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3.1.''A'Two'Market'World'with'Independent'Pollution'Problems.
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O Subsequent cases in the Section will increase complexity up to and beyond analytically representing 
secondary benefits of pollution control technologies.
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%9'6!'1(%$!7-%&&(YV8-%$(!6F'@F'!2(0%&%69&.!(D(9!'16F>1!'(019676>%(&!(G%&'!'6!$(2F0(!
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:liOTT!-92!-96'1($!86$!069D(9'%69-7!-%$!@677F'%69!S&;AA('$%0-77;!2(96'(2!SE=A-G j
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-92!=!'6!7(D(7&!N1($(!SMKg:i j ML:T!k!M3L: -92!N1($(!SMKgE= j MLET!k!M3LE!.!
$(&@(0'%D(7;*a

_ 51%&!-&&FA@'%69!$(87(0'&!'1(!&1-@(&!68!A6&'!(G@6&F$(V$(&@69&(!0F$D(&!j %90$(A(9'-7!1(-7'1!$%&U&!
-92!-&&60%-'(2!2-A->(&!%90$(-&(!-'!-9!%90$(-&%9>!$-'(.!(&@(0%-77;!N1(9!'1($(!(G%&'!'1$(&1672&!68!
0$%'%0-7!&(9&%'%D%';!'6!(G@6&F$(*
a Similar specifications of optimality apply to the producers of Y.
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W%9-77;.!'1( %9%'%-7!(G@76$-'%69& %9!L-&(&!"!-92!O!@$6D%2( (D%2(90(!86$!'1(!D-7%2%';!68!-!
8%$&' >(9($-7!069J(0'F$(Z

8#)M*,&$3*(N(>O(The$optimal$set$of$conventional$air$pollution$control$and$GHG$
emissions$control$rates$depends on$specific$combinations$of$a$large$collection$of$
contextual$demand$and$cost$parameters?((

P Again, similar specifications of optimality apply to the producers of Y.
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&60%-7!06&'&!68!(G@6&F$(!'6!'1(!$(&%2F-7!(A%&&%69&!68!:i -92!E=*

51(!2%&0F&&%69!69!6@'%A-7!(A%&&%69!069'$67!,(>-9!N%'1!g-FA67!-92!X-'(&!S"`R"T
-92!g-FA67!S"`ROT*

3.2.''Adding'Secondary'Benefits'(Positive'or'Negative)'to'the Two'Market'World'with'
Externality'Issues.'

K6N!&F@@6&(.!'6!8$-A(!L-&(!^. '1-'!'1(!@$62F0'%69 68 i -92!=!-7&6!@$62F0(& F9V
$(>F7-'(2!(A%&&%69&!68!069D(9'%69-7!-%$!@677F'%69!-92!>$((916F&(!>-&(&.!
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&6F$0(&*R H9 '1%&!0-&(.!'6!'-U(!-006F9'!68!@6&%'%D(!(A%&&%69&!68!E!%A@6$'(2!8$6A!'1(!
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SE=A-G o!ΔEioT*!!3%A%7-$7;.!-92!F&%9>!@-$-77(7!96'-'%69.!'1(!@$62F0($&!68!i!N6F72!8%92!
'1(!A-G%AFA!(A%&&%69&!68!>$((916F&(!>-&(&!-9016$%9>!'1(%$!A-$>%9-7!A%'%>-'%69!
06&'!0F$D(!-'!S:iA-G o Δ:=oT.!N1($(!Δ:=o $(@$(&(9'&!'1(!(A%&&%69&!68!>$((916F&(!
>-&(&!%A@6$'(2!8$6A!'1(!A-$U('!86$!=*

