|21¢.5 131.5 66.62 30.54
| | | A |
e Prices | | i | | |
jonal Gasoline........--: | -.oo .00 .00 00| .00 Qo .oco .oo| .oo .00 .00 .00| .00 .00 .00 .00 .00 .00 .00 .00
ated Casoline.........o.- | -.o0 .00 .00 .00] .00 .00 .00 .o0| .00 .00 .00 .00 .00 .00 .00 .00] .00 .00 .00 .00
alated Gasoline.........- | .00 .00 .o¢c .00} .00 .00 .00 .o0| .oco .00 .00 .00 .op .00 .09 .00| .00 .00 .00 .00
xygen Reformalated Gas...| .00 .00 .00 .g0] .00 .00 .00 ,o0] .00 .00 .00 .e0| .00 .00 .00 .00} .00 .00 .06 .00
......................... { .00 .Q0 .00 00| .00 .00 .00 .00} .00 .00 .00 .a00f .0O .a0 .00 .oo0|] .00 .00 .00 .00
i { | | 1
\e Quantities | | | |
.jonal Gasoline........ ... .00 .00 .00 .o0| .00 .00 .00 .00| .00 .00 .00 .00| .00 .00 .00 .o0{ .00 .00 .00 .00
Jated Gasoline.....-.. ve--| .00 .00 .00 .00| .00 .00 .00 .00) .00 .00 .00 .00| .0¢C .00 .00 .00{ .00 .00 .00 .60
qulated Gamoline.....o---.| .00 .00 .00 .00} .00 .00 .00 .o0f .00 .00 .00 .00} .00 .00 .00 _.00| .00 .00 .00 .00
Jxygen Reforwulated Gas...| .00 .00 .00 .00] .00 .00 .00 .00f .00 .00 .00 .00| .00 .00 .00 00| .00 .00 .00 .00
[ L Ceeeaeaen | .00 -.c0 .00 .00] .00 .00 .Go .00| .00 .00 .00 .00} .00 .00 .00 .00| .co .00 .00 .co
| | | | l
late Prices | | | | | )
llate <= 0.05% sulfur.....| .00 .00 .00 .00 .00 .00 .00 .00| .00 .00 .00 00| .00 .00 .00 .00] .00 .00 .00 .00
Ilace > 0.05% Sulfur...... | o0 .00 .00 .00} .00 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .g0] .00 .00 .00 .00
e i ] -o0 .00 .00 .00} .00 .00 .00 .00} .00 .00 .00 .00} .00 .00 .00 .00| .poO .00 .00 .00
] ] | 1 |
late Quantities | - \ i | i |
llate <= 0.05% Bulfur..... | -.o0 .00 .00 00| .00 *-00 .00 .e0| .00 .00 .00 .00] .0oO .00 .00 .00} .00 .00 .00 .00
1tlace »>.0.05% Sulfur...... | .oo0 .00 .00 .uo| .00 .00 .00 .00| .o0 .00 .00 .00| .00 .00 .00 .00] .00 .00 .00 .00
.......................... | .o0 .00 .00 .00 .c0 .00 .00 .o8| .00 .00 .00 .00 .00 .00 .00 .00|] .00 .00 .Q0 .00
| ] : | L |
sase.d012196a - 0 Tax, Raference Demand Technology (3}, feel50.4012298a (2), fee200.40122968a (3), fee250.4012298a (4}
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L2TIONAL ENERGY

MODRERLING

S YSETEM

Table 1. Totul Energy Supply and Disposltlion Summary
(Quadrillion Btu per Year, Unleas Otherwise Noted)

|
pisposition, and Prices|2000 2000 |2005 2005 |2010

2010 |2015 2015 |2020 2020
1) (2) 1) (2) 1) (2) Mg (= (u) (2)
| I | [ |
o | |
0il & Lease Condensate.|13.06 11.06(12.33 32.25]11.60 11.37]11.07 10.21|10.33 9.29
1 Gas Plant Liquids....| 2.39 2.36] 2.63 2.52) 2.93 3.19| 3.28 3.27] 3.30 3.34
tural Gag. ... eeanaenens |20.85 20.66|22.83 21.94[25.30 27.25|26.72 27.94]28.12 28.54
...... i eiaeeai..i.]24.33 23.98]25.52 23.688]26.50 . 9.35]27.64 €.98|28.37 5.81
X POMRT . ecvenanoemrocan | 7.36 7.36] ¢.87 .87} 6.38 6.36] 5.12 s.12|"4.09 4.20
Lle Bnergy ...e..c.--«-- | 6.a2 7.02} 7.11 8.41] 7.41 31.84| 7.86 15.88] 8.19 17.02
e eiaeeaen | -38 .s5|] .s5 .s54| .48 .60{ .64 1.10] .8% 1.12
K7 Y P .175.36 74.39|77.8¢ 76.40|80.79 £9.95|82.32 69.45(83.29 69.33
| | | ! |
|
0L tivineveancannn v...]19.18 19.06]21.98 21.58{23.18 20.53]24.35 21.86]25.40 22.78
eum Produtts . .....-.. .] 4.39 4.al] 5.55 S.43] 7.36 s.51| 8.81 S.17| 8.50 5.42
1] GAS .rcncneorrmcanan .l 4.21 4.22] 4.¢¢ 41.42] 4.70 5.34| 5.06 5.68| 5.36 5.08
IMPOTES v vvnonnonens ..| .62 .e3] .s8 .€a| .57 1.40] .s4 1.29] .56 1i.41
tal. . iaeeenen [ {28.40 26.32)32.55 32.02(36.01 32.77(38.77 34.09[40.82 35.69
! I | 1 |
| I 1 | |
[ { 1.73 1.70] 1.73 1.71] 1.78 1.31) 1.86 1.55] 1.64 1.32
1l GaB. .. ie e | .28 .28| .28 .28 .29 .29 .30 o) .32 .32
........................ | 2.41 2.42| 2.64 2.64| 2.8¢ 2.84] 3.03 3.03] 2.23 3.23
Y%} WU | 4.42 4.39] 4.65 4.€4| 5.91 4.44] 5.19 a.s58| 5.20 4.87
| | | !
ACY ceveie e S0 -e09 .47| .05 -.1¢] .1e -.43| -.09 -.22| -.07 ~-.36
| | | | |
ion | | . |
leun Products ......... .|38.37 38.24[41.38 40.58]44.37 39.56]46.21 39.94[47.69 40.41
al Gas....... Ceeeeae- ...]26.76 24.57|26.93 26.00(29.57 32.13(31.32 33.12[33.00 34.10
.............. eeeiee.oe]22223 22.79(23.2) 21.40]{22.92 €.77{34.87 4.20|25.40 32.82
ar Pawer...... e ...| 7.36 1.36] 6.87 &.87| 6.36° 6.36| 5.32 5.12| 4.09 4.20
able Energy .....--- e...] 6.82 1.02] 1.32 8.42| 7.643 11.85| 1.88 14.90| 8.22 17.05
P | .er a1 .37 .37 .¢0 1.19] .42 1.20] .41 1.22
P e | 99.8 99.4|105.8 103.6|112.0 97.85]|115.8 96.48[118.8 935.8
| | - | |
rts - Petroleum. ........ }21.84 21.77|25.80 25.29[26.97 25.]3[31.10 25.47]33.26 26.89
: i i : i
1996 dollars per uaic) | l :
il Price (§ per bbl) ...]|19.12 19.04]/20.25 19.76{20.80 17.82|21.17 17.51(21.82 18.92
lhead Price(§ / MNcf)...| 2.13 2.13] 2.15 2.02]| 2.26 2.8a} 2.32 2.97] 2.43 2.78
acmauth Price (§ / ton).|17.36 17.33]16.00 16.14|14.87 19.08]12.88 18.77(13.26 18.68
Nectricity (ceats / Ewh)| 6.5 6.5] 6.2 6.2] 6.0 10.6]f S.6 10.2] 5.5 10.1
] | | Li 1
;e.d012198a - G Tax, Reference Desand Techmoloqy (1), fee300.d4012298a (2)
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Table 17. Carbon Zniseions by Sector and Bdurce
(4{11lian Metric Tons per Year, Unless Otherwisa Noted)
. l
ind Source |2000 2000 |2005 2005 2010 .2010 |201S 2015 [2020 2020
L (1) (2} {14) t2) 1) (2) [41) {2) Q) (2) _
. | | | 1
rial 1 1 1 ] .
T W ..] 25.8 25.7{ 25.0 24.8] 24.8 20.6| 24.6 20.3] 24.3 19.9
31 Gas..... e vee..] 77.0 16.8| 78.7 76.4f 61.3 65.8] 84.0 66.8] 86.1 68.6
................ ceeeeees] 1.6 2.4f 2.4 1.4] 2.4 t.2] 2.3 1.3 1.3 1.2
CLCLEY . veenaerneans ..}201.2 197.5]|215.6 196.9(229.8 104.9]247.9 88.7]265.8 82.5
P T ....|305.5 301.4{320.2 301.5(337.3 192.6]357.9 177.0[377.5 172.2
| | : | t
1al | | l
LOUR. - o ceecvmmana e | 12.9 12.8{ 12.9 12.8{ 12.8 12.0f 12.7 11.5{ 12.5 11.7
2l GAS..ocvmennennans ...| 49.9 49.6| 52.1 s1.2] 54.1 $7.4| 55.5 47.8] 55.6 47.6
J R | 2.2 2.2f 2.3 2.3] 2.4 2.4 2.5 28| 2.5 2.5
ricity....... Cenneens ..|182.1 173.4]292.8 179.8]204.1 94.3|216.9 78.0[223.3 69.6
S R R |247.1 244.1]260.1 246.2|273.5 156.2]287.7 140.3[29¢.¢ 131.4
l { | A .
ial [ | | |
JEMD.  ovan e veee.e.--}103.3 202.7]203.6 107.2]115.4 102.0[118.6 103.7[119.3 101.¢
Al GA3 cveeciaanraenan |155.5 154.3|158.6 153.5|166.0 144.0{167.2 139.8(167.9 1¢1.2
.......... o iiiieen.....) 60.6 s9.4| 62.3 s7.8| 62.7_ 46.3] 1.6 4.3} 60.6 ¢2.1
P T-3 | /R {187.5 18¢.1]203.0 387.1}217.0 110.0{228.5 91.9(237.4 81.7
P |s06.8 500.5|532.€ 505.5|561.2 402.41575.9 379.7]585.3 366.4
{ | | | ]
irtation | | { |
JLEUM. v e e ee e nnemnscnnone |502.7 502.3|552.7 549.2{600.6 513.1]628.1 §31.6]649.0 544.2
al Gas ....... [ | 12.1 12.0} 13.5 14.3] 17.2 117.2{ 18.3 18.1| 19.7 19.5
...... P | .2 Y| .S s 1.4 1.2 2.2 1.8 2.7 2.2
TICAEY.er e ennnnn: eeeel 3.3- 3.21 s.9 s.6| 8.7 ¢.3]i20.7 4.1] 22.2 4.2
S .....|516.2 517.27|573.6 $69.6]627.9 555.7[659.4 555.7]6983.6 569.9
f 1 | - | |
rarbon Brisslions . | |
3L@UM. « s e e e araaa e J644.7 643.5]700.1 693.9]753.6 567.8|78¢.0 667.6]805.1 621.1
Al GBI .ivarcnnneennnn |29¢.5 292.7|303.9 297.4|318.6 274.4|325.0 272.5|329.3 276.9
e eeeaeeeece e | 6a.2 63.1] €6.0 61.5| 66.5 S0.0| 65.5 48.0| 64.5 45.9
N e e -1 al .8 S| 1.4 1.2] 2.2 1.8 2.1 2.2
2 U1 L S |574.1 564.2]|617.3 £69.4|659.7 313.5]704.0 262.8{739.2 238.0
Y R ve...] 1578 156a| 1688 1623) 1800 «1297] 1881 1253]- 1941 1240
) | i | | |
ic Gezneratcyrs .. | | | | 1
oleum......... PR ....{11.2 1.} 9.2 s.2| 8.2 7.1] 7.6 4.0] 7.8 2.8
Bl GAS.ccvnrnnrnanes | 0.0 5s9.0] 81.8 75.2|104.% 186.3]|123.7 202.6[43.6 212.2
...... AR |1 - 2% 495.1]526.3 486.1]546.7 120.1[572.7 56.2]587.9 22.9
[ U ....|574.1 564.2]617.3 569.4]659.7 313.5]|704.0 262.8|739.2 238.0
1 | I | |
Cacbon Balssions | | | | |
OLCWM. o e v cvvrnnoennmean s |655.9 653.7]709.3 702.0|761.8 674.9|791.7 671.6[013.9 €79.9
XAl GaB.orceeevnnneonnens 1354.5 351.7|385.2 372.6|423.5 460.8[448.7 475.1|472.8 489.1
R R |s67.1 5568.2]592.3 547.6]613,2 170.1]638.2 104.2{652.4 68.7
AL s R [ ¥ 5 Y . .s] 1.4 1.2 2.2 1.3] 2.7 2.2
DY) DI | 1576 1564] 1689 1623] 1800 1307] 1881 1253| 1941 1240
| | | l |
n Smisslons | | - | | |
S per FerEOm).....c.ee-sc- { 5.7 5.7 s.9 5.1} 6.0 1.4) 6.0 a0l 60 2.8
{ | 1 | [
ase.d012198a - O Tax, Reference Demand Technoloqy (1), feel00.d4012298a (2)
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Table S2. 3misaions by RERC Region

except Carhon and Carbon Dioxide (milli
l

(million short tons)
on_oetric tons)

|
2015 |2020

|2000 2000 |2005 2003 {2010 2010 [2015 2020
1¢2) (2} 1) @ ) (2) (1) (2) (1) (2)
| | | |
NS .cannmenonnn AP | | | | |
States l I | |
[ L XL $54.2]617.3 569.4]659.7 313.5|704.0 262.8]|739.2 238.0
n Dioxide......-- veee....] 2105 2069 2263 2083] 2419 1149| 2581 963.5| 2711 872.5
¢ Dioxide........- veeve..]10.29 10.45] 9.69 9.69} 9.00 9.00{ 5.00 5.00| 9.00 9.0V
igen OXAde. oovarnnasn ot | 6.25 6.c3]| €.29 6.78] 6.48 2.30] 6.75 1.41] 6.94 .38
.ntral Areca Beliabilicy | | |
. CarlON....oceesens ee...|129.0 125.5[135.7 127.0]143.8 76.76(149.2 §5.21|155.3 42.44
n Dioxide...... e ..|472.9 460.0)497.6 465.8[527.3 281.4|s47.0 217.2|569.6 181.3
)r Dioxide,.....-- e ] 3.39 3.s58] 3.23 3.28] 2.98 4.57| 2.84 5.95| 2.60 3.50
igen Gclda. . ....ons vev...] 1.50 1.46] 1.55 1.44| L.61  .67]%.64 .46] 1.68 .20
o Reliability Council Tx | | | ]
| CATBON. v aavensen e [45.92 45.76]47.40 45.52]50.00 24.48|52.61 20.01|54.64 17.05
an Dioxide..... vevieeie-..]168.4 267.8{173.8 166.9]183.3 69.74|192.9 71.35|200.3 62.50
ar Dioxlde...... eeaneanas { .38 .35] .4 .as] W3¢ .10 L33 .2a] .32 .S
agen Octda. .. ... P ...] .47 .47] .43 a1 .20 .20] .38 .10] .39  -0¢
lantic Area Council | . I |
1 Carpon. .. cocvnn- P |24.48 33.40|3s5.70 33.18(39.69 23.12[41.62 19.32]45.23 16.89
on DionidE. . eveereaansan--}126.4 122.5(130.9 121.6[145.5 84.75|152-6 70.82]|165.8 61.91
ur Dioxide......ive-a.-nn .l -55 1.09] .54 1.0s| .so .8s| .50 .41 .52 .65
ogen Oxide...covnreonienn { -2 .29 .28 .26 .30 12| .3 .o8| .33 .06
erica XInterconnected Hetw | | : i
1 Carbon. . .ceoevonn eer.e.|e0.87 40.78|4i.56 37.7547.70 21.65{50.20 20.04]52.30 18.61
on Dioxide......cveeenens |149.8 129.5[163.4 138.4|174.9 79.39]164.1 77.15[191.8 68.23
ur DIoxide...-.e.eevseen-a]| .88 _.98] .70 .73| .es .32 .61 .31| .s1 .63
cgen Oxide....... e | .52 .s3| .s2 .a¢| .54 12| .86 09| .s% .07
ntinent Area Power Pool | | |
1 CArbON. ..t i e |32.68 31.80(37.10 32.95)38.85 11.85]41.10 8.78{42.13 6.73
on Dioxide. . ... .oaenne ...|119.8 116.6[136.0 120.8|142.5 ¢3.47]150.7 32.21]354.5 24 .68
ur Dioxide......c.ocecenn .l .e2 .39] .a¢ .36 .43 .19] .42 .12| .40 .02
ogen OXide. v vnneenraenen-| .32 381 .4 .39] .45 .10| .45 L0d4| .46 .03
aat Power Oouncil/New Yark| |
1 Carbon....... e |13.50 13.43{13.11 12.32|14.0¢ 9.25{15.26 8.98[16.16 8.24
on DIOKAAE. o vnae e inns - |49.51 49.25|48.06 45.17|51.49 33.93)55.97 32.93|59.26 30.20
fur DEOXAAE . v e acani e | .24 .26] .20 .19}) .19t *-o09] .17 19| .16 .28
cogen Oxide ... .oeeen PPN f .11y .oy .o8] .09 03| .09 .01 .09 .03
:ast Power Oouncil/New Engl| . .
2l CAYDON. ccvevanereranennse |11.59 11.54|14.59 14.11|1¢.97 8.59|14.95 71.56|15.59 6.74
oon Dioxide.......ccveienns |42.50 42.31|53.48 §1.73|54.90 31.49]54.82 27.73|56.85 24.72
fur Dioxide....... [P | .18 .19} .20 .19 .7 .06] .16 .09 .14 L33
rogen Oxide....... Cviaseo-} o0 _.tof .12 Ja1] .11 o4 .12 .04] .11 .03

pase.d012198a - 0 Tax, Refcyence pemand Technoloqy (3}, {eel00.4012298a (2)
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NATIONAL ENERGY
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, Table 62. Bmlissions by NERC Region (million shoxt tons) {Contimued}
except Carbop and Carbon .Diozide (million metxic tons)
| . |
{2000 2000 [2005 2005 [2010 2010 |2015 201% |z020 2020
1 (3) 2) jw) (21 ) (2} la) (2) j0) (2}
ctern Blectric/Florida | | i
CATLOA. v omennnns ....|26.48 25.19]30.55 26.33]32.00 18.52|37.72 16.57|43.57 16.60
A Dioide ... oaaoraren ‘|97.09 s2.36[112.0 96.5¢4{120.2 67.91]138.3 60.74|159.7 60.86
- pioxide....... Ceveeees] a0 34| .35, 33| .33 .23] .36 .20] .43 .22
gea Oxfde....ooereneesses | .29 27| 32 270 .33 a4 37 .09| .43 .07
atern Blectric/Bxcl Fla { [
carbQn. . .- e ......]204.0 202.9]|112.5 108.6]120.6 62.65{130.9 49.71{135.8 49.44
o Dioxide....ovaev--- L...|301.3 377.1]412.4 397.8]442.3 229.7|480.0 182.2]497.8 161.3
r Dioxide.....coeene veee-| 2.68 2.14| 2.5% 2.11| 2.39 2.31| 2.66 1.00] 2.74 1.44
gen Oxide....... e | 1.06 1.0¢] 1.12 1.08| 1.127 .521 1.2¢ .24 1.22 .19
st Power Pool | | ] |
Carton.. .. .- e vev...|59.92 59.11[65.03 59.89]60.41 28.08]70.22 22.71]72.96 18.20
n Dioxide...... R ..|219.7 216.7]238.4 219.6[150.8 102.9{257.5 81.27|267.5 66.73
«r Dioxide..... RN ..] .es  .68] .63 .65} .62 .16| .59 .21} .56 .43
gen Oxide.... .-+ eeiree..| .69 .67| .70 .64] .71 .23 .69 .1} .70 .07
\ Systems Council/IAP | | '
L Carbofl. . coaee e v....|24.84 24.65[28.20 29.60|29.74 9.73{31.31 9.04|32.57 8.83
;n DiOXide. v acaeiaa s {91.07 90.39]|103.4 106.5{109.1 35.66|114.8 33.16|119.4 32.42
)r Dioxide. ..ooaereaanes .} .16 .18| .25 18| .26 .00 .13 .o .12 .02
)gen Oxdde. o oae-aeannnee | -24 .23 .2¢ .25 .28 .03 .26 .03 .26 .03
1 Bystems Ccuncil/RA | {
] CALDOR. .. cverrrrnnnnssns |27.99 28.01(30.32 26.88]31298 12.17|33.10 12.50(34.21 14.67
>n Dioxide...cva saaeonon |102.6 102.7|111.2 98.55]|117.3 44.53{121.4 45.82[125.4 $3.78
ir Dioxdde. . ...ccneonnn- P R 3§ 21| .20 .20| .18 .10} .16 221 -16 .61
>gen OxAde. . . ooveceannnne | -30 .29 -0 .28 .31 .02} .32 .09| .32 .10
a Gystems Council/CalV | |
1 Carbon......-- [P ...|22.87 32.23{22.53 15.39]27.12 6.65|35.82 7.33]38.87 6.52
oo Dloxide.....cocreeesn- .|83.85 81.52|82.62 $6.42} 99.4 2¢.39}131.4 26.87]142.5 23.92
ur Dioxide..... Civiuieev..| .08 08| .03 .08 .08 .oi| .08 .q2] .08 .04
ogen OXPAE. .eoesanecons . -1 .19 .18 .azf .23 .o03] .32 .02] .35 .02
1 | | | S |
w3e.d012198a - 0 Tax, Reference pDemand Technoloqy {1), feel00.d4012298a (2)
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MATIONAL ENBRGY

