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1. RESUME

O*+, )-*,+(*., 101(22+(, -3 ).+,( /( 142,1+(21( / * 5.32/ )*6-+1 (7 /(, 101+/(*.,
YA-+7+8*(, 9+, : 9+, /(, 8*(,7+42, (29+.422(;(273-( , (7 /( -(*. -+(2 39(1 -3 ,3270
<*3+2(3)(.;+, -3 ;+,((2)-31( '+2,7321(, ,1+(2 T+=+8*(, (7 )4-+7+8*(, /(,7+20(, :

4+4+7(. (7 :3>7.4,(. -(, (==(7, 20537+=, /( 24, 317 +9+70, )4--*327(, 1(,7 3+2,+ 8*( (,
0:+,+42, [( 1(.73+2, )4--*327, 32, -137:4,)<?.( 4 27 070 ,+52+=+137+9(;(27 .0*+7(, (7
427 *9(+-0(, /32, -( 13L.( I( ).47414-(, +27(2 37+423*@ (7 /( [+.(17+9(,
(*.4)0(22(, .05-(;(273+.(,

0(2/327 : -1<(*( 317*(-( -(, .05-(;(2737+42, (@+,7327(, 2( 7.3+7(27 )3, /(
:32+7.( 142A4+27( (7 +2705.0( -(, 8*(,7+42, [* 1<32 5(;(27 1-+;37+8*( (7 /( 8*3-+70 /(
13+, 4%.7327 J()*+, 8*(-8%(, 3220(, -3 -+770.37  *.( =4+,422( '07*/(, /0;427.327
14270.B7 (2 7(.(, I(==+131+70 (7 /( 14C7, I( ;  (77.( (2 )-31( /(, )4-+7+8%(,

14;6+20(,
(, 07%/(, ;427.(27 8*( /(, 14 6020=+1(, )(*9(27 B7 ( (25(2/.0, )4*. -3 ,3270
<*3+2( )4*. -(, 014,D,7?;(, (7 8*( -(, 14C7, I( 5(,7+42 /( -3 8*3-+70 /( -13+.
)(*9(27 B7.( .0/F+7, (2 7+.327 )3.7+ I( :(*.(, 5(,7+42 [* .01<3*==(;(27
1-+;37+8%(
—-(, ,( 63,27 *. -(, +27(.317+42, )<D,+8*(, (7 1  <++8*, (27.( )4--*7+42
37:4,)<0.+8*( (7 1<325(;(27 1-+;37+8*( 24:6.(*,(, (7 6+-370.3-(,%
3 )4--*7+42 37:4,)<0.+8*( +2=-*(21( -( 1<325(;(27 1-+;37+8*( )*+,8%( -3
)-¥)3.7 I(, Y4--*327, 37;4,)<0.+8%(, 35+7 [+.(17(;( 27 4* +2/+.(17(;(27 *. -(,
).4).+070, /( 7.32,=(.7 .3/+37+=[( -137;4,)<?.(E
( 1<325(;(27 1-+;37+8*( :4/+=+( -(, ;0132+,:(, /( =4.;37+42 /(, )4--*327,
37;4,)<0.+8%(, (7 -(*. +;)317 ,*. -1<4:;( (7 -(, 01 4,D,77:(,
3+, -3 237*.(;B;(/( 1(, +27(.317+42, +;)-+8*( 8* (-(, (==(7,)4,+7+=, I(, )4-+7+8%(,
I( 1427 .F-(I(, ,4*.1(, '0;+,,+42, /(, 53G : (==(7 1(,(..( (7 1(, )4--*327, .05+,,327
-3 8%3-+70 /( -13+. 2( ,( 1%*-(27 )3, T4*Ad4*., ( 73+2, 1<4+@ ,( .097-(27
5352327 5352327 H)4*. -3 8*3-+70 /( -13+. (7 -( 1<325(;(27 1-+;37+8%(I 3-4., 8%(
N3*7.(, )(*9(27 ,1390.(. )4,+7+=, )4*. *2 3)(17 ( 7 20537+=, )4*. -13*7.( 3.
(@()-(%
(, YA-+7+8*(, /( .0/*17+42 I(, O;+,,+42, /( 53G : (==(7 1( ,(..( 63,0(, ,*.
-13;0-+4.37+42 /( -1(==+131+70 02(.507+8*( /(, ).41 0/0, 142/*+,(27 5020.3-(;(27
I(, .0*17+42, '0;+,,+42 [(, )4--*327, 37;4,)<O0. +8*(,E ;3+, /(, ;(,*.(,

63,0(, *. -I*,35( /( 1(.73+2, 14;6*,7+6-(, 3-7(.23 7+=, 7(-, 8%( -3 6+4;3,,( 4*
+21+7327 : -3 ;46+-+70 H13. *2( ;(+--(*.( (==+1314F02(.507+8*(/(, ;47(*., )(*7

363+,,(. -().+@ /* I+-4;27.(1 (25(2/.(27 *2( 3*5;( 2737+42 /(, 0:+,,+42, /( 1(,
'B:(, )4--*327, H-(,)3.7+1*-(, 2473;;(27I

01+).48*(;(27 /( 24:6.(*,(, :(,*.(, /0/+0(, : -13; 0-+4.37+42 /( -3 8*3-+70
I( -13+. H.O17+42 /(-3 9+7(,,( /(, 90<+1*-(, *. 3*74.4*7( )3. (@()-(I
O*+,(27 3*,+ -(, 0;+,,+42, /( 53G : (==(7 I( .(. (0 3+, N3*7.(, (G,
H2473;:(27 -(, ;(,*.(, 1+7(, K(2/ 4= )+)(L /32, - +2/*7.+( .04,327 *.
-13A4*7 1073)(, 132, -( 7.3+7(;(27 /(, .(A(7, /() 4--*327,37:4,)<0.+8%(,| ,427

142,4::37.+1(, '02(.5+( (7 +2/*+,(27 *2( 3*5:(2737 +42 1(, .(A(7, /( 53G :
(=7 1(,(.(



I46A(17+= *).0,(27 7.393+- (,7 /( 142,+52(. 1107 37 /(, 14223+,321(, ,*. 1( ,*A(7 3=+2
N3:4.1(. *2( .0=-(@+42 *. -3 +( (2 )-31( =*7*( I( )A-+7+8*%(, +2705.0(, (7
1421(.70(, /( 5(,7+42 /(-3 8*3-+70 /(-13+. (7 /(  -*77((7 '3/3)737+42 3* 1<325(;(27

1-+:37+8%(

2(323-D,( /(, (==(7, .01+).48*(, I* .01<3*==(:(27 1-+:37+8%( ,*. -3 8*3-+70 /( -3+,
63,0( ,*. *2( 9(+--( 6+6-+45.3)<+8*( -3 )-*, (@<3*, 7+9()4,+6-( (7 ,*. I(, 7.393*@ /(
M (20, (2 +27(2(: - (7 ).4)4,0( -( D27<07+,( ~(, ).41(,,*, '317+42
(7 1 .07.4317+42 [* 1-+;37 *. -3 8*3-+70 /( -13+.  (, 247+42, /( 7.32,=(.7 .3/+37+= /(
[137:4,)<?.( -*2( /(, 93.+36-(, /( .0=0.(21( -, )%, *7+-+,0(, )4*, 8*3-+=+(. -I(==(7
/(-3 14)4,+7+42 1<++8*( /( -137;4,)<2.( *. (1 ;37 (7/(,(2,+6+-+70 /* 1-+;37 D
427 +--*7.0(,

2( 377(27+42 )3.7+1%+2.( (,7 3114.J0( : -3 8,7+ 42 I(, 30.4,4-, 2 (==(7 +-,
142,7+7+(27 -2 [(, ).+21+)3*@ =317(*., IN+21(.7+F/( /32, -1323-D,( /(, -+(2, (27.(
1<325(:(27 1-+;37+8*( (7 8*3-+70 /( -13+. (, +27( .317+42, )(*9(27 B7.( /+.(17(,
H).4).+070, /( 7.32,=(.7 .3/+37+=l 4% +2/+.(17(, H9+3 -3 =4.;37+42 /(, 2*35(, '+-
(,4.7 8% I( ;32+7.( 5-463-( -3 ).0,(21( '30.4,4 ., 3*3+7 )*TF7 *2 (==(7
K .(=.4+/+,327 L *. -137:4)<?.( 1(.73+2, 14))4, 0, 7(-, 8*( -( 13.642( 0-0;(273+.(
427 6+(2 I(, ).4).+070, /136,4.)7+42 /( -3 1<3-(*. (7 1421 *2 (==(7 .01<3*==327 |,
+21(.7+7*(, *. 1(, 8*(,7+42, 427 (@)-+1+70(, /32 , -(.3))4.7

3 14)-(@+70 [(, +27(317+42, )A--*T+42 37;4)<0.+ 8% 1<325(;(27 1-+:37+8%
+2=-5(21( -45+8*(;(27 -(1<4+@ /(, ;(*.(. /(B(7+ 42 (7/(.OF17+42 [(, O;+,+42, -+
142 9+,(I(, (==(7, )4,47+=, 5. (, I(*@ 3,)(17,  H8*3-+70/(-13+. (7 1-+;37