/(@(-'%9>!'1(!-9-7;&%&!N%'1!A62%8%(2!96'-'%69!8$6A!3F,&(0'%69!^*" N%'1!'1(!9(N!
A-$>%9-7!06&'!-9016$&.!:li^ m!:liO N6F72!96N!,(!'1(!&(0692V,(&'!6@'%AFA!7(D(7!68!
(A%&&%69&!86$!:!86$!'1(!@$62F0($&!68!i!SN16!-$(!&-227(2!,;!'1(!@(9-7';!68!%A@6$'(2!
(A%&&%69& 8$6A!'1(!@$62F0'%69!68!=T!-92!El=^ m!El=O N6F72!96N!,(!'1(!&(0692V,(&'!
6@'%AFA!7(D(7!68!(A%&&%69&!86$!E!86$!'1(!@$62F0($&!68!=*!!\-9(7&!E!-92!g!68!W%>F$(!E^!
2%&@7-;!'1(&(!9(N!6@'%A-7%';!0692%'%69&!86$ '1%&!9(N!069'(G'*!!:li^ -92!El=^ -$(!&'%77!
01-$-0'($%Y(2!,;!'1(!8-A%7%-$!(]F-7%';!68!'1( A-$>%9-7!9('!,(9(8%'&!68!@677F'%69!
S%907F2%9>!@$%D-'(!@$62F0'%69!06&'&!-92!@$%D-'( A%'%>-'%69!06&'&T!-92!'1(!A-$>%9-7!
&60%-7!06&'!68!(G@6&F$(*!!51(!-2D(9'!68!Δ:=o m!Q!-92!ΔEio m!Q!&%A@7;!A6D(& A-$>%9-7!
A%'%>-'%69!06&'&!F@!-92!'6!'1(!$%>1'!&6!'1-'!'6'-7!$(&%2F-7!(A%&&%69&!AF&'!,(!-776N(2!
'6!%90$(-&(!%8!(88%0%(90;!%&!'6!,(!-01%(D(2!%9 $(&@69&(!'6!'1(!%A@6$'(2!@677F'-9'&*

L-&(!_!8%9-77;!-22&!'1(!06A@7%0-'%69!68!'(019676>%0-7!06V,(9(8%'&*!!E&&FA(.!86$!'1(!
&-U(!68!-$>FA(9' '1-'!'1(!'(019676>;!(A@76;(2!,;!'1(!@$62F0($&!68!=!'6!$(2F0(!

7 This assumption is consistent, with extreme versions of two stylized facts that apply to the United States.  
First, stationary sources of carbon emissions like power generation plants face restrictions on their GHG 
footprints, but mobile sources like automobiles do not (at least not directly).  Secondly, as noted in Section 
2, damages from exposure to conventional air pollution accrue much more quickly than climate damages, 
and so the resulting urgency (as well as technical difficulties in implement control strategies) brings 
regulators to focus on these more traditional pollutants emitted from primary sources regardless of 
existence of secondary sources of harm. 
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A-G%A%Y(2!-0$6&&!,6'1!A-$U('& ,;!'1(!06A,%9-'%69!68!:li_ -92!El=_p!!\$6,-,7;!96'.!
,(0-F&(!-22%'%69-7 'N(-U&!%9!'1(!$(>F7-'%69!68!069D(9'%69-7!-%$!@677F'%69!N6F72!,(!
$(]F%$(2!&%90( %A@6$'(2!(A%&&%69&!68!:!8$6A!'1(!@$62F0($&!68!i!S-92!'1(!%A@6$'(2!
(A%&&%69&!68!E!8$6A!'1(!@$62F0($&!68!=T!N6F72 01-9>( N%'1!'1(!-2D(9'!:li_ -92!El=_*!!
E&!-!$(&F7'.!'1(!8F90'%69-7 -9016$& 68!A-$>%9-7!069'$67!06&'& 86$!:!-92!E* H9 '1%&!
D-$%-9'.!2(96'(2!L-&(!a.!&60%-7!N(78-$(!N6F72!,(!A-G%A%Y(2!697;!%8 '1(!069'$67!
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'1(!@F$@6&(!68!06A@-$%9>!6F'06A(&!'1-'!N%77!$(&F7'!8$6A!-22%9>!(D(9!A6$(!$(-7V
N6$72!06A@7%0-'%69!N%'1!'1%& 8%$&'V,(&'!&60%-7!6@'%AFA!%9!-!N6$72!N%'1!'1(&(!
%9'($2(@(92(90%(&.!7('!:llia -92!Ell=a 2(96'(!'1(&(!(88%0%(90;!,(901A-$U&[!'1(;!-$(!
-&&60%-'(2!N%'1!SS"VαEiTΔEooiaT!-92!SS"Vα:=TΔ:oo=aT[!&((!W%>F$(!Ea*

3.3.''Sector'Specific'Emissions'Controls'Applied'only'in'One'Sector'Secondary'Benefits.'