MODBLING SYSTEM

Table 117. Rational Impacta of the Clean Air Act Amnendments of 1990 (CARA90)

1 |
2000 2000 |2005 2005 |2030 2010 |2015 2015 |2020 2020
1 (1) (2) f@) (2} ly @ | 2y Q) (2)
| } I |
:r Retrofits Iglgawatts)..| .00 .00} .00 .00| .e0 .o0| .00 .00| .o .00
I | | | |
vgional S02 Milouwances | | | | |
1 {thousand tons)......... | .oc .oo] .00 .00] .00 .00| .c0 .oo] .00 .00
| | ( |
lowance Price ....-....... |233.7 71.72]161.¢ 155.1|224.4 .00{181.9 .00]166.9 .00
| A | | ]
\ssions lwlllion toas)....|10.19 10.45] 9.69 9.69] 9.00 9.00| 9.00 9.00] 9.00 9.00
| | | | i
roduccion by Sulfur Cateq.| | | | |
an tons) |
lfur (< .61 lbs s/mmBtu)..|474.6 452.3|s38.1 478.21603.4 91.18[667.5 63.87]697.6 55.20
Lfur(.61-1.67 1bs.S/madtu) [493.2 492.3[482.7 464.7]467.1 228.2]459.8 138.4]45¢.4 169.0
wlfur (> 1.57 1bs.5/nm8tu) [178.4 194.6(185.3 179.6[188.1 78.95|196.6 45.39|214.5 22.34
| | | | A
ne Prices | { | | |
cional Gasoline...........| .00 .00] .00 .00| -.00 .oo| .00 .00 .00 .00
nated Casoline............ | .o0 .00} .00 .00| .00 .00| .00 .o0f .00 .00
milated Gasoline..........] .00 .a0f .00 .00] .00 .00| .00 .00] .00 .00
Oxygen Reformulated Gus...l .00 .00} .00 .00| .00 .00} .00 .o0f .00 .00
@ e | .oo .00l .00 .00| .o0u 00| .00 .au} .00 .00
j | | | ]
né Cuanticies | i | | {
tionil Gasoline........... | .oo0 .00] .00 .oo] .oo .00| .00 .00] .00 .00
nated Gasoline............ {f .o00 .00| .00 .00] .00 .o00f .00 .60} .00 .00
milated Casoline..........| .co .00] .00 .00] .00 .o0] .00 .00}l .00 .00
Oxygen Reformmulated Gas...| .00 .00] .00 .00] .00 .00] .o0 .00f .00 .00
.......................... | .oo .00f .00 .o0| .00 .00] .00 .00] .00 .00
| | o | |
late Prices | | | | |
llate <«» 0.05% Sulfur.....| .00 .00| .00 .eo| .00 .00} .00 .00] .00 .00
llate > 0.05¥% Bulfur...... | .o0 .00} .00 .00| .00 .00} .00 .00} .00 .00
e iieiieaa.-} .00 00| .00 .00] .00 .00} 00 .00] .00 .00
] | | ] |
late Quantitles | | | | |
llate <~ 0.05% Sulfor..... { .oo0 .00 .00 .00} .00, L00| .00 .00 .00 .00
llate » 0.05% Sulfur...... | .o0 .00y .00 .00} .00 .a0| .00 .00} .00 .00
e iaaaieeaaen . { .00 .oo| .oo .oof .00 .oo] .oo .oof .00 .00
! i | 1 | |
ase.do012198a - 0 Tax, Reference Demand Technalogy {1), fee300.d013298a (2)
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- The Design of
Post-Kyoto EMF Scenarios

An Activity of the
Target and Burden Sharing Study Group of

EME 16: Integratea Assessment of Climate Change -
Post-Kyoto Analyses



Outline

Rationale for Post Kyoto EMF Scenarios
Summary Description of New Scenarios

Reporting Reg‘ions
Variables to be Reported/Compared



During the First Part of 1998 We Will
> rsue a Two-track Course of Action to the

Design of Post-Kyoto EMF Scenarios

e Initially, paranlleterize the assumptions
made about the potential for off-sets to the
year 2010 carbon equivalents targets from
sinks and non-carbon GHGs .

. Collect information and analysis on sinks
and the non-carbon GHGs to enable the
modeling teams to endogenize them in
subsequent model comparison scenarios.



Three Types of Scenarios

1 Modelers Reference Scenario

2 Kyoto Implementations
— Vary Assumptions About Sinks
— Vary Assumptions About Other GHGs

— Vary Assumptions About Emissions Trading

_ Vary Post-Kyoto Objectives and Commitments
3 Alternatives to Kyoto Style Scenarios



Maximum Sink Potentials

— United States: 300 MMT
— European Union/Western Europe: 150 MMT

— Japan: 0
— Canada/Australia/New Zealand: 300 MMT

— Eastern Europe/Former Soviet Union: 300 MMT
— China: 300 MM'T

— India: 300 MMT

— Mexico & OPEC: 300 MMT

— Rest of World|: 300 MMT



Three Sets of Sink Assumptions

Reference  1/6 Maximum Potentials in 2010
& 1/3 in 2020-2100. |

Pessimistic 0 in All Years

Optimistic ) 2/3 Maximum Potential in 2010
& Maximum Potential in 2020-2100.




Three Sets of Assumptions About
Reductions in Emissions of Other
"Greenhouse Gases

Reductions in other greenhouse gases covered
by the protocol result in a

« —10%,

« 0%,

« or+10% _
change in the carbon equivalents target for each

Annex I countries specified in the protocol in
2010



Three Different Levels of

International Emissions Trading
No Trading Among Countries/Regions,

Annex I Trading,

— Annex I Country/regions Allowed to Satisty No
More Than 1/3 of Its Emission Reduction
Requirements With Purchased Emissions Rights.

— Sinks Increase Non-Annex I Baselines by 10% and
Each Non-Annex I Country is Permitted to Sell

Emissions Rights via the Clean Development
Mechanism up 15% of the Amount it Would Sell

Under a Full Global Emissions Trading Regime.
Full Global Trading With No Restrictions.




Two Options for the Required
Emission Reduction Beyond 2010

. Freezing Commitments At The 2010 Level, Or

o Pursuing an Emissions Trajectory That Leads
To Stabilization of the CO2 Concentration in
the Atmosphere at 550 PPM Driven By:

- Further Em{i‘s_sion- Reductions By Annex I Countries
« A Graduation Clause Based On Income For The

Non-Annex I Countries That Would Lead To Them
Reduce Emissions As Well.



Two Cost Minimizing Scenarios

. Follow the Kyoto protocol targets through
2010 and then minimize the cost of limiting
the concentration of CO, in the atmosphere

to no more than 550 PPM

e Minimize the cost of limiting the
concentration of CO, in the atmosphere to
550 PPM without observing the targets '
proposed in the Kyoto protocol.



In 2010 (2020-)

Scenario Offset Provided | Contribution of Emissions Post-2010
by Other GHGs | Sinks Trading Objectives
I. Modelers Run your normal emissions reference case (using your preferred set of population,
Reference economic, and energy inputs) assuming the Kyoto protocol is never implemented.
2. Kyoto Reference 0% 1/6 (1/3) of Annex I Only (See Kyoto Forever
Max. Potentials | Specification Above)
In 2010 (2020-)
3. Minimum Offsets -10% 0 Annex I Only (See Kyoto Forever
Specification Above)
4, Maximum Offsets | +10% 2/3 (AlD) of Annex I Only (See Kyolo Forever
Max. Potentials | Specification Above)
in 2010 (2020-)
*5. No Trading 0% 1/6 (1/3) of None Kyolo Forever
Max. Potentials
In 2010 (2020-)
6. Global Trading 0% 1/6 (1/3) of Full Global Trading Kyoto Farever
Max. Polentials
In 2010 (2020-)
7. 550 PPM CO2 0%’ 1/6 (1/3) of Annex | Only (See Kyoto, Then
Limit Max. Potentials | Specification Above) Limit CO2 to
tos- In 2010 (2020-) 550 PPM
8. Kyoto Plus 0% 1/6 (1/3) of Annex [ Only (See Kyoto, Then
Min. Cost 550 PPM Max. Potentials | Specilication Above) Min. Cost of 550
In 2010 (2020-) PPM
9. Min. Cost 0% 1/6 (1/3) of Annex I Only (See Min, Cost of
550 PPM Limit Max. Potentials | Specification Above) | 550 PPM




Regions for Which
Results Are to be Reported

US « China

OECD- Europe » India

CANZ « Mexico & OPEC
Japan ~+ ROW

OECD Total - Non-Annex 1
EEFSU . Non-OECD Total

non-OECD Annex 1
Annex 1 |



Variables for Which Results
Are to Be Reported

Carbon Taxes/Emissions Rights Purchase Costs

Emissions

Total Primary Energy

Total Fossil Fuel Primary Energy
Emissions Rights Bought/Sold
GDP o
Macroeconomic Consumption

Discounted Present Value of Loss in

Macroeconomic Consumption
o [= 0 {\‘(65
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© ADivision of TheMcGraxFill Conrparics \
- Memorandum_ |
Date: . January21,1998-
To:  HeidiNelson, ICF
cc: TracyTerr},'EPA L

. From: ' ;Iax;ies-Lin', DRI (- 'QMLQO'L'&\

Subject:  TD #18, WA #1.07, Contract # 68-W6-0029 |

‘The Carbon Emissions Impacts of a Federal Gasoline Tax Reduction

‘This memorandum summarizes the results-from our simulation analysis of the-carbon
~ emissionsimpacts of eliminating the 4.3 cent federal gasoline tax enacted in 1993. The first
section describes the basic structure of the Transportation Submodel of DRI's U.S. Energy
~ Model'which was used to forecast vehicle demand for oil. The second section reports the
- estimated impacts of the. proposed gasoline tax reduction on transportation fuel demand and
carbon emjssions. : ’ : . : o

© DRD’s Transportatiosi Fuel Demand Model. | -
" DRY’s Transportation Fuel Demand Model is a vintage capital model. Itis premised on the

notion that the demand for motor fuels is derived from the demand for travel and consumer’s
preferencés toward particular vehicles. Consumers determine the level of travel as well as the
~ vehicle stock composition through their purchase decisions. The stock composition, -
. associated efficiency characteristics; and vehicle vintage patterns determine the level of fuel
. consumption. Both vehicle purchase patterns and travel decisions are derived within the
" model as functions of economic activity and fuel prices. The model is capable of examining.
* dynamic adjustments to fiscal policies such:as road pricing and fuel taxes, as well as policies -
directly affecting technological characteristics of the vehicle stock.. SR

 The process of determining fuel consumption begins with consumers vehicle purchase
decisions, particularly the timing of the purchase and the type of vehicle bought. Total sales .
of imported cars, domestic cars, light trucks, medium trucks, and heavy trucks are obtained
from DRI’s Automotive Service.” The next step is to determine the vehicle stock in any given
year, which is a function of past sales patterns and the technological characteristics of those
sales, as embodied in the survival probabilities associated with specific vehicle age groups.

- The vehicle stock in a particular class in any given year depends upon the number of vehicles
o sold in each of the previous “N" years and the probabilities that these vehicles will still be on

* the road in that year. o . N :
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~ The total number of miles _tra_\'/'eled by the stock of vehicles of a particular class and fuel-using
type is the product of the number of vehicles in that class’ stock and the number of miles
traveled per vehicle in that stock. The vehicle miles traveled is estimated econometrically. It
varies across the class of vehicle and the age of the vehicles within that class (Generall)'l, the

* older the vehicle, the fewer miles it is driven each year). It also changes with changes in the
real cost per mile and real disposable income. The real cost per mile is defined by dividing
fuel prices by the vehicle fuel efficiency. . - ' | SRR -

' Fuel consumption for a particular class and model year of vehicle is derived by multiplying
each segment’s vehicle stock by the miles traveled per vehicle and then dividing by the
average fuel efficiency of the vehicle stock. The average fuel efficiency of the vehicle stock is
calculated as a stock-weighted average of the vehicle fuel efficiencies by vintage. Overtime, '
new vehicles are purchased and old vehicles are retired. Since new fuel vehicle efficiencies are
affected by fuel costs, real fuel prices increasingly influerice the stock efficiency and hence
gasoline consumption over time. Total fuel consumption is the sum of fuel consumption for

- each of the vehicle classes and model years.

The Impacts of the Gasoline Tax Reduction o .
In this study, we applied the Transportation Model to-simulation the carbon emissions impacts
of eliminating the 4.3 cent federal gasoline tax enacted in 1993. The DRI's Fall 1997 Energy.
Forecast was used as the baséline. As shown in the attached Excel workbook, the 4.3 cent
" reduction in federal gasoline tax reduces real gasoline prices by 3.40% in 1998, 2.31% in
2010, and 1.37% in 2020. Consequently, the total number of vehicle niiles traveled (VMT)
rises and new vehicle fuel efficiency falls. The VMT of passenger cars in 2020 increases by
0.68% from 1627 billion vehicle-miles iri the baseline to 1638 billion vehicle-miles while that
of light trucks increases by 0.67% from 1947 to 1955 billion vehicle-miles. The new vehicle
fuel efficiency declines by about 0.1-0.2 miles per gallon (MPG) from the baseline, which in
" turn causes 3 reduction in vehicle stock fuel efficiency. . . ,
_ The higher VMT and lower MPG result in an increase in transportation oil demand and
carbon emissions. Compared with the baseline, the annual highway, gasoline consumption
. increases by 0.6%-1.7% and total transportation oil demmand increases by no more than 1% for
'most years during the forecast period. The projected iricrease in total carbon emissions from
the transportation sector is about 1.8 million tonnes (0.37% of the baseline) in' 1998, 4.6
 million tonnes (0.85% of the baseline) in 2010, and 3.5 million tonnes (0.60% of the baseline) -
.in 2020: - ' '

. | ' ‘__’ 3 b:: '
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Transportabon Sector Qutlook
(Percant Change from the Baseline to GasTaxCH Casa)
) . ysee 197 1988 1999 2000 2005 20100 2015 2020
CARBON EMISSIONS
Total Emissions (Milkon Tonnes) ‘000 000 037 050 088 1.03 085 = 066 08
FUEL CONSUMPTION
| Total O Demand (Trilon BTU) ~ . 000 000 037 0.51 oes 1.0t 082 084 058
Highway Gasoline (Bilion Galions) .00 0.00 058 0.86 099 157 130 108 093
GASOLINE RETAIL PRICES (7-«%) e
1996 Dollars Y600 000 336 . B2 2an (23D 182 3
Nominai Dollars . _ 000 000 34 230 AW 275 228 AR A4
Federal Tax: .0 oo 00 BN WSO BN R0 B0 9B -14ts
PASSENGER CARS .
VMT (Bition) o ow oss oz (@Y 13 . i 091 068
Milew/Car 000 . 000 0s7 0.77 0.85 135 109 o.88 0.67
Milea/Gallon (On-hoad) _ - - ; : :
New Car Avg - o 000 000 000 000 ~ 045 04 D40 DB 074
StockAvg . 0.00 000 000 . 000 0.00 000 0.3 0.00 0.39
LlGHT.TRUCKS
VMT (Bilion) - 000° 000 0.54 081 096 . 138 1.09 085 067
Miles/Truck : 000 000 057 . 077 0% 1.36 1.09 0.89 0.68
Milea/Gallon (On-Road) - . : R e - o .
NewTrckAvg 000 000 .. 000 - 000 060 - 000 000 D48 045
Stock Avg o 000 000 000 . 000 000 < 060 . 000 083 - 050
- "\‘ ) ) . ) i - . i . . o -
) _ o : . T - . . ,‘,x_..' ¢
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- Transpartation Sector Qutiook
- (DRI Fall 1997 Baseline Forecast)

CARBON EMISSIONS

Total Emissions (Millan Tonnes)

FUEL CONSUMPTION

Total il Derand (Triin BTU)
Highway Gascline (Billion Galons)

1596

4453

23496.2
1195 -

GASOLINE RETAIL PRICES (Cente/Gallon)

1996 Dollars
Nominal Dotlars
Federal Tax

PASSENGER CARS

VMT (Biilion)
Mies/Car

Miles/Gallon (On-Road)
New Car Avg
Stock Avg

LIGHT TRUCKS

- VMT (Billien)
Miles/Truck

Miles/Gallon (On-Road)
New Truck Avg
Stock Avg

128.8
128.8

183

137S
11049

213
208

813
~41473

8

185

202 260 0512

1997

453.4

23896.2
1217

1256 -

1282

183

137S.

11080
215

208

861
11925

1641
156

AIR & ENERGY BR.

4548

244838

1248

123.4

1288

183

1386

11214

27,

209

921 .
11664

163 -

187

3A3

m

4788

251181

128.1

1219
130.2

183

© 1398,
11353

218
21

11819

15.8

Ao ™

184 .

487.4 5236

25675 278068

131 1403
1215 125
1331 1584
18.3 183
1405 . 1423

11463~ 11921

21.1 218
1044 1307
11948 12472
; _

166 178
159 . 167

2010

§53.1

- 29208.2

1482

- 129.8

189

183

1470
12378

5

2.2
- 1558
12893

19.5
17.7

2015

30256.4
1488

1372
- 236.7
n3

1541
12772

26.2
246

17T
13434

2059

19 . :

@005/006

2020
537.3

310599 .
1302

148
301.9
20.3

1827
13151 -
271

258

1942
13847
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Transpartation S.ector--Ouuook

(Gasaline Tax Reduction Scanario)

1998 1987 - 1998 1999 2000 2005 200 w5 22
CARBON EMISSIONS | . _
Total Emissiors (Millon Tones) 4453 4534 . 4685 4792 4907 529 SS578. ST seds
FUEL couSUMPTldN | .