2 (2,:6-(1(:(*.(, I( *T7( 1427.( -3 )4--*7+42 37:4,)<0.+8*( (7 -( 1<325(;(27
1-+:37+8%( (,7 /421 ,D27<07+,0 )4*. ~(8*(- -(, 09(  27*(-, (==(7, 3273542+,7(, 4*
D2(.5+8%(, 427 Y4+270, (7 14::(270, (77(.(7+7  *7+42 (,7).0,(270( ,4*, =4..( /(
736-(3*@ )4*. *2( )-*, 5.32/( -+,+6+-+70 146A(L7 += (,7 /(10535(. 3* 9* /(, :(;*.(,

317*(-(;(27 /0)-4D0(, 4* (29+,350(, /32, -( =*7*. 1(--(, 8*+ ,(;6-(27 1427.(
).AP17+9(, H(7 (, .3+,42, I( 1( A*5(:(271 /32, -! *2 4% A3*7.(/(, 1@ 1<3;), (7 3*
1427.3+.( 1(-(, 8*+ 142/*+,(27 : I(, ,+7*37+42, K 5352327 5352327 L 247(. 8*13=+2 /(
£)4,(. %2 3))4.7 +;0/+37((27 *7+-+36-( )4*. [10-364.37+42 [(, )A-+T+8%(,
)6-+8*(, 24*%, 24*, 4;;(, =413-+,0, *. I(, ;(,* (, 1427(2%(, 132, -( -32 -+;37

-3 ,7.3705+( 237+423-( '3/3)737+42 3* 1<325(;(27 1 -+;37+8*( -3 ,7.3705+( 237+423(
I( 09(-4))(;(27 *.36-( (7 -().4A(7 /( 4+ -+0 3 * (2(—-( /(- 29+.422(:(27

2 1421-*+42 + *2 5.32/ 24:6.( /1( ;(*.(, ,427 ( ==(17+9(;(27 : .325(. /32, -3

137054.+( K 5352327 5352327 L 42 2( )(*7 +524.(. 1(—(, 8*+ ).0,(27(27 /(, (==(7,
3273542+,7(, - D 3 /421 *2 .0(- YA7(27+(- '3;0-+ 4.37+42 J( -i(==+131+70 /( 1(,

)4-+7+8*(, ()-*, -4.,8*( -1(2,(;6-( /( -3 1<3>2 (/(;+,( (2 O0*9.( (,7 142,+/0.0
)-*+(*., 317+42, ).0,(27(27 *2 6+-32 ;+7+50 4* -( * (==+131+70 (,7 =4.7(;(27
10)(2/327( /(, 142/+7+42, I( ;+,( (2 O*9.( (7 /'311 4:)352(;(27 1( -3 ;(,;*.( (7

132, 1( 13, -(,)4-+7+8*(, )*6-+8*(, /(9.427 053-( (27 (2 7(2+. 14;)7(

3)4* *+7(/(1(, 7.393*@ ,'137731<(.3 2473;;(27 : .03-+,(. *2( 07*/()-*, 1073+--0(
Ya*. 1(.73+2(, :(*.(, : A 4* 1(-(, 1+ -13 23-D,( )4*..3 +21-*.( /( =3P42
+)-+=+0( '3*7.(, +))317, *. -1(29+.422(;(27 (7 /(,3,)(17, ,41+4 01424;+8*(, (,

:(,*.(, 093-*0(, ,(.427 0-3.5+(, 3*@ ;(,*.(, I'3/3) 737+42 3* 1<325(;(27 1-+;37+8*(

(7 :-1093-*37+42 /().45.3;(, '317+42, 237+423*@  14:)~(7,



2. GLOSSAIRE

0.4,4-, .532+8*(, .+;3+.(,
0.4,4-, .532+8%(, (142/3+.(,
<325(;(27 -+;37+8%(

4;+, +42 *.4)0(22(

4;:+,,+42 1424;+8*()4*. -1 *.4)(/(, 37+ 42, 2+(,
542+31
07<32(

429(27+42 42 425 .325( .32,64*2/3.D +. 4--*7+42

+4@D/(/( 3.642(
4:)4,0, .532+8*(, 4-37+-, 42 07<32+8*(,
((2<4*,( 3,32/ +. 4--*7+42 27(.317+42 , 32/ D2(.5+(, 4/(-
3G: ==(71( (..(
27(.237+423- (27.(=4. <(4.(7+13- <D,+1,
27(.237+423- 2,7+7*7(=4. ))-+(/ D,7(;, 23-D,+,
27(.549(.2;(273- 32(- 42 -+;37( <325(
@D/(2+7.(*@
542+31
@ @D/(, ' G47(
4--*7+42 7;4,)<0.+8%(
4+/, -4* ],
(5+423- +. 4--*7+42 2=4.;37+42 32/ +;*- 37+42 4/(-
@ @D/(, I( 4*=.(
4+7*.()3.7+1*-+2 (



3. INTRODUCTION

O*+, )-*,+(*., 101(22+(, -3 ).+,( /( 142,1+(21( / * 5.32/ )*6-+1 (7 /(, 101+/(*.,
YA-+7+8*(, 9+, : 9+, /(, 8*(,7+42, (29+.422(;(273-( , (7 /( -(*. -+(2 39(1 -3 ,3270
<*3+2(3)(.;+, -3 ;+,((2)-31( '+2,7321(, ,1+(2 T+=+8*(, (7 )4-+7+8*(, /(,7+20(, :

+4+7(. (7 :3>7.4,(. -(, (==(7, 20537+=, /( 24, 317 +9+70, )4--*327(, 1(,7 3+2,+ 8*( (,
0:+,+42, [( 1(.73+2, )4--*327, 32, -137:4,)<?.( 4 27 070 ,+52+=+137+9(;(27 .0/*+7(, (7
427 *.9(+--0(, 1™+, )*,+(*., I01(22+(, /32, -3 -45+8*( /().AT414-(, +27(.237+423*@
(7 1(1+.(L7+9(, (*.4)0(22(, .05-(;(273+.(,

0(2/1327 )(21327 74*7(, 1(, 3220(, -(, ,7.3705+( , 1(.0F17+42 [(, 0:+,,+42, I(
)4--*327, 37;4,)<0.+8*(, .05+(, )3. /(, 46A(17+=, 2 7¢;( M==@7 7 )3. I
1427.3+27(, 7(1<24-45+8%(, (7 01424;+8*(, 427 070 0736-+(, /( =3P42 ,0)3.0( ,(-42
8*(-142 1+270.(,,3+7 3*).46-?;( /* 1<325(;(27 1- +;37+8*(H(7 /1421 3*@ 0;+,,+42, /(
53G : (==(7 /(,(..C | 4*:1(-*+/(,)4--*32 7, 37;4,)<0.+8*(, 8*( 24*, .(,)+.42,
132, -(, 63,,(, 14*1<(, /( -137;4,)<?.( (7 8*+ +))3 17(27 247.( (29+.422(;(27 H2470,
132, -3 *+7(l

(-3 )(*7 N@)-+8*(. )3. [+==0.(27(, .3+,42, /427 -(, ).+21+)3-(, .(-?9(27 [,
).4).+070, )<D,+14 1<+;+8*(, /(, /+==0.(27, )4--*32 7,% -(, 7(), /( .0,+/(21( /32,
-137;4)<?.(/(, 53G : (==(7 /( ,(..(H ;07<32( QI ,427 5020.3-(;(27 6+(2 )-*,

+)4.7327, 8% 1(*@ /(, )4--*327, 37:4,)<0.+8*, K 241+=, L )A*, -I<4;( (7
-1(29+.422(;(27 HA@DI( /( ,4*=.( 4@DI( '3G47( <D /.413.6*.(, 4G42( )3.7+1*(,Ql
(7 1421 -3 [+,7.46%7+42 )37+3-( /( 1<31%2(/(1(,  1-3,,(, /( )4-*327, (,7 I+==0.(27(

(, 53G : (==(7 /( ,(..( 142,7+7*(Q27 *2 ).46-2:( : 101<(--( /* 5-46( 3-4., 8%
J4)317 ()T (T *2( GA2( +2/*,7.+ (-( *2 8*3.7+(. *2( 9+--( 4* *2(
05+42 2 142,08*Q21( -(, (==(7, I(, Y4-+T+8*( |  (5(,7+42 /(-3 8*3-+70 /( -13+. 24*,
427 )+, 3)+(;(27 )(.1(7+6-(, H3* 64*7 /( 8*(-8 *(, 3220(,] 3-4., 8*( 1(*@ /(,

)A-+7+8%(, I( 1427.F-( [* .01<3*==(;(27 1-+:37+8*  ,1+2,1.49(27 /32, -( -425 7(.(
H)-* +(*., /01(22+(,|

137.(, .3+,42, (@)-+8*327 -3 [+1<474;+( ). 49+(22(27 1( -3 237*.(:B:(/(,
(==(7, I( 1(, 14:)4,0, (, 53G : (==(7 /( ,(..( ,4 27 .(,)42,36-(, /* .01<3*==(;(27
1-+:37+8*( ;3+, 427 5020.3-(;(27 )(* N(==(7, ,*. - 3 ,3270 3-4., 8*( 11(,7 -1+29(.(
)4*. -(, 3*7.(, TD)(, /( )4--*327, 4742, 1()(2/32 7 -( 13, )3.7+1%+(. I( -14G42( 8*+

(,7 *2 53G : (==(7 I( ,(..( (7 1427 -(, (==(7, 20=  3,7(, ,*. -3 ,3270 <*:3+2( (7 -3
9050737+42 2( ,427 )-*, : /0:427 (.