H'!%&!@6&&%,7(!'1-'!'1(!$(>F7-'6$;!-F'16$%';.!$(87(0'%9>!-!@67%'%0-7!069'(G'.!86$!(G-A@7(.
N6F72!0698%9(!%'&!069'$67!6@'%69&!'6!697;!69(!@677F'-9'*!!W6$!'1(!&-U(!68!-$>FA(9'.!
&F@@6&(!'1-'!2%$(0'!069'$67!68!'1(!(A%&&%69&!68!>$((916F&(!>-&(&!%9!'1(!@$62F0'%69!
68!i!N($(!%>96$(2 %9!L-&(!P*!51(!$(&F7'%9>!&(0692!,(&'!6@'%AFA!N6F72!'1(9!1-D(!'6!
N6$U!F92($!'1(!$(-7%'; '1-'!'1(!@$62F0($&!68!i!N6F72!$(D($'!'6!:li" k!:iA-G m!:llia*!!
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N6F72!,(!0-70F7-'(2!-769>!-!A-$>%9-7!069'$67!06&'!&01(2F7(!86$!'1(!@$62F0($&!'1-'!%&!
-9016$(2!-'!E=A-G @7F&!SαEi ΔEiA-GT!m!SαEi ΔEillT*!!HA@6$'(2!(A%&&%69&!68!E!8$6A!'1(!

8 This discussion does, however, suggest an incremental sequence of adjustments of the regulatory targets 
that could converge to the optimum, a la the Cournot model of duopoly (Mansfield and Yohe 2004, Chapter 
12, pages 428-432). 
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(A%&&%69&!68!E!N6F72!%90$(-&( '6!'-$>('!El=P!n Ell=a*!!360%-7!N(78-$(!N6F72!'1($(86$(!
8-77 $(7-'%D(!'6!'1( S:llia -92!Ell=aT 6@'%AFA!,(0-F&(!'1(!069'$67!$-'(&!86$!,6'1!:!-92!
E!-$(!N$69>!SE!N6F72!,(!6D($V$(>F7-'(2!-92!g!07(-$7;!F92($V$(>F7-'(2T* W%>F$(!EP!
2%&@7-;&!'1%&!069&'$-%9(2!(]F%7%,$%FA*!!

5N6!A6$(!069J(0'F$(&!0-9!96N!,(!-2D-90(2!N%'1!0698%2(90(Z

8#)M*,&$3*(NFO((Restricting$the$application of$regulatory$controls$designed$to$
reduce$the$emissions$of$two$(or$more)$pollutants$to$one$control$mechanism$
design$to$address$one$pollutant$necessarily$reduces$welfare.

8#)M*,&$3*(NIO((A$failure$to apply one$or$more$control$options$for$one$or$more$
pollutants$leads$to$two$fundamental$conclusions:$

(1) the$decline$in$net$welfare$losses$grow$significantly$as$one$policy$
disappears$from$consideration$in$the$list$of$policy$options,$and$

(2)$firstDbest$solutions$to$joint$policy$discussions$need$as$many$policy$tools
as$there$are$policy$objectives?
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3.4.'A'Final'Case'in'Which'Regulators'Think'that'Climate'Change'is'a'hoax.
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8#)M*,&$3*(NP((In$a$world$where$decisionDmakers$think$that$“climate$change$is$a$
hoax”,$the$efficient$secondDbest$jointly$determined$control$rate$on$GHG’s$could
still$be$positive.
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