Total Ol Demand (Trillon BTU) 234062 236952 245783 252468 25843 278368 294483 304914 312404
Highway Gasciine (Bliion Gallons) 1195 1217 1255 1282 1123 1425 1481 1504 1516

GASOLINE RETAIL PRICES (Centa/Gation) -

1996 Dollars 1288 ° 1256 1192, 1178 1178 121.8 1268° 1347 144
Nominal Dollars _ . 1288 1282° 1245 1259 1288 152, 1847 2324 297.8
Federal Tax 183 - 183 4 14 14 14 14 18 26
. PASSENGER CARS

V‘M_'I'(Billién) . - '__1375' ‘_'1'_3'75_ 1304 1408 . 1418 1442 1488 1555 1638
. Miles/Car ' 11049 11080 11278 11440 11572 12082 12513 12885 = 13239
Miles/Gallon (On-Road)  * R , . o

New Car Avg - 213 215 217 218 21.9 3 249 281 269
"Stock Avg - ‘ 208 208 208 .21 2t1 218 234 246 25.7
UGHT TRUCKS

VMT (Billion) - _ _ . 813 7 .get 928 . 991. 1054 1325 1575 1786 1955
Miles/Truck: , 11473 11525 11730 11910 12059 12641 13135 13553 13939
_Miles/Gallon (On-Road)- T - o

New Truck Avg 18 1861 163 184 165 - 178 19.5 208 219

Stock Avg .. 18§ ° 158 1§87 15.8 159 168 171.7 189 20.1

Page 3
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ANNEX 1 CARBON EMISSIONS (million metric tons)

1990 emissions 2010 emissions

United States 1,337 —2 A€0q%: 1803
Former Soviet Union 1,029 872
Western Europe 1,016 1,208
Eastern Europe 309 306
Japan 308 466
Canada 137 182
Australia/ New Zealand 100 127 i zZu s

R . Jecs

U236 Yy e L_/ Af

R RN

DEVELOPING COUNTRIES (million metric tons)

1990 emissions 2010 emissions s
All other 904 1,811 -
China 625 1,523
India 159 421
Mexico 87 163
— Eiig
¢ il f §C C
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Converting carbon value to energy price increases

Total*

. Coal-fired* “Total**
_ Natural Gas  Gasolinc Coal elcctricity elecrricity  electricity
Carbon " Value" (mcf)  (galion) (ton) _ ($/&kwh) - ($/kwh) ($/kwh
$0.00 $0.00 $0.00 - 50.00 $0.0000 $0.0000  $0.0000
$10.00 $0.15 $0.02 '$5.46 $0.0026.. $0.0016  $0.0017
$20.00 $0.30 - $0.05 QESQE © $0.0053  $0.0033  $0.0034
$30.00 $045 = $0.07 16.38 $0.0079  $0.0049  $0.0050
$40.00 $0.60 $0.10 = $21.84 $0.0106 $0.0066  $0.0067
$50.00 $0.75 $0.12 $27.30 $0.0132  $0.0082  $0.0084
$60.00 - $0.89 $0.15 - $32.76 $0.0158  $0.0099  $0.0101
-§$70.00 3$1.04 $0.17 $38.22 $0.0185 $0.0115 $0.0118
$80.00 $1.19 $0.19 $43.68 $0.0211 $0.0131 . $0.0135
$90.00 3134 $0.22 $49.14 - $0.0238  $0.0148 30.0151
$100.00 $1.49 $0.24 $54.60 $0.0264  30.0164 - $0.0168
$110.00 $1.64 $0.27 $60.06 $0.0290 . $0.0181 $0.0185
$120.00 : $1.79 - 30.29 $65.52  $0.0317__ $0.0197 "~ $0.0202
* Calculation based on 1995 clectricity generation, cxcludmg Cogen. '
*+ Calculation based on 1995 elecmcny Sales.
1995 Price and Consumpuon of Namml gas, Gasolinc, Coal, and Electricity
Pricc  Quantity - P*Q
' ' ($billion) -
“INatural Gas ($/mcf at wellhead, tcf) $1.61 222 $35.71
Gasoline ($/gallon, mmbd/day) ' $1.15 78 $13745
Coal($/ton at electric utilities, mil short ton) $27.01 847.0 $22.88
Electricity($/kwh end-use, ‘bkwh) 73,0080 - $213.57

October 9, 1997 '
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Why 7% below Kyoto’s “1990 levels” is no more than
3% below the President’s proposal: a calculation

This paper compares the carbon numbers associated with the United States
emissions commitment under the Kyoto Protocol with the commitment the
President made in his October speech. The Kyoto Protocol and the President’s
speech differ both in the emissions budget and in the emissions accounting system
that will determine the emissions that must be below the budget for compliance
with the treaty, so the targets cannot be compared directly. The most significant
differences between the two commitments are1:

(1) Under the Kyoto Protocol, each party has its choice of 1930 or 1995 as a
base year for emissions of three greenhouse gases: HFC, PFC, and SF6. The
U.S. had 13 MMTCE more emissions of these gases in 1995 than in 1930,
making the option of a 1995 base year less restrictive.

(2) Under the Kyoto Protocol, the emissions budget is based only on gross
emissions, not counting the carbon sequestered by forests in the base year
(1990), the “sinks.” The effect of this difference is to make the Kyoto
budget less strict than it would have been using the President’s assumption
that the budget would be based on net emissions.

(3) Under the Kyoto Protocol, the emissions accounting system includes only
certain land use changes and forestry activities in its calculation of sinks,
rather than the carbon activity in all U.S. forests. The effect of this provision
relative to the President’s plan depends on the methodology developed to
account for sinks under the Kyoto agreement. 2

The Kyoto Protocol

(A) The Kyoto Target

Emissions budget = 5 years x (1990 Emissions of CO2, CH4, N20 + 1995
Emissions of HFC, PFC, and SF6) x 93%
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1990 Emissions of CO2, CH4, N20O = 1559 MMTCE
1995 Emissions of HFC, PFC, and SF6 = 37 MMTCE
Total baseline emissions = 1596 MMTCE

Kyoto Emissions Budget, total for first budget period = 5 years x (1596) x 93%

= 7421 MMTCE
Annual Average Budget in 2008-2012 = 1484
MMTCE

(B) The Kyoto Accounting System

2008-2012 emissions = (Total emissions of CO2, CH4, N20, HFC, PFC, SF6]
- [net changes of carbon stocks “from direct human-induced
tand-use change and forestry activities, limited to afforestation,
reforestation, and deforestation since 1990, measured as
verifiable changes in stocks in each commitment period” ]

The President’s Announcement

(A) The President’s October Target

Under the President’s October plan, the emissions target for the United States
would be written:

Emissions Budget = 5 years x [(1990 Emissions of CO2, CH4, N20 and HFC,
PFC, and SF6) - (net changes carbon stocks from all forests, including forest
soils]

’
Note that the budget equation includes sinks, which all else equal makes the budget
tighter for the United States, which experienced positive sequestration in forests in

1990.

1990 Emissions of CO2, CH4, N20 = 1559 MMTCE
1990 Emissions of HFC, PFC, and SF6 = 24 MMTCE
Carbon activity in forests (sequestration) = -282 MMTCE
Net emissions = 1301 MMTCE

President’s Plan Emissions Budget = 5 years x (1301) = 6505 MMTCE

Annual Average Budget in 2008-2012 = 1301
MMTCE
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(B) The President’s October Accounting System

2008-2012 Emissions Calculation = [Total emissions of CO2, CH4, N20, HFC,
PFC, SF6 2] - [net changes of carbon stocks from all U.S. forests]

Comparison: How much lower is the Kyoto target than the President’s
plan? '

Recall that the two plans entail different accounting systems for the emissions that
must be within budget, so the budgets of the two commitments (1484 and 1307)
are not directly comparable.

The Kyoto commitment:

[Total emissions of all six gases] - [net changes of carbon stocks from certain
activities | < 1484

Since the sink accounting system under the Kyoto Protocol is not yet
determined, we must make an assumption about the net changes of carbon
stocks from the activities specified in the treaty. The U.S. has said that the
accounting system for carbon sinks will not increase the emissions
calculation under the Protocol, and may in fact offset our emissions. f we
assume that sinks are zero, that is they neither offset U.S. emissions nor
contribute to them, then the Kyoto commitment is:

[Total emissions of all six gases] - 0 < 1484

President’s plan:

[Total emissions of all six gases] - [net changes of carbon stocks from all
U.S. forests] < 1301

The change in carbon stocks from all U.S. forests in 2010 is estimated by
USDA and EPA to be about 227 MMTCE. If that figure is about average for
the budget period, the President’s commitment would be equivalent to:

[Total emissions of all six gases] - 227 < 1301, or equivalently,

[Total emissions of all six gases] < 1528 (the total of the budget plus
offsets by sinks) :

Then the comparison question is: how much lower is 1484 than 15382

Algebraically, the percentage difference, x, can be expressed: 1484 = (1-x}1538
=> x = 1-1484/1538 = .03
=> 1484 is 3% below 1538.

What if accounting for sinks under the Protocol offsets our emissions, as we expect
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they may do? Then the total emissions of all six gases can be higher than 1484 py
the amount of carbon sequestered in the eligible land use activities. That makes
the Kyoto Protocol even less than 3% more stringent than the President’s plan.
Conclusion: The Kyoto agreement is no more than 3% more stringent than the
Presidents plan.




Trends in Energy-Related Carbon Dioxide Emissions

To assess the implications of Kyoto on global greenthouse gas emissions, we had to make
two simplifying assumptions because of data limitations. First, we assumed that energy-
related carbon dioxide emissions could serve as an adequate proxy for greenhouse gas
emissions (in the U.S., energy-related carbon dioxide emissions are more than 97% of all
carbon dioxide emissions). Second, we assumed that Annex I countries will reduce their
energy-related carbon dioxide emissions by the percentage cuts stipulated in Annex B of
the Kyoto Protocol (in effect, we ignore any opportunities for what flexibility).

Chart 1 illustrates the trend in world emissions under BAU and under two scenarios of
Annex I emissions reductions. One scenario assumes no trading of emissions rights,
which has lower total Annex [ emissions because countries with paper tons would not be

able to sell their excess rights. The other scenario assumes trading of emissions rights, so
total Annex [ emissions are higher.

In 2010, both Kyoto scenarios have emissions slightly below 2005 BAU and a little more
than 10% below global 2010 BAU. Because of the substantial growth in non-Annex I

emissions, global emissions in 2010 under both Kyoto scenarios are approximately 30%
above the global 1990 level.

Charts 2 and 3 illustrate the breakdown of emissions between Annex I and non-Annex [.
Without international trading, non-Annex [ emissions will surpass Annex I emissions in
2010. With international trading, non-Annex I emissions are slightly lower than Annex I

emissions, but would likely pass Annex I emissions by the end of the first commitment
period.

Chart 1: Trend in Global Energy-Related CO2 Emissions
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Chart2: Trend in Energy-Related CO2 Emissions Assuming Annex | Trading
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Chart 3: Trend in Energy-Related CO2 Emissions Assuming No Annex | Trading
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The Structure of the Kyoto Protocol:
US Efforts Needed to Meet Commitments

In October 1997, President Clinton proposed to return greenhouse gas net emissions to 1990
levels in 2008-2012. This target was premised on the long-standing US position of - __
comprehensive coverage of all greenhouse gases (CO2, CH4, N20, PFCs, HFCs, and SF 6) and
all sectors (including land use and forestry systems). Although comprehensweness increased the’
tonnes of US reductions required to meet a given numerical target, we have pushed for it because
it provides greater cost-effectiveness and increases the industrial support for the agreement,. The
EU or Japanese wanted to exclude the synthetlc gases and land use and forestry, making their . > _
targets several percentage pomts easler ’ to achieve than if their proposals had been s
comprehenswe S ' R ERS

'Ihe Kyoto Protocol assigns the US a 7% reduction below base period emissions. The U.S.

~ accepted changes in calculation of the obligation for synthetic gases, forests and land use change
‘that allowed the US to deepen its numerical target for the same level of effort. These chanoes
SLmultaneously lncreased the level of effort reqmred by the EU and Japan '

The U.S. also agreed to increase the strenOth of its obhgatxon The total of the accountmo
.changes and increased strength result in the change of target to 7% below base period levels:
 Despite the accounting changes, the U.S. gained virtually comprehenswe coverage during the
comumitment period of 2008 to 2012. .
S
: - 9
Synthetic Gases (HFC/PFC/SFG)L,, £ A0 og_/y“o

The President’s proposal included the rapidly growing synthetic gases, using a base year of 1990.

‘The US won inclusion of these gases, and accepted a 1995 base year for ca.lculatxon of the

commitment. The recalculation of base period emissions allowed the U.S. to adjust downward

* its numerical target by roughly 13 MMTCE, the'amount by which the syntheuc greenhouse gases ]
grew between 1990 and 1995 (about 1% of the U.S. commitment). For the EU and Japan, which

had not counted synthetlc gases in theLr proposals the broader covera.ge made theu' targets more
.-,d1fﬁcult. Lo o _ '

Exclusxon of -Fohest_ and._Land Use Change' Cateaoi‘y. |

: -Forest carbon sequestratlon isa large but- dechmng oﬁ'set to US emissions. U. S estlmates
using 1996 IPCC guidelines adopted by the Parties, indicate that US forest carbon sequestration
is expected to decline by 55 MMTCE between 1990 and 2010." Unlike emissions from energy
use, emissions or removals in the base period cannot be continued indefinitely; emissions decline
Wand is exhausted and removals decline as forest systems mature. Therefore,

" The US Climate Action Report estimated that US forest sinks would decline by 16 MMTCE. This

estimate was updated to include soil carbon, to conform with the 1996 [PCC ouxdelmes and the U.S. goal of
comprehensive coverage.



including this sector in calculation of the GHG obligation penalizes those Parties with net
removals in the base period and rewards Parties with net emissions. The Kyoto Protocol
therefore, as standard practice, excludes LUCF from the base period emissions on which the
GHG obligation is based, eliminating the “penalty” in the President’s proposed target of 55
MMTCE of carbon (slightly more than 3% of our overall commxtmcnt) It had no effect on the
EU or Japan, which had excluded the category from their target proposals.

In addition, the U.S. gained credmncr of spccxfic forest act1v1t1es hm1ted to: aﬂ'orcstanon, ’
reforestatlon, and deforestatmn since 1990. While the U.S. was initially opposed to this approach
due to its inherent accountmg uncertainty, we believe that these credits may further reduce the
level of effort needed for a given target by a significant but as yet unquantlﬁed amount.

Additional Reductions -

The US accepted an add1t1ona.1 -3 percentage points of real effort in order to get agreemcnt with
the European Union, Japan, and the G-77. The U.S. reached a target 7% below the base period
emissions by combining the two changes in calculation of base period emissions, which made the
President’s proposal equivalent to -1 percentage pomts for synthetic gases plus -3 percentage
points for forests and land use change, with the -3 percentage points of additional reductions.
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The Parties to this Protocol,

Being Parties to the United Nations Framework convention on Climate Change,
hereinafter referred to as "the Convention”,

In pursuit of the ultimate objective of the Convention as stated in its Article 2,
Recalling the provisions of the Convention,
Being guided by Article 3 of the Convention,

Pursuant to the Berlin Mandate adopted by decision 1/CP.1 of the Conference
of the Parties to the Convention at its first sesston, ’

Have agreed as follows:
Article 1

For the purposes of this Protocol, the definitions contained in Article 1 of the
convention shall apply. In addition:

1. "Conference of the Parties” means the Conference of the Parties to the
Convention.

2. "Convention” means the United Nations Framework Convention on Climate
Change, adopted in New York on 9 May 1992.

3. "Intergovernmental Panel on Climate Change" means the Intergovernmental
Panel on Climate Change established in 1988 jointly by the World
Meteorological Organization and the United Nations Environment Programme.



4. "Montreal Protocol” means the Montreal Protocol on Substances that
Deplete the Ozone Layer, adopted in Montreal on 16 September 1987 and as
subsequently adjusted and amended.

5. "Parties present and voting” means Parties present and casting an
affirmative or negative vote.

6. "Party" means, unless the context otherwise indicates, a Party to this
Protocol.

7. "Party included in Annex [" means a Party included in Annex [ to the
Convention, as may be amended, or a Party which has made a notification
under Article 4, paragraph 2(g), of the Convention.

Article 2

1. Each Party included in Annex I in achieving its quantified emission limitation
and reduction commitments under Article 3, in order to promote sustainable
development, shall:

(a) Implement and/or further elaborate policies and measures in accordance
with its national circumstances, such as:

(1) Enhancement of energy efficiency in relevant sectors of the national
economy,

(i1) Protection and enhancement of sinks and reservoirs of greenhouse gases
not controlled by the Montreal Protocol, taking into account its commitments
under relevant international environmental agreements; promotion of
sustainable forest management practices, afforestation and reforestation;

(iii) Promotion of sustainable forms of agriculture in light of climate change
considerations;

(iv) Promotion, research, development and increased use of new and renewable
forms of energy, of carbon dioxide-sequestration technologies and of advanced
and innovative environmentally sound technologies; ‘

(v) Progressive reduction or phasing out of market imperfections, fiscal
incentives, tax and duty exemptions and subsidies in all greenhouse gas
emitting sectors that run counter to the objective of the Convention and apply
market instruments;

(vi) Encouragement of appropriate reforms in relevant sectors aimed at

promoting policies and measures which limit or reduce emissions of
greenhouse gases not controlled by the Montreal Protocol,

(vii) Measures to limit and/or reduce emissions of greenhouse gases not
controlled by the Montreal Protocol in the transport sector,

(viii) Limitation and/or reduction of methane through recovery and use in waste
management, as well as in the production, transport and distribution of energy;

(b) Cooperate with other such Parties to enhance the individual and combined
effectiveness of their policies and measures adopted under this Article,
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pursuant to Article 4, paragraph 2(e)(i), of the Convention. To this end, these
Parties shall take steps to share their experience and exchange information on
such policies and measures, including developing ways of improving thewr
comparability, transparency and effectiveness. The Conference of the Parties
serving as the meeting of the Parties to this Protocol shall, at its first session
or as soon as practicable thereafter, consider ways to facilitate such
cooperation, taking into account all relevant information.

2. The Parties included in Annex I shall pursue limitation or reduction of
emissions of greenhouse gases not controlled by the Montreal Protocol from
aviation and marine bunker fuels, working through the International Civil Aviation
Organization and the International Maritime Organization, respectively.

3. The Parties included in Annex I shall strive to implement policies and
measures under this Article in such a way as to minimize adverse effects,
including the adverse effects of climate change, effects on international trade,
and social, environmental and economic impacts on other Parties, especially
developing country Parties and in particular those identified in Article 4,
paragraphs 8 and 9 of the Convention, taking into account Article 3 of the
Convention. The Conference of the Parties serving as the meeting of the Parties
to this Protocol may take further action, as appropriate, to promote the
implementation of the provisions of this paragraph.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol, if it decides that it would be beneficial to coordinate any of the
policies and measures in paragraph 1(a) above, taking into account different
national circumstances and potential effects, shall consider ways and means
to elaborate the coordination of such pblicies and measures.