42,41 -l<(*( 3L7*(-( -(, .05-(;(2737+42, (@+7 327(, 2( 7.3+7(27 )3, /( ;32+72.(
142A4+27( -(, 8*(,7+42, [* 1<325(;(27 1-+:37+8*( (7  /( 8*3-+70 /( -13+. 4*.7327
JO*+, 8*(-8%(, 3220(, -3 -+770.37*( =4+,422( '0  7*/(, /0;427.327 -1+270.B7 (2

7(:( N==(7, (7 I( 14C7, I( :(77.( (2 )-31( /(, )4-+7+8*%(, 1421(.70(, H

##$ (7 .0=0.(21(, 1427(2*(, /32, -( .3))4.7I

(, O7*/(, :427.(27 8*( /(, 14 6020=+1(, )(*9(27 B7 ( (25(21.0, )4*. -3 ,3270
<*3+2( (7 )4*. -(, 014,D,7?;(, (7 8*( -(, 14C7, I( 5(,7+42 I( -3 8*3-+70 /( -13+.
)(9(27 B7.( .0/+7, (2 7+.327 )3.7+ I( :(*.( K 5(,7+42 /% .01<3*==(;(27
1-+:37+8%(

~(, ( 63,27 5. -(, +27(.317+42, )<D+8*, (7 1  <++8%, (27.( )4--*7+42
37:4,)<0.+8*( (7 1<325(;(27 1-+:37+8*( 24:6.(*(, (7 6+-370.3-(,%



3 )4--*7+42 37;4,)<0.+8*%( +2=-+(21( -( 1<325(;(27 1-+:37+8%( )*+,8%( -3

)-*)3.7 I(, )A--*327, 37;4,)<0.+8%(, 35+7 [+.(17(;( 27 4* +2/+.(17(;(27 ,*. -(,
).4).+070, /( 7.32,=(.7 .3/+37+=/( -137;4,)<?.(E
( 1<325(;(27 1-+;37+8*( :4/+=+( -(, ;0132+,:(, /( =4.;37+42 /(, )4--*327,
37;4,)<0.+8%(, (7 -(*. +;)317 ,*. -1<4:;( (7 -(, 01 4,D,77:(,
3+, -3 237*.(;B;(/( 1(, +27(.317+42, +;)-+8*( 8* (-(, (==(7,)4,+7+=, I(, )4-+7+8%(,
(1427 .F-(I(, ,4*.1(, '0;+,,+42, I(, 53G : (==(7 1(,(..( (7 1(, )4--*327, .05+,,327
-3 8*3-+70 /( -13+. 2( ( 1%*(27 )3, T4*Ad*., ( 73+2, 1<4+@ ( .097-(27
5352327 5352327 H)4*. -3 8*3-+70 /( -13+. (7 -( 1<325(;(27 1-+;37+8*( 3-4., 8%(
N3*7.(, )(*9(27 ,1390.(. 5352327, )4*. *2 3)(17 ( 7 )(1327, )4*. -13*7.( 3.
(@()-(%
(, )A-+7+8*(, /( .0/*17+42 [(, O;+,,+42, /( 53G : (==(7 /I( ,(..( 63,0(, ,*.
-13:0-+4.37+42 /( -1(==+131+70 02(.507+8*( /(, ).41 0/0, 142/*+,(27 5020.3-(;(27
2 1(, .0/*17+42, '0;+,,+42 [(, )4--*327, 37;4,)<O0. +8*(, .05+,,327 -3 8*3-+70 /(
13+, E 3+, /(, :(,*.(, 63,0(, ,*. -1*,35( /( 1(.7 3+2, 14;6*,7+6-(, 3-7(.237+=,
7(-, 8%( -3 6+4;3,,( 4* +21+7327 : -3 ;46+-+70 H13. *2( ;(+--(*.( (==+131+70
02(.507+8*( /(, ;47(*., )(*7 363+,(. -( ).+@ /* J+ -4;27.(1 (25(21.(27 *2(
3*5;(2737+42 [(, 0;+,,+42, I( 1(, ;B;(, )4--*327, H -(,)3.7+1*(, 2473;;(27I
01+).48*(;(27 /( 24:6.(*,(, :(,*.(, /0/+0(, : -13; 0-+4.37+42 /( -3 8*3-+70
I( -13+. H.O*17+42 /( -3 9+7(,,( /(, 90<+1*-(, ,*. 3*74.4*7( )3. (@()-(l
O*+,(27 3*,+ -(, 0;+,,+42, /( 53G : (==(7 I( (. (0 3+, M3*7.(, (5,
H2473;;(27 -(, ;(*.(, +7(, K@/ 4= )+)(L .04,3 27 *. -1+224937+42
7(1<24-45+8*( /(, ).410/0,| ,427 142.4;;37.+1(, /10 2(.5+( (7 +2/*+,(27 /421
I(, (A7, 1(53G : (==(7 I( ,(..((2)-* 5.32/(8 *327+70

42,4+ -( =3+7 8% 1<31*2( /(, /(*@ )A-+T+8%, HI(  +*77( 1427.( -3 )4--*7+42
37:4,)<0.+8*( 4* 1427.( -( 1<325(:(27 1-+:37+8*1 1 42P*( ,0)3.0:(27 ,4+7 1470(
/1*2 3))4.7 14C7 (==+131+70 K 4)7+;3- L 2( ,+52+=(+)3, )4*. 3*7327 8*( ~(*. 3//+7+42

-( ,4+7 4R -14270.B7 /( ).+9+-05+(. /(, )A-+7+8*(, 14;6+20(, 142P*(, /( =3P42
5-463-( 3=+2 8*(/(, (==(7, 1427.().4F17+=, 1?2 ([(, YA-+T+8*(, ,*. -13*7.( )*+,,(27
B7.(09+70, 4* :+2+;+,0, (7 -(, ,D2(.5+(, (27.(-( /(@ )4-+7+8*(, ;3@+;+0(,

I(,7 132, 1(77( -45+8*( 8%( ,1+2,1.4+9(27 -(, 07*/(  ,.03-+,0(,)3.-!  H 27(.237+423-
2,7+7*7(=4. ))-+(/ D,7(;, 23-D,+,  SSS 3137 139(1 -( ;4/?-( +2705.0

H 32 (7 3- ##1)4% -(14)7(/( -3 4;;+,+42 * 4)0(22( (7 /( -3 429(27+42
Fo-(.32)4.7 I, 4-+*327, T:4)<0.+8%(, : 42 5% +7321( H 1 /( -3
Qik, +42 1424;+8%()4*. -1 * 4)(I(, 37+42, 2+ (H 1 (,07*(, 427 3+2,+

8*327+=+0 /(, 53+2, 01424:+8*(, (7 (2 (==+131+70 YA (27+(—-(:(27 *6,7327+(-, +,*, I(
-3 14,((2 0%9.(/(,7.3705+(, +2705.0(,

=+2 J( 14:).21.( (7 +27().07(. 1(, .0*-737, *2 ( ).(+?.( 073)( 39327 /(
1421(94+. /(, ,7.3705+(, .0(--(;(27 +2705.0(, (,7 /  1093-*(. -(, 142,08%21(,
1<31%2( /(, )4-+7+8%(, ,*. -13*7.( (,427 1(, 0-0 {27, 1( 63,( 8*( 142 ,().4)4,(
1C.(L(2,( (7 1( 14;;(27(. 132, 1(77(07*/(

(, 1@ ).G+2.(, )3.7+(, /* .3)4.7 427 142,31.0 (, : -1323-D,( /(, (==(7,

014).48%(, /* .01<3*==(;(27 1-+;37+8*(,*. -38*3-  +70/( -13+.



2( 7.4++72:( )3.7+( ,D27<07+,( *2 (2,:6-( /( ;(,* (, /( *T7( 1427.( -3 )4--*T+42
37:4,)<0.+8*( (7 -( 1<325(;(27 1-+:37+8*((7)4+27(  -(, 09(27*(-, (==(7, 3273542+,
4% D2(.5+8*(, )4*. 1<31*2( N'(27.( (—(, 32, ~( ).0,(27 141%(27 24*, 3942, ).+,
-()3.7+ 1().0,(27(. L(77( .(,7T+T*7+42 .4*, =4.( I( 736-(3*@ )4*. *2( )-*, 5.32/(
+,4+6+-+70 V4BA(17+= (,7 /( 10535(. 3* 9% /(, :(  *.(, 317*(-(;(27 /0)-4DO(, 4*
(29+,350(, /32, -( =*T*. 1(-(, 8*+ ,(;6-(27 1427.  ().4/*17+9(, H(7 -(, .3+,42, I( 1(

A*S(:(271 132, -1%2 4% 13*7.(I(, I(*@ 1<3;), (7 3* 1427.3+.( 1(--(, 8*+ 142/*+,(27
L/, +7*37+42, K 5352327 5352327 L

247(. 8*13=+2 [( [+)4,(. /"2 3))4.7 +;:0/+37(;( 27 *7+-+,36-( )4*. -10-364.37+42
I(, YA-+T7+8%(, )*6-+8*(, 24*, 24*, 4;:(, =413-+,0 xR 1427(2%(, 132,
-, ).45.3;(, 237+423*@ (7 -413*@ /( -*77( (7 '3/  3)737+42 1427.( -3 4--*7+42
7:4,)<0.+8*( H | (7 1427.( -( 1<325(;(27 1-+:37+8%( H-32 -+37
7.3705+( 37+423-( /1/3)737+42 3* <325(;(27 -+;  37+8*( 7.3705+( 37+423-( /(
09(-A4))(;(27 *.36-( ).4A(7 I( 4+ -+0 3* (2(-- (/( - 29+.422(:(27]

32, *2( 073)( *-70.+(*.( H##1 -(, 2AC@ 7(1<2+ 14 01424:+8%(, 3,,41+0, : -3 :+,(
(2 O*9.(/1*2( ,0-(17+42 I( 1, :(*.(, ,(.427 07*/ +0,



4.  Impact des polluants atmosphériques sur le clima  t

4.1 Facteurs chimiques de I'évolution du climat

(3)47/(- H | [ T*+2 ##&
H311(,+6-( : <77)% SSS +)11 1<l /.(,,( *2 0737 /(  , —+(*@ I(, (==(7, /( -3 )4--*T+42
. -(1<325(;(27 1-+;37+8%(

(, 93.437+42, I(, 1421(27.37+42, 37;4,)<0.+8*. /(  53G : (==(7 /( ,(..( (7 /'30.4,4-,
[ 14%9(.7 7(.(7.( (7 I* 3D422(;(27 4-3+.( +2=-  *(27 *. -( 6+-32 02(.507+8*( /*
D,7?;( 1-+:37+8%( (7 ,(, 93.437+42, (, =*17*37+ 42, ,(.0)(1*7(27 ,*. -(, 142/+7+42,
136,4.)7+42 10+, +42 (7 /( [+==*+42 [ 3D422( (27 /32, -137;4,)<?.( (7 : -3

F=31( /(-3 (.( - ,M2,*+7 I(, 93.437+42, )4,+7+9(, H.01<3*==(;(271 4* 20537+9(,
H.(=.4+/+, (271 /* 6+-32 02(.507+8*( 7(..(,7.(3))  (-O(, "#$%& #' (! )*"# | %o+#&
- &(&J#01& 23 ((/#0 )340 - (77(247+42 10,43+, 7.2, 14;%2( (7
*T4-+,0( )4 14)3.( -+2=*Q21( N, =317(*., 01<3*==(;(27 4*
(=.4++,,(;(27 I* 1-+:37 I( -3 )-3227(

(, 317+9+70, <*;3+2(, (25(2/.(27 /(, 0:+,,+42, I( 8*37.(  : -425*(/*.0(/( 9+( %

( ~(;07<32(H | -14@DI( 2+7.(:@ H | (7 -(, <D/.413.6*.(, <3-45020, H*2
5.4%( /( 53G 1427(2327 [* =-*4. [* 1<-4.( 4* [* 6 A (, 1421(27.37+42,
37;4,)<0.+8%(, /(  3*5;(27(27 -4.,8*(-(, 0;+,,+ 42, -10)4.7(27 *. -(, ).41(,*,
136,4)7+42 4% -I(==(7 /(, 317+9+70, <*;3+2(,  -(, 1421(27.37+42, 37;4,)<0.+8*(,
IO I (710,427 =4.7((27 311.%(, 0%+, "# E (-(, ,427

ALY [I<+ 6+(2 F)0.4(.(, 3*@ 93-(*., <+,74.+48% , /07(.;+20(, )3. -1323-D,( /(
13.477(, /( 5-31( 14%9.327 /( 24;6.(*@ ;+--023+.(,

2 ## -(, 1421(27.37+42, 37;4,)<0.+8*(, /( H ") @I H ™ )el

427 -3.5(;(27 (@10/0 -1+27(.93--( /( 93.+37+42 237* .(--(/(, $ # ### 1(.2+72.(, 3220(,

3 13*,( ).G+?.( /1( -3 <3*,( /(, 1421(27.37+42, | ( (,7 -*7+-+,37+42 [(
14;6*,7+6-(, =4,,+-(, E -( 1<325(;(27 /'3==(1737+42 /(, 7(..(, D 1427.+6*( 3*,+ ;3+,
132, *2( ;4+21.( ;(*.( - (,7 7.2, ).4636-( 8*( - 13%5;(2737+42 46,(.90( /(,
1421(27.37+42, I( ).49+(22( ,*.74*7 /( -135.+1* 7 (7 I -PFT+-+,37+42 (
14;6*,7+6-(, =4,+-(, *327 : -3 <3*,( /(, 1421(2 7.37+42, [( (--( (7

(G, (27+(--G(27 [*( - -135.42*-7*(

3 1421(27.37+42 37;4,)<0.+8*( :42/+3-( /( [+4@DI(  /( 13.642( (,7 )3,,0( /( &#

)); (29+.42 : -10)48*%( ).0+2/%7.+(—(: ™)): (2 ##  (.D7<;(N311.4+,,((27
322%(- /(-3 1421(27.37+42 :4D(22(/( 3070 )-* L 3)H( 314, I(, #1(.2+72.(,
3220(, H ' )); )3. 32 (2 :4AD(22( (27.( " (7 ## | 8%14- 2( -13 070 /()*+,
-10)48*( /* J06*7 J( -3 .03-+,37+42 I(, ;(,*.(, 37; 4,)<0.+8*(, [+.(17(, 1427+2%(,

+2=20.(21( (27.( -102(.5+( +21+/(27( (7 -102(5+(  .0=-01<+(

(.73+2(, O7*/(, +270.(,,(27 )-*TF7 3* K 47(27+ (- I( 01<3*==(;(27 -463-L HU )4*. -463-
U3.;+25 47(27+3-1 8%+ +2/+8*(I( 14;6+(2 *2( :3,,( 14220( /( 53G : (==(7 I( ,(.( 4* '130.4,4-, )(*7
1427.+6*(. 3* .01<3*==(;(27 5-463- 14;)3.0 : -3 ;B; (:3.,(/( 3+, 1(77( 247+42).0,(27( /(
24:6.(*,(, +21(.7+7*/(, (7 -3 8*327+=+137+42 [* U 2( =3+7 )3, -1*232+:+70 /32, -3 14;;*23*70
1+(27+=+8%(H 4*1<(. (7 (/D ##&I



H ));)3.32 (2;4D(22( (27.( '$# (7 ##1 6+( 2 814 Y5+ (93.+(. /1*2( 3220(
L 13%7 (

3 1421(27.37+42 37:4,)<0.+8%( :42/+3-( I( (7 )3,,0( ((29+.42 " ))6 :
-10)48*( ).0+2/*,7.+((: " ))6 3* /06*7 /(, 3 220(, "# )4*. 377(+2/.(

N6 (2 ## ( 73*@ /( 1.4+,321( 3 =-01<+ /()*+, -( 106*7 I(, 3220(, "# (2
14<0.(21( 39(1 -(, O:+,+42, 7473-(, H,4::( I(, ,4* A(, 327<.4)+8%(, (7 237*.(-(,|
8%+ 427 .(,70(, ).37+8*(;(27 142,7327(, 3* 14*.,/  (1(77()0.+4/( 3 1421(27.37+42
37;4,)<0.+8%( 5-463-(/( (,7)3,,0(/( "#))6  -10)48*( ).0+2/*,7.+(—( :

)6 (2 ##

3 1421(27.37+42 I( 24:6.(*@ <D/.413.6*.(, <3-45020 , H/427 -(, <D/.4=-*4.413.642(,|
3 3*5:(270 (,,(27+(-(;(27 4%, -(==(7 /(, 317+9+ 70, <*;3+2(, 3-4., 8*I(--( 073+7
).41<(/( GO.4 : -12.().0+2/* 7.+(-~(

2 )(*7 3==+.;(. 39(1 *2 /(5.0 /( 142=+321( 7.2, 0- (90 8*(2 :4D(22( -(, 317+9+70,

<*3+2(, :(20(, [(*+, " # 427 (* 5-463-(;(27 *2 ( ==(7 /( .01<3*==(;(27 2(7 39(1
*2 =4.P35( .3+37+=/(V $SWV#$:V XU; (=4.P35( .3/+37+= 1%*-0 .0,*-7327
J(-13%5:(2737+42 I(, 1421(27.37+42, I(  I( T (TIV WV :V

X U: (7 42 73*@ N311.4+,((27 )(2/327 -12.( +2*7.  +(( (7 7.2,
).4636-(;(27 ,32, ).010/(27 [()*+, )-*, I( # ### 3 2, (=4.P35(.3/+37+= /* [+4@DI(
[(13.642(3 3*5:(270 /[( #Y (27.( " (7 ## 1 ( 8%+ .0.0,(27( -( )-*, 5.32/
1<325(:(27 *.9(2* (2 *2( 101(22+( 10*+, )-*, I # 32, 3% 442, 2