Article 3

1. The Parties included in Annex I shall, individually or jointly, ensure that their
aggregate anthropogenic carbon dioxide equivalent emissions of the
greenhouse gases listed in Annex A do not exceed their assigned amounts,
calculated pursuant tO their quantified emission limitation and reduction
commitments inscribed in Annex B and in accordance with the provisions of
this Article, with a view to reducing their overall emissions of such gases by six
per cent below 1990 levels in the commitment period 2008 to 2012. !

2. Each Party included in Annex [ shall, by 2005, have made demonstrable
progress in achieving its commitments under this Protocol.

3. The net changes in greenhouse gas emissions from sources and removals

by sinks resulting from direct human-induced land-use change and forestry 1 N A0
activities, limited to afforestation, reforestation, and deforestation since 1990,
measured as verifiable changes in stocks in each commitment period shall be~"
used to meet the commitments in this Article of each Party included in Annex

I. The greenhouse gas emissions from sources and removals by sinks
associated with those activities shall be reported in a transparent and verifiable
manner and reviewed in accordance with Articles 7 and 8.

FA a 200y, 4 2

4. Prior to the first session of the Conference of the Parties serving as the

meeting of the Parties to this Protocol, each Party included in Annex [ shall

provide for consideration by the Subsidiary Body for Scientific and

Technological Advice data to establish its level of carbon stocks in 1990 and to )
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enable an estimate to be made of its changes in carbon stocks in subsequent
years. The Conference of the Parties serving as the meeting of the Parties to
this Protocol shall, at its first session or as soon as practicable thereafter,
decide upon modalities, rules and guidelines as to how and which additional
human-induced activities related to changes in greenhouse gas emissions and
removals in the agricultural soil and land-use change and forestry categortes,
shall be added to, or subtracted from, the assigned amount for Parties included
in Annex I, taking into account uncertainties, transparency in reporting,
verifiability, the methodological work of the Intergovernmental Panel on Climate
Change, the advice provided by the Subsidiary Body for Scientific and
Technological Advice in accordance with Article 5 and the decisions of the
Conference of the Parties. Such a decision shall apply in the second and
subsequent commitment periods.

S. The Parties included in Annex I undergoing the process of transition to 2
market economy whose base year or period was established pursuant to
decision 9/CP.2 of the Conference of the Parties at its second session, shall
use that base year or period for the implementation of their commitments under
this Article. Any other Party included in Annex [ undergoing the process of
transition to a market economy which has not yet submitted its first national
communication under Article 12 of the Convention may also notify the
Conference of the Parties serving as the meeting of the Parties to this Protocol
that it intends to use a historical base year or period other than 1990 for the
implementation of its commitments under this Article. The Conference of the
Parties serving as the meeting of the Parties to this Protocol shall decide on
the acceptance of such notification.

6. Taking into account Article 4, paragraph 6, of the Convention, in the
implementation of their commitments under this Protocol other than those in
this Article, a certain degree of flexibility shall be allowed by the Conference of
the Parties serving as the meeting of the Parties to this Protocol to the Parties
included in Annex I undergoing the process of transition to a market economy.

7. In the first quantified emission limitation and reduction commitment period,
from 2008 to 2012, the assigned amount foreactParty included i Annex I
shall be equal to the percentage inscribed for it in Annex B of its aggregate
anthropogenic carbon dioxide equivalent emissions of the greenhouse gases
listed in Annex A in 1990, or the base year or period determined in accordance
with paragraph 5 above, multiplied by five.

8. Any Party included in Annex I may use 1995 as its base year for
hydrofluorocarbons, perfluorocarbons and sulphur hexafluoride, for the purposes
of the calculation referred to in paragraph 7 above.

9. Commitments for subsequent periods for Parties included in Annex I shall be
established in amendments to Annex B to this Protocol, which shall be

adopted in accordance with the provisions of Article 21. The Conference of the
Parties serving as the meeting of the Parties to this Protocol shall initiate the
consideration of such commitments at least seven years before the end of the
first commitment period mentioned in paragraph 7 above.

10. For the purpose of meeting its commitments under this Article, any Party
included in Annex I may participate in emissions trading. The Conference of the
Parties shall define the relevant rules and gpidelm verification, reporting
and accountability. Such trading shall be supplemental to domestic actions for
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the purpose of meeting its commitments.

11. Any part of an assigned amount, or any emission reduction units, which a
Party acquires from another Party in accordance with the provisions of
paragraph 10 above or Article 6 shall be added to the assigned amount for that
Party.

12. Any part of an assigned amount, or any emission reduction units, which a
Party transfers to another Party in accordance with the provisions of paragraph
10 above or Article 6 shall be subtracted from the assigned amount for that
Party.

13. Any certified emission reductions which a Party acquires from another
Party in accordance with the provisions of Article 13 shall be added to the
assigned amount for that Party.

14. If the emissions of a Party included in Annex I during a commitment period
are less than its assigned amount under this Article, this difference shall, on
request of that Party, be added to the assigned amount for that Party for
subsequent commitment periods.

15. Each Party included in Annex I shall strive to implement the commutments
mentioned in paragraph |1 above in such a way as to minimize adverse social,
environment and economic impacts on developing country Parties, particularly
those identified in Article 4, paragraphs 8 and 9, of the Convention. In line with
relevant decisions of the Conference of the Parties on the implementation of
those paragraphs, the Conference of the Parties serving as the meeting of the
Parties to this Protocol shall, at its first session, consider what actions are
necessary to minimize the adverse effects of climate change and/or the
impacts of response measures on Parties referred to in those paragraphs.
Among the issues to be considered shall be the establishment of funding,
insurance and transfer of technology.

Article 4

1. Any Parties included in Annex [ that have agreed to jointly fulfil their
commitments under Article 3 shall be deemed to have met those commitments
provided that their total combined aggregate anthropogenic carbon dioxide
equivalent emissions of the greenhouse gases listed in Annex A do not exceed
their assigned amounts calculated pursuant to their quantified emission
limitation and reduction commitments inscribed in Annex B and in accordance:
with the provisions of Article 3. The respective emission level allocated to each
of the Parties to the agreement shall be set out in that agreement.

2. The Parties to any such agreement shall notify the secretaniat of the terms
of the agreement on the date of deposit of their instruments of ratification,
acceptance, approval or accession. The secretariat shall in turn inform the
Parties and signatories to the Convention of the terms of the agreement.

3. The agreement shall remain in operation for the duration of the commuitment
period specified in Article 3, paragraph 7.

4. If Parties acting jointly do so in the framework of, and together with, a
regional economic integration organization, any alteration in the composition of
the organization after adoption of this Protocol shall not affect existing
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commitments under this Protocol. Any alteration in the composition of the
organization shall only apply for the purpose of those commitments under
Article 3 that are adopted subsequent to that revision.

S. In the event of failure by the Parties to such an agreement to achieve their
total combined level of emission reductions, each Party to such an agreement
shall be responsible for its own level of emissions set out in the agreement.

6. If Parties acting jointly do so in the framework of, and together with, a
regional economic integration organization which is itself a Party to this
Protocol, each member State of that regional economic integration organization
individually, and together with the regional economic integration organization
acting in accordance with Article 24, shall, in the event of failure to achieve the
. total combined level of emission reductions, be responsible for its level of
emissions as notified in accordance with this Article.

Article 5

1. Each Party included in Annex [ shall have in place, no later than one year
prior to the start of the first commitment period, a national system for the
estimation of anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol. Guidelines for such
national systems, which shall incorporate the methodologies specified in
paragraph 2 below, shall be decided upon by the Conference of the Parties
serving as the meeting of the Parties to his Protocol at is first session.

2. Methodologies for estimating anthropologic emissions by sources and
removals by sinks of all greenhouse gases not controlled by the Montreal
Protocol shall be those be those accepted by the Intergovernmental Panel on
Climate Change and agreed upon by the Conference of the Parties at its third
session. Where such methodologies are not used, appropriate adjustments
shall be applied according to methodologies agreed upon by the Conference of
the Parties serving as the meeting of the Parties to this Protocol at its first
session. Based on the work of, inter alia, the Intergovernmental Panel on
Climate Change and advice provided by the Subsidiary Body for Scientific and
Technological Advice, the Conference of the Parties serving as the meeting of
the parties to this Protocol shall regularly review and, as appropriate, revise
such methodologies and adjustments, taking fully into account any relevant
decisions by the Conference of the Parties. Any revision to methodologies or
adjustments shall be used only for the purposes of ascertaining compliance
with commitments under Article 3 in respect of any commitment period
adopted subsequent to that revision

3. The global warming potentials used to calculate the carbon dioxide
equivalence of anthiropogenic emissions by sources and remiovals by sinks of
greenhouse gases not controlled by the Montreal Protocol listed in Annex A
shall be those accepted by the Intergovernmental Panel on Climate Change
and agreed upﬁmm third session. Based
on the work of, inter alia, the Intergovernmental Panel on Climate Change and
advice provided by the Subsidiary Body for Scientific and Technological Advice,
the Conference of the Parties serving as the meeting of the Parties to this
Protocol shall regularly review and, as appropriate, revise the global warming
potential of each greenhouse gas, taking fully into account any relevant
decisions by the Conference of the Parties. Any revision to a global warming
potential shall apply only to those commitments under Article 3 in respect of
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any commitment period adopted subsequent to that revision.

Article 6

1. For the purpose of meeting its commitments under Article 3, any Party

included in Annex I may transfer to, or acquire from, any other such Party
emission reduction units Tesulting fYom projects amned at reducing
anthropogenic emissions by so or enhancing anthropogenic removals by sinks
of greenhouse gases in any sector of the economy, provided that:

(a) Any such project has the approval of the Parties involved,;

(b) Any such project provides a reduction in emissions by sources, or an
enhancement of removals by sinks, that is wal to any that would
otherwise occur, T

(c) It does not acquire any emission reduction units if it is not in compliance
with its obligations under Articles 5 and 7; and

-~

(d) The acquisition of omission reduction units shall be supplemental to
domestic actions for the purposes of meeting commitments under Acticle 3.

2. The Conference of the Parties serving as the meeting of the Parties to this
Protocol may, at its first session or as soon as practicable thereafter, further
elaborate guidelines for the implementation of this Article for verification and
reporting.

3. A Party included in Annex [ may authorize legal entities to participate, under
its responsibility, in actions leading to the generation, transfer or acquisition of
this Article of emission reduction units.

4. If a question of implementation by a Party included in Annex I of the
requirements referred to in this paragraph is identified in accordance with the
relevant provisions of Article 8, transfers and acquisitions of emission reduction
units may continue to be made after the question has been identified, provided
that any such units may not be used by a Party to meet its commitments

under Article 3 until any issue of compliance is resolved.

Article 7

1. Each Party included in Annex I shall incorporate in its annual inventory of
anthropogenic emissions by sources and removals by sinks of greenhouse

gases not controlled by the Montreal Protocol, submitted in accordance with

the relevant decisions of the Conference of the Parties, the necessary
supplementary information for the purposes of ensuring compliance with Article
3, to be determined in accordance with paragraph 4 below.

2. Each Party included in Annex I shall incorporate in its national
communication, submitted under Article 12 of the Convention, the
supplementary information necessary to demonstrate compliance with its
commitments under this Protocol, to be determined in accordance with
paragraph 4 below.

3. Each Party included in Annex I shall submit the information required under
paragraph [ above annually, beginning with the first inventory due under the




Convention for the first year of the commitment peniod after this Protocol has
entered into force for it. Each such Party shall submit the information required
under paragraph 2 above as part of the first national communication due under
the Convention after this Protocol has entered into force for it and after the
adoption of guidelines as provided for in paragraph 4 below. The frequency of
subsequent submission of information required under this Article shall be
detérmined by the Conference of the Parties serving as the meeting of the
Parties to this Protocol, taking into account any timetable for the submission of
national communications decided upon by the Conference of the Parties.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall adopt at its first session, and review periodically thereafter,
guidelines for the preparation of the information required under this Article,
taking into account guidelines for the preparation of national communications
by Parties included in Annex I adopted by the Conference of the Parties. The
Conference of the Parties serving as the meeting of the Parties to this Protocol
shall also, prior to the first commitment pericd, decide upon modalities for the
accounting of assigned amounts.

Article 8

1. The information submitted under Article 7 by each Party included in Annex [
shall be reviewed by expert review teams pursuant to the relevant decisions of
the Conference of the Parties serving as the meeting of the Parties to this _
Protocol under paragraph 4 below. The information submitted under Article 7,
paragraph 1, by each Party included in Annex [ shall be reviewed as part of the
annual compilation and accounting of emissions inventories and assigned
amounts. Additionally, the information submitted under Article 7, paragraph 2,
by each Party included in Annex I shall be reviewed as part of the review of
communications.

2. Expert review teams shall be coordinated by the secretariat and shall be
composed of experts selected from those nominated by Parties to the
Convention and, as appropriate, by intergovernmental organizations, in
accordance with guidance provided for this purpose by the Conference of the
Parties. —_

3. The review process shall provide a thorough and comprehensive technical
assessment of all aspects of the implementation by a Party of this protocol.

The expert review teams shall prepare a report to the Conference of the Parties
serving as the meeting of the Parties to this Protocol, assessing the
implementation of the commitments of the Party and identifying any potential
problems in, and factors influencing, the fulfilment of commitments. Such
reports shall be circulated by the secretariat to all Parties to the Convention.
The secretariat shall list those questions of implementation indicated in such
reports for further consideration by the Conference of the Parties serving as the
meeting of the Parties to this Protocol.

4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall adopt at its first session, and review periodically thereafter,
guidelines for the review of implementation by expert review teams taking into
account the relevant decisions of the Conference of the Parties.

5. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, with the assistance of the Subsidiary Body for Implementation
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and, as appropriate, the Subsidiary Body for Scienufic and Technological
Adwvice, consider:

(a) The mnformation submitted by the Parties under Article 7 and the reports of
the expert reviews thereon conducted under this Article; and

(b) Those questions of implementation listed by the secretariat under paragraph
3 above, a well as any questions raised by Parties.

6. Pursuant to its consideration of the information referred to in paragraph 5
above, the Conference of the Parties serving as the meeting of the Parties to
this Protocol shall take decisions on any matter required for the
implementation of this Protocol.

Article 9

1. Any signatory or Party to this Protocol not included in Annex I may, at any
time, notily e Depositary that it has opted to be bound by this Article. The
Depositary shall inform the other signatories and Parties of any such
notification,

2. Such notification, supported by an inventory of emissions of greenhouse
gases not controlled by the Montreal Protocol, including for the historical base
year or period chosen under subparagraph () below, and a projection of future
emissions, shall include a formal declaration on the folldwing points:

(a) Its chosen historical base year or period for the implementation of

subparagraph (b) below amt—
graph (o)

(b) The level of limitation or reduction of anthropogenic emissions of
greenhouse gases [isted il ATMEXA, as a basket, it is ready to undertake.

3. Where a notification has been made pursuant to paragraphs 1 and 2 above,
the secretariat shall include it in the agenda for the following session of the
Conference of the Parties serving as the meeting of the Parties to this Protocol
which shall decide on the acceptance of such notification.

4. After its acceptance by the Conference of the Parties serving as the meet'ing
of the Parties to this Protocol, a notification by a signatory shall enter into force
on the date of entry into force of this Protocol for that State, and a notification
by a Party to this Protocol shall enter into force on the ninetieth day after the

. acceptance of such notification. The commitment under paragraph 2(b) above

of Parties acting under this Article shall be inscribed in Annex B.

Article 10

1. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall periodically review this Protocol in the light of the best available

‘scientific information and assessments on climate change and its impacts, as

well as relevant technical, social and economic information. Such reviews shall
be coordinated with pertinent reviews under the Convention, in particular those
required by Article 4, paragraph 2(d), and Article 7, paragraph 2(a), of the
Convention. Based on these reviews, the Conference of the Parties serving as
the meeting of the Parties to this Protocol shall take appropriate action.
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2. The first review shall take place at the second session of the Conference of
the Parties serving as the meeting of the Parties to this Protocol. Further
reviews shall take place at regular intervals and in a timely manner.

Article 11

All Parties, taking into account their common but differentiated responsibilities
and their specific national and regional development priorities, objectives and
circumstances, without introducing any new commitments for Parties not
included in Annex I, but reaffirming existing commitments in Article 4,
paragraph 1, of the Convention, and continuing to advance the implementation
of these commitments in order to achieve sustainable development, taking into
account Article 4, paragraphs 3, 5 and 7, of the Convention, shall:

(a) Formulate, where relevant and to the extent possible, cost-effective national,
and where appropnate regional programmes to improve the quality of local
errussion factors, activity data and/or models which reflect the socio-economic
conditions of each Party for the preparation and periodic updating of national
inventories of anthropogenic emissions by sources and removals by sinks of all
greenhouse gases not controlled by the Montreal Protocol, using comparable
methodologies to be agreed upon by the Conference of the Parties, and
conststent with the guidelines for national communications adopted by the
Conference of the Parties;

Alternative A

(b) Formulate, implement, publish and regularly update national and, where
appropriate, regional programmes containing measures to mitigate climate
change and measures to facilitate adequate adaptation to climate change;,

(1) The programmes containing measures shall, inter alia, and to the extent
possible and relevant, remove obstacles to the limitation or the abatement of
increase of anthropogenic emissions by sources and to the enhancement of
removals by sinks, enhance energy efficiency, emphasize market-oriented
pricing, as appropriate encourage reforms in the energy sector and regulatory
regimes, increase the use of renewable energy, make improvements in the
transport and industrial sectors, promote the development and sustainable
management of greenhouse gas sinks and reservoirs, improve the integrati'on of
climate change considerations into the agriculture and waste management
sectors, promote voluntary arrangements with industry, and generally take
actions to address climate change that, in the context of their national
priorities, objectives and circumstances, are economically justified and can
help address other environmental problems; and

(i) The programmes containing measures shall, inter alia, and to the extent
possible and relevant, deploy adaptation technologies and know-how, develop
and implement integrated mountain area plans, develop and implement
integrated coastal zone management plans, develop research on impacts of|
and adaptation to, climate change, develop and implement related technical
capacity building and awareness raising measures promote sustainable
management plans for the conservation and enhancement of sinks and
reservoirs and ecosystems and develop and implement plans for water
resources and agriculture, particularly for countries affected by drought and
desertification;




Alternative B

(b) Each developed country Party and each other developed Party included in
Annex II to the Convention shall incorporate into its national programmes the
quantified emission limitation and reduction objectives and related policies and
measures under this Protocol, including details of measures undertaken by
them to promote, facilitate and finance transfer of technology, provide new and
additional financial resources and assist in meeting costs of adaptation in
developing countries. Each developing country Party shall seek to include in its
national communication, as appropriate, information on programmes which
contain rneasures that the Party believes contribute to addressing climate
change and its adverse impacts, including the abatement of increase in
greenhouse gas emissions, and enhancement of and removals by sinks,
capacity building and adaptation measures;

(c) Cooperate in the promotion of effective modalities for the development,
application and diffusion of, and take all practicable steps to promote, facilitate
and finance, as appropriate, the transfer of, or access to, environmentally

sound technologies, know-how, practices and processes pertinent to climate
change, in particular to developing countries, including the formulation of
policies and programmes for the effective transfer of environmentally sound
technologies that are publicly owned or in the public domain and the creation of
an enabling environment for the private sector, to promote and enhance access
to, and transfer of, environmentally sound technologies;

(d) Cooperate in scientific and technical research and promote the
maintenance and the development of systematic observation systems and
development of data archives to reduce uncertainties related to the climate
system, the adverse impacts of climate change and the economic and social
consequences of various response strategies, and promote the development
and strengthening of endogenous capacities and capabilities to participate in
international and intergovernmental efforts, programmes and networks on
research and systematic observation, taking into account Article 5 of the
Convention;

(c) Cooperate in and promote at the international level, and, where appropriate,
using existing bodies, the development and implementation of education and
training programmes, including the strengthening of national capacity building,
in particular human and institutional capacities and the exchange or
secondment of personnel to train experts in this field, in particular for
developing countries, and facilitate at the national level public awareness and
public access to information on climate change. Suitable modalities should be
developed to implement these activities through the relevant bodies of the
Convention taking into account Article 6 of the Convention;

(f) Include in their national communications information on programmes and
activities undertaken pursuant to this Article in accordance with relevant

decisions of the Conference of the Parties; and

(g) Give full consideration, in implementing the commitments in this Article, to
Article 4, paragraph 8, of the Convention.