14:)3.3+,42 42 (,7+:( 8%( -(, 93.437+42, /( -101-3  +.(;(27 02(.507+8*( ,4-3+.( 427
).4948*0 [()*+, " # *2 -05(. =4.P35( .3/+37+=/( V# WVHHS: V# #XU;

14G42( 113).2, -3 =+5*.(  ,(.3+7 ~( 053G 1 (==(7 I ,(.( (7 (7 *2 )4--*327
37:4)<0.+8%( 6+(2 1422* )4*. (, ).4).+070, +.+73  27(, * -(, :*8*(*(,
()F.374+.(, (7 41%-3+.(, (, 2+9(3*@ '4G42( ,( 427 142,+/0.36-(;(27 311.*, /()*+,
((106%7 1+ 70 121 (H(S(27 (73~ ##"1 (7 427 7(2/321(: ,73  52(. I0*+, 1(, I+@
J(.2+72.(, 3220(, (2 /0)+7 I(, YA-+7+8*(, I( .0/*17 +42 [(, 0:+,+42, 1(,(, ).01*.,(*.,
HA@DI(, '3G47( (7 14:)4,0, 4.532+8%(, 94-37+-, 247 3;:(27|

2=+42 +- (,7 +)4.7327 /( 247(. -( 13,)3.7+1*+(.  /(, 30.4,4-, (7 )3.7+1*-(, 8*+ 427 [(,
(==(7, *. -3 ,3270 (7 ,*. -( 1-+;37 3 =+5*( =3+7 0737 ['*2 )4*94+. )-*TF7
(=.4+/+,,327 )4*. -3 ;3,,( 7473-( '30.4,4-, 9+3 / (, ==, I+.(17, (7 +2/+.(17, H1= Z
| ;3+, -(, [+==0.(27(, (,)?1(, 142,7+7*327 -(, ) 3.7+1*(, 427 I(, 14,)4.7(;(27,
[+==0.(27, 3.;+1(, (,)?1(, 42 +/(27+=+(5020.3-( ;(27 %
( *-=37(, +,,%, I(, 0;+,,+42, +2/* 7 .+(--(, /(
(, 2+7.37(,1.00, : )3.7+. /(, 0;+,,+42, '4@D/(, 3G47(, (7 I'3;;42+31
(, 30.4,4-, 4.532+8*(, 0:+, : )3.7+. '1317+9+70, /  ( 14:6%,7+42, HD 14;).+, ~(,
=(*@ /( =4.B71 (7 1.00, : )3.7+./(, 0;+,)3. - (, 31749+70, 327<.4)+8*(, 4*
237*.(--(;(27
(13.642( ,*+(4* 13.642( 0-0;(273+.( 8*+ .0,*-7( 1(,).41(,.%, /( 14,6*,7+42
+214;)-?7( (7 1427 -(, 0;+,,+42, 2(1(,,(27 /(1.4> 7.(2 +((7(2 2/(
(, )a*,,+2.(, ;+20.3-(, /*(, : -10.4,+42 [* 9(27 , * -3 *=31( I* 4- (7
1(.73+2(,).37+8*(, 35.+14-(, (7 +2/*,7.+(--(,



Composantes du forgage radiatif

Composantes du FR Valeurs du FR (Wim?2) | Echelle Spatiake | NCSe
:
1,66 [1,49 4 1,83] Mondiale | Haut
Gaz a effet de
serre & longue 0,48 [0,43 &4 0,53]
durée de vie [ Hydrocarbures Mondiale | Haut
halogénés
@ . 1 L. -0,05 [-0,15 4 0,05] |Continentale
é Ozone Stratosphérique =M Troposphérique 0,35 [0.25 2.0,65] | & mondiale Mayen
Z2 Wapeur d'sau . ) .
@ stratosphérique 0,07 [0,024012] Mondiale | Faible
= provenant du CH,
o
= : Utilisation des terres . 0,204 400 Localea |Moyen-
g Albédo de surface Carbone noir 04 [0.040.2] continentale | Faible
SUF NEige ol LHL AR
Continentals [Moyen-
Effet direct DO5[-0.88-04] | 3 mondiale | Faible
Tetal
adrosals Effet lié & Continental
@ Falbédo des| F——t 07,8203 | Zrrein | Faible
= nuagas
=
o Trainges de 0,01 [0,002 & 0,03] | Continentale | Faible
a |condensation linéaires
c -
=) Eclairement T . )
= | énergétique solsire F : 0,12 [0,06 & 0,30] Mondiale | Faible
"D L
Total net du FR — 1,606 a24]
anthropique mEEEs

-2 =1 0 1 2
Forgage radiatif (W/m?)

Vo+#& , 5 & 'N1H&2( I"HS %& #' (!

4.2 Sensibilité du climat et rétroactions

&2 67(L '+ 870( 9 7:1;+76#& (7 *2 +2/+137(*. /( -3 .0)42,( /* ,D,77;(
1-+:37+8%( : *2 =4.P35( .3/+37+= 142,7327 -~( (,7 [0=+2+( 14;;( -( .01<3*==(;(27

4D(2 : -108*+-+6.( : -3 *.=31( /* 5-46( ,4* -I(= =(7 ™2 14*6-(;(27 /( -3
1421(27.37+42 /(  (,).45.?,.03-+,0, /()*+, - (7.4+,+7?;( 3))4.7 /'093-*37+42 /(
-L)G(7T7(@27 13==+.;(. 8*1(--(,( ,+7*().463 6-G27 27.( (7 [ -393-(*

-3 )-*,).4636-( ,!0736-+,,327 : [ (29+.42 (7 8 *I+- (,7 7.7, +;).4636-( 8*!(--( ,4+7
+2=0.+(*.( : [ 93-(*., 2(77(;(27 ,*)0.+(* ( [ 2()(*9(27 B7.(
(@1-*(, ;3+, -3 14214./321( I(, ;41?-(, (7 I(, 46, (.937+42, 2!(,7 )3, 3*,,+ 6422(
)4*. 1(, 93-(*.,

& #1(#"8("2 /&+*&2( O/7'&# "+ ((12+&# 7 #1/" 2& 9 +2 I"'#$ %& 221
10;+,,+42 [+.(17( /( 93)(*. I'(3* H*2 53G : (==(7 IC ,(..(1 -+0( 3*@ 317+9+70,
<*:3+2(, Ad*( *2 .F-( 205-+5(36-( /132, -( =4.P35( . 3/+37+= +2,+ -13*5;(2737+42 /( -3
1421(27.37+42 [( 93)(*. /\(3* 132, -3 7.4)4,)<?.( , 4% -\(==(7 I( -1311.4+,,(;(27 /(

-3 7(;)0.37*.(;4D(22( : -3 ,*.=31( /* 5-46( 2( .() .0,(27()3, *2 =317(*. /( =4.P35(

[* 1<325(;(27 1-+;37+8*( ;3+, (--()(*7 B7.(: -4 A5+2(/(.07.4317+42,)4,+7+9(, 8%+

3)-+=+(27 -( .01<3*==(;(27 (, 93.437+42, /(-3 1 421(27.37+42 J( 93)(*. /!(3* 8*+
142,7+7%(27 -3 ).+21+)3-( .07.4317+42 +2=-+*327 %3 ,(2,+6+-+70 /* 1-+;37 : -108*+-+6.(



427 3*AL* [I<H+ +(*@ 1422%(, 8*1: -10)48*( [* 7.4 +,+2;( 3))4.7 1093-*37+42 [(
- (2)(21327 -(, .07.4317+42, -+0(, 3*@ 2*35  (, .(,7(27 -3 )-*, 5.32/( ,4*.1(
N+21(.7+7*/(

(, .07.4317+42, .(-37+9(, : -13-60/4 /(, 5-31(, /( (. 427 7(2/321( : .(2=4.1(. -3
0)42,( 3*@ <3*7(, -37+7*I(, ()-*, : 13*%( /* 0)F7 /( )3.7+1*(, 13.6420(,
8*1(~-(, ,*6+,,(27 -(, 5-31(, /( -3 6328*+,( )(./( 27 -(*. )4*94+, .0=-01<+,,327 1( 8*+

142/*+7 . *2( ;4+=+137+42 ,(2,+6-( /( -!13-60/4 (7  *2( 3110-0.37+42 /( -3 =427( /(,
5-31(, 3142,08*(21( +2 =+2( (,7 *2 311.4+,,(;(27 [* .01<3*==(;(27 (-*+ 1+ 2*+7 :
-3 =+@37+42 I* 37;4,)<0.+8*( /32, -(, 7(..(, O; (.50(, (7 -(, 41032, (7 3*5;(27(
+2/+.(17(;(27 -3 )3.7+( /(, 0;+,,+42, 327<.4)+8*(, 8*+ .(,7( /32, -137;4,)<?.( (77(
.07.4317+42 )4,+7+9( /* 1D1-( /* 13.642( .(2=4.1( - !311.4+,,(;(27 I(, 7(2(*., (2
37;4,)<0.+8*( (7 (27.3>2( /(, 1<325(;(27, 1-+;37+8* (, YA7(27+(--(;(27 )-*,

+)4.7327, 8% -(, (==(7, I+.(17, 377(2/*, )4*. *2 ,1023.+4 [10;+,+42, /4220
0(2/327 -13;)-(*. /( 1(7 (==(7 /( .07.4317+42 93 +( 142,+/0.36-(;(27 ,(-42 -(,
A41?-(,

4.3 Les effets directs, semi-directs et indirects d es aérosols

2 [+==*327 (7 36,4.6327 -3 -*;+?.( 4* (2 ;4/+=+32 7 -( )4*94+. .0=-01<+,,327 /(,
2*35(, -(, 30.4,4-, 142, 7+7*(27 *2 13, )3.7+1*+(. (7 (@(.1(27 )-*,+(*., (==(7, ,*. ~(
1-+;37 % /+.(17 ,(;+ /+.(17 (7 +2/+.(17

(, 30.4,4-, 327<.4)+8%(, /32, -(*. 5-463-+70 H(,,(  27+(--(;(27 =4.,0, /( *-=37(, I*
13.642( 4.532+8*( /* 13.642( 0-0;(273+.( /(2+7.3  7(, (7 /()4*%,+2.(,1 ).4/*+,(27 +2
=+2(*2 (==(7 I+.(17 /( .(=.4+1+,,(:(27 39(1 *2 =4  .P35(.3/+37+=[+.(17 7473-/( # W

#': # XU; (7 *2 =4.P35( +2/+.(17 /C : -13-60/4 /(, 2*35(, /( #"W &: # X
U,

2 (9321<( -(, 30.4,4-, I( 13.642( 0-0;(273+.( +,4 -0 ).+21+4)3-(;(27 0:+, )3. (,
).41(,,*, [( 14:6%,7+42 13)7(27 - 02(.5+( .3/+37+9  ( (7 -3 1429(.7+,,(27 (2 1<3-(*. (7
3%5:(27(27 ,(2,+6-((27 -3 7(})0.37*%.( /( -3 ;3,( |3+, +)317 .3/+37+= 5-463-

(3+7/(29+.42 V# WVH## :V# XU;

<&@N&( "#&8( 2(,7 3*7.( 8*( - (==(7 /( 6-4135( /+.(17 (7 /421 |  ( .0=-(@+42 I*
3D422(:(27 4-3+.( - .0+I( 132, -( )<024:22( I [+==*+42 09(27*(--(;(27
3114:)3520( / 36,4.)7+42 [* .3D422(;(27 ,4-3+.()3 -(,)3.7+1%(, 3 [+==*+42 (7

- (==(7 ;3A(*. 3*@ -425*(*., [ 42/(, ,4-3+.(, (2) 3.7+1*+(. /32, -( 13, /30.4,4-, /(
)4-*T+42 E (--( (,7 5020.3-(;(27 205-+5(36-( /32, - +2=.3.4*5( 7<(.;+8*( - ,35+7 [ *2
(==(7 .(=.4+/+,,327 ,3*= /32, -( 13, /30.4,4-, 36 ,4.6327, 3*/(,,*, / *2( ,*.=31( 7.?,
.0=-01<+,,327(

(, 30.4,4-, 8%+ 36,4.6(27 I( =3P42 )-*, 4* :4+2, +  :)4.7327( -( .3D422(;(27 ,4-3+.(
A1+=+(27 ~(, ).4=+-, [( 7()0.37*.( 132, -137:4,)< 2.( (7 )3. 142,08%27 427 *2
+)317 5. -(, 142/+7+42, ( =4.:37+42 [(, 2*35(, (27.3>2327 -(*. [+,)3.47+42 4*
A4]+=+327 -(*. (@7(2,+42 5045.3)<+8*( (,7 1(8* 423))(—( 7<&N&( &0, #&S(

<@N&(#' (! 2'#&8(  /(, 30.4,4-, .0,*7(8*327 : -*+ /(, +27(.317+42, (  27.(30.4,4-,
(7 2*35(, 8*+ 427 (*@ ;B;(, *2 +;)317 =4.7 *. 6+-32 02(.507+8*( /(-3 (. +2,+
-(, 30.4,4-, )(*9(27 ,(.9+. /( 24D3*@ /( 142/(2,37+ 42 -4., /(-3 =4.;37+42 [(, 2*35(,



I(,4.7( 8% : 1427(2% (2 (3* =+@0 *2 2*35( +,* | *2(:3,(/3+. )4--*0 1427+(27 *2

24:6.( /( BA*TT(-(T7(, *)0.+(*. : *2 2*35( ;4+2,) 4-+0  +(2 8*( -(, 5A*TT(-(77(,
A+(27 )%, )(T+T(, *2 7(- 2*35( (.3 )-*, .0=-01<  +,327 8*( 1(-*+ +,,* / *2(;3,,( / 3+.

32, 30.4,4-, (7 -().G+(. (==(7 +2/+.(17 (= A+[+,327 32, *2 (142] 7(),
Y*+,8%( ~(, BA*TT((T7(, 427 )-* )(T+7(, (—(, 2 377(+2/.427 )3, -3 73+--( L.+7+8*( 3*
/(=1 I( -38*(—( 3))3.3>7 -3 ).01+)+737+42 (7 -3 /*  .0( /( 9+( :4D(22( * 2*35( ,(.3
3*5;(270( 3 14*9(.7*.( 2*35(*,(:4D(22( *. -3 ( (31421 )%, +:)4.7327( (7

)%, K ).AT(L7.41(L O+, : O+, /* 01<3*==(;(27 2  =+2 (2 .01<3*==327 - 37:4,)<?.( :
I(, 2+9(3*@ 4R ,( =4.:(27 5020.3-(;(27 /(, 2*35(, -(, 30.4,4-, )(*9(27 142/*+.(

-(*. 093)4.37+42  (2,6-(/( 1(, ).41(,*, 142,7 +7*(-(1(:@+2;( (==(7 +2/+.(17 I,

30.4,4-, *. «( 1-+:37 8%+ )(*7 B7.( .(=.4+/+,327  4* .01<3*==327 2473;(27 ,(-42
- 3-7+7¥I( * 2*35(

4.4 Incertitudes liées aux couplages aérosols/clima t dans les modéles
climatiques

& 0"=7& 8"+/71 "81 2, (0" [>=#& )3.7+14)327 1 - )(;(77(27 I( 1422(. I,
).09+,4+42, [ 094-*7+42 [* 1-+:37)4* (70 421-(: -101<(-~( /* 5-46( (2 ).(2327 (2
14:)7( ~(, .07.4317+42, /(- 094-*7+42 [( -3 14;)4,  +7+42 [( - 37:4,)<?.( 2473;;(27

I(, 30.4,4-, *. -(1-+:37 (, [+==0.(27, (==(7, ).010/(;;(27 0948*0, ,427 ,+:*-0,

)3. /(, ,1<0:3, )-*, 4% ;4+2, 14)-(@(, ,*+9327 -(, 42+, "+ 7& 0"=7&
"2282( +2 "HS %& #' (! ((7 21% (! '? +. 1#""7 3).0,(21( /'30.4,4-,
H2473:;(27 -(, *=37(,| /32, -137:4)<?.( 3*3+7 | 421 *2 )A*Q4+. .(=.4+[+,327
6+(29(2* /32, *2( 4)7+8*( /( 5(,7+42 I(, ).46-7(, -+0, 3* 1<325(;(27 1-+;37+8%(
+(2 (27(2/* -( 142,737 +29(.,( (,7 =3+7 -4..8*(-! 42 137731<( 3*@ (==(7, ,*. -3 ,3270
<*:3+2(/(, 30.4,4-, 3*@8*(-, 42 377.+6*()-*, I( H## ### 1017, ).0;37%.0, )3. 32 (2
*4)(  8+&'&8&(E+T(I@ 7 +&("2'& 10 "2 @ '& 7 1"H0 ("2 &( '+
H2/"( ‘& [#(8+7& '2  T:(0"/>=#& 8"2((+& "28  +2  +A&(

| #(8+7 =#&O&2( &2 67& T"#+& 7:"2 :2(1#& & +.  T78&2 &2(H& T& 8> 2%&0&2(
870(+&&(7 +7(L'&T: # ()4+27 ,(.3 /09(-4))0 -4.,8*( -142 1+270.(,,(.3 :

[1323-D,( /(, (*( /( .OFLT+42 [(, O:+,+42, I )4-*327. )3.7+1%3+(, Hl=
)3.35.3)<( $|

42,4 +- (7 +)4.7327 1( 247(. -(, 24:6.(*,(, +21( THTH(, 8%+ *6,+,7(27 (214.( ,*. -3
14223+,,321( * 14%)-35( (27.( -(, 1421(27.37+42, |  130.4,4-, (7 - 094-*7+42 [* 1-+;37
(, ).+214)3-(, -31%2(, /(, :4/?-(, 317*(--(;(27 I+ )A2+6-(, 427 -+,70(, 1+ /(, 4%,