Article 12

1. In the implementation of Article 11, Parties shall take into account the
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provisions of Article 4, paragraphs 4, 5,7, 8 and 9 of the Convention.

2. In the context of the implementation of Article 4, paragraph 1, of the
Convention, in accordance with the provisions of Article 4, paragraph 3, and
Article 11 of the Convention, and through the operating entity or entities of the
financial mechanism of the Convention, the developed country Parties and
other developed Parties included in Annex II to the Convention shail:

(a) Provide new and additional financial resources to meet the agreed full costs

incufted-by developing country Parties in advancing the implementation of
ex{sting commitments under Atticle 4, paragraph 1(a), of the Convention that

are covered in Article 11, subparagraph (a); and

(b) Also provide such financial resources, including for the transfer of
technology, needed by the developing country Parties to meet the agreed full
incremental costs of advancing the implementation of existing commitments in
Article 4, paragraph 1, of the Convention that are covered by Article 11 and that
are agreed between a developing country Party and the international entity or
entities referred to in Article 11 of the Convention, in accordance with that
Article,

The implementation of these existing commutments shall take into account the
need for adequacy and predictability in the flow of funds and the importance of
appropriate burden sharing among developed country Parties. The guidance to
the financial mechanism of the Convention in relevant decisions of the
Conference of the Parties, including those agreed before the adoption of this
Protocol, shall apply mutatis mutandis to the provisions of this paragraph.

3. The developed country Parties and other developed Parties in Annex II to the
Convention may also provide, and developing country Parties avail themselves
of, financial resources for the implementation of Article 11, through bilateral,

regional and other multilateral channels.

Article 13

1. A clean development mechanism is hereby defined.

2. The purpose of the clean development mechanism shall be to assist Parfles
not included in Annex I in achieving sustainable development and in
contributing to the ultimate objective of the Convention, and to assist Parties
included in Annex [ in achieving compliance with their quantified emission
limitation and reduction commitments under Article 3.

3. Under the clean development mechanism:

(a) Parties not included in Annex I will benefit from project activities resulting in
certified emission reductions; and

(b) Parties included in Annex [ may use the certified emission reductions
accruing from such project activities to contribute to compliance with part of

as determined by the Conference of the Parties serving as the meeting of the
Parties to this Protocol.

4. The clean development mechanism shall be subject to the authority and



guidance of the Conference of the Parties serving as the meeting of the Parties
to this Protocol and be supervised by an executive board of the Parties.

5. Emission reductions resulting from each project activity shall be certified by
operational entities to be designated by the Conference of the Parties serving
as the meeting of the Parties to this Protocol, on the basis of:

(a) Voluntary participation approved by each Party involved,

(b) Real, measurable, and long-term benefits related to the mitigation of climate
change; and

(c) Reductions in emissions that are additional to any that would occur in the
absence of the certified project activity.

6. The clean development mechanism shall assist in arranging funding of
certified project activities as necessary.

7. The Conference of Parties serving as the meeting of the Parties to this
Protocol shall, at its first session, elaborate modalities and procedures with the
objective of ensuring transparency, efficiency and accountability through
independent auditing and verification of project activities.

8. A share of the proceeds from certified project activities shall be used to
cover administrative expenses as well as assist developing country Parties that
are particularly vulnerable to the adverse effects of climate change to meet the
costs of adaptation.

9. Participation under the clean development mechanism, including in activities
mentioned in paragraph 3(a) above and acquisition of certified emission
reductions, may involve private and/or public entities, and is to be subject to
whatever guidance may be provided by the executive board of the clean
development mechanism.

_10. Certified emission reductions obtained during the period from the year 2000
up to the beginning of the first commitment period can be used to assist in
achieving compliance in the first commitment period. _

Article 14

1. The Conference of the Parties, the supreme body of the Convention, shall
Serve as the meeting of the Parties to this Protocol.

2. Parties to the Convention that are not Parties to this Protocol may
participate as observers in the proceedings of any session of the Conference of
the Parties serving as the meeting of the Parties to this Protocol. When the
Conference of the Parties serves as the meeting of the Parties to this Protocol,
decisions under this Protocol shall be taken only by those that are Parties to

1t

3. When the Conference of the Parties serves as the meeting of the Parties to
this Protocol, any member of the Bureau of the Conference of the Parties
representing a Party to the Convention but, at that time, not a Party to this
Protocol, shall be substituted by an additional member to be elected by and
from amongst the Parties to this Protocol.




4. The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall keep under regular review the implementation of this Protocol
and shall make, within its mandate, the decisions necessary to promote its
effective implementation. It shall perform the functions assigned to it by this
Protocol and shall:

(a) Assess, on the basis of all information made available to it in accordance
with the provisions of this Protocol, the implementation of this Protocol by the
Parties, the overall effects of the measures taken pursuant to this Protocol, in
particular environmental, economic and social effects as well as their
cumulative impacts and the extent to which progress towards the objective of
the Convention is being achieved;

(b) Periodically examine the obligations of the Parties under this Protocol,
giving due consideration to any reviews required by Article 4, paragraph 2(d),
and Article 7, paragraph 2, of the Convention, in the light of the objective of the
Convention, the experience gained in its implementation and the evolution of
scientific and technological knowledge, and in this respect consider and adopt
regular reports on the implementation of this Protocol;

(c) Promote and facilitate the exchange of information on measures adopted by
the Parties to address climate change and its effects, taking into account the
differing circumstances, responsibilities and capabilities of the Parties and their
respective commitments under this Protocol,

(d) Facilitate, at the request of two or more Parties, the coordination of
measures adopted by them to address climate change and its effects, taking
into account the differing circumstances, responsibilities and capabilities of the
Parties and their respective commitments under this Protocol,

(e) Promote and guide, in accordance with the objective of the Convention and
the provisions of this Protocol, and taking fully into account the relevant
decisions by the Conference of the Parties, the development and periodic
refinement of comparable methodologies for the effective implementation of this
Protocol, to be agreed on by the Conference of the Parties serving as the
meeting of the Parties to this Protocol; -

(f) Make recommendations on any matters necessary for the implcmentatiq'h of
this Protocol;

(g) Seek to mobilize additional financial resources in accordance with Article
12, paragraph 2;

(h) Establish such subsidiary bodies as are deemed necessary for the
implementation of this Protocol,

(1) Seek and utilize, where appropriate, the services and cooperation of, and
information provided by, competent international organizations and
intergovernmental and non-governmental bodies; and

(3) Exercise such other functions as may be required for the implementation of
this Protocol, and consider any assignment resulting from a decision by the

Conference of the Parties.

5. The rules of procedure of the Conference of the Parties and financial




procedures of the Convention shall be applied mutaus mutandis under this
Protocol, except as may be otherwise decided by consensus by the
Conference of the Parties serving as the meeting of the Parties to this Protocol.

6. The first session of the Conference of the Parties serving as the meeting of
the Parties to this Protocol shall be convened by the secretariat in conjunction
with the first session of the Conference of the Parties that is scheduled after
the date of the entry into force of this Protocol. Subsequent ordinary sessions
of the Conference of the Parties serving as the meeting of the Parties to this
Protocol shall be held every year and in conjunction with ordinary sessions of
the Conference of the Parties unless otherwise decided by the Conference of
the Parties serving as the meeting of the Parties to this Protocol.

7. Extraordinary sessions of the Conference of the Parties serving as the
meeting of the Parties to this Protocol shall be held at such other times as
may be deemed necessary by the Conference of the Parties serving as the
meeting of the Parties to this Protocol, or at the written request of any Party,
provided that, within six months of the request being communicated to the
Parties by the secretariat, it is supported by at least one third of the Parties.

8. The United Nations, its specialized agencies and the International Atomic
Energy Agency, as well as any State member thereof of observers thereto not
party to the Convention, may be represented at sessions of the Conference of
the Parties serving as the meeting of the Parties to this Protocol as observers.
Any body or agency, whether national or international, governmental or
non-governmental, which is qualified in matters covered by this Protocol and
which has informed the secretariat of its wish to be represented at a session of
the Conference of the Parties serving as the meeting of the Parties to this
Protocol as an observer, may be so admitted unless at least one third of the
Parties present object. The admission and participation of observers shall be
subject to the rules of procedure, as referred to in paragraph 5 above.

Article 15

1. The secretariat established by Article 8 of the Convention shall serve as the
secretariat of this Protocol. S
2. Article 8, paragraph 2, of the Convention on the functions of the secretariat,
and Article 8, paragraph 3, of the Convention on arrangements made for the
functioning of the secretariat, shall apply mutatis mutandis to this Protocol.
The secretariat shall, in addition, exercise the functions assigned to it under
this Protocol.

Article 16

1. The Subsidiary Body for Scientific and Technological Advice and the
Subsidiary Body for Implementation established by Articles 9 and 10 of the
Convention shall serve as, respectively, the Subsidiary Body for Scientific and
Technologial Advice and the Subsidiary Body for Implementation of this
Protocol. The provisions relating to the functioning of these two bodies under
the Convention shall apply mutatis mutandis to this Protocol. Sessions of the
meetings of the Subsidiary Body for Scientific and Technological Advice and
the Subsidiary Body for Implementation of this Protocol shall be held in
conjunction with the meetings of, respectively, the Subsidiary Body for
Scientific and Technological Advice and the Subsidiary Body for



Implementation of this Convention.

2. Parties to the Convention that are not Parties to this Protocol may
participate as observers in the proceedings of any session of the subsidiary
bodies. When the subsidiary bodies serve as the subsidiary bodies of this
Protocol, decisions under this Protocol shall be taken only by the Parties to
this Protocol.

3. When the subsidiary bodies established by Articles 9 and 10 of the
Convention exercise their functions with regard to ratters concering this
Protocol, any member of the Bureaux of those subsidiary bodies representing a
Party to the Convention but, at that time, not a party to this Protocol, shall be
substituted by an additional member to be elected by and from amongst the
Parties to this Protocol.

Article 17

The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall, as soon as practicable, consider the application to this Protccol
of, and modify as appropriate, the multilateral consultative process referred to
in Article 13 of the Convention, in the light of any relevant decisions that may
be taken by the Conference of the Parties. Any multilateral consultative
process that may be applied to this Protocol shail operate without prejudice to
the procedures and mechanisms established in accordance with Article 18.

Article 18

The Conference of the Parties serving as the meeting of the Parties to this
Protocal shall, at its first session, approve appropriate and effective procedures
and mechanisms to determine and to address cases of non-compliance with

the provisions of this Protocol, including through the development of an
indicative list of consequences, taking into account the cause, type, degree

and frequency of non-compliance. Any procedures and mechanisms under this
Article entailing binding consequences shall be adopted by means of an
amendment to this Protocol.

Article 19 ;
The provision of Article 14 of the Convention on settlement of disputes shall
apply mutatis mutandis to this Protocol.

Article 20
1. Any party may propose amendments to this Protocol.

2. Amendments to this Protocol shall be adopted at an ordinary session of the
Conference of the Parties serving as the meeting of the Parties to this Protocol.
The text of any proposed amendment to this Protocol shall be communicated
to the Parties by the secretariat at least six months before the meeting at
which it is proposed for adoption. The secretariat shall also communicate the
text of any proposed amendments to the Parties and signatories to the
Convention and, for information, to the Depositary.

3. The Parties shall make every effort to reach agreement on any proposed
amendment to this Protocol by consensus. If all efforts at consensus have




been exhausted, and no agreement reached, the amendment shall as a last
resort be adopted by a three-fourths majority vote of the Parties present and
voting at the meeting. The adopted amendment shall be communicated by the
secretariat to the Depositary, who shall circulate it to all Parties for their
acceptance.

4. Instruments of acceptance in respect of an amendment shall be deposited
with the Depositary. An amendment adopted in accordance with paragraph 3
above shall enter into force for those Parties having accepted it on the ninetieth
day after the date of receipt by the Depositary of an instrument of acceptance
by at least three fourths of the Parties to this Protocol.

5. The amendment shall enter into force for any other Party on the ninetieth
day after the date on which that Party deposits with the Depositary its
instrument of acceptance of the said amendment.

Article 21

1. Annexes to this Protocol shall form an integral part thereof and, unless
otherwise expressly provided, a reference to this Protocol constitutes at the
same time a reference to any annexes thereto. Any annexes adopted after the
entry into force of this Protocol shall be restricted to lists, forms and any other
material of a descriptive nature that is of a scientific, technical, procedural or
administrative character.

2. Any Party may make proposals for an annex to this Protocol and may
propose amendments to annexes to this Protocol.

3. Annexes to this Protocol and amendments to annexes to this Protoco! shall
be adopted at an ordinary session of the Conference of the Parties serving as
the meeting of the Parties to this Protocol. The text of any proposed annex or
amendment to an annex shall be communicated to the Parties by the
secretariat at least six months before the meeting at which it is proposed for
adoption. The secretariat shall also communicate the text of any proposed
annex or amendment to an anneXx to the Parties and signatories to the
Convention and, for information, to the Depositary.

4. The Parties shall make every effort to reach agreement on any proposcd:

. annex or amendment to an annex by consensus. If all efforts at consensus
have been exhausted, and no agreement reached, the annex or amendment to
an annex shall as a last resort be adopted by a three-fourths majority vote of
the Parties present and voting at the meeting. The adopted annex or
amendment to an annex shall be communicated by the secretariat to the
Depositary, who shall circulate it to all Parties for their acceptance.

5. An annex, other than Annex A or B, that has been adopted or amended in
accordance with paragraphs 3 and 4 above shall enter into force for all Parties

to this Protocol six months after the date of the communication by the
Depositary to such Parties of the adoption or amendment of the annex, except
for those Parties that have notified the Depositary in writing within that period of
their non-acceptance of the annex or amendment to the annex. The annex or
amendment to an annex shall enter into force for Parties which withdraw their
notification of non-acceptance on the ninetieth day after the date on which
withdrawal of such notification has been received by the Depositary.
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6. If the adoption of an annex or an amendment to an annex involves an
amendment to this Protocol, that annex or amendment to an annex shall not
enter into force until such time as the amendment to this Protocol enters into
force.

7. Amendments to Annexes A and B to this Protocol shall be adopted and
enter into force in accordance with the procedure set out in Article 20, provided
that any amendments to Annex B shall be adopted only with the written
consent of the Party concerned. '

Article 22
1. Each Party shall have one vote, except as provided for in Paragraph 2 below.

2. Regional economic integration organizations, in matters within thetr
competence, shall exercise their right to vote with a number of votes equal to
the number of their member States which are Parties to this Protocol. Such an
organization shall not exercise its right to vote if any of its member States
exercises its right, and vice versa.

Article 23

The Secretary-Generl! of the United Nations shall be the Depositary of this
Protocol.

Article 24

1. This Protocol shall be open for signature and subject to ratification,
acceptance or approval by States and regional economic integration
organizations which are Parties to the Convention. It shall be open for signature
at United Nations Headquarters in New York from 16 March 1998 to 15 March
1999. This Protocol shall be open for accession from the day after the date on
which it is closed for signature. Instruments of ratification, acceptance,
approval or accession shall be deposited with the Depositary.

2. Any regional economic integration organization which-becomes a Party to
this Protocol without any of its member States being a Party shall be bound by
all the obligations under this Protocol. In the case of such organizations, ohe or
more of whose member States is a Party to this Protocol, the organization and
its member States shall decide on their respective responsibilities for the
performance of their obligations under this Protocol. In such cases, the
organization and the member States shall not be entitled to exercise rights
under this Protocol concurrently.

3. In their instruments of ratification, acceptance, approval or accession,
regional economic integration organizations shall declare the extent of their
competence with respect to the matters governed by this Protocol. These
organizations shall also inform the Depositary, who shall in turn inform the
Parties, of any substantial modification in the extent of their competence.

Article 25

1. this Protocol shall enter into force on the mnetieth day after the date on
which not less than 53 Parties to T Convention, incorporating Parties
included in Annex I which accounted in total for at least 55 per cent of the total

—_




carbon dioxide emissions for 1990 of the Parties included in Annex I, have
deposited their instruments of ratification, acceptance, approval or accession.
e
2. For the purposes of this Article, "the total carbon dioxide emissions for 1950
of the Parties included in Annex I" means the amount communicated on or
before the date of adoption of this Protocol by the Parties included in Annex I in
their first national communications submitted in accordance with Article 12 of
the Convention.

3. For each State or regional economic integration organization that ratifies,
accepts or approves this Protocol or accedes thereto after the conditions set

out in paragraph 1 above for the entry into force have been fulfilled, this Protocol
shall enter into force on the ninetieth day following the date of deposit of its
instrument of ratification, acceptance, approval or accession.

4. For the purposes of this Article, any instrument deposited by a regional
economic integration organization shall not be counted as additional to those
deposited by States members of the organization.

Article 26
No reservations may be made to this Protocol.

Article 27

1. At any time after three years from the date on which this Protocol has
entered into force for a Party, that Party may withdraw from this Protocol by
giving written notification to the Depositary.

2. Any such withdrawal shall take effect upon expiry of one year from the date
of receipt by the Depositary of the notification of withdrawal, o on such later
date as may be specified in the notification of withdrawal.

3. Any Party that withdraws from the Convention shall be considered as also
having withdrawn from this Protocol.

Article 28 ;
The original of this Protocol, of which the Arabic, Chinese, English, Frenc-h,
Russian and Spanish texts are equally authentic, shall be deposited with the
Secretary-General of the United Nations.

Done at Kyoto this tenth day of December one thousand nine hundred
and ninety-seven.

Annex A

Greenhouse gases
Carbon dioxide (CO2)
Methane (CH4)

Nitrous oxide (N20)



Hydrofluorocarbons (HECs)
Perfluorocarbons (PFCs)
Sulphur hexafluonide (SF6)
Sectors/source categories
Energy
Fue;l combustion
Energy industries
Manufacturing industries and construction
Transport
Other sectors
Other
Fugitive emissions from fuels
Solid fuels
Oil and natural gas
Other
Industrial processes
Mineral products
Chemical industry
Metal production
Other production
Production of halocarbons and sulphur hexafluoride
Consumption of halocarbons and sulphur hexafluoride
Other
Solvent and other product use
- Agriculture
Enteric fermentation
Manure management

Rice cultivation




Agrnicultural soils
Prescribed burning of savannas
Field bumning of agricultural residues
Other

Waste

Solid waste disposal on land

Wastewater handling

Waste incineration

Other

Annex B

Party Quantified emission
limitation or reduction
comrmitments (percentage change
from 1990)
Australia
(to be completed)
Austria
Belgium
Bulgana*
Canada
Croatia*
Czech Republic*
Denmark
Estonia*
European Community
Finland
France
Germany
Greece
Hungary*
Iceland
Ireland
[taly
Japan
Latvia*
Liechtenstein
Lithuania*
Luxembourg
Monaco
Netherlands
New Zealand
Norway
Poland*
Portgual
Romania*



Russian Federation*

Slovakia*

Slovenia*

Spain

Sweden

Switzerland

Ukraine*

United Kingdom of Great Britain and
Northern Ireland

United States of America

*Countries that are undergoing the process of transition to a market
economy.