)4+27327 -(, <D)A7<?,(, ,*. -(,8*(--(, +- 1429+(27 ['B7.( 9+5+-327 /32, -1323-D,( /(,
(==(7, /(, )4--*327, 37;4,)<0.+8*(, ,*. -( 1-+;37%

020.3-(;(27 132, -(, ;4/?-(, I( 1-+;37 -(, (,)?1( , S +9327(, ,427 ).+,(, (2
14;)7( % ,*-=37( 13.642( 4.532+8*( 13.642( 0-0;(2 73+.( (- ;3.42, )4, +2.(,

10,(.7+8*(, (.73+2(, (,)?1(, 14;;( -(, 2+7.37(, ( 7 -3;42+% 2( ,427
5020.3-(;(27 )3, 142,+/0.0, /32, -(, ;4/?-(, I( 1-+ 37 (7 -(*., (==(7, 2(,427 )3,

07*/+0,

( 7.3+7((Q27 I( -(==(7 +2/+.(17 201(,+7( /( 6+(2  14223>7.( -(, 142/+7+42,
[ 317+937+42 [(, BA*TT(-(77(, | (3* 2*35(*,( 8 .0 *7(27 /"2 ).41(,* 7.2,
10)(2/327 I( -3 14;)4,+7+42 I(, 30.4,4-, (, ).41( J* 427 )4 7327 (214.( :3-
1422%, 1( 8*+ 142/*+7 : I(, +21(.7+7*/(, 132, (, ; 417,



3. (,,(21( -(, 0;+,,+42, [( )4*,+2.(, 10,(.7+8*( L 427 )3.7+1%472.(;(27 [+==+1+-(,

: 8%327+=+(.E -(, ;4/*-(, /10;+,,+42, [+)42+6-(, ).4*+,(27 /(, .0,*-737, 7.2,
93.436-(, (7 )3.7+1%+2.(:(27 (2,+6-(, 3*@ 93.+36- (, :0704.4-45+8%,
(, O+, +42, ['3;;42+31 427 7.2, =4.7(;(27 /0)(2/ 327(, I(, 142/+7+42,
:0704.4-45+8*(, (77( ()?1( +2=-*(21( -3 8*327+70  130.4,4- =4.;0( 2473;;(27
).2, I(, G42(, 35.+14-(, (, ;4/?-(, 5-463*@ 2( 7. 3+7(27 )3, /( =3P42 /D23;+8%(
-(14%)-35( (27.( -'1094-*7+42 [* 1-+;37 (7 -(, 0;+, +42, /(
( )AL, [( =4.;37+42 [(, )3.7+1%(, ,427 (2, +6-(;(27 1+==0.(27, | *2 :4/2~(
-3*7.(E )3. (@()-( 1(.73+2, ;4/?-(, 0;(77(27 / +.(27((27 1(, )3.7+1*(, /(
-:37( 3-4., 8% [3*7.(, 7.3+7(.427 -31+/( *=* +8%( )3. -(, ).41(,*, /(
142/(2,37+42 +- (2 .0,*7( /(, ID23:+8*(, /( [0)F7 93.+36-(, /1*2 ;4/?-( :
I3*7.((7 1421 %2 +)317 .3/+37+= [+==0.(27
3 =4.:37+42 /(, (,)?1(, 4.532+8*(, ,(142/3+.(, H | (,7 -3.5(;(27 :01422%(
-, O;+,,+42, I(, ).01*.(*., 2( ,427 )3, 6+(2 8*32 7+=+0(, -(, ).41(,*, I
=4.:37+42, 427 *-7.3 +:)-+=+0, /32, -(, :4/7-(, (.01(27, 7.393*@ ,1+(27+=+8%(,
427 i+, (2 09+/(21( -( .F-( /(, ())?1(, ).+;3+.(, 4 532+8*(, H | /32, -3
=4.;37+42 [(,

01(;;(27 +- 3 070 ;+, (2 09+/(21( 8*( - 3*5;(2737+ 42 /(, 1421(27.37+42, (2
)4*93+7 -+;+7(. -(, 0;+,,+42, /( ).01*%.,(*., 6+47+8  *(, H-1+,4).?2()3. (@(;)-(I (7
1421 -3 =4.37+42 ' (7 3+2,+ )4,+6-(;(27 1427. (63-321(. -(==(7 I

- 3*5;(2737+42 /( -3 7(;)0.37*.( 4* [* .3D422(;(27 8*+ 311.4>7 1(, 0;+,,+42, 3
=3P42 /427 -108*+-+6.(,14.532+,( (27.(-(, IC@ ). 41(,*, (,7 (214.(;3- 1422%(
3.0,4-*7+42 )37+3-(/(, ;41?-(, 1-3,,+8*(;(27 *7 ++,0, (7 /(-41.C1C[: [:
S01<(--( /* 5-46( 1( 8*+ )(.;(7 /3110/(. : *2( + 2=4.;37+42 7.7, -+,0(
2473;:(27 132, -(, .05+42, =4.7(;(27 *.632+,0(, 4R -(, 0;+,,+42, 327<.4)+8*(,
A27 +)4.7327(, (, O7*/(, ,427 1421 201(,,3+.(, )4*. +(*@ 1(.2(. -1+:)317 /(,
G42(, =4.7(;(27 *.632+,0(, (7 /(, 7.2, 5.32/(, 355- 4;0.37+42, *. -( 1-+;37
.05+423- ¢, )(.4A(7, * 4)0(2, 427 070 -3210, (2 ##& *. -( *A(7 H (7

\ n +?; |

(13-1* /(, 6+-32, .3/+37+=, 201(,,+7( 3)3.39327 -( 13-1* /(, ).4).+070, 4)7+8*(,
7(--(, 8*( - 0)3+,,(*. 4)7+8*( -(=317(*. /3,D;07  .+((7 - 3-60/4 I( +))-( [+==*+42
I, 3*@ )3.7+1*(, 130.4,4-, (, ).4).+070, 4)7+ 8%, 427 7.7, ,(2,+6-(, 3*
412-( 1 :0-325( *7+-+,0 )4*. .().0,(27(. -(, 30.4 4-, (*@ 7D)(, /( ;0-325(,
427 5020.3-((27 *7+-+,0, -( ;0-325( +27(2( 4* <  4:45?22( H)3.7+1*(,
)3.=3+7(;(27 ;0-3250(,| (7 -(, :0-325( (@7(.2(, H*2 ( [+,7.+6*7T+42 )3. ()?1(
1<+:+8%(1 - 20(@+,7()3, /( 142,(2,%, *. -(1<4+ @ /(-1*2( 4* -13*7.( ;07<4/( 8%+

)(*9(27 1()(2/327 1422(. I(, .0,*-737, [+==0.(27, (, ;07<4/(, )-*, .01(27(,
470, 1( K 14.( ,<(- L J3)*+(27 *. *2( ,7.*17*. ()-* .03-+7( I(, )3.7+1*,
130.4,4-, (7 ,427 (2 14*., I( 7(,7 ~(, 1(9.3+(2 70 7(:( 3:0-+4.(. ,(2,+6-(:(27
-3).+,((214:)7(/(, 30.4,4-, /32, -( 13-1*- [* 6 +-32 .3/+37+=

3 /06%70 *2 7.393+- /( .05+423-+,37+42 /(,  (==(7, 1-+;37+8%(, ,*. -3 )4--*7+42 /(
-3+, (7 7.393+-( 3%+ * -+)317 /(-3 )+ ( (2 14:)7(/*2( :07<4/( K 14.( ,<(- L
/32, -( 13-1% /(, ).4).+070, 4)7+8*(, I(, )3.7+1*- (, 20).(+?.( )*6-+137+42 /32,
# 1422( *2( .0)42,( 7.2, 1-3+.( H(7 )4,+7+9(1 8*327  : -3
) T+2(21( /(- *T7+-+37+42 [*2( T(-~( ;07<4/( -4. 8 (~( (7 14)3.0( 3*@
46,(.937+42, H+5*(  7.393*@ /( 7<?,( 364.374 +.(/ 0.4-45+( % 0.0 (7 3-
#H'
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5. Impact du changement climatique sur la pollution atmosphérique

5.1 Facteurs d’évolution de la pollution atmosphéri que sous l'influence du
changement climatique

1094-*7+42 /( -3 8*3-+70 /( -13+. .0*-7( /( -3 14 :6+23+42 /* 14:)4.7(:(27 I,
i+, +42, (7 I(, 142/+7+42, ;0704.4-45+8*, (, 0)  +4/(, /( Y4--*7+42 3))3.3+,,(27
7.2, 4*Q(27 -4..8%( -3 :0704.4-45+( [(9+(27 =394.3  6-( 3* I(,,*, 4* : ).4@++70 /(,
A% 1(, 10;+, +42

3 )93.7 I(, +7*37+42, .()42,36-(, /(, <3*,.(, J( 1421(27.37+42, I(, (\)?1(,
1<+:+8*%(, (,7 -+0( : *2( /D23:+8*( 37;4,)<0.+8*( 8* + 1), 0)* (, )4--+327,
=394.+,327 -(*. 311%*-37+42 3* /(,*, /(-3 *=31  (7(..(7.( '(,7 2473:;(27 -( 13,

-4.,8%1%2 327+1D1-42( .(14*9.( -1 *.4)( I( - *(,7 ( 13, /( =+5*.( (,7 -3 13*(

). +214)3-(/(, O)+,4(, I( )A--*T+42 <+9(.23*@ H247 3::(27 /()3.7+1*(, (7 I( [+4@DI(
NGAT(I  1(-3 )(*7 J3AA*T(. *2( +7*37+42 053- (327 ).4)+1( : *2( =4.7( 317+9+70

)<D,+14 1<++8*%( 13.3170.+,0( )3. /(, 7()0.37*.(, 0-(90(, 8*+ 142/*+7 : -3
=4.:37+42 ;3, +9( /( )4--*327, ,(142/3+.(, 7(-, 8* (-14G42( )4*. -(, 53G 4* *2( =4.7(
).0,(21( /( 14:)4,0, 4.532+8%(, ,(142/3+.(, H 1/ 32, -(, 30.4,4-, 3 142A4217+42

IC 1(, /@ 142/+7+42, +2/*+7 +,;328*36-(;(27 /( =4 7, 0)+,4/(, I( )4--*7+42
)<4741<+,+8%(

(, 1<325(;(27, 1-+;37+8%(, 024210, )3. -!  .0.* -7327 NOT*/(, I( ;4/0-+,37+42
).4,)(17+9(, .03-+,0(, 3* 2+9(3* 5-463- (7 .05+423- (2 +214.)4.327 /(, ,1023.+4,
1094-*7+42 J( -3 J4)*-37+42 :42/+3-( ).4:(*9(27 -! +0( /1+:)317, 142,08*(27, ,*. -3

8*3-+70 /( -13+.



2 (==(7 -(, )+2149)3*@ )3.3;27.(, ;0704.4-45+8%(, 8%+ +2=-*(27 -3 [+,)(.,+42 [,
)4--%327, 9427 14223+7.( 132, -( =*T*. '+))4.7327( , 93.+437+42, +2,+ -3 9+7(,( /*
9(27 -3 1429(17+42 -3 =.08*Q1( (7 -4+27(2,+70 /(, +7*37+42, 327+1D1-42+8%,

094-*(.427)3. .3))4.7 : 1( 8*I(~(, ,427 317*(-(; (27 1(8*+ +2=-*(21(.3 -3 =.08*(21(
(7 -3 [%.0( 10902(;(27, /( )4--*T+42 37:4,)<0.+8*(

+(2 8%( 242 (@<3*7+= -(6+-32/.(,0/32,-(,)3  .35.3)<(, : =4*2+7 I,
0-0;(27, /13)).01+37+42 /(, 142,08*(21(, )4,,+6-(, [* 1<325(;(27 1-+:37+8*%( ,*. -3

)4--*T+42 37;4,)<0.+8*( (7 ,(, (==(7,

5.1.1. Le cycle de I'eau et la pollution de I'air

2 +)4.7327 .01<3*==(;(27 3* /(,,*, /( -1<0;+,)<?. ( 4. 3*@ ;AD(22(, -37+7*(,
(,7 ).09% )3. 8*3,+:(27 74*, -(, ;417-(, 1-+:37+8%( , 5-463*@ 2 1<325(;(27 8*+
13114:)352(.3 /*2( =.08*(21( 311.*( /( 935*, K 1<3-(*. (7 8*+ 3*3 [,

0)(.1*,+42, *. -(1D1-( /( -/(3* 2 (==(7 -109 3)4.37+42 /(, 41032, 3*5;(27(.3 (7
)(7%.6(.3 -( .D7<;( /(, ).01+)+737+42, 8*+ (3 *  )O.+(*. (2 ;4D(22( 322*(--( 3*@
2+49(3*@ 317*(-, ,*. -1 *4)( [* 4. ;3+, +2=0.+(*. LR LAY x % (=-07327 *2
-3.5( 1427.3,7( 4. */ %2 )4+27 /( 9%( 5020.3- A<k 4[470 )01+=+8*( (.3 )-*,
+)4.7327( 132, 13+, 3+, -l<K++70 (-37+9( 2( (.3 )3, ,*107+6-( /( 1<325(.
024.;0;(27 39(1 74*Ad*., *2( +))4.7327( 93.+36+-+7 0 )37+3-( (7 ,3+,422+2.( {,
1412-(, ).0/+,(27 *2()-*, 5.32/( =.08*(21( /10902( (27, (@7.B;(, (2 070 39(1 *2(
)-*9+4;07.+( +2,7327320( 7.2, +)4.7327( (7 :4+2,  NO)+,4/(, )-*9+(*@ (2 <+9(. *. (
11 *.4)(

*@ -37+7*(, /( -3 .321( 1(, 094-*7+42, [* 1D1-( I( -1(3* ,( .0)(.1*7(.427 *.
-131749+70 )<D,+14 1<+;+8*( /( -137;4,)<?.( 2473;; (27 (2 )0.+4/( (,7+93-( (,
I0)F7, <*+/(, ,(.427 )-*, =3+6-(, 142,08*(21( /( -3 [+;+2*7+42 [(, 0902(;(27,
)-*9+(*@ 1(8*+ ,+52+=+(8*(-137;4,)<?.(,(.3-(, ,+90(;4+2, .05*-+?.(;(27 =394.+,327
3+2,+ -1311**-37+42 [(, )4--*327, /32, -3 14*1<(- +;+7(37;4,)<0.+8*( 3 63+,,(/(-3
14*9(.7*.( 2*35(*,()(.;(77.3 *2( 317+9+70 )<4741<+  ;+8*()-*, +27(2,( 13. -( =+-7.35(
I(, .3D42, ,4-3+.(, 377(+52327 -( ,4- ,(.3)-*, =3+ 6-( 8*1317*(--(;(27

I(3* ,4*, =4.;( 53G(*( (2 8*327+70 )-*, +;)4.7327 ( /32, -13+. +27(.9+(2/.3
053-(;(27 /32, -( 1D1-( /( =4.;37+42 [( -14G42( 9. 3+,(;6-36-(;(27 (2 .0/*+,327 -3
).AXL7+42 [V 4+2, [( ).01+)+737+42, +52+=+( 0 53-(;(27 *2( /[+;+2*7+42 |(
-1+, 4537442 /(, ,4-, 1421 *2 3,,?1<(;27 I( 1(F@ 1 + 1( 8%+ (,7).4)+1(: -3 .(;+,((2
(2,442 237*.(--( 1()4*,,+?.(, 7(--*.+8%(,

2=+2 -( /(.2+(. (==(7 364./0 377.46*36-( 3* 1D1-( /( -\(3* (,7 -13*5;(2737+42 I( -3
1429(17+42 ).4=42/( -+0( : -13*5;(2737+42 /( -3 93)  (*. /'(3* (7 /421 /( -3 1<3-(*,
37(27( 8%+ )4*.3+7 4113,+422(. *2( <3*,( /( -131  7+9+70 4.35(*( 2473:(27
(,)42,36-(10;+,,+42, [( (2 :4D(22( 7.4)4,)<? (

5.1.2. La circulation grande échelle des masses d’'a ir.

(, +#*-37+42, 2%:0.+8*%(, 322421(27 3*,+ /(, )(.7 * 637+42, I* 14)4.7(:(27 (.
10).(,,+42, 8%+ 142,7+7*(27 -( ).+21+)3- =317(*. /(  -(,,+935( /( -137;4,)<?.( (7 I(

(, 1421-*+42, 427 : 2*321(. (2 =4217+42 /( -3 -  413-+,37+42 5045.3)<+8*( /(, G42(, /'+270.B7 (,
==(7, I* 1-+;37 * -( 1D1-( /( -\(3* 3*427 7(2/3  21( : K,( .05+423-+( L (2 =4217+42 [,
1421(27.37+42, (2 )4--*327, 37;4,)<0.+8%(, (7 2473; (27 (2 30.4,4-, ).0,27(, /32, -(, [+==0.(27(,
G42(, 5045.3)<+8%(, 142,+/0.0(, (7 ,(-42-(,).41(,  .* [+.(17, (7 +2/+.(17, H1=Z |



7.32)4.7 I(, )4--*327, : 7.39(., -1 *.4)( ).+21+)3 GRT IR 9, T (%
)3.14%., /(9.3+7 : -139(2+. B7.()-*, 3* 4./ 84131 75(-((27 A4*327 3+2,+ *2 F-( *.
-3 9(27+-37+42 /(-13+. (2 .321(
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6. Synergies et antagonismes entre lutte contre le ch  angement
climatique et lutte contre la pollution atmosphéri que

6.1 Considérations méthodologiques générales
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6.4 Secteur du transport : aviation
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6.5 Secteur du transport : bateaux
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6.6 Secteur du transport : trains
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6.7 Secteur de l'industrie : général
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6.8 Secteur de I'industrie : installations de combu
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6.9 Secteur de l'industrie : chimie et pétrochimie
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6.10 Secteur de I'industrie : industries métallurgi ques
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6.11 L’agriculture : Agriculture et Elevage °
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6.12 L’agriculture : mesures structurelles
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6.13 Secteur résidentiel et construction
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