Back to top
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Land use (land cover)

It should be bomne in mind that definitions used by reporting countries vary considerably and items
classified under the same category often relate to greatly differing kinds of land.

Definitions of land use (land cover) categories are as follows:

11 Total Area 1000ha:

the total area of the country, including area under inland water bodies. Data in this category are
obtained mainly from the United Nations Statistical Division, New York. Possible variations in

the data may be due to updating and revisions of the country data and not necessarily to any
change of area.

31 Land Area 1000ha:

total area excluding area under inland water bodies. The definition of inland water bodies
generally includes major rivers and lakes. Data in this category are obtained mainly from the
United Nations Statistical Division, New York. Possible variations in the data may be due to
updating and revisions of the country data and not necessarily to any change of area.

51 Agricultural Area 1000ha:
up to 1994, this element shows total of data under Elements 061 (Arable land and Permanent
crops) and 131 (Permanent pastures).

61 Arable and Permanent Crops 1000ha:
Arable land and land under permanent crops shows the total of data in Elements 071 (Arable land)
and 121 (Permanent crops).

71 Arable Land 1000ha:

land under temporary crops (double-cropped areas are counted only once), temporary meadows
for mowing or pasture, land under market and kitchen gardens and land temporarily fallow (less
than five years). The abandoned land resulting from shifting cultivation is not included in this

category. Data for "Arable land" are not meant to indicate the amount of land that is potentially
cultivable. ’

121 Permanent Crops 1000ha:

land cultivated with crops that occupy the land for long periods and need not be replanted-after-
each harvest, such as cocoa, coffee and rubber; this category includes land under flowering shrubs,
fruit trees, nut trees and vines, but excludes land under trees grown for wood or timber.

131 Permanent Pasture 1000ha:
land used permanently (five years or more) for herbaceous forage crops, either cultivated or
growing wild (wild prairie or grazing land). The dividing line between this category and the
category "Forests and woodland"; is rather indefinite, especially in the case of shrubs, savannah,

etc., which may have been reported under either of these two categories. In the year 1995 and
onward there will be no data for this element.
141 Forests and Woodland 1000ha:

land under natural or planted stands of trees, whether productive or not. This category includes
land from which forests have been cleared but that will be reforested in the foreseeable future, but
it excludes woodland or forest used only for recreation purposes. The question of shrub land,
savannah, etc. raises the same problem as in the category "Permanent meadows and pastures”. In
the year 1995 and onward there will be no data for this element.

181 All Other Land 1000ha:

up to 1994, this category includes any other land not specifically listed under elements 051



(Agricultural land) and 141 (Forests and Woodland). This element includes: built-
barren land, etc. for which no specific data are available.

191 Non arable and permanent crops 1000ha:
from 1995 this element includes any other land not specifically listed under elements 061 (Arable

land and Permanent crops) i.e.: permarnent pastures, forests and woodland, built on areas, roads,
barren lands, etc. '

On areas, roads,

LAND USE COUNTRY NOTES
The following are specific country notes pertaining to land-use (land-cover) categories:
Australia: Data on arable land include about 27 million hectares of cultivated grassland.
Greenland: "Total area" refers to area free from ice.

Mauritius: Data on total area exclude dependencies.

Russian Federation: Data on total area exclude the portion of land under the White Sea and the Azov
Sea.

Switzerland: Data from 1992, with the exception of "Total area" are not comparable with those of the
previous years because of a new statistical method recently applied by the country.

Ukraine: Data on total area exclude the portion of land under the Azov Sea.

USSR: Data on total area include the White Sea (9 million hec tares) and the Azov Sea (3.73 million
hectares). Data on arable land and land under permanent crops and on permanent meadows and pastures
refer to the land being used by agricul tural undertakings and farms, i.e. excluding State land reserves
and areas belonging to nonagricultural undertakings.

Irrigation

051 Irrigated Area 1000ha:

Data on irrigation relate to areas equipped to provide water to the crops. These include areas

equipped for full and partial control irrigation, spate irrigation areas, and equipped wetland or
inland valley bottoms. -

’

The following are specific country notes:

Cuba: Data refer to State sector only.

Hungary: Data exclude complementary farm plots and individual farms.

Japan; Korea, Republic of; Sri Lanka: Data refer to irrigated rice only.

GENERAL COUNTRY NOTES

Anguilla

Data for Anguilla are included with those of Saint Kitts and Nevis.
China :
Data for China generally include those for Taiwan (Province of China).
Cyprus

As a result of the present situation in Cyprus, data refer to the governmentcontrolled area only,
except for total area and Population where data refer to all Cyprus.



Czech Republic, Slovakia :
Starting in 1993, these independent republics, formerly Czecho slovakia, are shown separately.
East Timor
Most data for recent years are included in those of Indonesia.
Eritrea, Ethiopia
Starting in 1993, Eritrea and Ethiopia, formerly Ethiopia PDR, are shown separately.
Independent republics of the USSR
Starting in 1992, the independent republics Armenia, Azerbaijan, Georgia, Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan are shown separately in Asia, while
Belarus, Estonia, Latvia, Lithuania, Moldova, the Russian Federation and Ukraine are shown

separately in Europe. However, they are not included in the continental totals. Data before 1992
are shown under USSR.

Independent republics of Yugoslavia SFR
Starting in 1992, the independent republics Bosnia and Herzegovina, Croatia, the former Yugoslav
Republic of Macedonia, Slovenia, and the Federal Republic of Yugoslavia (Serbia and

Montenegro) are shown separately. Data for the years prior to 1992 are shown under Yugoslavia
SFR. '

India and Pakistan
Data relating to KashmirJammu, whose final status has not yet been determined, are generally

included under India and excluded from figures for Pakistan. Data for Sikkim are included under
India.

Pacific Islands

This heading includes data for the Republic of the Marshall Islands, the Commonwealth of the

Northern Mariana Islands, the Federated States of Micronesia and the Republic of Palau.
Saint Helena

Data for Saint Helena include those for Ascension and Tristan da Cunha.
Yemen

Data for the former Yemen Arab Republic and the former Yemen, Democratic, have been
combined.
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[B.NDAREA (1000HA)1L1990JFI991_ I 1992Jr 1993 ][ 1994 ]L 1995 ]
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spreadsheet software, then it will be started automatically when you download the file.
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CALIBRATION OF THE SECOND GENERATION MODEL

Methods and tools used to calibrate specific computable general equilibrium models (CGEMs)
have been extensively documented in recent years (e.g. Mansur and Whalley (1984), and Ballard
etal. (1985)). Many embodiments of CGEMs have sufficiently similar properties that relatively
standard techniques can be employed to implement them. When model design departs
substantially from the norm, existing methods must be extended and new methods developed.

The second generation model (SGM) is a CGEM which was designed specifically to address
issues associated with global change. As a consequence, the model embodies characters which
are novel and interesting. A theoretical description of the model is contained in Edmonds et al
(1993). Because the model must be capable of addressing major issues associated with both the
emission of radiatively important gases and the potential consequences of atmosphere/-climate
change, the model was designed to perform three tasks:

1. Provides estimates of environmentally important emissions associated with human
activities, '

2. Provides estimates of the consequences of global environmental change, with particular
emphasis on human activities, and

3. Provides estimates of the economic consequences of actions to mitigate and adapt to
global environmental change.

Further, the nature of the global change problem dictates that the SGM reflect the following
characteristics:

1. The issue is global, emissions from all sources in all regions of the world determine total
atmospheric change,

2. Anticipated changes in the greenhouse effect result from the emission of 2 number of
gases including: CO7, CHy, CO, N20, NOy, SO, VOCs, CECs, and CFC substitutes,

3. Many human activities are involved in both emissions and impacts including:
Agriculture and Forestry, Energy Production and Consumption, Transportation,
Manufacture, Services, Coastal Zone Settlement, Health Care,_Water Use, and Land Use,

4. Emissions and impacts depend upon multiple resources and technologies including:
Managed and Unmanaged Ecosystems, Capital Stocks, and Labor,

5. Emissions and impacts also depend on international trade patterns, and possibly,
migration patterns, '

6. Factors 3, 4, and 5 depend upon institutional arrangements,

- 7. Policy analysis requires both mid-term (5-year) and long-term (100 year) time horizons.

As a consequence, the SGM differs from other CGEMs in that it includes:
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an energy/agriculture focus;

a punty-clay vintaged representation of capital;
land as a factor of production;

depletable natural resources;

competition among technologies; and

sector- and subsector-level investment decisions.

A Sl

This paper provides a complete description of how the SGM was calibrated including the
methods and tools from existing literature which were applied and the calibration methods which
were developed to handle the unique features of the SGM. Iun addition, the important underlying
assumptions and procedures used to produce a data set consistent with the general theoretic
principles of the SGM are presented.

L CALIBRATION VS. MACROECONOMIC PRACTICE

An essential step in applying general equilibrium analysis is the construction of a benchmark data
set for the base year of simulation. Contrary to standard macroeconomic models, which are
estimated econometrically from time-series data, parameters for most computable general
equilibrium models (CGEMs) are not estimated with econometric techniques!. From a practical
standpoint, this can easily be explained by the number of parameters involved. More
importantly, however, is the absence of input-output time series data with satisfactory levels of
disaggregation which makes econometric estimations of some mode] parameters virtually
impossible. Although Chipman [1991] demonstrates that the number of observations does not
have to be greater than the number of parameters to be estimated in 2 CGEM, the number of
parameters requiring estimation within the SGM is too large for econometric estimation to be a
feasible option. This is largely due to the SGM's requirement of 6-digit input-output tables to
describe the economy in appropriate detail when, as is the case with the U.S,, such data
requirements are only published every 5 yearsZ. In addition to the problems of data availability,
parameters estimated econometrically over 5, 10, or 20 years can be questionable when used for
long-term projections3. As aresult of these data constraints, the method of calibration, described
as the process of choosing model parameters to exactly reproduce observations in a given base
year, is widely used by developers of CGEMs. ;
As with econometric estimation, calibration also has its limitations. The method of calibration
not only assumes that benchmark year data reflect an economy in equilibrium, it also assumes
that the benchmark equilibrium is representative of a "normal” growth path. Input-output tables’
and national accounts are well suited for use in general equilibrium analysis since they reflect an
economy where supply equals demand (including trade). Budget constraints for the government
and household sectors, however, are not explicitly reflected in input-output tables, thus requiring
some work to reconcile input-output observations with these constraints.

! The Jorgenson/Wilcoxen (1990] model is an exception to this rule.

? Chipman [1991] shows that to econometrically estimate a linear approximation of a CGEM with 10,000
parameters, a minimum of 8 years of quarterly observations (25 observations)-are required.

? Reliability, however, can be enhanced with the use of elasticities given by the literature and a
comprehensive sensitivity analysis.
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1. DATA REQUIREMENTS

The objective of calibration, as previously mentioned, is to choose model parameters so as to
exactly reproduce data observations in the chosen base year. Essentially, the calibration process
consists of translating available data into a problem-oriented data set which is used not only to
reproduce observations in the benchmark years, but also to make long-term projections. A set of
appropriate input-output tables (e.g., the 6-digit level 1982 benchmark tables for the US,
published by the US Department of Commerce), and the national accounts are the basis for the
calibration of the SGM. Other data sources include: 1) time series data on gross capital stocks
and discards for each major industry and service, 2) energy data, and 3) input-output tables and
national accounts for 1985, the actual benchmark year of the model. Key-parameters, such as
elasticities of substitution in production, and income and price elasticities of final demand
sectors, were obtained from exisung literature.

O.a, I;lhtermediate Production

In order to acquire the model parameters necessary to estimate intermediate production by SGM
industry, data are required on the use of factors by industry, and input-output transactions. The
"use” and "make" tables of the input-output accounts published by the Bureau of Economic
Analysis (Department of Commerce, BEA 1982) provide the necessary data on factor
requirements, value-added, and final demand to develop most of these model parameters. The
"use” table provides the value of (1) each industry's consumption of commodites as factors of
production, (2) each industry's value-added components (i.e., labor expenditures, indirect
business taxes, and other value-added components), and (3) final demands for commodities.

Each column in the interindustry portion of the "use” table describes production within a specific
industry while the row values pertain to the amount consumed of each commodity as input to the
industry’s production process. Therefore, the "use" table dimensions of commodity-by-industry.
Because of joint production (i.e., muldple commodities produced in a single industry), output by
industry is different than output by commodity; hence, row sums do not equal column sums in the
"use” table. This presents a problem when using these data to calibrate’ production functions
within a CGE modeling framework where single commodity production is assumed.

In order 10 produce an "use” table where row sums equal column sums, the construction of a
commodity-by-commodity or industry-by-industry "use” table is required. A commodity-by-
commodity table was constructed for the SGM since the units of output pertain to actual
commodity units and not to a2 mix of commaodities as is the case with an industry-by-industry
table. This commodity-by-commodity table was constructed by combining data from the "use"
table with data from the "make" table. The "make" table provides a distribution of commodity
production across industries. Each row in the "make" table pertains to a single industry and gives
the amount produced of each commodity within that industry. Thus, the dimensions of the
"make” table are industry-by-commodity. By normalizing this "make” table and post-multiplying
it with the "use" table (i.e., "use" table X normalized "make" table), a commodity-by-commodity
"use" table is obtained.

w)
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Before the "use” and "make" tables can be combined, however, translation of the more
disaggregate BEA industry categories to SGM categories is required. The BEA publishes two
types of input-output accounts; the "benchmark™ I-O accounts and the annual I-O accounts. The
benchmark 1-O accounts are published for economic census years and therefore include more
detailed data than are available on an annual basis. Annual I-O accounts, although published
more frequently, include 85 industry categories while the benchmark I-O accounts include 500
industry categories. Although the base year of the SGM is 1985, data from the 1985 annual I-O
accounts are not used directly to calibrate the SGM; rather these data are used to project
observations of the 1982 benchmark I-O accounts to 1985 levels. This is due to the energy sector
detail required in the SGM which is only available in benchmark years.

Table 1 provides a mapping of BEA's 1982 benchmark I-O industry categories to SGM
categories. Although most SGM categories are aggregations of BEA categories, a few SGM
categories are actually portions of more aggregate BEA categories. In particular, the SGM Crude
Oil Extraction and Natural Gas Extraction categories were created by separating the two from the
more aggregate BEA category, Crude Oil and Natural Gas Extraction. To separate the two
industries, it was assumed that (1) all crude oil and natural gas demand from the Oil Refining
industry is actually only crude oil, and (2) all crude oil and natural gas demand from the Gas
Transmission and Distribution industry is actually natural gas.

The SGM industry "Uranium Mining and Processing” also required some manipulation of the I-O
accounts data. Through discussions with BEA staff, values of uranium mining and uranium
processing were determined and extracted from the more aggregate BEA categories of
"Nonferrous Metal Ores Mining" and "Industrial Inorganic Chemicals n.e.c™.

Table 1
SGM Industry BEA Standard BEA
Category Category Industrial Classification
Classification :

Agriculture Agriculture, Forestry 01 - 09,20+ 01-04,14

and Fishing; Food and :

Kindred Products
Crude Oil Crude Petroleum & 13 08
Extraction Natural Gas*
Natural Gas Crude Petroleum & 15 08
Extraction Natural Gas*
Coal Mining Coal Mining 12 07
Uranium Mining Nonferrous Metal Ores 1094 0602
and Processing Mining, except Copper*
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Industrial Inorganic 2819 270104
Chemicals n.e.c*

Electricity Private Electric 4911 6801

Generation, Services (Utilities)

Transmission & .

Distribution Federal Electric 7802
Utilities
State & Local 7902
Electric Utilities

Oil Refining Petroleum Refining 2911 310101
Products of Petroleum 2999 510103
& Coal n.e.c. :

Gas Transmission Private Gas Production 492 . 6802

& Distribution (utilities)

Other Products All other industries

* Part of this industry category.

Upon completion of the commaodity-by-commodity (CXC) "use" table, values are adjusted to
1985 levels by using data obtained from the 1985 input-output accounts. Industry output and
intermediate consumption totals in 1985 for each of the SGM commodities are estimated using
the 1985 I-O data. Using these totals, CXC table values are then adjusted using the RAS (row
and column sum) adjustment procedure developed by Michael Bacharach (1 971]4. Other
adjustments to the CXC table include industry-specific data reconciliation; for example, splitting
crude oil from natural gas and ensuring that uranium is only consumed by the electric generation,
and defense industries.

IO.b. Industry Value Added

Once completed, this CXC table provides the necessary information on the use of produced
commodities in the production of other commodities which will be used in the computation of
each industry's production function cocfficients. Before these coefficients can be estimated,
however, information on the use of non-produced factors of production (i.e., land and labor) is
required. Each industry’s land and labor expenditures are included in the value added portion of
the 1-O accounts. For benchmark years (e.g., 1982), the value added portion of the I-O accounts
included the following components: (1) "compensation of employees” (labor expenditures), (2)
"indirect business taxes" (e.g., sales taxes, excise taxes, property taxes, import taxes (duties)), (3)

* This procedure adjusts the values within the matrix so that the row and column sums equal the 1985
estimated totals.
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"other value added” (e.g., profits, land rents). In order o obtain information on land and labor
expenditures in the form required by the SGM, some adjustments to the data provided in the [-O
accounts are necessary.

Land

In the I-O accounts, the real estate industry includes rents for buildings but not for land. Land
rents paid by each industry is included in the "other value added” component of value added in
the 1-O accounts. A separate land component is imperative for the SGM to study the effects of
greenhouse gas emissions on land use; particularly for the Agriculture sector. The land
component for each SGM industry was separated from the "other value added” componeat by
estimating each industry's expenditures on land. Land rents by SGM industry were estimated by
applying an average cost of agricultural land (based on data obtained from the U.S. Department
of Agriculture) to land use data from the "Statistical Abstract of the U.S." published by the
Department of Commerce>. These estimates of land rents for each SGM industry are added as a
separate component to each industry's value added and accounted for by subtracting an equal
value from the "other value added"” component of value added.

Labor

Industry labor expenditures are given in the "use" table of the I-O accounts as a component of
value added called "compensation of employees”. These data are aggregated to SGM industries
at the same time as intermediate production. The only adjustment to the industry labor
component is the extraction of labor used for government services from the "Other Products”
industry sector. Prior to SGM industry aggregation, the industrial production component of the I-
O accounts includes a "Government Industry” which contains labor as its only input to
production. (This industry was added to the "Other Products" industry during SGM industry
aggregation). Since the calibration of the government services' utility function (discussed in
Section I11.d. below) is conducted separately from industria} production, government labor
expenditures need to be included with other government expenditures in the final demand portion
of the I-O accounts. Therefore, government services labor expenditures are extracted from the
"Other Products” sector and added as another component of the government's final demand.

Corporate Retained Earnings !
Included in the total amount of savings available for investment is corporate retained earnings;
the amount of corporate profits retained for investment purposes. The SGM estimates the

corporate retained earnings rate (the percentage of corporate profits retained) for each sector as
follows: -

RE, = a, (1l - &%) (1)

where

* An average agricultural land rental price was used on the assumption that (1) agricultural land makes up
the majority of total usable land area and (2) the differential from urban land prices will be reflected in the
constant term of the production function.
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RE; = corporate retained earnings rate of sector i

o = the maximum potential retained earnings rate;
r = the real market interest rate; and
Bi = the retained eamings sensitivity to the real interest

rate.

Although separate retained earnings rates are defined for each sector, an average retained
earnings rate over all sectors was applied to each. To calibrate equation (1) to the 1985 base year
it is necessary to first calculate an actual retained earnings rate over all sectors for 1985 by
dividing 1985 total corporate retained earnings by 1985 total corporate profits obtained from the
“Economic Report of the President, 1992". Next, the maximum potential retained earnings rate
was estimated from historical data to be 0.60 (i.e., the percentage of corporate profits retained
would never expect to be higher than 60%). Last, assuming a real market interest rate of 3%, the
sensitivity parameter (bi) can be directly calculated from equation (1).

ILc. Capital Inputs

In addition to the factor inputs described in the [-O accounts, data on the underlying capital stock
used in production are also required to compute each industry’s production function coefficients.
The SGM requires productive capital stock of each industry to be divided into "vintages”
corresponding to the 5-year period in which the capital was initially purchased. "Vintaged"
capital stock allows for improvements in production efficiency (e.g., as a result of technological
change) within an industry. The SGM also assumes capital to be a fixed factor of production and
to be completely productive until its average lifedme 1s reachedS. The SGM assumes that at any
period of time, an industry produces using capital stock from the number of vintages equal to the
average lifetime of capital in that industry divided by 5 (length of 2 SGM time step (period)). For
example, in period 1 (which includes the years 1986 to 1990) an industry with an average capital
lifetime of 20 years would have four vintages of capital stock: (1) capital stock purchased during
the period 1971-1975, (2) capital stock purchased during the period 1976-1980, (3) capital stock
purchased during the period 1981-1985, and (4) capital stock purchased in the current period
1986-1990. Each of these capital stocks would be used to produce output in period 1.

Annual equipment and structures capital stock data were obtained from the "Fixed Reproducible
Tangible Wealth in the United States” published by the BEA and are consistent with the national
income and product accounts (NIPA). These data include annual valués by BEA industry
category for gross capital stock, capital inputs, net capital stock, depreciation, and discards. As
with the I-O tables, these data require conversion from BEA industries to SGM industries.

To calculate capital stock by vintage for each SGM industry, it is necessary to first calculate
annual investment by industry as the difference between the industry’s current year’s gross capital
stock and last year's gross capital stock plus the current year's discards. Capital stock by vintage
is calculated by taking the sum of investment over the vintage's corresponding 5-year period and
subtracting the "vintage" discards which are calculated on the basis of lifetimes of equipment and
structures, and annual investment numbers’.

¢ This differs from typical accounting methods in which capital is depreciated over time.
7 Note: Since the BEA capital stock data includes actual discards which do not always occur at the exact
end of the capiral's lifetime (some capital could have been discarded befare or after the capital’s average
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As discussed previously, the production function for each industry is the sum of separate CES
production functions for each vintage. For example, an industry with an average capital lifetime
of 20 years would have the following production function in Period 0:

Qoy = 4., + 94, + 9, + 49y, | )

where

Qos = total production of commodity s in period 0; and
Qu,s output of commodity s produced with vintage v capital
stock (based on a CES production function).

This specification allows for improvements in productivity (e.g., technological change) over time.
This improvement in productivity is based on the Hicks-neutral technological change rate which
consists of a percentage rate of change in production efficiency incorporated into the scale factor
(a0) of each vintage's CES production function. Table 2 presents the average capital lifetimes
and the historical rate of Hick's-neutral technological change assumption for each SGM sector.
These rates were calculated based on historical data on the use of factor inputs in production, and
are applied only to historical vintages in the SGM (i.e., vintages prior to period 0). Future
productivity growth assumptions were determined separately and are documented in Fisher-
Vanden, et. al. [1993].

Table 2
SGM Industry Average Capital Rate of Hick's-neutral | Elasticity of
Category Lifetime (in years) Technological Change | Substitution in

(in %)* Production

Agriculture 20 0 0.4
Crude Oil Extraction 15 1.5 0.5
Nauwral Gas 15 1.5 0.5
Extraction : . .
Coal Mining 15 2.5 K 0.5
Uranium Mining and 15 1.0 0.5
Processing

lifetime), adjustments to the capital stock data are needed to reflect the SGM assumption that discards
occur at the time the capital's lifetime has been reached. This is done by summing annual investment
values (the difference between the current year's gross capital stock and last year's gross capital stock plus
the current year's annual discards value given by the BEA) over the S-year vintage period and adding a
“vinrage” discards value which is calculated based on the SGM capital retirement assumption. By
calculating vintage capital stock this way, the only discards taken into account are those based on the SGM
assumption; BEA discards are not included. Since capital stock values include equipment and structures,
"vintage™ discards in these benchmark data will only exist in cases where either an industry's equipment or
structure lifetime is less that the average lifetime for both equipment and structures. This is done only for

benchmarking purposes only, and ance in the SGM, equipment and structures are combined and retired at
the average lifetime of both.
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Electricity 35+ 1.0 02
Generation,

Transmission, and

Distribution

Oil Refining 30 0.5 0.1
Gas Transmission and 30 0.5 : 0.15
Distribution

Everything Else 20 0.5 0.5

* Applied to vintages prior to period 0.
** Except for hydroelectric power plants (65 years).

TLd. Subsectors

_In order to fully understand the effects of certain economic activities on potential greenhouse gas

emissions and to adequately address the consequences of certain policy actions to reduce )
greenhouse gas emissions on these activities, some further disaggregation of SGM industries is
necessary. In this version of the SGM, the following disaggregation of particular SGM industries
was done: (1) the Crude Oil Extraction sector was disaggregated into three subsectors each
representing a different "grade” of crude oil; (2) the Natural Gas Extraction sector was also
disaggregated into three subsectors each representing a different "grade” of natural gas; and (3)
the Electricity Generation sector was disaggregated into six subsectors each representing a
different method of electricity generation (¢.g., oil-fired electricity generation).

"Grades" of crude oil and natura) gas pertain to different levels of extraction costs8. For
example, grade 1 of crude oil has the lowest cost of extraction which could represent the process
of extracting oil close to the earth's surface. Grade 3, on the other hand, would have the highest
cost of extraction and could represent extraction which requires much more extensive drilling
procedures. Due 1o the different method of extraction associated with each "grade", a different
production function specification is required for each grade. Using assumptions based on the
cost of extraction for each grade, the I-O accounts and capital stock data for both the Crude Oil
Extraction sector and Natural Gas Extraction sector are partitioned into different grades. Itis
important to note that although each grade has an associated method of extraction, the output
produced is assumed to be homogeneous; thus, unlike sectors within the SGM, each grade faces a
common output price of either crude oil or natural gas. Therefore, the hkely outcome of the
model would be that more of the "cheapest” grade (i.e., the grade with the lowest cost of
extraction) would be produced relative to other grades.

The Electricity Generation sector was disaggregated into the following six subsectors based on
the method of generation: (1) oil-fired electricity generation; (2) natural gas-fired electricity
generation; (3) coal-fired electricity generation; (4) biomass-fired electricity generation; (5)
nuclear electricity generation; and (6) hydro or solar electricity generationd. Data on annual net
electricity generation by energy source and associated costs in addition to assumptions on capital
intensity were used to separate the J-O accounts and capital stock data of the Electricity

* In the SGM, “grades” do not refer to the quality of crude oil extracted, but rather to the cost of extraction.
* Capital purchased in this subsector prior to 1991 is assumed to be used in hydroelectric generation.
Subsequent purchases of capital are assumed to be used in solar elecwicity generation. Different "vintage”
production functions are used to reflect this separation.
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Generation sector into these six subsectors. As with Crude Oil and Natural Gas Extraction, these
data are used to create production functions for each subsector and each subsector faces a
comumon price of output (i.e., the price of electricity).

II.e. Elasticities of Substitution in Production

The final items necessary to estimate production function parameters for each sector (or
subsector) are assumptions on the elasticities of substitution among factors of production.
Although in most cases elasticities of substitution for each production function were obtained
from existing literature (e.g., Ballard et al [1985]), some were estimated based on the underlying
assumptions of the SGM. - For instance, since activities at a lower level of aggregation are being
described within the clectricity sector, a lower level of substitutability among factors is implied.
Therefore, a quasi-Leontif production function (i.e., 2 CES production function with an elasticity
of substitution value close to 0) was assumed for the electricity subsectors. Table 2 provides the
elasticity of substitution values chosen for each sector in the SGM.

L ESTIMATION OF MODEL PARAMETERS
ILa. Calibration of the CES Production Functions *
As previously discussed, each SGM sector and subsector has associated with it a unique
production function in order to reflect differences in production processes. As shown in equation
(2) above, total production in each sector and subsector is the sum of vintage production (i.c.,
output associated with each vintage capital stock). Each vintage production is described by the

following CES production function:

!

Nel 3
dus = Couv (z ais X + awe Xisr) (v = -V:..0 (3)
Jif
where
Qvs = output of commodity s produced with vintage v capital stock;
0,s,v = scalecoefficient in vintage v's production of commodity s;
ajs = factor intensity of the ith input in the production of
commodity s;
N-1 = number of variable inputs (N = total number of inputs; 1 refers to the number
of fixed factors (i.e., capital) in Version 0.0);
Xisyv = demand for inputiin vintage v's production of commodity s;
aNs- = factor intensity of the capital input (input N) in the production of commodity
S5

XNsv = demand for the capital input (input N) in vintage v's production of
. commodity s; :
p = elasticity of substitution parameter; and
-Vg = oldest vintage capital stock for industry s (equal to the negative of the
average lifetime of capital for industry s divided by the length of a period
(i.e., 5years)plus 1)

10
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As evident from equations (2) and (3), Version 0.0 of the SGM assumes that relative production
function factor intensities do not differ berween vintages. The difference in production between
vintages is due to the overall efficiency of all inputs; not to the efficiencies (or inefficiencies) of
individual inputs to production. Therefore, Version 0.0 of the SGM assumes that the factor
intensity parameters of each vintage production function (within a sector or subsector) differ only
by a scalar (reflected in the scale parameter (ag s v)). This scalar comprises the Hick's-neutral
technological change parameter; a parameter which reflects the overall production efficiency of
the vintage. The relative factor intensity parameters, therefore, do not differ between vintages
within a sector or subsector and the scale parameters of each vintage production differ only by

the rate of Hick's-neutral technological change.

As previously discussed, the following seven data items are required to estimate each sector's
production function coefficients: (1) intermediate production data (based on the I-O accounts) by
sector and subsector; (2) industry value-added data (also based on the [-O accounts) by sector
and subsector; (3) final demand sector and subsector data; (4) capital stock data by sector and
subsector and vintage; (5) assumptions on the lifetimes of each sector’s capital stock; (6)
assumptions on the rate of Hick's-neutral technological change; and (7) assumptions on the
elasticities of substitution in production. Once these data are compiled, a method to compute
CES production function coefficients is applied. This method was specially developed for the
SGM in order to handle vintaged capital stock in production. The steps involved in the
computation of these coefficients are as follows:

1. Except for land and labor, set all 1985 input prices10 equal to 1. Compute the price of land
and labor as follows!1: '

P _ TE lond 4

terd Total Land @)

P - TE labor ( 5)
fesor Total Labor

where

TEland Total land expenditures in 1985 (discussed i Section 3.2.2).
TE)abor = Total labor expenditures in 1985 (based on I-O accounts).
Total Land Total U.S. managed land in 1985 (in 1000 km2).

Total Labor Total U.S. employed population in 1985 (in 1000 persons).

i

2. Compute the output price of a commodity as,

'* Setting an input price to 1 is interpreting the unit good as the quantity of the input which can be
purchased in 1935 with 1 million 1982 dollars (since the data of the SGM are in millions of 1982 dollars).
"' Since the price of land is obtained by dividing 1985 total land expenditures (in millions of 1982 dollars)
by total managed land (in 1000 km2), the price of land can be interpreted as the millions of 1982 dollars
required to purchase 1000 km2 of Jand in 1985. Similar to the interpretation of the price of land, the price
of labor can be interpreted as the millions of 1982 dollars required to hire 1000 workers annually.

11
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p, = TO - IBT
0 _—TO 6)
where
Py = Output price of the commodityl2 (in millions of 1982 dollars).
TO = Total output of the commodity (in millions of 1982 dollars).
IBT = Total indirect business taxes paid in 1985 associated with the production of

the commodity (in millions of 1982 dollars).

3. As discussed above, relative factor intensities within a sector or subsector do not differ.
Therefore, factor intensity parameters for the variable inputs can be calculated based on the
assumption that total output is produced from one vintage (i.e., total production can be described
by one CES production function rather than a summation of multiple CES production function
(as in equation (2)). The production function factor intensity parameters for the variable inputs
are computed using the following equation which is a direct result of the SGM's profit-
maximizing assumption:

P
Xy » Py )
al.j (Xi.olhcr) Po,ndvzr ‘ ] - N 1 - - (7)
where,
aij = factor intensity of the ith input in the production of commodity ),
Xij = total demand for the ith input in the production of commodity j,
Xiother = total demand for the ith input in the production of the "other products”
commodity,
Po,j = output price ("price received") of commodity j,
P0,other = output price ("price received”) of the "other products”" commodity,
p = elasticity of substitution parameter,
H = pl(p-1)
N-1 = number of variable inputs.

Derivation of Equation (7)
Hotelling's Lemma states that the partial derivative of the profit function with respect to the price
of the ith input results in the negative profit-maximizing total factor demand for that input; i.e.,

om, _ X ®)
_ 8 P * .
where
s = total profit in the production of commodity s; i.e.,

1 This price refers to the price received by this sector. The price paid is set to 1 (as mentioned in the input
price discussion previously) and is the same as the input price for the commodity produced in this sector.
As implied, the price received by producers of a commodity is less than the price paid by purchasers of the
commodity as long as IBT is positive (i.e., taxes paid in a sector is less than subsidies received).

12
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N-I
T, = Pog, - D PuX, (9)
=]
where
Pgs = output price (price received) of commodity s,
Pis = inputprice (price paid) of the ith commodity in the production of commodity
S .
Xjs = total demand of the ith input in the production of commodity s,
Qs = total output of commodity s,
N = number of inputs to production,
N-1 = number of variable inputs to production (since there is only one fixed factor
(capital)).

Evaluating equation (8) using equation (9) and the "single vintage" CES production function
defined as,

p

N-1
4, = anlQ aisXl + an;Xh) (10)

j=!

the demand for the ith factor input to the production process can be directly calculated as,

“ !
ais » Y 2 .
Xis = (a'o.:Po;'P_u) (—Z-)p i=1..N-I (11)
where, assuming capital is the only fixed factor,
Y = aNJ‘Xﬁ/J (12)
and :
N-d
Z = 1-(aosPo)' (D al¥'® PE) (13)

i-!

Equation (7) is the result of normalizing Xi,s in equation (11) by dividing by the factor input
demand equation for the "Other Products” sector. Note: the aother,s parameter is assumed to be

equal to 1 in order to obtain the @ g parameters in relative terms.

4. As discussed in Step 3, the vintage capital structure of the SGM does not affect the calculation
of factor intensity parameters for variable inputs. This vintage capital structure, as designed in
Version 0.0 of the SGM, allows for overall efficiency gains in the production process. These
overall efficiency gains are incorporated into the scale factor for each vintage, defined as,

< el Sl
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Cosr = B *(1+8)" (14)
where '

@os,v = scale factor in vintage v's production of commodity s;

Po,s = overall scale factor in the production of commodity s (constant between
vintages);

g = Hick's-neutral techological change rate in the production of commaodity s;

\ = vintage (e.g., v =-3...0 for a sector or subsector whose capital lifetime equals
20 years).

In addition to the calculation of the scale parameter (ao,s,v ), "vintaging” also affects the
calculation of the capital intensity parameter (aN s ). As previously discussed, total output in a
sector or subsector is described as the summation of vintage production (equations (2) and (3)
above). Capital is entered into the production process as separate vintage capital stock; not as a
total annualized cost as with the variable inputs to producton. Although the capital intensity
parameter does not differ between vintages (similar to the variable inputs), due to the vintage
capital structure of the SGM, the capital intensity parameter cannot be calculated similar to the
variable inputs.

From equation (14), the vintage scale parameter (a( s v ) can be determined given the Hick's-
neutral technological change rate and the overall scale factor (B 5 ). Therefore, upon completion
of Steps 1 through 3, two parameters still need to be estimated--the overall scale factor (Bo s )
and the capital intensity parameter (o) s ). Due to the vintage structure of the production
process, these parameters cannot be directly determined, therefore, an iterative process must be
applied to solve for B s and aN 5.

The steps involved in this iterative process are as follows:

(1) Choose an initial value for Bq 5.

(2) For each variable factor input, compute X; g as the total expenditure for the ith input
factor in the production of commodity s (value from the IO table) divided by the factor
input price ("price paid")13.

(3) For each variable factor input, calculate o; g using equation (7).

(4) Solve for aN s using equation (2) with equation (3); the variables determined in Steps (1)
through (3); and assumptions on the elasticity of substitution parameter.

(5) Compute the difference between the actual and estimated input demand for the "other
products” commodity in the production of commodity s. The estimated input demand for
the "other products” commodity in the production of commodity s is defined as,

olhcr_r = Z X otherxv ' (15)
v=-V,
where
Xother,s = estimated input demand for the "other products” commodity in the

production of commodity s;

> Except for Jand and labor, input price (price paid) should be equal to 1 in the benchmark year (as
previously explained).

14
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-Vg = oldest vintage capital stock for industry s (equal to the negative of the
average lifetime of capital for industry s divided by the length of a period
(1.e., 5 years) plus 1); and

Xother,s,v = estimated input demand for the "other products” commodity in vintage
v's production of commodity s defined as,

M ]
aa/hrr,.r ; Y ;
X othersy (ab.x-' P 0.x Pu/lu.-r_r) (E) (16)
where
Y = aN_;Xf".;,u (17)
and
N
Z = 1-(@o P ) (D bt Pliers) - (18)-
]=1

(6) If the difference computed in Step (5) is sufficiently close to zero (less than a specified
convergence criterion), a solution is obtained; otherwise, a search procedure is applied to
adjust g 5 and Steps (1) through (5) are repeated until a solution is reached.

(7) Once a solution has been found, the factor intensity parameters for each sector are
normalized to sum to 100 in order to compare relative intensities between sectors. In
addition, estimated production levels and profit rates are verified with actual data from
the JO table.

(8) Steps (1) - (7) are repeated for each SGM sector and subsector.

IILb. Computation of Reserves

Upon completion of the CES production function calibration, reserves of depletable resources by
vintage for the base year (period 0) are calculated based on estimated levels of production in the
depletable resource sectors. Actual total reserves produced in the base year (1985) is available
from existing sources, but due to the vintage production structure of the SGM, reserves produced
by each vintage need to be estimated. The ratio of actual energy extracted to actual levels of
production was used to obtain estimated energy extracted (reserves) from estimated levels of
production. The follJowing equation was used to determine vintage reserves of depletable
resources produced by each vintage in period 0:

 PRDEN )
Reserves;, = Q,-_,(L,+5*v)W v=0..-3 (19)

where

ReSCrVCSj,V14= reserves (in exajoules) of depletable resource j produced by vintage v;
Qj,v = output (in 3) of depletable resource sector j produced from vintage v;

" Vintage 0 reserves pertain to the amount of resources which will be transferred to reserves in period 0.

135
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L; = lifetime of capital stock in sector j;

PRDENJ- = total depletable resource extracted of commodity j (exajoules) in
period 0l3;

PRD; = actual total production of commodity j (in § - from IO tables).

I.c. Calibration of the Investment Function

Annual aggregate investment levels in each sector of the SGM s represented by the following
functional relationship which is essentially an accelerator from the previous period's total
investment levels:

I:,s = o It-l.:(baseratel)a’f (CXP(”U))Q: (20)

where

Its = annual level of investment in sector s at time t;

I+l s = annual level of investment in sector s at time t+1;

baserate;y = underlying growth in the economy affecting investment;

flexp(nt s)) = a function of the expected profit rate;

ag = scale coefficient; and

2], a2 = sensitivity parameters.

In version 0.0 of the SGM, the baserate variable is represented by the growth in potential
employment (labor supply) and growth in lagged productivity; specifically,

GNP
(=%
b = (2B = 21
aserare, PE,,) (GNP) ) 1)
E 1.2
where
PE = potential employment (population ages 15 to 64})
GNP = gross national product;
E = total employment; and
(GNP/E).] = gnp per worker (productivity) at time t-1.

In version 0.0 of the SGM, the function of expected profit is deﬁned as the growth in expected

profit ; specifically,

CXP(”I .\')
flexp(m,)) = ——— (222)
eXP(1Ti.15)
where .
exp(nys) = the expected profit rate in sector s at time t.

" Thesc dara were obtained from the Annual Energy Review 1985.

16
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The expected rate of profit can be interpreted as the present value of an average profit rate
occuring at the middle of each year for the lifetime of the capital investment; specifically,

] lifetime .| .
—_—T e
exp(r T E—Y E 22b
f( xp( fJ)) (]+r+wx)0.3 p_r (1+r+w1) ( )
where

r = the real interest rate (assumed to be 3% in the baseyear);
wg = the sector-specific interest rate wedge (representing the additional

interest rate risk assoctated with sector s);
lifetimeg = sector-specific lifetime of capital investment; and
Tt s = sector-specific profit rate at ime t.

Calibration to the base year

Calibrating sector level investment to the base year involves a two step process. First, in order to
obtain the scale and sensitivity parameters (a(, a{, &2) an aggregate investment function
(described by equation (20)) was econometrically estimated on the macroeconomy level. Next,
these scale and sensitivity parameters were used in each sector-specific investment equation
(equation (20) for each sector) to determine sector level investment in the base year. Estimated
sector-specific investment levels in period 0 were reconciled with actual investment levels by
adjusting the investment wedge parameter for each sector and subsector.

Investment levels at the subsector level are determined separately from sector-level investment.
For each sector without subsectors, the investment equation given in equation (20) was calibrated
by using the scale and sensitivity parameters which were estimated on an economy-wide scale
and adjusting each sector’s interest rate wedge until its base year investment level is achieved.
Sector-specific variables in the investment equation include Jagged investment and the expected

profit rate. The base rate variable and the scale and sensitivity parameters are identical across
sectors. §

In the SGM, investment is determined at the sector level; therefore, investment equations only
exist for sectors and not subsectors. Within a sector, investment for each subsector is determined
by allocating sector level investment using the following logit share equation:

(E T )ﬂ
Share,,, = Tri~ : (23)
Z (E ﬂl,l.n)p
isr=}
where
Sharegjss = Share of total sector investment allocated to subsector iss;
Engiss = expected profit rate for subsector iss at time t; and
p = sensitivity parameter.

17
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In order to calibrate the investment equation for a sector with subsectors, aggregate values for the
sector-specific variables (i.e., lagged investment and the expected profit rate) within the
investment cquation are required. Lagged investment at the sector. leve] is obtained by
aggregating subsector lagged investment.

As previously stated, once all other variables and parameters in the sector-level investment
equation are determined, the sector-specific interest rate wedge was adjusted to reconcile
estimated investment with actua] investment. To accomplish this task for a sector with
subsectors, calibration of the logit share equation was required. From the investment equation,
the sector-level expected profit rate was determined directly since all other variables and
parameters are known. This sector-level expected profit rate is essentially the denominator of the
logit share equation raised to the sensitivity parameter. Since the share of sector investment for
each subsector and the sensitivity parameter were known for the baseyear, subsector-specific
investment rate wedges are calculated directly from the logit share equation.

II1Ld. Calibration of Final Demands

The SGM comprises three final demand sectors - government, households, and trade. These final
demand sectors consume commodities produced in the nine producing sectors of the SGM and
are not producers of any market commodity! 6. Input-output accounting ensures that the amount
of commodities produced by the producing sectors is equal to the amount of commodities
consumed by the producing and final demand sectors. Calibration of the final demand sectors is
performed to ensure equilibrium by choosing final demand parameters which result in an exact
replication of the final demand values provided in the baseyear input-output accounts. Details of
each final demand sector’s calibration process is provided below.

Government Final Demand

Commodities and primary factors of production (e.g., labor, land) are consumed by the
government final demand in order to provide government services. Within the SGM, three
government services comprise the government final demand sector - education, national defense,
and general government which encompasses all other government services. Government
expenditures must satisy the following identity:

N ’ .
DHiof - S = TR + 3P Kige 2
i-]
where
TXtot = total net tax revenuesl7; '
Sgov = net government savings or, for negative values, net government

borrowing;
transfer payment by the govermnment;

f

' The government final demand sector produces "government services” which are provided "free of
charge™ 10 all sectors of the economy. Therefore, although the government final demand sector produces
services, it is not a producer of any market commodity as is the case with producing sectors.

' Subsidies arc measured as negative taxes.

18
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Pi = price paid for input i; and
Xi,gov = government demand for input i.

Equation (24) states that government expenditures (right side of the equation) should not excead
the government's budget constraint (left side of the equation).

Net tax revenue

Net tax revenue in the SGM comprises tax revenue from the following four sources: indirect
business tax; corporate income tax; social security tax; and personal income tax. The SGM
interprets indirect business tax as the difference between price paid (by consumers of a
commodity) and price received (by the producer of a commodity)18. Indirect business tax
expenditures for each producing sector is provided by the input-output accounts in industry
value-added. The SGM calculates indirect business tax revenue by applying an indirect business
tax rate to the value of production of each commodity. The following equation is used to
calculate the indirect business tax rate for each commodity

IBTrar IBTIOf,' (25)
rate, = T——————
" TO,-IBTtor, -
where
[BTrate; = Indirect business tax rate for commodity i;
[BTtot; = total indirect business tax expenditures in the production of commodity i;

TO total output of commodity i.

Combining Equations (6) and (25),

)
IBTrate, = 7. -1 (26)

9

Corporate income tax is a tax on corporate profits. The SGM applies an average corporate
income tax rate to all producing sectors. This average corporate income tax rate was determined
by solving for CITR in the following equation:

N N ’ '
Total Corporate Taxes = Y IBT, + > CITR * Profit, (27)
. i=] i=]
where

IBT; = total indirect business taxes paid by sector i;

CITR = average corporate income tax rate;

Profit = total profits of sector i ("other value added” in the /O accounts); and

N = number of producing sectors.

* For all practical purposes, indirect business tax can be interpreted as a sales tax.

19
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Total corporate tax expenditures in 1985 was obtained from the "Economic Report of the
President - 1990" and, as previously mentioned, total indirect business tax expenditures and
profits for each producing sector was estimated from the 1985 input-output accounts. With
knowledge of these data, an average corporate income tax rate can be determined directly from
equation (27).

Social security tax is a tax on labor of which half is paid by employers as a tax on labor
expenditures while the other half is paid by employees as a tax on earnings. For employers, the
social security tax rate was determined using the following equation:

TLE ;
(TLE-TSS/2) (28)

SS TRemplayrr =

where

SSTRemployer = social security tax rate for employers (applied to each employer's
' labor expenditure);

TLE = total labor expenditures across all sectors; and
TSS total social security tax expenditures across all sectors.

The social security tax rate for both employers and employees was assumed to be equal;
therefore, the social security tax rate computed in equation (28) was assumed to be the social
security tax rate charged to employees also.

Lastly, the personal income tax is a tax on income earned by consumers. This income includes:
(1) 1abor income after taxes, (2) income from land rents (all land is assumed to be owned by
consumers), and (3) corporate profits net of taxes and retained earnings (corporations are
assumed to be owned by consumers (i.e., shareholders)). Both total personal income tax paid by
consumers and total personal income for 1985 were obtained from the "Economic Report of the
President - 1990" allowing an average personal income tax rate to be determined.

Govermnment transfer payments

It was determined that a significant linear relationship exists between total government transfer
payments and population. Therefore, a linear regression was conductcg_i on the following
equation using total population and total government transfers time series:

Total government transfers = GO * Population + Gl (29)
where

GO, Gl = appropriate empirically determined coefficients. -

Government demand for goods and services

The demand for goods and services by the government sector is modeled in the SGM as a
constrained optimization problem. Instead of maximizing profit subject to a budget constraint (as
is the case with the producing sectors), the objective of the government is to maximize utility

20
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subject to the government's budget constraint defined in equation (24). The following CES utility
function defined over the three government services is used:

NGS (1 u)
GU = (D.56.G (30)
s=1
where
GU = government utility, an unobservable variable;
Ggs = the production of government service ss;
dss = distribution parameter for service ss;

I = elasticity parameter (equal to -0.5); and
NGS number of government services (equal to 3 in SGM Version 0.0).

As discussed in Edmonds, et. al. [1991], the goal of the government sector is to maximize utility
(Equation (30)) subject to its budget constraint (Equation (24)). The utility-maximizing
production of government service ss is described as:

NGS -1
G” = (TXIOf-st'TRKw)ﬁ“Pg;:l)(z ﬂLnPQI.B) (31)
isy=/
where
Bss = 8ss(-1/(m-1));
y = w(pl)and
y
Pg_\-; = zai,xu Pi (32)
1=
where
Pgss = thecostof the next unit of government service ss; -
P; = the price of input i in the production process; and |
ai,g,ss = the amount of input i required to produce government service ss.

The government utility function was calibrated to the base year as follows. First, the aj g 55
parameters are defined as the ratio of the quantity of input i used in the production of service ss.
Therefore, these parameters can be calculated using the input-output account values of each input
in the production of government service ss, and the assumed base vear prices of these inputs; i.e.,

10,
(=2
ai,,zxx = W_—I—— . (33)

> 10,4x
J=1
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where
105, g5 = value of input i used in the production of government service ss (from
the input-output accounts);
P; = price of input i ("price paid"); and
NIN = number of inputs.

These aj g ss are then used in equation (32) to obtain the value of Pg <5 for each government
service ss. Once the values of Pg s are determined, the 85¢ parameters in equation (31) can be
estimated using an interative process. This process involves minimizing the sum of squared
differences between the actual and estimated production of each government service (Gxx) by
choosing values for the parameters 3gg (substituting 85(-1/(u-1)) for B in equation (31)).

Note: As discussed in Section I1.b. above, since the final demand sectors of the I/O table do not
include "value added", Jabor expenditures of the government final demand sectors are found in
the row component titled "Government Industry” of the I/O tables. This industry would be
included in the SGM "Other Products” sector; therefore, the 1985 "Government Industry" values
was separated from government's consumption of the "Other Products” commodity and
considered labor expenditures for each of the government final demand sectors.

Similar to the process used to estimate land expenditures for each SGM industry (discussed in
Section 1I.b.), government land expenditures were estimated by applying an average cost of
agricultural land to the amount of land used for defense and education obtained from the
"Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These land
expenditures were then subtracted from government's consumption of the "Other Products”
commodity in order to guarantee data consistency.

Net government savings

If positive, net government savings is subtracted from total] net tax revenues to obtain the
government's budget constraint. In the year 1985, the government (federal, state and local
together) ran a budget deficit (implying net government borrowing); therefore, this value would
be added to total net tax revenues to obtain the government's budget constraint. Net government
savings is calculated for the 1985 base year by subtracting 1985 total government expenditures
from total net tax revenue (discussed above). To fund this government deficit, total savings
(including personal savings and corporate retained earnings) less total inpvestment was used.
Since this amount is not adequate to cover the total government deficit in 1985, the excess was
assumed to be funded through a foreign supply of capital. Since this version of the SGM is a
closed economy (except for crude oil), the amount of foreign capital supplied was specified
exogenously in the SGM's trade component as an import of capital in the base year and is
constant through future periods. Since the SGM assumes market equilibrium, no government
deficit will exist in future years; but in order to calibrate the SGM to the base year, this
exogenous supply of foreign capital is necessary.

Household Final Demand

The SGM assumes that a portion of the households' budget (personal income) is allocated to
personal savings while the remainder is used to purchase produced commodities and primary
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factors of production. Disposable personal income consists of income from wages less taxes on
labor; land rents (consumers are assumed to own al] usable land) less taxes on land; corporate
profits less profits tax and retained earnings; and government transfer payments.

Labor Supply

Household labor supply is estimated in the SGM using the following equation:

Kaor = WAP* Qigger * (1 - PP ) (34)
where
WAP = total working age population (ages 15 to 64);
®abor = the maximum potential share of working age population employed in any
given year;
Blabor = alabor supply price responsiveness coefficient; and
Plabor = an average annual wage rate ($M per 1000 persons).

The following steps were taken to calibrate equation (34) to the base year: (1) the total working
age population in 1985 was obtained from the "Statistical Abstract of the U.S."; (2) an average
annual wage rate was calculated by dividing total labor expenditures (less amount paid in social
security tax) in 1985 by total employment in 1985 (in thousands of persons); (3) the maximum
potential share of working age population employed in any year was estimated to be 0.90 (or 90%
of working age population) which assumes that in any given year 10 percent of the working age
population cannot be employed; and (4) the labor supply price responsiveness coefficient was
directly calculated from equation (34) given the information in (1) through (3).

Land Supply

Land supply is estimated in the SGM using the following equation:

X/a,,d = TL4* Ciomd * (1 - ep’""r"‘”") - (35)
where )
TLA = total surface area potentially available for allocation; .
Qland = the maximum potential share of land supplied to the market;

Bland = a land supply price responsiveness coefficient; and
Pland an average annual rental rate on a unit of land ($M per 1000 km2).

The following steps were taken to calibrate equation (35) to the base year: (1) total usable
surface area (which excludes unusable land such as deserts, marshes, rock, etc) was obtained
from the "Statistical Abstract of the U.S." (equal to 8313 km2); (2) an average annua] land rental
rate was calculated by dividing total land expenditures in 1985 by total usable land area (in
thousands of km2); (3) the maximum potential share of land supplied to the market was estimated
to be 1 (or 100% of TLA) since TLA represents total usable land area; and (4) the land supply
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price responsiveness coefficient was directly calculated from equation (3 5) given the information
in (1) through (3).

Household Savings Supply

The following equation is used in the SGM to estimate the supply of household savings:

Shh = Y * QL phsave * (1 - thmvc eﬂg,...") (3 6)
where
Y = disposable personal income;
Chhsave = the maximum potential savings rate;
Shhsave = ascale parameter;
Bhhsave = the price sensitivity of households to the available interest rate; and

r the real market interest rate.

Equation (36) was calibrated by first assuming that the maximum potential savings rate for the
U.S. is equal to 0.20 (i.e., 20% of total disposable personal income) and the real market interest
rate is equal to 0.03 (i.e., 3%). With these assumptions and knowledge of the 1985 values for
disposable personal income and total personal savings, equation (36) can be written in terms of
Shhsave 2nd Phhsave:

Shn
Y * QA hisave

ahh\zrvc = (1 )e-p"“" (37)

In addition, the interest elasticity of savings was assumed to be equal 0 0.40. The equation for
the interest elastiticity of savings is defined as:

5Shh * r 'thuncﬁ[m -eﬁm.-r "
LU e = 0.40
& Sm (-buade) 0T (3%)

’

Combining equations (37) and (38), values for dhhsave and bhhsave can be determined.

Household Demand for Final Products

Household demand for the primary factors land and labor are computed separately from demands
for other goods and services. Household demand for land is defined as:

KXionamw = NHH Liman Pland _ - (39)
where '

Qland,hh = the household land intensity factor;
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Pland = the price of land; and

NHH = the number of households (in 1000s) which is defined as,
TOTPOP
NHH = ————— (40)
B
where
TOTPOP = total population (in 1000s); and

Bhh the average number of people per household.

Equation (40) was calibrated to the base year (1985) by solving for Bhh using 1985 actual values
for NHH and TOTPOP. Similarly, equation (39) was calibrated to the base year by solving for
®]and,hh using estimated 1985 household demand for land (discussed in Section ILb.); 1985
price of land (discussed in Section [I1.a.); and the estimated 1985 value for NHH from equation
(40).

Similar to the process used to estimate land expenditures for each SGM industry (discussed in
Section I1.b.), household land expenditures were estimarted by applying an average cost of
agricultural land to a portion (assumed to be 75%) of urban and transportation land obtained from
the "Statistical Abstract of the U.S., 1992" published by the Department of Commerce. These
land expenditures were then subtracted from household's consumption of the "Other Products”
commodity in order to guarantee data consistency.

Household demand for labor is defined as:

Kigsorsn = Xisor Qborsn Plasor (41)
where
Qlabor,hh = the household labor intensity factor;
Plabor = the price of labor; and
Xlabor = total labor supply (in 1000s).

Equation (41) was calibrated to the base year by solving for alabor hh using estimated 1985
household demand for labor; 1985 price of labor (discussed in Section III a.); and the estimated
1985 total labor supply from equation (34).

Since the final demand sectors of the /O table do not include "value added™, labor expenditures
of the household final demand sector is found in the row component titled "Household Industry”
of the /O tables. This industry would be included in the SGM Everything Else sector; therefore,
the 1985 "Household Industry” value was separated from household's consumption of the

Everything Else commodity and considered labor expenditures for the household final demand
sector.

Household demand for other goods and services are estimated as follows:



.

t
e

gt ”

where

Table 3 contains the household price and income elasticities used in the SGM which were

Xdi hh
@i kh
Bihh

Yi hh

/
XdUlh = (24355 P:"J:M YZL“ (I)

Yo = Y- S - Xiwasn Piowa = Xigsormn Pliosor

household demand for good i;
the household demand intensity factor for good i;
the household price elasticity of demand for good i;
total value of consumption which is defined as,

the household income elasticity of demand for good i; and

NS
A= Za’um Pty

obtained from existing literature.

i=/

Table 3
Price Elasticity | Income Elasticity
Agriculture -0.28 0.30
Everything Else | -1.00 1.10
Crude Oil N/A N/A
Natura] Gas N/A N/A
Coal -0.82 0.89
Biomass N/A N/A
Uranium N/A N/A
Electricity -0.82 0.89
Refined Oil -0.82 0.89
Gas T&D -0.82 0.89 ;

N/A: commodity not consumed by the household sector.

(44)

Except for values of & hh » 1985 values of all the variables in equation (41) were determined as

follows: (1) 1985 household demand for each good was obtained from the input-output accounts;

)

(2) as previously discussed, all prices (except land and labor) were assumed to be 1 in the base

year; (3) Since the 1985 values all of the components of equation (43) are either known or have
been previously calculated, the total value of consumption (Y¢) can be determined. With these
values determined, the values of @ hh can be calculated from equation (42).
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Trade

As previously discussed, Version 0.0 of the SGM assumes a closed economy (i.e. zero trade) for
all goods except crude oil. For calibration purposes, it is necessary to exogenously add 1985 net
exports to demand and supply in order 1o replicate the 1985 base year values. Net exports for all
tradeable commodities!9 (except Crude Oil and Other Products) are held constant at 1985 values
for each period in the model. Net exports in the Crude Oil sector are set at 1985 values from the
/O tables for the base year, but are allowed to change in future periods; making up for the
difference in domestic excess demand for crude oil. The SGM assumes balanced trade and
implements this constraint by making up for any wade imbalances in the Other Products sector;
therefore, a trade deficit would be set to zero by an equal amount in export demand for the Other
Products commodity.

* In the SGM, "wradeable” commodities refer to those commodities which could be traded and in Version
0.0 include all commodities except electricity, land, and labor.
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