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PRÉAMBULE 

Le présent rapport a été établi sur la base des informations fournies à l'INERIS, des 
données (scientifiques ou techniques) disponibles et objectives et de la réglementation 
en vigueur. 

La responsabilité de l'INERIS ne pourra être engagée si les informations qui lui ont été 
communiquées sont incomplètes ou erronées. 

Les avis, recommandations, préconisations ou équivalent qui seraient portés par 
l'INERIS dans le cadre des prestations qui lui sont confiées, peuvent aider à la prise de 
décision. Etant donné la mission qui incombe à l'INERIS de par son décret de création, 
l'INERIS n'intervient pas dans la prise de décision proprement dite. La responsabilité de 
l'INERIS ne peut donc se substituer à celle du décideur. 

Le destinataire utilisera les résultats inclus dans le présent rapport intégralement ou 
sinon de manière objective. Son utilisation sous forme d'extraits ou de notes de synthèse 
sera faite sous la seule et entière responsabilité du destinataire. Il en est de même pour 
toute modification qui y serait apportée. 

L'INERIS dégage toute responsabilité pour chaque utilisation du rapport en dehors de la 
destination de la prestation. 
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1. RESUME 
�()*+,� )-*,+(*.,� /01(22+(,� -3� ).+,(� /(� 142,1+(21(� / *� 5.32/� )*6-+1� (7� /(,� /01+/(*.,�
)4-+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 7+=+8*(,� (7�)4-+7+8*(,� /(,7+20(,� :�
-+;+7(.� (7� ;3>7.+,(.� -(,� (==(7,�20537+=,� /(�24,�317 +9+70,� )4--*327(,�� 	!(,7�3+2,+�8*(� -(,�
0;+,,+42,�/(�1(.73+2,�)4--*327,�/32,�-!37;4,)<?.(�4 27�070�,+52+=+137+9(;(27�.0/*+7(,�(7�
,427� ,*.9(+--0(,� /32,� -(� 13/.(� /(� ).47414-(,� +27(.2 37+423*@� (7� /(� /+.(17+9(,�
(*.4)0(22(,�.05-(;(273+.(,��
�
	()(2/327�� :� -!<(*.(� 317*(--(�� -(,� .05-(;(2737+42,� (@+,7327(,� 2(� � 7.3+7(27� )3,� /(�
;32+?.(�142A4+27(�(7�+2705.0(�-(,�8*(,7+42,�/*�1<32 5(;(27�1-+;37+8*(�(7�/(�8*3-+70�/(�
-!3+.�� �4*.7327� /()*+,� 8*(-8*(,� 3220(,�� -3� -+770.37 *.(� =4+,422(� /!07*/(,� /0;427.327�
-!+270.B7�� (2� 7(.;(,� /!(==+131+70� (7� /(� 14C7,�� /(� ; (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,� /(� 5(,7+42� /(� -3� 8*3-+70� /(� -!3+.�
)(*9(27� B7.(� .0/*+7,� (2� 7+.327� )3.7+� /(� ;(,*.(,� /(� 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�/(,�)4--*327,�37;4,)<0.+8*(,�35+7�/+.(17(;( 27�4*�+2/+.(17(;(27�,*.�-(,�
).4).+070,�/(�7.32,=(.7�.3/+37+=�/(�-!37;4,)<?.(�E� �

·  �(� 1<325(;(27� 1-+;37+8*(� ;4/+=+(� -(,� ;0132+,;(,� /(� =4.;37+42� /(,� )4--*327,�
37;4,)<0.+8*(,�(7�-(*.�+;)317�,*.�-!<4;;(�(7�-(,�01 4,D,7?;(,��

�

�3+,�-3�237*.(�;B;(�/(�1(,�+27(.317+42,�+;)-+8*(�8* (�-(,�(==(7,�)4,+7+=,�/(,�)4-+7+8*(,�
/(�1427.F-(�/(,�,4*.1(,�/!0;+,,+42,�/(,�53G�:�(==(7 �/(�,(..(�(7�/(,�)4--*327,�.05+,,327�
-3� 8*3-+70� /(� -!3+.� 2(� ,(� 1*;*-(27� )3,� 74*A4*.,�� 	( .73+2,� 1<4+@� ,(� .09?-(27�
5352327�5352327� H)4*.� -3� 8*3-+70� /(� -!3+.� (7� -(� 1<325(;(27� 1-+;37+8*(I� 3-4.,� 8*(�
/!3*7.(,� )(*9(27� ,!390.(.� )4,+7+=,� )4*.� *2� 3,)(17� ( 7� 20537+=,� )4*.� -!3*7.(�� �3.�
(@(;)-(�%�

·  �(,� )4-+7+8*(,� /(� .0/*17+42� /(,� 0;+,,+42,� /(� 53G� :� (==(7� /(� ,(..(� 63,0(,� ,*.�
-!3;0-+4.37+42�/(�-!(==+131+70�02(.507+8*(�/(,�).41 0/0,�142/*+,(27�5020.3-(;(27�
:� /(,� .0/*17+42,� /!0;+,,+42� /(,� )4--*327,� 37;4,)<0. +8*(,E� ;3+,� /(,� ;(,*.(,�
63,0(,� ,*.� -!*,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(�;(+--(*.(�(==+131+70�02(.507+8*(�/(,�;47(*.,�)(*7�
363+,,(.�-(�).+@�/*�J+-4;?7.(I�(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(,� :� -!3; 0-+4.37+42� /(� -3�8*3-+70�
/(� -!3+.� H.0/*17+42� /(� -3� 9+7(,,(� /(,� 90<+1*-(,� ,*. � 3*74.4*7(� )3.� (@(;)-(I�
.0/*+,(27� 3*,,+� -(,� 0;+,,+42,� /(� 53G� :� (==(7� /(� ,(. .(�� �3+,� /!3*7.(,� ;(,*.(,�
H2473;;(27� -(,� ;(,*.(,� /+7(,� K�(2/� 4=� )+)(�L� /32,� - !+2/*,7.+(�� .()4,327� ,*.�
-!3A4*7�/!073)(,�/32,�-(�7.3+7(;(27�/(,�.(A(7,�/(�) 4--*327,�37;4,)<0.+8*(,I�,427�
142,4;;37.+1(,� /!02(.5+(� (7� +2/*+,(27� *2(� 3*5;(2737 +42� /(,� .(A(7,� /(� 53G� :�
(==(7�/(�,(..(��
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�

�!46A(17+=�/*�).0,(27�7.393+-�(,7�/(�142,+52(.�-!07 37�/(,�14223+,,321(,�,*.�1(�,*A(7�3=+2�
/!3;4.1(.� *2(� .0=-(@+42� ,*.� -3� ;+,(� (2� )-31(� =*7*.( � /(� )4-+7+8*(,� +2705.0(,� (7�
1421(.70(,�/(�5(,7+42�/(�-3�8*3-+70�/(�-!3+.�(7�/(� -*77(�(7�/!3/3)737+42��3*�1<325(;(27�
1-+;37+8*(��
�
�2(�323-D,(�/(,�(==(7,�.01+).48*(,�/*�.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� ,*.� /(,�7.393*@�/(�

M�� ;(20,� (2�+27(.2(� :� -!���
���� (,7�).4)4,0(�� �--( � ,D27<07+,(� -(,� ).41(,,*,� /!317+42�
(7�/(�.07.4317+42�/*�1-+;37�,*.�-3�8*3-+70�/(�-!3+. ���(,�247+42,�/(�7.32,=(.7�.3/+37+=�/(�
-!37;4,)<?.(�� -!*2(� /(,�93.+36-(,� /(� .0=0.(21(� -(,� )-*,� *7+-+,0(,� )4*.�8*3-+=+(.� -!(==(7�
/(�-3�14;)4,+7+42�1<+;+8*(�/(�-!37;4,)<?.(�,*.�-(�1 -+;37��(7�/(�,(2,+6+-+70�/*�1-+;37�D�
,427�+--*,7.0(,���

�2(� 377(27+42� )3.7+1*-+?.(� (,7� 3114./0(� :� -3� 8*(,7+ 42� /(,� 30.4,4-,�� �2� (==(7� +-,�
142,7+7*(27� -!*2� /(,� ).+21+)3*@� =317(*.,� /N+21(.7+7*/(� /32,� -!323-D,(� /(,� -+(2,� (27.(�
1<325(;(27� 1-+;37+8*(� (7� 8*3-+70� /(� -!3+.�� �(,� +27( .317+42,� )(*9(27� B7.(� /+.(17(,�
H).4).+070,� /(� 7.32,=(.7� .3/+37+=I� 4*� +2/+.(17(,� H9+3� -3� =4.;37+42� /(,� 2*35(,I�� �!+-�
.(,,4.7� 8*(� /(� ;32+?.(� 5-463-(� -3� ).0,(21(� /!30.4,4 -,� 3*.3+7� )-*7F7� *2� (==(7�
K�.(=.4+/+,,327�L� ,*.� -!37;4,)<?.(��1(.73+2,�14;)4, 0,�7(-,�8*(� -(�13.642(�0-0;(273+.(�
427�6+(2� /(,� ).4).+070,� /!36,4.)7+42� /(� -3�1<3-(*.� (7� /421� *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,� )4--*7+42� 37;4,)<0.+ 8*(�1<325(;(27� 1-+;37+8*(�
+2=-*(21(�-45+8*(;(27�-(�1<4+@�/(,�;(,*.(,�/(�5(,7+ 42�(7�/(�.0/*17+42�/(,�0;+,,+42,��,+�
-!42�9+,(�/(,�(==(7,�)4,+7+=,�,*.�-(,�/(*@�3,)(17,� H8*3-+70�/(�-!3+.�(7�1-+;37I���

�2�(2,(;6-(�/(�;(,*.(,�/(�-*77(�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�)4+270,�(7�14;;(270,��	(77(�.(,7+7 *7+42�(,7�).0,(270(�,4*,�=4.;(�/(�
736-(3*@��)4*.�*2(�)-*,�5.32/(�-+,+6+-+70���!46A(17 +=�(,7�/(�/0535(.��3*�9*�/(,�;(,*.(,�
317*(--(;(27� /0)-4D0(,� 4*� (29+,350(,� /32,� -(� =*7*.� � 1(--(,� 8*+� ,(;6-(27� 1427.(�
).4/*17+9(,�H(7�-(,�.3+,42,�/(�1(�A*5(;(27I�/32,�-! *2�4*�-!3*7.(�/(,�/(*@�1<3;),��(7�3*�
1427.3+.(�1(--(,�8*+�142/*+,(27�:�/(,�,+7*37+42,�K� 5352327�5352327�L����247(.�8*!3=+2�/(�
/+,)4,(.� /!*2� 3))4.7� +;;0/+37(;(27� *7+-+,36-(� )4*.� -!0-364.37+42� /(,� )4-+7+8*(,�
)*6-+8*(,��24*,�24*,�,4;;(,�=413-+,0,�,*.�/(,�;(,*. (,�1427(2*(,�/32,�-(��-32�	-+;37��
-3� ,7.3705+(� 237+423-(� /!3/3)737+42� 3*� 1<325(;(27� 1 -+;37+8*(�� -3� ,7.3705+(� 237+423-(�
/(��09(-4))(;(27��*.36-(��(7�-(�).4A(7�/(��4+�-+0�3 *��.(2(--(�/(�-!�29+.422(;(27���

�2� 1421-*,+42�� ,+� *2� 5.32/� 24;6.(� /(� ;(,*.(,� ,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(-� )47(27+(-� /!3;0-+ 4.37+42� /(� -!(==+131+70� /(� 1(,�
)4-+7+8*(,�� �(� )-*,�� -4.,8*(� -!(2,(;6-(� /(� -3�1<3>2 (� /(� ;+,(� (2�O*9.(� (,7�142,+/0.0��
)-*,+(*.,� 317+42,� ).0,(27(27� *2� 6+-32� ;+7+50�� 4*� -( *.� (==+131+70� (,7� =4.7(;(27�
/0)(2/327(� /(,�142/+7+42,� /(� ;+,(�(2�O*9.(� (7� /!311 4;)352(;(27�/(� -3� ;(,*.(��(7�
/32,�1(�13,��-(,�)4-+7+8*(,�)*6-+8*(,�/(9.427�053-( ;(27�(2�7(2+.�14;)7(���

�3�)4*.,*+7(�/(�1(,�7.393*@�,!37731<(.3�2473;;(27�: �.03-+,(.�*2(�07*/(�)-*,�/073+--0(�
)4*.� 1(.73+2(,� ;(,*.(,� :� (2A(*�� �4*.� 1(--(,�1+�� -!3 23-D,(� )4*..3� +21-*.(� /(� =3P42�
,+;)-+=+0(�/!3*7.(,�+;)317,�,*.�-!(29+.422(;(27��(7 �/(,�3,)(17,�,41+4�01424;+8*(,���(,�
;(,*.(,�093-*0(,�,(.427�0-3.5+(,�3*@�;(,*.(,�/!3/3) 737+42�3*�1<325(;(27�1-+;37+8*(��
(7�:�-!093-*37+42�/(�).45.3;;(,�/!317+42,�237+423*@ �14;)-(7,��
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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*.�-!�*.4)(�/(,��37+ 42,��2+(,�
	��� � �;;42+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�:��==(7�/(��(..(�
�	
�� � �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.(*@�
���� � �;;42+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/(,�/(��4*=.(�
��� � �4+7*.(�)3.7+1*-+?.(�
�
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3. INTRODUCTION 
�

�()*+,� )-*,+(*.,� /01(22+(,� -3� ).+,(� /(� 142,1+(21(� / *� 5.32/� )*6-+1� (7� /(,� /01+/(*.,�
)4-+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 7+=+8*(,� (7�)4-+7+8*(,� /(,7+20(,� :�
-+;+7(.� (7� ;3>7.+,(.� -(,� (==(7,�20537+=,� /(�24,�317 +9+70,� )4--*327(,�� 	!(,7�3+2,+�8*(� -(,�
0;+,,+42,�/(�1(.73+2,�)4--*327,�/32,�-!37;4,)<?.(�4 27�070�,+52+=+137+9(;(27�.0/*+7(,�(7�
,427�,*.9(+--0(,�/()*+,�)-*,+(*.,�/01(22+(,�/32,�-3 �-45+8*(�/(�).47414-(,�+27(.237+423*@�
(7�/(�/+.(17+9(,�(*.4)0(22(,�.05-(;(273+.(,��
�
	()(2/327�� )(2/327� 74*7(,� 1(,� 3220(,�� -(,� ,7.3705+( ,� /(� .0/*17+42� /(,� 0;+,,+42,� /(�
)4--*327,� 37;4,)<0.+8*(,�� .05+(,� )3.� /(,� 46A(17+=,� (2� 7(.;(� /!(==(7� (7� )3.� /(,�
1427.3+27(,�7(1<24-45+8*(,� (7�01424;+8*(,�� 427�070� 0736-+(,� /(�=3P42� ,0)3.0(�� ,(-42�
8*(�-!42�,!+270.(,,3+7�3*�).46-?;(�/*�1<325(;(27�1- +;37+8*(�H(7�/421�3*@�0;+,,+42,�/(�
53G�:�(==(7�/(�,(..(������I��4*�:�1(-*+�/(,�)4--*32 7,�37;4,)<0.+8*(,�8*(�24*,�.(,)+.42,�
/32,�-(,�63,,(,�14*1<(,�/(�-!37;4,)<?.(�(7�8*+�+;)3 17(27�247.(�(29+.422(;(27�H2470,�
���/32,�-3�,*+7(I���
	(-3� )(*7� ,!(@)-+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,�
-!37;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� )4*.� -!<4;;(� (7�
-!(29+.422(;(27�H4@D/(� /(� ,4*=.(��4@D/(� /!3G47(��<D /.413.6*.(,��4G42(��)3.7+1*-(,QI�
(7�/421�-3�/+,7.+6*7+42�,)37+3-(�/(�1<31*2(�/(�1(,� 1-3,,(,� /(�)4--*327,�(,7�/+==0.(27(��
�(,� 53G� :� (==(7� /(� ,(..(� 142,7+7*(27� *2� ).46-?;(� :� -!01<(--(� /*� 5-46(�� 3-4.,� 8*(�
-!+;)317�/(,� ��� )(*7� ,(� -+;+7(.� :� *2(�G42(�+2/*,7.+ (--(��*2�8*3.7+(.��*2(�9+--(�4*�*2(�
.05+42���2�142,08*(21(��-(,�(==(7,�/(,�)4-+7+8*(,�/ (�5(,7+42�/(�-3�8*3-+70�/(�-!3+.�24*,�
,427� )-*,� .3)+/(;(27� )(.1()7+6-(,� H3*� 64*7� /(� 8*(-8 *(,� 3220(,I� 3-4.,� 8*(� 1(*@� /(,�
)4-+7+8*(,� /(� 1427.F-(� /*� .01<3*==(;(27� 1-+;37+8*(� ,!+2,1.+9(27� /32,� -(� -425� 7(.;(�
H)-*,+(*.,�/01(22+(,I���
�!3*7.(,�.3+,42,�(@)-+8*327�-3�/+1<474;+(��������). 49+(22(27�/(�-3�237*.(�;B;(�/(,�
(==(7,� /(�1(,�14;)4,0,�� �(,�53G� :� (==(7� /(� ,(..(� ,4 27�.(,)42,36-(,� /*� .01<3*==(;(27�
1-+;37+8*(� ;3+,� 427� 5020.3-(;(27� )(*� /!(==(7,� ,*.� - 3� ,3270� 3-4.,� 8*(� 1!(,7� -!+29(.,(�
)4*.�-(,�3*7.(,�7D)(,�/(�)4--*327,���4742,�1()(2/32 7�-(�13,�)3.7+1*-+(.�/(�-!4G42(�8*+�
(,7� *2� 53G� :� (==(7� /(� ,(..(�� (7� /427� -(,� (==(7,� 20= 3,7(,� ,*.� -3� ,3270� <*;3+2(� (7� -3�
9050737+42�2(�,427�)-*,�:�/0;427.(.��
�
�+2,+�:� -!<(*.(� 317*(--(�� -(,� .05-(;(2737+42,� (@+,7 327(,� 2(� 7.3+7(27� )3,� /(� ;32+?.(�
142A4+27(� -(,� 8*(,7+42,� /*� 1<325(;(27� 1-+;37+8*(� (7 � /(� 8*3-+70� /(� -!3+.�� �4*.7327�
/()*+,� 8*(-8*(,� 3220(,�� -3� -+770.37*.(� =4+,422(� /!0 7*/(,� /0;427.327� -!+270.B7�� (2�
7(.;(,� /!(==(7,� (7� /(� 14C7,�� /(� ;(77.(� (2� )-31(� /(, � )4-+7+8*(,� 1421(.70(,� H�		��
�
�##$�(7�.0=0.(21(,�1427(2*(,�/32,�-(�.3))4.7I���
	(,� 07*/(,� ;427.(27� 8*(� /(,� 14�6020=+1(,� )(*9(27� B7 .(� (25(2/.0,� )4*.� -3� ,3270�
<*;3+2(�� (7� )4*.� -(,� 014,D,7?;(,�� (7� 8*(� -(,� 14C7,� /(� 5(,7+42� /(� -3� 8*3-+70� /(� -!3+.�
)(*9(27� B7.(� .0/*+7,� (2� 7+.327� )3.7+� /(� ;(,*.(,� /(� 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-(,%��
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·  �3� )4--*7+42� 37;4,)<0.+8*(� +2=-*(21(� -(� 1<325(;(27� 1-+;37+8*(� )*+,8*(� -3�
)-*)3.7�/(,�)4--*327,�37;4,)<0.+8*(,�35+7�/+.(17(;( 27�4*�+2/+.(17(;(27�,*.�-(,�
).4).+070,�/(�7.32,=(.7�.3/+37+=�/(�-!37;4,)<?.(�E� �

·  �(� 1<325(;(27� 1-+;37+8*(� ;4/+=+(� -(,� ;0132+,;(,� /(� =4.;37+42� /(,� )4--*327,�
37;4,)<0.+8*(,�(7�-(*.�+;)317�,*.�-!<4;;(�(7�-(,�01 4,D,7?;(,��

�

�3+,�-3�237*.(�;B;(�/(�1(,�+27(.317+42,�+;)-+8*(�8* (�-(,�(==(7,�)4,+7+=,�/(,�)4-+7+8*(,�
/(�1427.F-(�/(,�,4*.1(,�/!0;+,,+42,�/(,�53G�:�(==(7 �/(�,(..(�(7�/(,�)4--*327,�.05+,,327�
-3� 8*3-+70� /(� -!3+.� 2(� ,(� 1*;*-(27� )3,� 74*A4*.,�� 	( .73+2,� 1<4+@� ,(� .09?-(27�
5352327�5352327� H)4*.� -3� 8*3-+70� /(� -!3+.� (7� -(� 1<325(;(27� 1-+;37+8*(I� 3-4.,� 8*(�
/!3*7.(,� )(*9(27� ,!390.(.� 5352327,� )4*.� *2� 3,)(17� ( 7� )(./327,� )4*.� -!3*7.(�� �3.�
(@(;)-(�%�

·  �(,� )4-+7+8*(,� /(� .0/*17+42� /(,� 0;+,,+42,� /(� 53G� :� (==(7� /(� ,(..(� 63,0(,� ,*.�
-!3;0-+4.37+42�/(�-!(==+131+70�02(.507+8*(�/(,�).41 0/0,�142/*+,(27�5020.3-(;(27�
:�/(,�.0/*17+42,�/!0;+,,+42�/(,�)4--*327,�37;4,)<0. +8*(,�.05+,,327�-3�8*3-+70�/(�
-!3+.�E� ;3+,� /(,� ;(,*.(,�63,0(,� ,*.� -!*,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;?7.(I� (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(,� :� -!3; 0-+4.37+42� /(� -3�8*3-+70�
/(� -!3+.� H.0/*17+42� /(� -3� 9+7(,,(� /(,� 90<+1*-(,� ,*. � 3*74.4*7(� )3.� (@(;)-(I�
.0/*+,(27� 3*,,+� -(,� 0;+,,+42,� /(� 53G� :� (==(7� /(� ,(. .(�� �3+,� /!3*7.(,� ;(,*.(,�
H2473;;(27� -(,� ;(,*.(,� /+7(,� K�(2/� 4=� )+)(�L� .()4,3 27� ,*.� -!+224937+42�
7(1<24-45+8*(� /(,� ).410/0,I� ,427� 142,4;;37.+1(,� /!0 2(.5+(� (7� +2/*+,(27� /421�
/(,�.(A(7,�/(�53G�:�(==(7�/(�,(..(�(2�)-*,�5.32/(�8 *327+70��

�

�+2,+�� -(� =3+7� 8*(� 1<31*2(� /(,� /(*@� )4-+7+8*(,� H/(� -*77(� 1427.(� -3� )4--*7+42�
37;4,)<0.+8*(� 4*� 1427.(� -(� 1<325(;(27� 1-+;37+8*(I� 1 42P*(� ,0)3.0;(27� ,4+7� /470(�
/!*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� -!+270.B7� /(� ).+9+-05+(.� /(,� )4-+7+8* (,� 14;6+20(,�� 142P*(,� /(� =3P42�
5-463-(��3=+2�8*(�/(,�(==(7,�1427.(�).4/*17+=,�/!*2 (�/(,�)4-+7+8*(,�,*.�-!3*7.(�)*+,,(27�
B7.(�09+70,�4*�;+2+;+,0,��(7�-(,�,D2(.5+(,�(27.(�-( ,�/(*@�)4-+7+8*(,�;3@+;+,0(,���

	!(,7�/32,�1(77(�-45+8*(�8*(�,!+2,1.+9(27�-(,�07*/( ,�.03-+,0(,�)3.�-!������H�27(.237+423-�
�2,7+7*7(�=4.��))-+(/��D,7(;,��23-D,+,�� SSS� ��� � �31�37� I�39(1�-(�;4/?-(�+2705.0�������
H�;;32�(7�3-���##�I�)4*.�-(�14;)7(�/(�-3�	4;;+,,+42 ��*.4)0(22(�(7�/(�-3�	429(27+42�
,*.� -(� 
.32,)4.7� /(,� �4--*327,� �7;4,)<0.+8*(,� :� �42 5*(� �+,7321(� H	�

��I� /(� -3�
	4;;+,,+42��1424;+8*(�)4*.�-!�*.4)(�/(,��37+42,��2+ (,�H	�����I��	(,�07*/(,�427�3+2,+�
8*327+=+0�/(,�53+2,�01424;+8*(,�(7�(2�(==+131+70�)47(27+(--(;(27�,*6,7327+(-,�+,,*,�/(�
-3�;+,(�(2�O*9.(�/(�,7.3705+(,�+2705.0(,���

�=+2� /(� 14;).(2/.(� (7� +27(.).07(.� 1(,� .0,*-737,�� *2 (� ).(;+?.(� 073)(� 39327� /(�
1421(94+.� /(,� ,7.3705+(,� .0(--(;(27� +2705.0(,� (,7� / !093-*(.� -(,� 142,08*(21(,� /(�
1<31*2(� /(,� )4-+7+8*(,� ,*.� -!3*7.(�� 	(� ,427�1(,�0-0 ;(27,� /(�63,(�8*(� -!42� ,(� ).4)4,(�
/(�.(1(2,(.�(7�/(�14;;(27(.�/32,�1(77(�07*/(���

�(,� /(*@� ).(;+?.(,� )3.7+(,� /*� .3))4.7� ,427� 142,31.0 (,� :� -!323-D,(� /(,� (==(7,�
.01+).48*(,�/*�.01<3*==(;(27�1-+;37+8*(�,*.�-3�8*3- +70�/(�-!3+.���
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�2(�7.4+,+?;(� )3.7+(� ,D27<07+,(� *2� (2,(;6-(� /(� ;(,* .(,� /(� -*77(�1427.(� -3� )4--*7+42�
37;4,)<0.+8*(�(7�-(�1<325(;(27�1-+;37+8*(�(7�)4+27( �-(,�09(27*(-,�(==(7,�3273542+,7(,�
4*�,D2(.5+8*(,�)4*.�1<31*2(�/!(27.(�(--(,���32,�-(� ).0,(27�/41*;(27��24*,�3942,�).+,�
-(� )3.7+� /(� ).0,(27(.�1(77(� .(,7+7*7+42� ,4*,�=4.;(� /(� 736-(3*@�� )4*.� *2(� )-*,� 5.32/(�
-+,+6+-+70�� �!46A(17+=� (,7� /(� /0535(.�� 3*� 9*� /(,� ;( ,*.(,� 317*(--(;(27� /0)-4D0(,� 4*�
(29+,350(,� /32,� -(�=*7*.��1(--(,�8*+� ,(;6-(27�1427. (�).4/*17+9(,�H(7� -(,� .3+,42,� /(�1(�
A*5(;(27I�/32,�-!*2�4*�-!3*7.(�/(,�/(*@�1<3;),��(7� 3*�1427.3+.(�1(--(,�8*+�142/*+,(27�
:�/(,�,+7*37+42,�K�5352327�5352327�L���

�� 247(.� 8*!3=+2� /(� /+,)4,(.� /!*2� 3))4.7� +;;0/+37(;( 27� *7+-+,36-(� )4*.� -!0-364.37+42�
/(,� )4-+7+8*(,� )*6-+8*(,��24*,�24*,� ,4;;(,�=413-+,0 ,� ,*.� /(,� ;(,*.(,�1427(2*(,� /32,�
-(,� ).45.3;;(,� 237+423*@� (7� -413*@� /(� -*77(� (7� /!3/ 3)737+42� 1427.(� -3� �4--*7+42�
�7;4,)<0.+8*(� H��
���� ���I� (7� 1427.(� -(� 1<325(;(27� 1-+;37+8*(� H�-32� 	-+;37��
�7.3705+(� �37+423-(� /!�/3)737+42� 3*� 	<325(;(27� 	-+; 37+8*(�� �7.3705+(� �37+423-(� /(�
�09(-4))(;(27��*.36-(��).4A(7�/(��4+�-+0�3*��.(2(-- (�/(�-!�29+.422(;(27I���

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

�
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4. Impact des polluants atmosphériques sur le clima t  
�

4.1 Facteurs chimiques de l'évolution du climat 
�
�(� .3))4.7�/(�-���		�H��
�
����
����
��� ������ ��� 	� ���
�� 	�����I� /(�T*+2��##&�
H311(,,+6-(� :�<77)%��SSS�+)11�1<I� /.(,,(� *2�0737� /( ,� -+(*@� /(,� (==(7,� /(� -3� )4--*7+42�
,*.�-(�1<325(;(27�1-+;37+8*(��
�
�(,�93.+37+42,�/(,�1421(27.37+42,�37;4,)<0.+8*(,�/( �53G�:�(==(7�/(�,(..(�(7�/!30.4,4-,��
/*� 14*9(.7� 7(..(,7.(� (7� /*� .3D422(;(27� ,4-3+.(� +2=- *(27� ,*.� -(� 6+-32� 02(.507+8*(� /*�
,D,7?;(�1-+;37+8*(�(7�,(,�93.+37+42,��	(,�=-*17*37+ 42,�,(�.0)(.1*7(27�,*.�-(,�142/+7+42,�
/!36,4.)7+42�� /!0;+,,+42� (7� /(� /+==*,+42� /*� .3D422( ;(27� /32,� -!37;4,)<?.(� (7� :� -3�
,*.=31(� /(� -3� 
(..(�� �-� ,!(2,*+7� /(,�93.+37+42, � � )4,+7+9(,�H.01<3*==(;(27I�4*�20537+9(,�
H.(=.4+/+,,(;(27I� /*�6+-32�02(.507+8*(�7(..(,7.(3)) (-0(,� !"#$�%&�#�'��(�!� )*"�#� !�%+#&�
�,�-�&(�&./#�01& ��2�3�((�/�#�0 
 �)340 
 -��	(77(�247+42��/0,4.;3+,�7.?,�14;;*2(��(,7�
*7+-+,0(� )4*.� 14;)3.(.� -!+2=-*(21(� /(,� =317(*.,� /(� .01<3*==(;(27� 4*� /(�
.(=.4+/+,,(;(27�/*�1-+;37�/(�-3�)-32?7( � ���
�
�(,�317+9+70,�<*;3+2(,�(25(2/.(27�/(,�0;+,,+42,�/(� 8*37.(�����:�-425*(�/*.0(�/(�9+(�%�
-(� 	���� -(� ;07<32(� H	��I�� -!4@D/(� 2+7.(*@� H���I� (7� -(,� <D/.413.6*.(,� <3-45020,� H*2�
5.4*)(� /(� 53G� 1427(2327� /*� =-*4.�� /*� 1<-4.(� 4*� /*� 6 .4;(I�� �(,� 1421(27.37+42,�
37;4,)<0.+8*(,�/(�����3*5;(27(27�-4.,8*(�-(,�0;+,,+ 42,�-!(;)4.7(27�,*.�-(,�).41(,,*,�
/!36,4.)7+42�� �4*,� -!(==(7� /(,� 317+9+70,� <*;3+2(,�� -(,� 1421(27.37+42,� 37;4,)<0.+8*(,�
/(� 	���� /(� 	��� (7� /(� ���� ,(� ,427� =4.7(;(27� 311.*(,� /()*+,� �" #� E� (--(,� ,427�
3*A4*./!<*+� 6+(2� ,*)0.+(*.(,� 3*@� 93-(*.,� <+,74.+8*( ,� /07(.;+20(,� )3.� -!323-D,(� /(�
13.477(,�/(�5-31(�14*9.327�/(�24;6.(*@�;+--023+.(,� �
�2� �## �� -(,�1421(27.37+42,�37;4,)<0.+8*(,� /(� 	���H �"'� ));I� (7� /(� 	���H��""�� ))6I�
427�-3.5(;(27�(@10/0�-!+27(.93--(�/(�93.+37+42�237* .(--(�/(,�$ #�###�/(.2+?.(,�3220(,��
�3� 13*,(� ).(;+?.(� /(� -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+,�
/32,� *2(� ;4+2/.(� ;(,*.(�� �-� (,7� 7.?,� ).4636-(� 8*(� - !3*5;(2737+42� 46,(.90(� /(,�
1421(27.37+42,� /(� 	��� ).49+(22(� ,*.74*7� /(� -!35.+1* -7*.(� (7� /(� -!*7+-+,37+42� /(�
14;6*,7+6-(,� =4,,+-(,�� �*327� :� -3� <3*,,(� /(,� 1421(2 7.37+42,� /(� ����� (--(� (,7�
(,,(27+(--(;(27�/*(�:�-!35.+1*-7*.(���
�
�3� 1421(27.37+42� 37;4,)<0.+8*(� ;42/+3-(� /(� /+4@D/(� /(� 13.642(� (,7� )3,,0(� /(� �&#�
));�(29+.42�:�-!0)48*(�).0+2/*,7.+(--(�:��"'�));�(2 ��## ���(�.D7<;(�/!311.4+,,(;(27�
322*(-�/(�-3�1421(27.37+42�;4D(22(�/(�	���3�070�)-* ,�.3)+/(�3*�14*.,�/(,��#�/(.2+?.(,�
3220(,� H��'� ));� )3.� 32� (2� ;4D(22(� (27.(� �'' � (7� �##  I� 8*!+-� 2(� -!3� 070� /()*+,�
-!0)48*(� /*� /06*7� /(� -3� .03-+,37+42� /(,� ;(,*.(,� 37; 4,)<0.+8*(,� /+.(17(,� 1427+2*(,�

���������������������������������������� �
� ��+==0.(21(�(27.(�-!02(.5+(�+21+/(27(�(7�-!02(.5+(� .0=-01<+(�
� � 	(.73+2(,� 07*/(,� ,!+270.(,,(27� )-*7F7� 3*� K��47(27+ (-� /(� 
01<3*==(;(27� �-463-�L� H�U�� )4*.� �-463-�
U3.;+25��47(27+3-I�8*+�+2/+8*(�/(�14;6+(2�*2(�;3,,( �/4220(�/(�53G�:�(==(7�/(�,(..(�4*�/!30.4,4-,�)(*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,� -!*232+;+70� /32,� -3� 14;;*23*70�
,1+(27+=+8*(�H�4*1<(.�(7�
(//D���##&I�
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H����));�)3.�32�(2�;4D(22(�(27.(��'$#�(7��## I��6+( 2�8*!+-�)*+,,(�93.+(.�/!*2(�3220(�
:�-!3*7.(���
�
�3� 1421(27.37+42� 37;4,)<0.+8*(� ;42/+3-(� /(� 	��� (,7� )3,,0(� /!(29+.42� "� � ))6� :�
-!0)48*(� ).0+2/*,7.+(--(� :� �� "��� ))6�3*� /06*7� /(,�3 220(,� �''#�� )4*.�377(+2/.(� �� ""��
))6� (2� �## �� �(� 73*@� /(� 1.4+,,321(� 3� =-01<+� /()*+,� -(� /06*7� /(,� 3220(,� �''#�� (2�
14<0.(21(�39(1�-(,�0;+,,+42,�7473-(,�H,4;;(� /(,� ,4* .1(,�327<.4)+8*(,�(7�237*.(--(,I��
8*+�,427�.(,70(,�).37+8*(;(27�142,7327(,�3*�14*.,�/ (�1(77(�)0.+4/(���3�1421(27.37+42�
37;4,)<0.+8*(�5-463-(�/(�����(,7�)3,,0(�/(��"#�))6� :�-!0)48*(�).0+2/*,7.+(--(�:� ��'�
))6�(2��## ��
�
�3�1421(27.37+42�/(�24;6.(*@�<D/.413.6*.(,�<3-45020 ,�H/427�-(,�<D/.4=-*4.413.642(,I�
3� 3*5;(270�� (,,(27+(--(;(27� ,4*,� -!(==(7� /(,� 317+9+ 70,� <*;3+2(,�� 3-4.,� 8*!(--(� 073+7�
).41<(�/(�G0.4�:�-!?.(�).0+2/*,7.+(--(���
�
�2� )(*7�3==+.;(.�39(1�*2� /(5.0� /(�142=+321(�7.?,�0- (90�8*!(2� ;4D(22(�� -(,�317+9+70,�
<*;3+2(,�;(20(,�/()*+,��" #�427�(*�5-463-(;(27�*2�( ==(7�/(�.01<3*==(;(27�2(7��39(1�
*2�=4.P35(�.3/+37+=�/(�V���$�WV�#�$�:�V����X�U�; � ���(�=4.P35(�.3/+37+=�1*;*-0�.0,*-7327�
/(�-!3*5;(2737+42�/(,�1421(27.37+42,�/(�	����/(�	�� �(7�/(�����(,7�/(�V�����WV�����:�V�
�� X� U�; � �� (7� ,42� 73*@� /!311.4+,,(;(27� )(2/327� -!?.(� +2/*,7. +(--(� (,7� 7.?,�
).4636-(;(27�,32,�).010/(27�/()*+,�)-*,�/(��#�###�3 2,���(�=4.P35(�.3/+37+=�/*�/+4@D/(�
/(�13.642(�3�3*5;(270� /(� �#�Y� (27.(� �'' � (7� �## ��1 (�8*+� .().0,(27(� -(� )-*,�5.32/�
1<325(;(27� ,*.9(2*� (2� *2(� /01(22+(� /()*+,� )-*,� /(� � ##� 32,� 3*� ;4+2,�� �2�
14;)3.3+,42�� 42� (,7+;(� 8*(� -(,� 93.+37+42,� /(� -!01-3 +.(;(27� 02(.507+8*(� ,4-3+.(� 427�
).4948*0��/()*+,��" #��*2�-05(.�=4.P35(�.3/+37+=�/( �V�#����WV�#�#$�:�V�#��#X�U�; � ��
�
�!4G42(�� /!3).?,� -3� =+5*.(� ���� ,(.3+7� -(� � +?;( � 53G� :� (==(7� /(� ,(..(� (7� (,7� *2� )4--*327�
37;4,)<0.+8*(� 6+(2� 1422*� )4*.� ,(,� ).4).+070,� +..+73 27(,� ,*.� -(,� ;*8*(*,(,�
.(,)+.374+.(,�(7�41*-3+.(,���(,�2+9(3*@�/!4G42(�,(� ,427�142,+/0.36-(;(27�311.*,�/()*+,�
-(�/06*7�/*��� +?;( �,+?1-(�H�(.S(27�(7�3-���##"I�(7�427�7(2/321(�:�,73 52(.�/()*+,�1(,�/+@�
/(.2+?.(,�3220(,��(2�/0)+7�/(,�)4-+7+8*(,�/(�.0/*17 +42�/(,�0;+,,+42,�/(�,(,�).01*.,(*.,�
H4@D/(,�/!3G47(�(7�14;)4,0,�4.532+8*(,�94-37+-,�247 3;;(27I��
��
�2=+2�+-�(,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+.� )-*7F7�
.(=.4+/+,,327� )4*.� -3� ;3,,(� 7473-(� /!30.4,4-,� 9+3� / (,� (==(7,� /+.(17,� (7�+2/+.(17,�H1=��Z�
���I� ;3+,� -(,� /+==0.(27(,� (,)?1(,� 142,7+7*327� -(,� ) 3.7+1*-(,� 427� /(,� 14;)4.7(;(27,�
/+==0.(27,���3.;+�1(,�(,)?1(,�42�+/(27+=+(�5020.3-( ;(27�%��

�  �(,�,*-=37(,�+,,*,�/(,�0;+,,+42,�+2/*,7.+(--(,�/(�� ����
�  �(,�2+7.37(,�1.00,�:�)3.7+.�/(,�0;+,,+42,�/!4@D/(,� /!3G47(,�(7�/!3;;42+31��
�  �(,�30.4,4-,�4.532+8*(,�0;+,� :� )3.7+.� /!317+9+70,� / (�14;6*,7+42,�HD�14;).+,� -(,�

=(*@�/(�=4.B7I�(7�1.00,� :� )3.7+.�/(,� 	���0;+,� )3.� - (,�317+9+70,�327<.4)+8*(,�4*�
237*.(--(;(27��

�  �(�13.642(�,*+(�4*�13.642(�0-0;(273+.(�8*+�.0,*-7(� /(,�).41(,,*,�/(�14;6*,7+42�
+214;)-?7(�(7�/427�-(,�0;+,,+42,�2(�1(,,(27�/(�1.4> 7.(�(2��,+(�(7�(2��2/(��

�  �(,� )4*,,+?.(,� ;+20.3-(,� /*(,� :� -!0.4,+42� /*� 9(27� , *.� -3� ,*.=31(� /*� ,4-� (7�
1(.73+2(,�).37+8*(,�35.+14-(,�(7�+2/*,7.+(--(,��
�

�
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4.2 Sensibilité du climat et rétroactions 
�
���  &2 �6�7�(1� '+� 87�0�(� 9� 7:1;+�7�6#& � (,7� *2� +2/+137(*.� /(� -3� .0)42,(� /*� ,D,7?;(�
1-+;37+8*(� :� *2� =4.P35(� .3/+37+=� 142,7327�� �--(� (,7 � /0=+2+(� 14;;(� -(� .01<3*==(;(27�
;4D(2� :� -!08*+-+6.(� :� -3� ,*.=31(� /*� 5-46(� ,4*,� -!(= =(7� /!*2� /4*6-(;(27� /(� -3�
1421(27.37+42�/(�	�����(,�).45.?,�.03-+,0,�/()*+,�- (�7.4+,+?;(�
3))4.7�/!093-*37+42�/(�
-!��		�)(.;(77(27�/!3==+.;(.�8*!(--(�,(�,+7*(�).463 6-(;(27�(27.(���(7��� �[	��-3�93-(*.�
-3�)-*,�).4636-(�,!0736-+,,327�:� �� [	� (29+.42��(7�8 *!+-�(,7�7.?,�+;).4636-(�8*!(--(� ,4+7�
+2=0.+(*.(� :� �� � [	�� �(,� 93-(*.,� 2(77(;(27� ,*)0.+(* .(,� :� �� � [	� 2(� )(*9(27� B7.(�
(@1-*(,�� ;3+,� -3� 14214./321(� /(,� ;4/?-(,� (7� /(,� 46, (.937+42,� 2!(,7� )3,� 3*,,+� 6422(�
)4*.�1(,�93-(*.,���
�
�& � #1(#"�8(�"2 � /&+*&2(� �0/7�!�&#� "+� �((12+&#� 7�� #1/" 2 &� 9� +2� !"#$�%&� '"221��
�!0;+,,+42� /+.(17(� /(� 93)(*.� /!(3*� H*2� 53G� :� (==(7� /(� ,(..(I� -+0(� 3*@� 317+9+70,�
<*;3+2(,�A4*(�*2�.F-(�205-+5(36-(�/32,�-(�=4.P35(�. 3/+37+=���+2,+��-!3*5;(2737+42�/(�-3�
1421(27.37+42�/(�93)(*.� /!(3*�/32,�-3�7.4)4,)<?.(� , 4*,�-!(==(7�/(�-!311.4+,,(;(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 .+5+2(�/(�.07.4317+42,�)4,+7+9(,�8*+�
3;)-+=+(27� -(� .01<3*==(;(27�� �(,�93.+37+42,� /(� -3�1 421(27.37+42� /(�93)(*.� /!(3*��8*+�
142,7+7*(27�-3�).+21+)3-(� .07.4317+42�+2=-*327�,*.�-3� ,(2,+6+-+70�/*�1-+;37�:� -!08*+-+6.(��
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,427� 3*A4*./!<*+� ;+(*@� 1422*(,� 8*!:� -!0)48*(� /*� 7.4 +,+?;(� 
3))4.7� /!093-*37+42� /(�
-���		�� 	(2)(2/327�� -(,� .07.4317+42,� -+0(,� 3*@� 2*35 (,� .(,7(27� -3� )-*,� 5.32/(� ,4*.1(�
/!+21(.7+7*/(���
�
�(,� .07.4317+42,� .(-37+9(,� :� -!3-60/4� /(,� 5-31(,� /( � ;(.� 427� 7(2/321(� :� .(2=4.1(.� -3�
.0)42,(� 3*@� <3*7(,� -37+7*/(,�� �(� )-*,�� :� 13*,(� /*� / 0)F7� /(� )3.7+1*-(,� 13.6420(,�
8*!(--(,�,*6+,,(27��-(,�5-31(,�/(�-3�6328*+,(�)(./( 27�-(*.�)4*94+.�.0=-01<+,,327��1(�8*+�
142/*+7� :� *2(� ;4/+=+137+42� ,(2,+6-(� /(� -!3-60/4� (7� *2(� 3110-0.37+42� /(� -3� =427(� /(,�
5-31(,���3�142,08*(21(�+2�=+2(�(,7�*2�311.4+,,(;(27 �/*�.01<3*==(;(27��	(-*+�1+�2*+7�:�
-3�=+@37+42�/*�	���37;4,)<0.+8*(�/32,�-(,�7(..(,�0; (.50(,�(7�-(,�41032,��(7�3*5;(27(�
+2/+.(17(;(27�-3�)3.7+(�/(,�0;+,,+42,�327<.4)+8*(,� 8*+�.(,7(�/32,�-!37;4,)<?.(��	(77(�
.07.4317+42�)4,+7+9(�/*�1D1-(�/*�13.642(�.(2=4.1(�- !311.4+,,(;(27�/(,�7(2(*.,�(2� 	���
37;4,)<0.+8*(� (7� (27.3>2(� /(,� 1<325(;(27,� 1-+;37+8* (,� )47(27+(--(;(27� )-*,�
+;)4.7327,� 8*(� -(,� (==(7,� /+.(17,� 377(2/*,� )4*.� *2� ,1023.+4� /!0;+,,+42,� /4220��
	()(2/327�� -!3;)-(*.� /(� 1(7� (==(7� /(� .07.4317+42� 93 .+(� 142,+/0.36-(;(27� ,(-42� -(,�
;4/?-(,��
�

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(,�� /*�
13.642(�4.532+8*(��/*�13.642(�0-0;(273+.(��/(�2+7.3 7(,�(7�/(�)4*,,+?.(,I�).4/*+,(27�+2�
=+2(�*2�(==(7�/+.(17�/(�.(=.4+/+,,(;(27��39(1�*2�=4 .P35(�.3/+37+=�/+.(17�7473-�/(���#� �W��
#�'�:���#��X�U�; � �(7�*2�=4.P35(�+2/+.(17�/C�:�-!3-60/4�/(,�2*35(,�/( ���#�"�W����&�:���#��X�
U�; � ��
�2� .(9321<(� -(,� 30.4,4-,� /(� 13.642(� 0-0;(273+.(� +,4 -0�� ).+21+)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#���WV#�# �:�V#�� �X�U�; � ��
�
�<&!!&(� '�#&8(� 2�(,7� 3*7.(� 8*(� -�(==(7� /(� 6-4135(� /+.(17� (7� /421� / (� .0=-(@+42� /*�
.3D422(;(27� ,4-3+.(�� �-� .0,+/(� /32,� -(� )<024;?2(� /( � /+==*,+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--*7+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�/(�=3P42�)-*,�4*�;4+2,�+ ;)4.7327(�-(�.3D422(;(27�,4-3+.(��
;4/+=+(27� -(,� ).4=+-,� /(� 7(;)0.37*.(� /32,� -!37;4,)< ?.(� (7�� )3.� 142,08*(27�� 427� *2�
+;)317� ,*.� -(,� 142/+7+42,� /(� =4.;37+42� /(,� 2*35(,�� (27.3>2327� -(*.� /+,)3.+7+42� 4*�
;4/+=+327�-(*.�(@7(2,+42�5045.3)<+8*(��	�(,7�1(�8*� 42�3))(--(� 7<&!!&(� &0�,'�#&8( ��
�
�<&!!&(�#�'��(�!��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(,��
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/(� ,4.7(�8*�:�1427(2*�(2�(3*�=+@0��*2�2*35(�+,,*� /� *2(� ;3,,(� /�3+.� )4--*0�1427+(27�*2�
24;6.(� /(�54*77(-(77(,� ,*)0.+(*.� :� *2�2*35(� ;4+2,� ) 4--*0�� �+(2�8*(� -(,�54*77(-(77(,�
,4+(27�)-*,�)(7+7(,��*2�7(-�2*35(�,(.3�)-*,�.0=-01< +,,327�8*(�1(-*+�+,,*�/�*2(�;3,,(�/�3+.�
,32,� 30.4,4-,�� 	�(,7� -(� ).(;+(.� (==(7� +2/+.(17�� .(= .4+/+,,327�� �32,� *2� ,(142/� 7(;),��
)*+,8*(�-(,�54*77(-(77(,� ,427�)-*,�)(7+7(,��(--(,�2 �377(+2/.427�)3,�-3�73+--(�1.+7+8*(�3*�
/(-:� /(� -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�
( ..(�,(.3�/421�)-*,�+;)4.7327(�(7�
)-*,� K�).47(17.+1(�L� 9+,�:�9+,� /*� .01<3*==(;(27�� �2 =+2�� (2� .01<3*==327� -�37;4,)<?.(� :�
/(,�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*(�-(�/(*@+?;(�(==(7�+2/+.(17�/(,�
30.4,4-,� ,*.� -(� 1-+;37�� 8*+� )(*7� B7.(� .(=.4+/+,,327 � 4*� .01<3*==327�� 2473;;(27� ,(-42�
-�3-7+7*/(�/*�2*35(��
�

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

�
�& �0"'=7& �8"+/71 �"81�2,�(0" />=#& �)3.7+1+)327�:�-���		�)(.;(77(27�/(�/422(.�/(,�
).09+,+42,�/�094-*7+42�/*�1-+;37�)4*.�-(��� +?;( �,+?1-(�:�-!01<(--(�/*�5-46(�(2�).(2327�(2�
14;)7(� -(,� .07.4317+42,� /(� -�094-*7+42�/(� -3�14;)4, +7+42�/(� -�37;4,)<?.(��2473;;(27�
/(,�30.4,4-,�� ,*.� -(�1-+;37�� �(,� /+==0.(27,� (==(7,� ).010/(;;(27�0948*0,� ,427� ,+;*-0,�
)3.� /(,� ,1<0;3,� )-*,� 4*� ;4+2,� 14;)-(@(,� ,*+9327� -(, � ;4/?-(,�� �"+ � 7& � 0"'=7& �
'"22&2(� +2� !"#$�%&� #�'��(�!� ("(�7� 21%�(�!� '?� �+.� �1#" "7  �� �3� ).0,(21(� /!30.4,4-,�
H2473;;(27� -(,� ,*-=37(,I� /32,� -!37;4,)<?.(� 3*.3+7� / 421� *2� )4*94+.� .(=.4+/+,,327�
6+(29(2*� /32,� *2(�4)7+8*(� /(� 5(,7+42� /(,� ).46-?;(,� -+0,�3*�1<325(;(27�1-+;37+8*(��
�+(2�(27(2/*� -(�142,737�+29(.,(� (,7�=3+7�-4.,8*(� -! 42� ,!37731<(�3*@�(==(7,� ,*.� -3� ,3270�
<*;3+2(�/(,�30.4,4-,�3*@8*(-,�42�377.+6*(�)-*,�/(�� ##�###�/01?,�).0;37*.0,�)3.�32�(2�
�*.4)(�� ��8�+ &� '&�8&((&� '+�7�(1@�7�� ;+& (�"2� '& �10�  �"2 @ � '&�7�� !"#0�(�"2�&(� '+�
(#�2 /"#(� '& � /�#(�8+7& � '�2 � 7:�(0" />=#&� 8"2 (�(+&� ' "28� +2�  +A&(�
/�#(�8+7�=#&0&2(�  &2 �67&� 7"# ;+&� 7:"2�  :�2(1#&  &� �+. � 7�&2 � &2(#&� 7&� 8>�2%&0&2(�
87�0�(�;+&�&(�7��;+�7�(1�'&�7:��#� �	(�)4+27�,(.3�/09(-4))0�-4.,8*(�-!42�,!+270.(,,(.3 �:�
-!323-D,(� /(,� ;(,*.(,� /(� .0/*17+42� /(,� 0;+,,+42,� /( ,� )4--*327,� )3.7+1*-3+.(,� H1=��
)3.35.3)<(�$I��
�
�+2,+�+-�(,7�+;)4.7327�/(�247(.�-(,�24;6.(*,(,�+21( .7+7*/(,�8*+�,*6,+,7(27�(214.(�,*.�-3�
14223+,,321(�/*�14*)-35(�(27.(�-(,�1421(27.37+42,�/ !30.4,4-,�(7�-�094-*7+42�/*�1-+;37��
�(,� ).+21+)3-(,� -31*2(,� /(,� ;4/?-(,� 317*(--(;(27� /+ ,)42+6-(,� ,427� -+,70(,� 1+�/(,,4*,��
)4+27327� -(,� <D)47<?,(,� ,*.� -(,8*(--(,� +-� 1429+(27� /!B7.(� 9+5+-327� /32,� -!323-D,(� /(,�
(==(7,�/(,�)4--*327,�37;4,)<0.+8*(,�,*.�-(�1-+;37%�
�
·  �020.3-(;(27�� /32,� -(,� ;4/?-(,� /(� 1-+;37� -(,� (,)?1( ,� ,*+9327(,� ,427� ).+,(,� (2�

14;)7(�%�,*-=37(��13.642(�4.532+8*(��13.642(�0-0;(2 73+.(�� ,(-,� ;3.+2,��)4*,,+?.(,�
/0,(.7+8*(,�� 	(.73+2(,� (,)?1(,� 14;;(� -(,� 2+7.37(,� ( 7� -�3;;42+*;� 2(� ,427�
5020.3-(;(27�)3,�142,+/0.0,�/32,�-(,�;4/?-(,�/(�1-+ ;37��(7�-(*.,�(==(7,�2(�,427�)3,�
07*/+0,��

·  �(� 7.3+7(;(27� /(� -�(==(7� +2/+.(17� 201(,,+7(� /(� 6+(2 � 14223>7.(� -(,� 142/+7+42,�
/�317+937+42� /(,� 54*77(-(77(,� /�(3*� 2*35(*,(� 8*+� .0 ,*-7(27� /!*2� ).41(,,*,� 7.?,�
/0)(2/327�/(�-3�14;)4,+7+42�/(,�30.4,4-,�� 	(,�).41( ,,*,�,427�)4*.7327�(214.(�;3-�
1422*,�1(�8*+�142/*+7�:�/(,�+21(.7+7*/(,�/32,�-(,�; 4/?-(,���
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·  �3.�(,,(21(��-(,�0;+,,+42,�/(�)4*,,+?.(,�/0,(.7+8*( ,�,427�)3.7+1*-+?.(;(27�/+==+1+-(,�
:� 8*327+=+(.�E� -(,� ;4/*-(,� /�0;+,,+42,� /+,)42+6-(,� ).4/*+,(27� /(,� .0,*-737,� 7.?,�
93.+36-(,�(7�)3.7+1*-+?.(;(27�,(2,+6-(,�3*@�93.+36- (,�;0704.4-45+8*(,��

·  �(,� 0;+,,+42,� /!3;;42+31� ,427� 7.?,� =4.7(;(27� /0)(2/ 327(,� /(,� 142/+7+42,�
;0704.4-45+8*(,�� 	(77(� (,)?1(�+2=-*(21(� -3�8*327+70 � /!30.4,4-�=4.;0(�2473;;(27�
).?,� /(,�G42(,�35.+14-(,�� �(,� ;4/?-(,�5-463*@�2(�7. 3+7(27�)3,� /(�=3P42�/D23;+8*(�
-(�14*)-35(�(27.(�-!094-*7+42�/*�1-+;37�(7�-(,�0;+, ,+42,�/(������

·  �(,�).41(,,*,�/(�=4.;37+42�/(,�)3.7+1*-(,�,427�,(2, +6-(;(27�/+==0.(27,�/�*2�;4/?-(�
:� -�3*7.(�E� )3.� (@(;)-(� 1(.73+2,� ;4/?-(,� 0;(77(27� / +.(17(;(27� /(,� )3.7+1*-(,� /(�
,*-=37(� 3-4.,� 8*(� /�3*7.(,� 7.3+7(.427� -�31+/(� ,*-=* .+8*(� )3.� -(,� ).41(,,*,� /(�
142/(2,37+42�� +-� (2� .0,*-7(� /(,� /D23;+8*(,� /(� /0)F7 � 93.+36-(,� /!*2� ;4/?-(� :�
-!3*7.(�(7��/421�*2�+;)317�.3/+37+=�/+==0.(27��

·  �3� =4.;37+42� /(,� (,)?1(,� 4.532+8*(,� ,(142/3+.(,� H�� �I� (,7� -3.5(;(27� ;01422*(��
-(,� 0;+,,+42,� /(,� ).01*.,(*.,� 2(� ,427� )3,� 6+(2� 8*32 7+=+0(,�� -(,� ).41(,,*,� /(�
=4.;37+42,� ,427�*-7.3�,+;)-+=+0,� /32,� -(,� ;4/?-(,�� �(� .01(27,�7.393*@�,1+(27+=+8*(,�
427� ;+,� (2� 09+/(21(� -(� .F-(� /(,� (,)?1(,� ).+;3+.(,� 4 .532+8*(,� H���I� /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-!+,4).?2(� )3.� (@(;)-(I� (7�
/421� -3� =4.;37+42� /!���� (7� 3+2,+� )4,,+6-(;(27� 1427. (63-321(.� -�(==(7� /(�
-�3*5;(2737+42�/(�-3�7(;)0.37*.(�4*�/*�.3D422(;(27� 8*+�311.4>7�1(,�0;+,,+42,���3�
=3P42�/427�-!08*+-+6.(�,!4.532+,(�(27.(�-(,�/(*@�). 41(,,*,�(,7�(214.(�;3-�1422*(��

·  �3�.0,4-*7+42�,)37+3-(�/(,�;4/?-(,�1-3,,+8*(;(27�*7 +-+,0,�(,7�/(�-�4./.(�/(��[�:��[�:�
-!01<(--(� /*� 5-46(�� 1(� 8*+� )(.;(7� /�3110/(.� :� *2(� + 2=4.;37+42� 7.?,� -+,,0(�
2473;;(27� /32,� -(,� .05+42,� =4.7(;(27� *.632+,0(,� 4R� -(,� 0;+,,+42,� 327<.4)+8*(,�
,427�+;)4.7327(,���(,�07*/(,�,427�/421�201(,,3+.(,� )4*.�;+(*@�1(.2(.�-!+;)317�/(,�
G42(,� =4.7(;(27� *.632+,0(,� (7� /(,� 7.?,� 5.32/(,� 355- 4;0.37+42,� ,*.� -(� 1-+;37�
.05+423-�� �(,� ).4A(7,� �*.4)0(2,�427�070� -3210,� (2� � ##&� ,*.� -(� ,*A(7�H��������� (7�
	�
�\�����" +?;( ��	
�I��

·  �(�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�/(�,+;)-(�/+==*,+42�
/*(,� 3*@� )3.7+1*-(,� /�30.4,4-,�� 	(,� ).4).+070,� 4)7+ 8*(,� ,427� 7.?,� ,(2,+6-(,� 3*�
;4/?-(� /(� ;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?2(� H)3.7+1*-(,�
)3.=3+7(;(27� ;0-3250(,I� (7� -(,� ;0-325(� (@7(.2(,� H*2 (� /+,7.+6*7+42� )3.� (,)?1(�
1<+;+8*(I���-�2!(@+,7(�)3,�/(�142,(2,*,�,*.�-(�1<4+ @�/(�-!*2(�4*�-!3*7.(�;07<4/(�8*+�
)(*9(27� 1()(2/327� /422(.� /(,� .0,*-737,� /+==0.(27,�� �(,� ;07<4/(,� )-*,� .01(27(,�
/+7(,� /(� K� 14.(� ,<(--� L� ,!3))*+(27� ,*.� *2(� ,7.*17*. (� )-*,� .03-+,7(� /(,� )3.7+1*-(,�
/�30.4,4-,�(7�,427�(2�14*.,�/(�7(,7���--(,�/(9.3+(2 7�:�7(.;(�3;0-+4.(.�,(2,+6-(;(27�
-3�).+,(�(2�14;)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*(,� /(,� )3.7+1*- (,�� �2(� ).(;+?.(� )*6-+137+42� /32,��
"���������	� #�������� ������ � /422(� *2(� .0)42,(� 7.?,� 1-3+.(� H(7� )4,+7+9(I� 8*327� :� -3�
)(.7+2(21(� /(� -�*7+-+,37+42� /�*2(� 7(--(� ;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-���
�##'I��
�
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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 

�
�!094-*7+42� /(� -3� 8*3-+70� /(� -!3+.� .0,*-7(� /(� -3� 14 ;6+23+,42� /*� 14;)4.7(;(27� /(,�
0;+,,+42,� (7� /(,� 142/+7+42,� ;0704.4-45+8*(,�� �(,� 0) +,4/(,� /(� )4--*7+42� 3))3.3+,,(27�
7.?,� ,4*9(27� -4.,8*(� -3� ;0704.4-45+(� /(9+(27� =394.3 6-(� 3*� /(,,*,� 4*� :� ).4@+;+70� /(,�
,4*.1(,�/!0;+,,+42���
�3� )-*)3.7� /(,� ,+7*37+42,� .(,)42,36-(,� /(,� <3*,,(,� /(� 1421(27.37+42,� /(,� (,)?1(,�
1<+;+8*(,� (,7� -+0(� :� *2(� /D23;+8*(� 37;4,)<0.+8*(� 8* +� /+,)(.,(� )(*� -(,� )4--*327,�
=394.+,327�-(*.�311*;*-37+42�3*�/(,,*,�/(�-3�,*.=31 (�7(..(,7.(��	!(,7�2473;;(27�-(�13,�
-4.,8*!*2� 327+1D1-42(� .(14*9.(� -!�*.4)(� /(� -!�*(,7� � 	(� 13,� /(� =+5*.(� (,7� -3� 13*,(�
).+21+)3-(�/(,�0)+,4/(,�/(�)4--*7+42�<+9(.23*@�H247 3;;(27�/(�)3.7+1*-(,�(7�/(�/+4@D/(�
/!�G47(I�� ��1(-3�� )(*7� ,!3A4*7(.� *2(� ,+7*37+42�053- (;(27� ).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* (�-!4G42(�)4*.�-(,�53G�4*�*2(�=4.7(�
).0,(21(�/(�14;)4,0,�4.532+8*(,�,(142/3+.(,�H���I�/ 32,�-(,�30.4,4-,���3��142A4217+42�
/(� 1(,� /(*@� 142/+7+42,� +2/*+7� +;;328*36-(;(27� /(� =4 .7,� 0)+,4/(,� /(� )4--*7+42�
)<4741<+;+8*(��
�
�(,� 1<325(;(27,� 1-+;37+8*(,� 024210,� )3.� -!��		� .0,* -7327� /!07*/(,� /(� ;4/0-+,37+42�
).4,)(17+9(,� .03-+,0(,� 3*� 2+9(3*� 5-463-� (7� .05+423- � (2� +214.)4.327� /(,� ,1023.+4,�
/!094-*7+42�/(�-3�)4)*-37+42�;42/+3-(�).4;(*9(27�-! +/0(�/!+;)317,�142,08*(27,�,*.�-3�
8*3-+70�/(�-!3+.��
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�2� (==(7�� -(,� ).+21+)3*@� )3.3;?7.(,� ;0704.4-45+8*(, � 8*+� +2=-*(27� -3� /+,)(.,+42� /(,�
)4--*327,� 9427� 14223+7.(� /32,� -(� =*7*.� /!+;)4.7327( ,� 93.+37+42,�� �+2,+�� -3� 9+7(,,(� /*�
9(27�� -3� 1429(17+42�� -3� =.08*(21(� (7� -!+27(2,+70� /( ,� ,+7*37+42,� 327+1D1-42+8*(,�
094-*(.427�)3.�.3))4.7�:�1(�8*!(--(,�,427�317*(--(; (27��1(�8*+�+2=-*(21(.3�-3�=.08*(21(�
(7�-3�/*.0(�/!0902(;(27,�/(�)4--*7+42�37;4,)<0.+8*( ��
�+(2�8*(�242�(@<3*,7+=��-(�6+-32�/.(,,0�/32,�-(,�)3 .35.3)<(,� �����:� �����=4*.2+7��/(,�
0-0;(27,� /!3)).01+37+42� /(,�142,08*(21(,� )4,,+6-(,� /*�1<325(;(27�1-+;37+8*(� ,*.� -3�
)4--*7+42�37;4,)<0.+8*(�(7�,(,�(==(7,���

5.1.1. Le cycle de l’eau et la pollution de l’air 
�2�+;)4.7327� .01<3*==(;(27�3*� /(,,*,� /(� -!<0;+,)<?. (� �4./� 3*@� ;4D(22(,� -37+7*/(,��
(,7� ).09*� )3.� 8*3,+;(27� 74*,� -(,� ;4/?-(,� 1-+;37+8*( ,� 5-463*@�� �2� 1<325(;(27� 8*+�
,!3114;)352(.3� /!*2(� =.08*(21(� 311.*(� /(� 935*(,� /(� 1<3-(*.� (7� 8*+� 3*.3� /(,�
.0)(.1*,,+42,� ,*.� -(�1D1-(� /(� -!(3*�� �2�(==(7�� -!09 3)4.37+42�/(,�41032,�3*5;(27(.3�(7�
)(.7*.6(.3� -(� .D7<;(� /(,� ).01+)+737+42,� 8*+� ,(.3� ,* )0.+(*.� (2� ;4D(22(� 322*(--(� 3*@�
2+9(3*@�317*(-,�,*.�-!�*.4)(�/*��4./�;3+,�+2=0.+(*. ,�,*.�-!�*.4)(�/*��*/��.(=-07327�*2�
-3.5(� 1427.3,7(� �4./��*/�� �!*2� )4+27� /(� 9*(� 5020.3- �� -!<*;+/+70� ,)01+=+8*(� ,(.3� )-*,�
+;)4.7327(� /32,�-!3+.�� ;3+,� -!<*;+/+70� .(-37+9(� 2(� ,(.3� )3,� ,*,1()7+6-(� /(� 1<325(.�
024.;0;(27�� 39(1� 74*A4*.,� *2(� +;)4.7327(� 93.+36+-+7 0� ,)37+3-(� (7� ,3+,422+?.(�� � �(,�
;4/?-(,�).0/+,(27�*2(�)-*,�5.32/(�=.08*(21(�/!0902( ;(27,�(@7.B;(,�(2�070�39(1�*2(�
)-*9+4;07.+(�+2,7327320(�7.?,�+;)4.7327(��(7�;4+2,� /!0)+,4/(,�)-*9+(*@�(2�<+9(.�,*.�-(�
,*/�/(�-!�*.4)( � ���
�
�*@� -37+7*/(,� /(� -3� �.321(�� 1(,� 094-*7+42,� /*� 1D1-( � /(� -!(3*� ,(� .0)(.1*7(.427� ,*.�
-!317+9+70� )<D,+14�1<+;+8*(� /(� -!37;4,)<?.(�� 2473;; (27� (2� )0.+4/(� (,7+93-(�� �(,�
/0)F7,� <*;+/(,� ,(.427� )-*,� =3+6-(,�� 142,08*(21(� /(� -3� /+;+2*7+42� /(,� 0902(;(27,�
)-*9+(*@��1(�8*+�,+52+=+(�8*(�-!37;4,)<?.(�,(.3�-(, ,+90(�;4+2,�.05*-+?.(;(27��=394.+,327�
3+2,+�-!311*;*-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(�
/(,�.3D42,�,4-3+.(,�377(+52327�-(�,4-�,(.3�)-*,�=3+ 6-(�8*!317*(--(;(27��
�
�!(3*� ,4*,� =4.;(� 53G(*,(� (2� 8*327+70� )-*,� +;)4.7327 (� /32,� -!3+.�� +27(.9+(2/.3�
053-(;(27� /32,� -(� 1D1-(� /(�=4.;37+42� /(� -!4G42(�� 9. 3+,(;6-36-(;(27� (2� .0/*+,327� -3�
).4/*17+42� /!���� �4+2,� /(� ).01+)+737+42,� ,+52+=+(� 0 53-(;(27� *2(� /+;+2*7+42� /(�
-!+..+537+42�/(,�,4-,�/421�*2�3,,?1<(;(27�/(�1(*@�1 +��1(�8*+�(,7�).4)+1(�:�-3�.(;+,(�(2�
,*,)(2,+42�237*.(--(��/(�)4*,,+?.(,�7(--*.+8*(,��
�
�2=+2� -(� /(.2+(.� (==(7� 364./0� 377.+6*36-(� 3*� 1D1-(� /(� -!(3*� (,7� -!3*5;(2737+42� /(� -3�
1429(17+42� ).4=42/(� -+0(� :� -!3*5;(2737+42� /(� -3� 93) (*.� /!(3*� (7� /421� /(� -3� 1<3-(*.�
-37(27(� 8*+� )4*..3+7� 4113,+422(.� *2(� <3*,,(� /(� -!31 7+9+70� 4.35(*,(� 2473;;(27�
.(,)42,36-(�/!0;+,,+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,� /*� 14;)4.7(;(27� /(,�
/0).(,,+42,� 8*+� 142,7+7*(27� -(� ).+21+)3-� =317(*.� /( � -(,,+935(� /(� -!37;4,)<?.(� (7� /(�

���������������������������������������� �
� � 	(,� 1421-*,+42,� ,427� :� 2*321(.� (2� =4217+42� /(� -3� - 413-+,37+42� 5045.3)<+8*(� /(,� G42(,� /!+270.B7�� �(,�
(==(7,� /*� 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���I��



�'�
�

7.32,)4.7� /(,� )4--*327,� :� 7.39(.,� -!�*.4)(� ).+21+)3 -(;(27� /(� -!�*(,7� 9(.,� -!�,7�� �(*.�
)3.14*.,�/(9.3+7�:�-!39(2+.�B7.(�)-*,�3*��4./�8*!31 7*(--(;(27��A4*327�3+2,+�*2�.F-(�,*.�
-3�9(27+-37+42�/(�-!3+.�(2��.321(��
�2�311.4+,,(;(27� /(,� )0.+4/(,�327+1D1-42+8*(,� (,7�0 53-(;(27� ).09*� )3.� -(,� ;4/?-(,��
39(1�/(,�,+7*37+42,�/(�6-4135(�;0704.4-45+8*(��7(-� 8*(�1(-*+�.(,)42,36-(�/(�-3�132+1*-(�
/(� �##��� )-*,� =.08*(27(,� ,*.� -!�*.4)(� /(� -!�*(,7�� � (� .01<3*==(;(27� /(9.3+7� 3*,,+�
+27(.9(2+.� ,*.� -3� 14*1<(� /(� ;0-325(� 7(..(,7.(� /427� -!0)3+,,(*.� /(9.3+7� B7.(� )-*,�
+;)4.7327(�;3+,�+-�2!D�3�)3,�(214.(�/(�7(2/321(�1-3 +.(�024210(�)3.�-!��		�:�1(�,*A(7��

5.1.3. La hausse des températures 
�!(2,(;6-(� /(,� ;4/?-(,�5-463*@�,!3114./(27� ,*.� -3�< 3*,,(� /(,�7(;)0.37*.(,��74*7�(2�
).0,(27327�*2(�)-35(�/(�93-(*.,�3,,(G�93.+36-(�,(-4 2�-(�7D)(�/(�,1023.+4�(7�-(�;4/?-(�
142,+/0.0��	(77(�<3*,,(�)4*..3+7�377(+2/.(�$[	�(2�� �##���
�.��+-�,!39?.(�8*(�-(,�).4A(17+42,�/(�-!��		�)4*.�� ##&�,427�(2�/(P:�/(�-3�.03-+70��1(�8*+�
)4*..3+7� 24*,� 3;(2(.� :� 142,+/0.(.� :� ;+2+;3� -(� ,1023 .+4� -(� )-*,� )(,,+;+,7(� 14;;(�
.03-+,7(��
�(� 7(--(,� <3*,,(,� /(� 7(;)0.37*.(� 3==(17(.427� +209+7 36-(;(27� -!317+9+70� 1<+;+8*(� (7�
2473;;(27�1(--(�/(�-!4G42(�9+3�)-*,+(*.,�)3.3;?7.(, ���!*2(�)3.7��-(,�73*@�/(�.0317+42�
1<+;+8*(�7.?,�/0)(2/327�/(�-3�7(;)0.37*.(�/(9+(2/.4 27�)-*,�+;)4.7327,��142/*+,327�:�
*2(� +27(2,+=+137+42� /(� -!317+9+70� 1<+;+8*(�� �!3*7.(� )3.7�� -(,� 0;+,,+42,� /!(,)?1(,�
6+47+8*(,�� /427� -(� .F-(� (,7� +;)4.7327� /32,� -3� ).4/* 17+42� /!4G42(� (2� G42(� .*.3-(� H(7�
/!30.4,4-,� 4.532+8*(,� ,(142/3+.(,I�� 3*5;(27(.427� /( � ;32+?.(� 142,08*(27(��
53-932+,327� -3� =4.;37+42� /!(,)?1(,� 1<+;+8*(,� ,(142/ 3+.(,�� 	(� /(.2+(.� )4+27� ,!+-� (,7�
3/;+,� /()*+,� )-*,+(*.,� 3220(,�� (7� 317*(--(;(27� .(;+ ,� (2� 8*(,7+42� )3.� *2(� 07*/(�
3;0.+13+2(�0736-+,,327�*2�-+(2�/!+2<+6+7+42�/(,�0;+,,+42,�6+47+8*(,�)3.�-(�	����	�(,7�:�
/+.(�8*(�-3�1.4+,,321(�/(,�7(2(*.,�(2�	���/32,�-!3+ .�3*.3+7�7(2/321(�:�1427.(63-321(.�
-!+;)317� /(� -3� <3*,,(� /(� -3� 7(;)0.37*.(� ,*.� -(,� 0;+ ,,+42,� /(� 	��� 237*.(--(,��
�!08*+-+6.(�(27.(�-(,�/(*@�).41(,,*,�=3+7�(214.(�-! 46A(7�/(�7.393*@�/(�.(1<(.1<(��

5.1.4. Les effets liés à l’impact du changement cli matique sur les 
écosystèmes 

�3� )4--*7+42�37;4,)<0.+8*(�3� /(,� (==(7,�6+(2�+/(27+ =+0,�H31+/+=+137+42�� (*7.4)<+,37+42��
/4;;35(,� :� -3� 9050737+42� )3.� -!4G42(�QI� ,*.� -(,� 014 ,D,7?;(,�� 8*+� ,427� 053-(;(27�
3==(170,� )3.� -(� 1<325(;(27� 1-+;37+8*(�� �(,� (==(7,� / *,� :� -3� )4--*7+42� ,427� -3.5(;(27�
07*/+0,�/32,�-(�13/.(�/(�-3�	429(27+42�,*.�-(�
.32, )4.7�/(,��4--*327,�:��425*(��+,7321(�
/(� -3� 	������ )3.� -(� �.4*)(� /(� 7.393+-� ,*.� -(,� (==(7 ,�
H<77)%��SSS�*2(1(�4.5�(29�-.73)�U4.J+25�.4*),�S5(�S( -14;(�<7;- I� 8*+� )*6-+(�
.05*-+?.(;(27�,*.�1(,�,*A(7,���2�/4;3+2(�)-*,�.01(2 7�/!+29(,7+537+42�(,7�-!323-D,(�/(�-3�
=3P42� /427� -(,� ;32+=(,737+42,� /*� .01<3*==(;(27� 1-+; 37+8*(� )(*9(27� 3==(17(.� -(,�
014,D,7?;(,� (7� -(,� 142,08*(21(,� H5020.3-(;(27� *2(� 3 ;)-+=+137+42I� ,*.� -(,� (==(7,�
1422*,�/(�-3�)4--*7+42�37;4,)<0.+8*(���2�)(*7�-+,7( .�)3.�(@(;)-(�%�

·  �(,�09?2(;(27,�(@1()7+422(-,�%�

o 
(;)B7(,�%� /32,� -(,� .05+42,� 1F7+?.(,�� (--(,� 3;?2(27 � /(,� ,(-,� ;3.+2,� 8*+�
502?.(27�/(,�)+1,�/!31+/+=+137+42���

o �01<(.(,,(,� ,*+9+(,� /!+242/37+42,�%� �--(,� 502?.(27� /(,� )+1,� /(� ,*-=37(,�
/32,�-(,�(3*@�8*+�142/*+,(27�:�-!31+/+=+137+42�/(,� ;+-+(*@���

o �01<(.(,,(�(7�/+;+2*7+42�/(�-!<*;+/+70�/(,� ,4-,�%�= 394.+,(27�-!0.4,+42�/(,�
,4-,�(7�-3�=4.;37+42�/(�)3.7+1*-(,�7(--*.+8*(,���



�#�
�

·  
(;)0.37*.(,�)-*,�0-(90(,�%��

o �--(,� =394.+,(27� -3� 1.4+,,321(� (7� -(� /09(-4))(;(27� /(,� 905073*@�
.3935(*.,�� /0A:� 3;)-+=+0,� )3.� *2(� 3*5;(2737+42� /(,� 1421(27.37+42,� /(�
2+7.37(,�/32,�-(,�)-327(,�H(==(7,�/!(*7.4)<+,37+42I ��	(,�(==(7,�)(./*.(.427�
A*,8*!3*� .(74*.� :� *2(� ,+7*37+42�4R� -!3G47(� /(9+(2/. 3� :�24*9(3*�0-0;(27�
-+;+7327� -3� 1.4+,,321(� /(,� )-327(,�� �-� (2� .0,*-7(� 8 *(� -(� 1<325(;(27�
1-+;37+8*(� )(*7� 142/*+.(� :� *2(� ,+7*37+42� 4R� -3� /+,) 42+6+-+70� /(� -!3G47(�
-+;+7(�-3�,08*(,7.37+42�/*�13.642(��

o �--(,�=394.+,(27�-3�2+7.+=+137+42�(7�-3�;+20.3-+,37+42�/32,�-(,�,4-,�(7�/421�-(�
-(,,+935(�/!3G47(�+24.532+8*(���

o �--(,� 142/*+,(27� :� ;4+2,� /(� ).01+)+737+42,� 2(+5(*,( ,� (7� /421� *2(� )-*,�
=3+6-(� +,4-37+42� /(,� ,4-,� 8*+� /(9+(22(27�� )3.3/4@3- (;(27�� )-*,� =.4+/,� (2�
<+9(.���(�-(,,+935(�/(,�2+7.37(,�/*�,4-�(2�(,7�3*5; (270��1(�8*+�142/*+7�:�
/(� )-*,�=4.7(,� 1421(27.37+42,� /(� 2+7.37(� /32,� -(,� ( 3*@� (7� /(,� ).46-?;(,�
)47(27+(-,�/!31+/+=+137+42�(7�/!(*7.4)<+,37+42���

o �2(�14*9(.7*.(�2(+5(*,(�)-*,�=3+6-(�(7�).0,(27(�,*. �*2(�)0.+4/(�<+9(.23-(�
.0/*+7(� 142/*+7� 053-(;(27� :� *2� ,741J� /!3G47(� /0)4,0 � )-*,� =3+6-(� ,*.� -3�
2(+5(�� �4.,� /(� -3� =427(� /(,� 2(+5(,�� -(� )+1� /(� 2+7.3 7(� <36+7*(--(;(27�
46,(.90�(,7�3-4.,�.0/*+7��

·  �242/37+42,�%�

o �--(,� 142/*+,(27� :� /(,� )(.7*.637+42,� /*� =-*@� /(,� .+ 9+?.(,� (7� :� -3�
/(,7.*17+42� /(,� .(=*5(,� /(,� +29(.706.0,�� ).(;+?.(,� (,)?1(,� .(14-42+,327�
-(�;+-+(*�3).?,�/(,�)0.+4/(,�/!31+/+=+137+42���

 

5.2 Quantification possible des effets en terme de niveaux de polluants 
atmosphériques 

 
�(,� ).(;+?.(,� 07*/(,� ;(20(,� )3.� -!���
��� ,*.� 1(� ,*A (7� 427� 070� .03-+,0(,� (2�
14--364.37+42� 39(1� -!�	
�� H�27(.237+423-� 	(27.(� =4. � 
<(4.(7+13-� �<D,+1,�� �2(,14�����I�
(2�1<3.5(�/!07*/(,�,*.�-(�1<325(;(27�1-+;37+8*(���( �7.393+-�(27.().+,�3�070�/(�14*)-(.�
-(� ;4/?-(� 	����
�� /(� ).09+,+42� /(� -3� 8*3-+70� /(� -!3 +.� *7+-+,0� /32,� -3� )-37(=4.;(�
�.(9!�+.� 39(1� /(,� ).0/+17+42,� 1-+;37+8*(,� )4*.� -3� = +2� /*� ���?;(� ,+?1-(� (7� /(� -(,�
323-D,(.� 3*� .(53./� /(,� 142/+7+42,� ).0,(27(,�� 	(77(� 07*/(� 3� 070� ;(20(� ,4*,� /(,�
<D)47<?,(,� =4.7(,�� 13.� -(,� 0;+,,+42,� =*7*.(,� /(� )4- -*327,� 37;4,)<0.+8*(,� 073+(27�
142,+/0.0(,� 053-(,� :� 1(--(,� /(� -3� ,+7*37+42� ).0,(27 (� (7� -(,� =-*@� /(� )4--*327,�
37;4,)<0.+8*(,� (27.327� (2� �*.4)(� 2(� ,*6+,,3+(27� )3, � /(� 93.+37+42,� (27.(� ).0,(27� (7�
=*7*.�� �!46A(17+=� /(� 7(--(,� 1427.3+27(,� 073+7� /!+,4-(.� -!+;)317� /*� .01<3*==(;(27�
1-+;37+8*(�,*.�-3�8*3-+70�/(�-!3+.�,32,�).(2/.(�(2� 14;)7(�-!(==(7�/(�)4,,+6-(,�,1023.+4,�
/(� .0/*17+42,� /!0;+,,+42� /(,� ��� 4*� (214.(� *2(� 094-* 7+42� /(� -!317+9+70� ;42/+3-(� 8*+�
3*.3+(27�1<3250�-(,�14;)4,327(,�/!+;)4.7�/(����(2�� *.4)(�/.3,7+8*(;(27��
 
�4*,�1(,�142/+7+42,��-!094-*7+42�1-+;37+8*(�142/*+7 �:�*2(�+;)4.7327(�3*5;(2737+42�/(,�
2+9(3*@�/!4G42(�-4.,�/(,�)0.+4/(,�(,7+93-(,��;(2327 �:�*2(�1.4+,,321(�;4D(22(�/(,�)+1,�
A4*.23-+(.,� (2� �*.4)(� /(� -!�*(,7� )3.� .3))4.7� 3*� 2+9 (3*� 317*(-� /(� -!4./.(� /(� � � :� �#�
]5�; � �,(-42�-(�,1023.+4�1-+;37+8*(���		�).+,�(2�14;)7(��



���
�

�
��%+#&�	,��5���!!1#&28&�)&2�F%40 � -�&2(#&�7& �0"C&22& �/�  1& �)�G�B,�GGB-�'& �/�8 �
':"H"2&�A"+#2�7�&# �& (�*�+.�&(�7& �0"C&22& �!+(+#& �) 
B�B,
�BB-��

 
�� -!01<(--(� /(� -!�*.4)(�� 7�� �#�28&� �//�#��(� !"#(&0&2(� ("+8>1&� /�#� 7:�88#"�  &0 &2(�
'& � 8"28&2(#�(�"2 @�8&� ;+��  &� (#�'+�(� 1%�7&0&2(� /�#� +2� 2" 06#&� '&� '1/�  &0&2( �
'& �  &+�7 � ':�2!"#0�(�"2� )��B� ]5�; � I� &(� ':�7&#(&� )
�B� ]5�; � I� 6&�+8"+/� /7+ �
!#1;+&2(� ;+:�8(+&77&0&2(� H94+.� =+5*.(�  ��I�� �*7.(� 1(7� 3,)(17� ,*.� -3� =.08*(21 (�� -3�
)(.,+,7321(� /(,� 0)+,4/(,� /!4G42(� (,7� 3*,,+� 311.*(�� �2� 142,08*(21(�� -(,� .0,*-737,�
467(2*,� 377(,7(27� 8*(� -(,� =4.7(,� 1421(27.37+42,� /!4 G42(� .(-(90(,� /*.327� -!070� �##��
)4*..3+(27�/(9(2+.�K�24.;3-(,�L�:�-3�=+2�/(�1(�,+?1 -(���
 

�
��%+#&�	,
5��"06#&�0"C&2�'&�A"+# ��*&8�'1/�  &0&2( � '+� &+�7�'&���B�F%40 � �/"+#�
7& � 8"2'�(�"2 � �8(+&77& � )�G�B,�GGB� &2� 2"�#-@� 7& � 8"2'� (�"2 � '&� 7:1(1� 
BB�� )8#"�.�
2"�#& -@�&(�7& �8"2'�(�"2 �!+(+#& � &7"2�7& � 812�#�" �� 
�)&2�%#� �87��#-�&(�I
�)&2�%#� �
!"281-� '&� 7:����@� �*&8� 7&+# � *�#��6�7�(1 � �2(&#�22+&77&  � )6�##& � *&#(�8�7& �
 +/&#/" 1& -���

 
	421(.2327�-(,�)3.7+1*-(,��-(,�1<325(;(27,�,427�:�1 42,+/0.(.� ,3+,42�)3.� ,3+,42�13.�-(,�
).41(,,*,�+21.+;+20,�93.+(27�(2�14*.,�/!3220(���
�32,� -(,� ;B;(,� 142/+7+42,� 8*(� ).010/(;;(27�� -(,� ).0 /+17+42,� 2*;0.+8*(,� 3==+1<(27�
*2(� /01.4+,,321(� /(,� ;4D(22(,� A4*.23-+?.(,� /(� ���#� &2� >�*&#� /(� 8*(-8*(,�
;+1.45.3;;(,�)3.�;?7.(�1*6(��1(.73+2(;(27�,4*,�-!(= =(7�/(�7(;)0.37*.(,�=*7*.(,�)-*,�
/4*1(,� /0=394.+,327� -(� /09(-4))(;(27� /(,� 30.4,4-,� ) 3.� (@(;)-(� (2� 3*5;(27327�
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�

-!093)4.37+42� /*� 2+7.37(� /!3;;42+*;�� �3� /D23;+8*(� 3 7;4,)<0.+8*(� (7� 2473;;(27�
-!0)3+,,+,,(;(27�/(�-3�14*1<(�-+;+7(�7(..(,7.(�A4*( .3+7�053-(;(27�*2�.F-(�(2�=394.+,327�
-3�/+,)(.,+42�/(,�)4--*327,�09+7327�3+2,+�-(*.�311* ;*-37+42�:�).4@+;+70�/(�-3�,*.=31(��
�
�� 8"2(#�#�"@� 7:1(1 �� -(,� 1<325(;(27,� 1-+;37+8*(,� ).09*,� (25(2/.(.3+(27 � *2(�
3*5;(2737+42�/(,�7(2(*.,�(2����#�/(�)-*,+(*.,�]5�; �� )4*9327�3--(.�A*,8*!:� �$�]5�; � �
(2��.321(���3�<3*,,(�/(�-3�7(;)0.37*.(�3�(2�)0.+4/( �(,7+93-(�*2�+;)317�4))4,0�:�,42�
.F-(� <+9(.23-� (2� +27(.9(2327� =4.7(;(27� ,*.� -3� =4.;3 7+42� /(,� 30.4,4-,� 4.532+8*(,�
,(142/3+.(,� 2473;;(27� 1(*@� 3D327� -!+,4).?2(� 14;;(� ) .01*.,(*.�� �--(� 3==(17(�
053-(;(27�-3�=31*-70�/!0.4,+42� � /(,� ,4-,�� ,*.74*7�3 ,,41+0(�:� -3�63+,,(� /(,�09?2(;(27,�
)-*9+(*@�� (2� 3*5;(27327� -(� )47(27+(-� /!0;+,,+42� /(, � )4*,,+?.(,� 7(--*.+8*(,� -+0� :�
-!3,,?1<(;(27�/(,�,4-,��
	(,�142,08*(21(,�,427�+--*,7.0(,�)3.�-3�=+5*.(� ��� �
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%�+8>&-�&(�7&+# �*�#��(�"2 � �0+71& �/"+#�
B�B,
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���)4*.,*+7�1(,�7.393*@�07*/+327�-3�.(-37+42� (27.(�-(�1-+;37�(7�-3�8*3-+70�/(�-!3+.��
:� 7.39(.,� )-*,+(*.,� ).4A(7,� /(� .(1<(.1<(� H).45.3;;( � �&'�� " +?;( � �	
�I� 39(1� /(,�
).47414-(,�/(�,+;*-37+42�/427�-(�.03-+,;(�3�094-*0� 13.�=+@0,�)4*.�/(,�01<0321(,�;4+2,�
-4+273+2(,� H�#�#��# #I�� �(,� (2A(*@� ;3+27(2327� ,427� /(� ;+(*@� 1(.2(.� -(,� 0;+,,+42,�
=*7*.(,�(7�/421�/(�-(,�+2705.(.�/32,�-(,�)-37(=4.;( ,�/(�;4/0-+,37+42�1-+;37�8*3-+70�/(�
-!3+.� 74*7� (2� D� 3/A4+52327� /(,� 142/+7+42,� 3*@� -+;+7(,� 3*@� =.427+?.(,� /(� -!�*.4)(� )-*,�
9.3+,(;6-36-(,�=4*.2+(,�)3.�/(,�;4/?-(,�5-463*@�14* )-327�1-+;37�(7�8*3-+70�/(�-!3+.���
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�2=+2��+-�=3*/.3�053-(;(27�:�7(.;(�+2705.(.�-(,�.07 .4317+42,�/(�-3�8*3-+70�/(�-!3+.�,*.�-(�
1-+;37� 7(--(,� 8*!+/(27+=+0(,� /32,� -(� )3.35.3)<(� ��� �� -!<(*.(� 317*(--(� 1(� 14*)-35(�
.01+).48*(�2!(,7�)3,�4)0.37+422(-�/32,�-(,�;4/?-(,� (7�/(;(*.(�*2�,*A(7�/(�.(1<(.1<(��
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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 
�(,�3,)(17,�,1+(27+=+8*(,�/(�-3�8*(,7+42�/(,�-+(2,� (27.(�-(�1<325(;(27�1-+;37+8*(�(7�-3�
)4--*7+42� 37;4,)<0.+8*(� 3D327� 070� )4,0,� /32,� -(,� )3 .35.3)<(,� ).010/(27,�� +-� ,!35+7�
;3+27(2327� /!323-D,(.� -(,� (==(7,� /(,� ;(,*.(,� /(� -*7 7(�1427.(� -(� .01<3*==(;(27� ,*.� -3�
)4--*7+42�37;4,)<0.+8*(�/32,�-(,�63,,(,�14*1<(,�/(� -!37;4,)<?.(��(7�.01+).48*(;(27��
�(,�7.393*@�;(20,� ,*.� -(� ,*A(7� /0;427.(27�-!09+/(21 (� /(� -!+270.B7�/(� /09(-4))(.�*2(�
9+,+42�5020.3-(�(7�+2705.37.+1(�8*+�).(22(�(2�14;)7 (�-(,�,D2(.5+(,�(7�-(,�3273542+,;(,�
)4,,+6-(,�9+,�:�9+,�/(�1<31*2�/(,�).46-?;(,�H������ ##��(7��##$�E��������##"I���
�
�32,� 1(77(� ,(17+42� /*� .3))4.7�� *2� (2,(;6-(� /(� ;(,*. (,� /(� -*77(� 1427.(� -3� )4--*7+42�
37;4,)<0.+8*(� (7�4*�1427.(� -(� .01<3*==(;(27�1-+;37+ 8*(�(,7�+/(27+=+0�(7�1(,� ;(,*.(,�
-+,70(,���--(,�.0,*-7(27�/(,�+2=4.;37+42,�.3,,(;6-0 (,�/32,�-(,�).45.3;;(,�237+423*@�(7�
-413*@�/(�-*77(�(7�/!3/3)737+42�1427.(�-3��4--*7+42 ��7;4,)<0.+8*(�H��
���� ���I� (7�-(�
	<325(;(27� 	-+;37+8*(� H�-32� 	-+;37I�� /(� -3� ,7.3705+ (� 237+423-(� /(� �09(-4))(;(27�
�*.36-(�H����I��/*�).4A(7�/(�-4+�K��.(2(--(�L���4*. �1<38*(�;(,*.(��*2(�323-D,(�/(�-(*.�
/(5.0� /(� ,D2(.5+(� ���		� (,7� ).4)4,0(� (7� 14;;(270(�� �!46A(17+=� 07327� /!093-*(.� :�
7(.;(�-(,�).45.3;;(,�=.32P3+,��42�,!(,7�(,,(27+(--( ;(27�+270.(,,0�:�-(*.�1427(2*��;3+,�
/(,�;(,*.(,�/(�).45.3;;(,�/!3*7.(,�)3D,�/(�-!�2+42� �*.4)0(22(��(7�1(.73+2(,�;(,*.(,�
).49(2327� /!3*7.(,� ,4*.1(,� /!+2=4.;37+42� H/41*;(27, � �
��I� 427� 74*7(=4+,� 053-(;(27�
070�).+,(,�(2�14;)7(��
�
	(.73+2(,�/+==+1*-70,�;07<4/4-45+8*(,�427�070�+/(27 +=+0(,�%��
�

�I  �4*.� (,7+;(.� .+54*.(*,(;(27� -(� /(5.0� /(� ,D2(.5+(�� 4 2� /(9.3+7� � ).(2/.(� (2�
14;)7(�)-*,+(*.,�=317(*.,�%��

�� -3�.0/*17+42�322*(--(�/(,�0;+,,+42,�/(�)4--*327,�H) 4*.�-3����(7�)4*.�-(�		I��:�-3�
=4+,�(2�7(.;(,�/(�93.+37+42,�.(-37+9(�(7�(2�7(.;(,� /(�63+,,(�36,4-*(��

�� -3�)0.(22+70�/(,�.0/*17+42,�/!0;+,,+42,�/32,�-(�7(; ),�
�� -!+;)317�,*.�-3�8*3-+70�/(�-!3+.�-413-(��

�4*.�0736-+.� -(� ).0,(27� .3))4.7�� ,(*-(,� -(,�63+,,(, � /!0;+,,+42,�42�070� ).+,(,� (2�
14;)7(�� (7� 1(,� 142,+/0.37+42,� =(.427� -!46A(7� /!07*/ (,� *-70.+(*.(,� )4*.� *2(�
,0-(17+42�/(�;(,*.(,��

�
�I  �4*,� 2!3942,� )3,� 07*/+0� -(,� ;(,*.(,� /(� ,(2,+6+-+,37 +42� (7� /!0/*137+42� 3*�

1<325(;(27� 1-+;37+8*(�� 8*+� ,427� 24;6.(*,(,� /32,� -(� �-32� 	-+;37� 4*� -3� ������
�--(,� ,427� )4*.� -3� )-*)3.7� 6020=+8*(,� )4*.� -3� )4--* 7+42� 37;4,)<0.+8*(� -413-(��
;3+,�-(*.�(==+131+70�(,7�/+==+1+-(�:�(,7+;(.���

�
�I  
+54*.(*,(;(27�� )4*.� 093-*(.� -!(==(7� /!*2(� ;(,*.(� , *.� -3� )4--*7+42�

37;4,)<0.+8*(� 4*� -(� 1<325(;(27� 1-+;37+8*(�� +-� =3*/. 3+7� ).(2/.(� (2� 14;)7(�
-!(2,(;6-(�/(,�=+-+?.(,�+;)3170(,�(7�/(�-(*.�1D1-(� /(�9+(���3.�(@(;)-(��)4*.�/(,�
24*9(3*@� 08*+)(;(27,� 327+�)4--*7+42� 37;4,)<0.+8*(�� 14;;(� -!08*+)(;(27�
/!*2(�1(27.3-(�7<(.;+8*(�(@+,7327(�(2�/+,)4,+7+=,�/ (�=+-7.37+42�/(,�)3.7+1*-(,��-(,�



� �
�

0;+,,+42,� -+0(,� :� -3� 142,7.*17+42� /(� -!08*+)(;(27� / (9.3+(27� B7.(� ).+,(,� (2�
14;)7(�� �4*.� -(� .(24*9(--(;(27� /!08*+)(;(27,� (@+,73 27,� H)3.� (@(;)-(�
.(;)-31(;(27� /!*2(� =-477(� /(� 90<+1*-(,� )3.� /(,� 90<+ 1*-(,� K�).4).(,�LI�� -3�
8*(,7+42� (,7� :� -3� =4+,� 1(--(� /(,� 0;+,,+42,� -+0(,� 3* @� /(,7.*17+42,� /(,� 90<+1*-(,�
321+(2,�(7�:�-3�=36.+137+42�/(�24*9(3*@�90<+1*-(,�/ !*2(�)3.7��(7�(,7�/!3*7.(�)3.7�
1(--(�/(�,394+.�14;;(27�14;)736+-+,(.�4*�242�-(,�0; +,,+42,�8*+�3*.3+(27�(*�-+(*�
/(�74*7(�=3P42�H)*+,8*(�*2�1(.73+2�.(24*9(--(;(27�/ (,�90<+1*-(,�3�-+(*�/(�74*7(�
=3P42I�� 	(,� 8*(,7+42,� ,427�7.4)�14;)-(@(,�� (7� -(,� / 4220(,� 201(,,3+.(,�H1!(,7� :�
/+.(� )4*.� -!323-D,(,� /*� 1D1-(� /(� 9+(I� 7.4)� .3.(,�� ) 4*.� )4*94+.� B7.(� ).+,(,� (2�
14;)7(�� 	()(2/327�� -4.,8*(� /(,� 07*/(,� (@+,7327(,� -( � )(.;(773+(27�� /(,�
0-0;(27,�8*3-+737+=,�,427�=4*.2+,���

�
�+==0.(27,�7D)(,� /(� ;(,*.(,�9+,327�*2(� .0/*17+42�/! 0;+,,+42,�(7�4*� /(�53G�:� (==(7�/(�
,(..(�427�070�07*/+0,�%�

·  �(,� 7(1<2+8*(,� (;)B1<327� -3� =4.;37+42� /!0;+,,+42,� : � -3� ,4*.1(� H 0& +#& �
/#�0��#& I�)3.�4))4,+7+42�:�1(--(�7.3+7327�-(,�0;+,,+42,�:�- !393-�/(,�).410/0,�8*+�
-(,�502?.(27�H0& +#& �J&2',"!,/�/&: I��

·  �(,�3;0-+4.37+42,� /!(==+131+70� )(.;(77327� /(� ;3+27( 2+.� *2� ;B;(�2+9(3*� /!*2(�
317+9+70�(2�*7+-+,327�;4+2,�/(�.(,,4*.1(,�(7�(2�1.0 327�;4+2,�/!0;+,,+42,��

·  �(,� ,*6,7+7*7+42,� /(� 14;6*,7+6-(,� 4*� 13.6*.327,�� )3 .� /(,� 14;6*,7+6-(,� 4*�
13.6*.327,�;4+2,�)4--*327,��

·  �(,�.0/*17+42,�/(�-3�/(;32/(�/!*2�).4/*+7�4*�/!*2�, (.9+1(���
·  �(,� 1<325(;(27,� /(� 14;)4.7(;(27� ,*6,7+7*327� )3.� (@( ;)-(� *2(� 317+9+70� )-*,�

)4--*327(�)3.�*2(�317+9+70�;4+2,�)4--*327(�H(�5��1< 325(;(27�;4/3-�/*�7.32,)4.7�
+2/+9+/*(-�9(.,�-(�7.32,)4.7�14--(17+=I��
�

�
�9327� /!364./(.� -(,� 093-*37+42,� +2/+9+/*(--(,� /(� 1< 38*(� ;(,*.(� /32,� /(,� 736-(3*@�
,(174.+(-,� H,(17+42,� ,*+9327(,I�� 42� /422(� +1+� 8*(-8 *(,� +2/+137+42,� 5020.3-(,� ,*.� -(,�
/(5.0,�/(�,D2(.5+(�(7�/!3273542+,;(�)4*.�1(.73+2�7D )(,�/(�;(,*.(,�(2�5020.3-�%�

�
�(,�;(,*.(,�63,0(,�,*.�-!3;0-+4.37+42�/(�-!(==+131+ 70�/(�).410/0,��(7�1(--(,�63,0(,�,*.�
*2(�.0/*17+42�/(�-3�/(;32/(�,427�-(,�)-*,�,*,1()7+6 -(,�/!394+.�/(,�6020=+1(,�142A4+27,�
)4*.�-3�)4--*7+42�37;4,)<0.+8*(�(7�-(�1<325(;(27�1- +;37+8*(��
�
	(.73+2,� 7D)(,� /(� ;(,*.(,� ,427� ,*,1()7+6-(,� /(� /0)- 31(.� -(,� 0;+,,+42,� -+0(,� :�
-!*7+-+,37+42�9(.,�/(,�0;+,,+42,�/32,�-3�)<3,(�/(�) .4/*17+42�/!*2(�7(1<24-45+(�4*�/!*2�
).4/*+7�H(�5��6+414;6*,7+6-(,I���-�,(.3+7�3-4.,�+;) 4.7327�/(�7(2+.�14;)7(�/(,�0;+,,+42,�
,*.�-!(2,(;6-(�/*�1D1-(�/(�9+(��
�
�4*.�74*7(�;(,*.(�8*+�3==(17(�-!*7+-+,37+42�/(�-!0- (17.+1+70��-(,�+;)317,�/0)(2/(27�/(�-3�
=3P42�/427�-!0-(17.+1+70�(,7�).4/*+7(��1�(,7�:�/+.( �,*.�-3�63,(�/(�8*(-,�14;6*,7+6-(,�4*�
02(.5+(,��	(�)3.3;?7.(��+21(.73+2�,*.�-(�-425�7(.;( ��3==(17(�-!093-*37+42�8*(�-!42�)(*7�
=3+.(� /(� -3� ;(,*.(�� �32,� 1(77(� 07*/(�� 24*,� ).(242,� (2� 14;)7(� -(� ;+@� 02(.507+8*(�
317*(-�/(�-3��.321(���
�
�
�(� /09(-4))(;(27� /(,� 02(.5+(,� .(24*9(-36-(,� (7� /*� 2 *1-03+.(� 427� )4*.� 46A(17+=�
).(;+(.�-3�-*77(�1427.(�-(�1<325(;(27�1-+;37+8*(�)- *,�8*(�-3�)4--*7+42�37;4,)<0.+8*(��



�$�
�

�(*.�(==(7�,*.�-3� ����8*+�)(*7�B7.(�+;)4.7327��;3+, �,(�=3+7�+2/+.(17(;(27�)3.�(==(7�/(�
,*6,7+7*7+42�� �4*,�=413-+,42,�1(77(� ).(;+?.(�9(.,+4 2� /*� .3))4.7� ,*.� -(,� ;(,*.(,�3D327�
/(,� (==(7,� /+.(17,� (2� 7(.;(,� /(� 		� (7� /(� ���� (7� /42 1� 24*,� -(,� 07*/+(.42,�
*-70.+(*.(;(27��
�
�32,� -(� /4;3+2(� /*� 7.32,)4.7� (7� /(� -!02(.5+(�� 24*,� 3942,� 093-*0� -(,� ;(,*.(,�
+2/+9+/*(--(;(27�� 	(,� 093-*37+42,� ,427� )3.=4+,� +21( .73+2(,�� 13.� -!(==+131+70� /!*2(�
;(,*.(� )(*7� =4.7(;(27� /0)(2/.(� /(,� 3*7.(,� ;(,*.(,� ) .+,(,� 142A4+27(;(27� /32,� 1(�
/4;3+2(���3.�(@(;)-(��-(,�;(,*.(,�(214*.35(327�:�). (2/.(�-(,�7.32,)4.7,�14--(17+=,�2(�
)(*9(27� B7.(� (==+131(,� 8*(� ,+� *2(� ;(,*.(� /!3;0-+4.3 7+42� /(� -(*.� 4==.(� (,7� ).+,(�
142A4+27(;(27�� �*7.(�(@(;)-(�%�-3�/0,*-=*.37+42�/(, �13.6*.327,�)(*7�B7.(�9*(�14;;(�
*2(� ;(,*.(� 142/*+,327� :� 3*5;(27(.� -(,� 0;+,,+42,� /(� 	��� /(,� .3==+2(.+(,�� ;3+,��
142A4+27(;(27� 39(1� *2(� ;(,*.(� /!+27.4/*17+42� /!02(. 5+(,� .(24*9(-36-(,� ,*.� -(,�
.3==+2(.+(,��-(�6+-32�/(�-3�;(,*.(�(,7�1<3250���
�
�

6.2 Secteur de l’énergie 
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�
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142,4;;37+42�/!02(.5+(�)4*.�
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� �	���H&# � '#Y�/(,�
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(@)(.7,�-3�142,+/?.(27�)-*7F7�
14;;(�*2(�;(,*.(��
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7.3+7(;(27,�14;)-0;(273+.(,�
H��@�����I���
�42�(==+131+70�/0)(2/.3+7�/*�7D)(�
/!+2,73--37+42�%�)023-+70�
/!(==+131+70�)-*,�0-(90(�)4*.�-(,�
1(27.3-(,�:�1<3.642�8*(�)4*.�-(,�
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.(8*+,(I��
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)���- �

	3)7*.(�/*���� � � �����H&# � ' Y�/(�.0/*17+42 �
/32,�-(,�).410/0,�,(1,��&'^'��
Y�/32,�-(,�).410/0,�<*;+/(,I�
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/(,�3;+2(,�� �!3*7.(,� ,4-*7+42,� /(�13)7*.(� )4,7�14;6 *,7+42�142,+,7(27� (2� -!36,4.)7+42�� -!3/,4.)7+42�� -! 327+,*6-+;37+42�(7�
-!*7+-+,37+42�/(�;(;6.32(,��

�� �(�).410/0�/!4@D�14;6*,7+42�%�+-�,!35+7�/(�6.C-(.�* 2�14;6*,7+6-(�/32,�/(�-!4@D5?2(�(7�/(,�53G�/(�14;6* ,7+42�.(1D1-0,���(,�
53G�).4/*+7,�)3.�1(�).410/0�142,+,7(27�).+21+)3-(;( 27�(2�/(�-!(3*�(7�/*�	� � ��8*+�)(*7�B7.(�=31+-(;(27�,0)3.0��

�� �(,�).410/0,�/(�).014;6*,7+42�%�+-�,!35+7�/!*2(�142 9(.,+42�H53G0+=+137+42�(7�4@D/37+42�)3.7+(--(I� /!*2�14;6*,7+6-(�(2�*2�
53G�/(�,D27<?,(�H;424@D/(�/(�13.642(�(7�<D/.45?2(I� 8*!42�=3+7�(2,*+7(�.035+.�39(1�/(�-3�93)(*.�3=+2�/(�1 429(.7+.�-(�	��
(2�	� � ���(�	� � �(,7�3+2,+�1421(27.0�(7�)(*7�B7.(�,0)3.0�)3.�/(,�36 ,4.6327,�)<D,+8*(,��
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�

�(*-,� -(,� ).410/0,� /(� )4,7� 14;6*,7+42� ,427� 317*(--( ;(27� /+,)42+6-(,� (7� 7(,70,� /32,� /(,� )+-47(,� /(� )(7+ 7(� 73+--(�� �(,� 5.32/(,�
+2,73--37+42,�)+-47(,�,427�)-32+=+0(,�)4*.��#� ���3 �;+,(�(2�)-31(�:�5.32/(�01<(--(�(,7�A*50(�)4,,+6-(� 9(.,��#�#��#� ��
�!3*7.(,� (==(7,� +2/+.(17,� /(� -3� 13)7*.(�%� 3I� 
+,8*( � /(� ).4-42537+42� /(� -!(@)-4+737+42� /*� 1<3.642� 3*� /0 7.+;(27� /!*2�
/09(-4))(;(27� /!02(.5+(,� 3-7(.237+9(,� (7� .(24*9(-36-(, �� 6I� -!(==(7� 6020=+8*(� /(� 1(77(� 7(1<24-45+(� ,*.� -(, � 0;+,,+42,� /(� ����
/0)(2/� /(� -!<D)47<?,(� /!36,(21(� /(� =*+7(,� /(� 13.642 (� /*.327� -(� ,741J35(� � (7� /!(==(7,� 20537+=,� ,*.� -(� , 4*,�,4-�� 1(� 8*+� (,7�� :�
-!<(*.(�317*(--(��(214.(�+21(.73+2��
�

)
-  �&0�#;+&� +#�7& �0& +#& �D�&2'�"!�/�/&�E�5�
�(,� ;(,*.(,� /*�7D)(�N(2/�4=�)+)(!�*7+-+,0(,�/32,�-( � ,(17(*.� /(,�1(27.3-(,� ,427�:�-3�,4*.1(�/(�)(.7(,� / !(==+131+70�/(�).4/*17+42�
/!0-(17.+1+70�HN)023-+70�/!(==+131+70!I�-4.,8*!(--(,�142,4;;(27�(--(,�;B;(,�/(�-!02(.5+(���
�(,�(==(7,�3273542+,7(,�3,,41+0,��3*,,+�6+(2�,*.�-( ,�53G�:�(==(7�/(�,(..(�8*(�,*.�-(,�)4--*327,�37;4,) <0.+8*(,��/0)(2/.427�/*�7D)(�
/(�7(1<24-45+(�/(�.0/*17+42�/(,�0;+,,+42,��(7�/(,�+ 2,73--37+42,�/32,�-(,8*(--(,�-3�8*327+70�,*))-0;(27 3+.(�/!02(.5+(�(,7�).4/*+7(�
3=+2�/(�14;)(2,(.�-(,�)(.7(,�/�(==+131+70�/*(,�:�-� +2,73--37+42�/(�-3�7(1<24-45+(�/(�.0/*17+42�/(,�0;+ ,,+42,���
�!3;)-(*.� /(�-3�)023-+70�/!(==+131+70�/0)(2/.3�053- (;(27�/*�2+9(3*�/(� /0)4--*7+42�9+,0��(7�,(.3�/+==0. (27(�)3.�(@(;)-(�(27.(�
-(,� ,D,7?;(,� /(� /0,*-=*.37+42� /(,� 53G� H���I� (7� -3� . 0/*17+42�1373-D7+8*(� ,0-(17+9(� H�	
I�� �3..(77� M� �4- -32/�H�##&I� 142,737(27�
8*!*2(�14;6+23+,42�/(�7(1<2+8*(,� )(*7�)3.=4+,�3;(2( .� :� *2(� )023-+70� /!(==+131+70� ;4+2,�+;)4.7327(�^�(7 �14C7(.� ;4+2,�1<(.� ��
8*(�-!*7+-+,37+42�/!*2(�,(*-(�7(1<24-45+(�H(�5��-3� 14;6+23+,42�/(� #Y�/(�.0/*17+42�)3.�/(,�6.C-(*.,�63 ,���@�39(1�*2(�.0/*17+42�
/(�'#Y�)3.��	
�142/*+,327�:�*2(�.0/*17+42�/(�' Y��3 *�-+(*�/(�-3�,(*-(�*7+-+,37+42�/!*2(��	
�:�(==+131+ 70�/(�' YI��
�

H�I �&0�#;+& � +#�7:+(�7� �(�"2�'&�7��6�"0�  & �%�
�!+270.B7�).+21+)3-�/!*2�.(;)-31(;(27�/!02(.5+(,�=4 ,,+-(,�)3.�/(,�6+414;6*,7+6-(,�(,7�-3�.0/*17+42�/(, �0;+,,+42,�/(�13.642(���(,�
(==(7,� ,*.� -3�)4--*7+42�37;4,)<0.+8*(� ,427�;+7+50,� (7� ,4*9(27�20537+=,�� �(�6+-32�/(� -!*7+-+,37+42�/(,�6 +414;6*,7+6-(,� /0)(2/� /(�
-(*.�7D)(�(7�4.+5+2(�(7�/(,�+2,73--37+42,�/32,�-(,8 *(--(,�+-,�,427�*7+-+,0,��
�(-42�-!4.+5+2(�42�/+,7+25*(�%� �

·  -(�64+,�%�6C1<(,��5.32*-0,�(7�)-38*(77(,E�
·  -(,� ,4*,�).4/*+7,� /(� -3� =+-+?.(� 64+,�%� -�(2,(;6-(� / (,� /01<(7,� ).4/*+7,� )3.� -�(@)-4+737+42� =4.(,7+?.(� H 6.321<35(�� 014.1(,��

,1+*.(,QI��)3.�-(,�,1+(.+(,�H,1+*.(,��)-38*(77(,QI� �)3.�-(,�+2/*,7.+(,�/(�7.32,=4.;37+42�/*�64+,�H;(2* +,(.+(,��=36.+1327,�/(�
;(*6-(,��)3.8*(7,I�(7�)3.�-(,�=36.+1327,�/(�)322(3* @�3+2,+�8*(�-(,�(;63--35(,�7(-,�8*(�-(,�)3-(77(,E�

·  -(,� ,4*,�).4/*+7,� /(� -�+2/*,7.+(�%� 7(-,� -(,� 64*(,� + ,,*(,� /(� -3� )_7(� :� )3)+(.� H-+8*(*.� 24+.(I� (7� -(,� /0 1<(7,� /(,� +2/*,7.+(,�
35.43-+;(273+.(,�H;3.1,�/(�.3+,+2�(7�/(�13=0��)*-)( ,�(7�)0)+2,�/(�.3+,+2�(71�IE�

���������������������������������������� �
� �<77)%��SSS�+2/*,7.+(�54*9�=.�(2(.5+(�.(24*�6+4;3,, (�,(`6+4;�<7;�
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·  -(,�).4/*+7,�+,,*,�/(�-�35.+1*-7*.(�7.3/+7+422(--(� %�.0,+/*,�7(-,�8*(�-3�)3+--(��-3�6353,,(�H.0,+/*,�- +52(*@�/(�-3�1322(�:�,*1.(I�
(7�-(,�24*9(--(,�)-32737+42,�:�94137+42�02(.507+8*(� 7(--(,�8*(�-(,�73+--+,�:�14*.7(�.4737+42�H,3*-(,��; +,1327<*,��(71IE�

·  -(,� /01<(7,� 4.532+8*(,�%� 7(-,� 8*(� -(,� /01<(7,� *.63+ 2,� 14;).(2327� -(,� 64*(,� /�0)*.37+42�� -(,� 4./*.(,� ;0 235?.(,�� (7� -(,�
/01<(7,�(2�).49(2321(�/(�-�35.+1*-7*.(�7(-,�8*(�-(, �(==-*(27,�35.+14-(,��
�

�3� 93-(*.� 13-4.+=+8*(� /(,� 6+402(.5+(,� (,7� 5020.3-(;( 27� =3+6-(� )3.� .3))4.7� :� 1(-*+� /(,� ,4*.1(,� =4,,+-(,� 1(� 8*+� +;)317(� ,*.�
-!(==+131+70�02(.507+8*(�� �4*.� 1(77(� .3+,42� -!�+.� � *3-+7D� �@)(.7� �.4*)�H�##"I�142,(+--(� /(� -(,� *7+-+,( .� /32,� /(,�+2,73--37+42,� /(�
145020.37+42��3+2,+�*7+-+,327�053-(;(27�-3�1<3-(*.�5020.0(�)3.�-(*.�14;6*,7+42���2�.(9321<(��/(�7(--(, �+2,73--37+42,�427�6(,4+2�
/!B7.(�,+7*0(,�(2�).4@+;+70�/(,�G42(,�.0,+/(27+(--( ,��1(�8*+�3*5;(27(�-(�.+,8*(�/!(@)4,+7+42�3*@�)4--* 327,�37;4,)<0.+8*(,�0;+,��
�4*.�-(,��3D,��3,���3;;+25<�(7�3-�H�##&I�1421-*(27� 8*(�-3�14;6*,7+42�14;6+20(�/(�-3�6+4;3,,(�/32,�/(,� 5.32/(,�+2,73--37+42,�:�
1<3.642�)(*7�394+.�*2�+;)317�)4,+7+=�,*.�-3�)4--*7+ 42�37;4,)<0.+8*(�13.�-3�7(2(*.�(2�,4*=.(�/(�-3�6+4; 3,,(�(,7�5020.3-(;(27�)-*,�
=3+6-(� 8*(� 1(--(� /*� 1<3.642�� �(� )-*,�� 1(,� 1(27.3-(, � ,427� 5020.3-(;(27� 08*+)0(,� /(� ,D,7?;(,� ,4)<+,7+8*0 ,� /(� .0/*17+42� /(,�
0;+,,+42,��/421�-!+;)317�,*.�-(,�2+9(3*@�/(�)4--*7+4 2�37;4,)<0.+8*(�(,7�5020.3-(;(27�-+;+70���2�.(9321<( ��*2(�,*6,7+7*7+42�/(�
53G� 237*.(-� )3.� /(� -3� 6+4;3,,(� (,7� ,*,1()7+6-(� /!3* 5;(27(.� -(,� 0;+,,+42,� 37;4,)<0.+8*(,�� 	()(2/327� -(, � 7(1<2+8*(,� /(�
.0/*17+42�/(,�0;+,,+42,�5020.3-(;(27�+;)-3270(,�,*. �1(�7D)(�/!+2,73--37+42,�,427�3*A4*./!<*+�;4+2,�)(. =4.;327(,�)4*.�50.(.�-(,�
53G�8*+�,(�7.4*9(27�)-*,�1<3.50,�/(�)4--*327,�-4.,8* (�/(,�6+414;6*,7+6-(,�4*�/(�-3�6+4;3,,(�,427�*7+-+, 0,��
�
�!3*5;(2737+42� /(� -!*7+-+,37+42� /(� -3� 6+4;3,,(� 4*� / (,� 6+414;6*,7+6-(,� /32,� /(,� )(7+7(,� +2,73--37+42,� / (� 14;6*,7+42� .+,8*(�
053-(;(27�/!3*5;(27(.�-3�)4--*7+42�37;4,)<0.+8*(��� 4*.�1(�7D)(�/!+2,73--37+42,�-(,�93-(*.,�-+;+7(,�/!0; +,,+42,�,427�.(-37+9(;(27�
;4+2,�,7.+17(,�8*(�)4*.�-(,�5.32/(,�+2,73--37+42,�� �32,�1(�1427(@7(��-(�/09(-4))(;(27�(7�-!*7+-+,37+42� /�3))3.(+-,�/4;(,7+8*(,�/(�
1<3*==35(�3*�64+,�)(.=4.;327,�(,7�1.*1+3-�3=+2�/(�2 (�)3,�3*5;(27(.�-3�)4--*7+42�37;4,)<0.+8*(��
�

H�I �&0�#;+& � +#�7:+(�7� �(�"2�'+�6"� ,(>&#0�;+& �%��
�3�14;6*,7+42�/(�64+,�(,7�:�-3�,4*.1(�/(�=4.7,�(==( 7,�3273542+,7(,���
�(� 64+,�02(.5+(� 3*.3+7� -!3932735(� (29+.422(;(273-� ). +21+)3-� /!B7.(� 2(*7.(� (2� 7(.;(,� /(� 53G� :� (==(7� /(� , (..(�� <D)47<?,(� 8*+�
/(9.3+7�(214.(�B7.(�142=+.;0(�,+�-!42�).(23+7�(2�14; )7(�-(,�.(A(7,�/(�-!(2,(;6-(�/(�-3�=+-+?.(�64+,���2 �.(9321<(��+-�(,7�:�-3�,4*.1(�
/!3*7.(,�)4--*327,��(7�.().0,(27(�,4*9(27�*2(�)3.7� ,+52+=+137+9(�/(,�0;+,,+42,�/32,�-!37;4,)<?.(�)4*.�1 (.73+2,�)3.3;?7.(,�%�/(,�
)3.7+1*-(,��/(,�<D/.413.6*.(,�3.4;37+8*(,�)4-D1D1-+ 8*(,�H���I�(7�/(,�/+4@+2(,�(7�=*.322(,�H
+1<(.7���# #"I��
�3�14;6*,7+42�/(�64+,�/32,�/(,�3))3.(+-,�/4;(,7+8*( ,�(,7�:�-3�,4*.1(�053-(;(27�/!0;+,,+42,�/(�	�����(7 �/(���@���(,�0;+,,+42,�
/(�)3.7+1*-(,�(7�/(�	���/0)(2/(27�=4.7(;(27�/(,�142 /+7+42,�/(�14;6*,7+42�H7(;)0.37*.(��QI��/*�7D)(�/(� 64+,�*7+-+,0�(7�/*�7D)(�
/(,�3))3.(+-,�H��
�����## I��
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�2(�07*/(�+73-+(22(�H	3,(.+2+�(7�3-�� �##"I� ;427.(� - !+;)4.7321(� /*�1<3*==35(�3*�64+,�14;;(� ,4*.1(� /(� �� �� � (7� /(,�0;+,,+42,�
74@+8*(,� H)3.� (@(;)-(� ���I� (2� �73-+(�� 	(77(� 07*/(� , *))4.7(� -(,� <D)47<?,(,� /*� 5.4*)(� ��
��� ,*.� -(,� =317 (*.,� /!0;+,,+42� 8*+�
/0)(2/.3+(27�=4.7(;(27� /*�7D)(� /!+2,73--37+42�(7� /* �7D)(� /(�64+,� *7+-+,0,��2473;;(27�)4*.� -(,� )4--*327 ,� ,*+9327,�%� �� �# �� 	����
	��������/+4@+2(,��(7�/32,�*2(�;4+2/.(�;(,*.(��)4*. �-(,���@���
�

)	-  �&0�#;+&� +#�7���"2 "00�(�"2�'& ��//�#&�7 �17&8(#"0 12�%&# ��
�(��-32�	-+;37�H�##�I�9+,(�*2(�.0/*17+42�/(�-3�142,4 ;;37+42�/(�74*7�3))3.(+-�142,4;;327�/(�-!02(.5+(��1 4;;(� /(,�3))3.(+-,�
0-(17.4;0235(.,�4*�3*/+49+,*(-,���32,�1(�6*7��-3��. 321(�,4*7+(27�-3��+.(17+9(��## ����	��/+7(�N0141421 ()7+42! �3D327�)4*.�6*7�
/!3;0-+4.(.�-3�)(.=4.;321(�(29+.422(;(273-(�/*�).4/* +7�1421(.20�(7�/(�).(2/.(�(2�14;)7(�/(,�3,)(17,�(29+ .422(;(273*@�/?,�
-3�1421()7+42�/(,�).4/*+7,���-*,�).01+,0;(27��-(��- 32�	-+;37�).4)4,(�/!(@1-*.(�).45.(,,+9(;(27�/*�;3.1< 0�-(,�08*+)(;(27,�-(,�
)-*,�142,4;;37(*.,�H)3.�(@(;)-(��-(,�3))3.(+-,�/(�1 37054.+(,���(7���/(�1<38*(�=3;+--(��-(,�-*;+23+.(,� 39(1�;3*93+,�.(2/(;(27�
/!01-3+.(;(27QI���-�0948*(�053-(;(27�-(,�.0/*17+42, �)4,,+6-(,�/(,�142,4;;37+42,�/!0-(17.+1+70�/(,�3))3 .(+-,�(2�;4/(�9(+--(���
�(�7(--(,� ;(,*.(,� ,427�3� ).+4.+� /(,�4)7+42,�5352327 �5352327�)4*.� -3� )4--*7+42�37;4,)<0.+8*(� (7� -(�1<32 5(;(27�1-+;37+8*(�� �2�
.0/*+,327�-3�142,4;;37+42�/!0-(17.+1+70��74*7�)4--* 327�0;+,�/32,�-3�).4/*17+42�/!02(.5+(�,(.3�.0/*+7��
�
�

���������������������������������������� �
 � �+.(17+9(� �## ����	�� /*� �3.-(;(27� (*.4)0(2� (7� /*� 	 42,(+-�� /*� $� A*+--(7� �## �� 0736-+,,327� *2� 13/.(� )4* .� -3� =+@37+42� /�(@+5(21(,� (2� ;37+?.(�
/�0141421()7+42� 3))-+136-(,� 3*@� ).4/*+7,� 142,4;;37( *.,� /�02(.5+(� (7� ;4/+=+327� -3� /+.(17+9(� '�����	��� / *� 	42,(+-� (7� -(,� /+.(17+9(,� '$� "�	�� (7�
�###�  �	��/*��3.-(;(27�(*.4)0(2�(7�/*�	42,(+-��
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6.3 Secteur du transport : transport routier et eng ins non routiers 
�
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�& +#&�4��2 (#+0&2( � �& 8#�/(�"2 � �!!&(� +#�

7:10�  �"2�'&����
�!!&( � +#�7:10�  �"2�

'&�����
�"287+ �"2 �

�& +#& �(&8>2�;+& � +#�7& �*1>�8+7& �
�"+*&�+.�0"(&+# �
$*	���+	������--��.�
�-��& �


0/*17+42�/(,�0;+,,+42,�
/(��	���9+3�*2�).45.?,�
/(�-3�;474.+,37+42�

�� ���,(-42�-(�7D)(�
/(�7(1<24-45+(�
3/4)70�

� 	�� � �==(7,�,D2(.5+8*(,�242�53.327+,�(7�
;B;(�)47(27+(--(;(27�3273542+,7(,�
13.�-(,�-+(2,�(27.(�-(,�0;+,,+42,�/(�
	���(7�1(--(,�/(,�)4--*327,�
37;4,)<0.+8*(,�H2473;;(27�����
��@�(7�	����I�,427�7.?,�93.+36-(,�
(7�14;)-(@(,�)4*.�-(,�;47(*.,�/(�
���(7�/(��� H�I�

�+�7& �0"(&+#�9�!��67&�
*� 8" �(1 ��
$*	���+	������--��.�
�-��&�


0/*17+42�/(�	���9+3�
*2(�.0/*17+42�/(�-3�
142,4;;37+42�/(�
13.6*.327�H/(�-!4./.(���Y�
)4,,+6-(I�

� ����-+0�:�-3�
.0/*17+42�/(�-3�
142,4;;37+42�/(�
13.6*.327�

� �	��� � �(,*.(�:�(==(7,�,D2(.5+8*(,�
)47(27+(-,��;3+,�(==(7�)4,+7+=�,*.�-(,�
0;+,,+42,����/(�90<+1*-(,�242�
53.327+,��

0/*17+42����-+0(�:�-3�.0/*17+42�
)4,,+6-(�/(�-3�142,4;;37+42�/(�
13.6*.327��

�!!�8>�%&�'& �10�  �"2 �
'&��

 ��
$*	���+	������--��.�
�-��&�

�2,7.*;(27�H-36(-�	���
14;)4.7327�"�1-3,,(,I�
9+,327�:�+21+7(.�-(,�
142,4;;37(*.,�:�
31<(7(.�/(,�90<+1*-(,�
0;(77327�;4+2,�/(�	���

�� ��� � � �	�� � �==(7,�,D2(.5+8*(,�242�3,,*.0, ��(7�
;B;(�)47(27+(--(;(27�
3273542+,7(,��
��
�(,�0;+,,+42,�(2����/*�90<+1*-(�
H2473;;(27�/(���I�)(*9(27�B7.(�
/+,)3.37(,��(7�/+==0.(27(�/(,�
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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 l’industrie : installations de combu stion 
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6.9 Secteur de l’industrie : chimie et pétrochimie 
�
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6.10 Secteur de l’industrie : industries métallurgi ques 
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6.11 L’agriculture : Agriculture et Elevage 9 
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6.12 L’agriculture : mesures structurelles 
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6.13 Secteur résidentiel et construction 



&��
�

�
�& +#&�4��2 (#+0&2( � �& 8#�/(�"2 � �!!&(� +#�7:10�  �"2�'&�

���
�!!&( � +#�7:10�  �"2�

'&�����
�"287+ �"2 �

�& +#& �(&8>2�;+& �
�"+*&77&�
#1%7&0&2(�(�"2�
(>&#0�;+& ��
$*	���+	������--��4�
�-��&�

�3�
05-(;(2737+42�
7<(.;+8*(�H

��## I�9+,(�
*2(�.0/*17+42�/(�-3�
142,4;;37+42�/!02(.5+(�
/32,�/(,�6_7+;(27,�2(*=,�
.0,+/(27+(-,�(7�7(.7+3+.(,�E�
(--(�/0=+2+7�/(,�
142,4;;37+42,�;3@+;3-(,�
(2�02(.5+(�).+;3+.(�

� ���@�H9+3�/(,�01424;+(,�
/�02(.5+(,�/32,�-(�,(17(*.�
/*�6_7+;(27I�
�
� ����H���������	��I�
)4,,+6-(�/*(�:�-!+21+737+42�
/!*7+-+,37+42�/!02(.5+(,�
.(24*9(-36-(,��
2473;;(27�/(,�
1<3*/+?.(,�:�64+,�

� �	���H01424;+(,�
/!02(.5+(I�

�2,7.*;(27�:�(==(7,�3�
).+4.+�,D2(.5+8*(,���
�3+,�,+�-3�;(,*.(�142/*+7�
:�/3932735(�/!*7+-+,37+42�
/*�1<3*==35(�3*�64+,�+-�
)(*7�D�394+.�/(,�(==(7,�
20537+=,�,*.�-3����8*+�
/0)(2/(27�/*�7D)(�/(�
1<3*/+?.(�*7+-+,0��

4*7(=4+,�-3�.0=0.(21(�
)4*.�-(,�1<3*/+?.(,�64+,�3�
070�13-0(�,*.�-(,�
1<3*/+?.(,�-(,�)-*,�
)(.=4.;327(,�/*�;3.1<0�

�"+*&77&�
#1%7&0&2(�(�"2�
(>&#0�;+& �
$,��
�	���������--3�

�
*	���+	������--��4��-��& �

�3�

��#�#�(,7�(2�
).0)3.37+42�(7�9+,(�*2�
.(2=4.1(;(27�/(,�46A(17+=,�
/(�-3�

��## �

	=��14;;(273+.(,�1+ �
/(,,*,�

	=��14;;(273+.(,�1+ �
/(,,*,�

	=��14;;(273+.(,�1+ �
/(,,*,�

�2 /&8(�"2�'& �
8>�+'�=#& ��
$*	���+	������--��4�
�-��2�**,&�

�2,)(17+42,�.05*-+?.(,�3=+2�
/!09+7(.�*2(�/05.3/37+42�
/(,�)(.=4.;321(,�

� ��� �
�(,�0;+,,+42,�/(�)4--*327,�
37;4,)<0.+8*(,�/!*2(�
1<3*/+?.(�,(�/05.3/(27�
39(1�-(�7(;),�(7�-(�
;328*(�/!(27.(7+(2�

� �	�� �
�!(27.(7+(2�)(*7�142/*+.(�
:�/(,�01424;+(,�/(�
14;6*,7+6-(,�H/(�-!4./.(�
/(��#YI�

�(,*.(�:�(==(7,�
,D2(.5+8*(,�

�(�7� �(�"2 �'&�
8>�+'�=#& �6� ,�
. �
$*#1*,& �


0/*17+42�/(,�0;+,,+42,�/(�
��@�9+3�-!*7+-+,37+42�/(�
1<3*/+?.(,�7(--(,�8*(�-(,�
1<3*/+?.(,�:�63,,(�
7(;)0.37*.(�(7�-(,�
1<3*/+?.(,�:�142/(2,37+42�

� ���@ � � �	���H/(,�1<3*/+?.(,�
63,���@�14;;(�-(,�
1<3*/+?.(,�:�63,,(�
7(;)0.37*.(�(7�-(,�
1<3*/+?.(,�:�
142/(2,37+42�)(.;(77(27�

�(,*.(�:�(==(7,�
,D2(.5+8*(,�



&��
�

/(,�01424;+(,�/!02(.5+(�
/(����� Y�(7�/(�� �� Y�
.(,)(17+9(;(27��)3.�
.3))4.7�3*@�1<3*/+?.(,�
;4/(.2(,�,732/3./I�

�>�+'�=#& �9�
8"2'&2 �(�"2��
$**,&�

	=��14;;(273+.(,�1+ � /(,,*, � 	=��14;;(273+.(,�1+ �
/(,,*,�

	=��14;;(273+.(,�1+ �
/(,,*,�

	=��14;;(273+.(,�1+ �
/(,,*,�

�+%0&2(&#�7��/�#(�'+�
6"� �'�2 �7��
8"2 (#+8(�"2��
$*	���+	������--��4�
�-��&�

�
�

� ��  )4--*7+42�/(�-!3+.�
+270.+(*.(�H/0)(2/�/*�
7.3+7(;(27��/(,�).4/*+7,�
/(�).47(17+42�/*�64+,�(7�
/(�-!*7+-+,37+42�/!3/<0,+=,�
8*+�)(*9(27�B7.(�
0;(77(*.�)3.�(@(;)-(�
/(,�	��I�
�
� ����)4,,+6-(�-4.,8*(�
-!*7+-+,37+42�/*�64+,�.0/*+7�
-3�142,4;;37+42�
/!02(.5+(�

� �	��� �
�!(@)-4+737+42�/*�64+,�,3�
7.32,=4.;37+42�(,7�
=3+6-(;(27�
142,4;;37.+1(�(2�
02(.5+(��
�(�64+,�=4217+422(�14;;(�
)*+7,�/(�13.642(��
�(,�,7.*17*.(,�(2�64+,�
4==.(27�*2(�6422(�
)(.=4.;321(�/!+,4-37+42��

�(,*.(�:�(==(7,�
)47(27+(--(;(27�
,D2(.5+8*(,��)4*.�/(,�64+,�
).49(2327�/(�=+-+?.(,�
K�/*.36-(,�L�

�2 (#+0&2( ��28�(�(�! �
�!!�8>�%&�'&�7��
/&#!"#0�28&�
12&#%1(�;+&�'& �
6S(�0&2( ��
$*	���+	������--��.�
�-��&�

�2,7.*;(27�9+,327�*2(�
+21+737+42�:�/(,�7.393*@�/(�
.0<36+-+737+42�E�3==+1<35(�
(2�1-3,,(�/(�)(.=4.;321(�
02(.507+8*(�(7�/(�	� � �

� ����-+0(�:�*2(�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�
�
� �/(�-3�)4--*7+42�/(�-!3+.�
+270.+(*.(�)4,,+6-(�,+�
-!+,4-37+42�(7�-!07321<0+70�
/(�6_7+;(27,�3*5;(27(27�
3*@�/0)(2/,�/(�-3�
9(27+-37+42�
�
� �/(�-3�8*3-+70�/(�-!3+.�
+270.+(*.(�-4.,8*(�

� �	���/*(�:�-3�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�

�2,7.*;(27�:�(==(7,�
,D2(.5+8*(,�)47(27+(-,�



&��
�

-!+,4-37+42�/+;+2*(�-(,�
(==(7,�/(�142/(2,37+42�
-+0,�3*@�)427,�7<(.;+8*(,�
(7�-(,�+2=+-7.37+42,�/!(3*�
-+0,�3*@�/0=3*7,�
/!07321<0+70�

�#1'�( �':�0/M( �/"+#�
7& �/�#(�8+7�&# ��
$*	���+	������--��4�
�-��&�

	.0/+7�/!+;)F7�)4*.�-!31<37�
/!08*+)(;(27,�H1<3*/+?.(,�
)(.=4.;327(,��/4*6-(�
9+7.35(��1<3*==(�(3*�
,4-3+.(QI��1+6-0�,*.�-(,�
).4/*+7,�-(,�)-*,�
)(.=4.;327,�3*�)-32�
02(.507+8*(�(7�.(2=4.10�
)4*.�-(,�02(.5+(,�
.(24*9(-36-(,�

� ����-+0(�:�*2(�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�
�
� ����H����)4--*327,�
4.532+8*(,I�)4,,+6-(�
-4.,8*(�1(7�+2,7.*;(27�
142/*+7�:�-!+;)-32737+42�
/(�1<3*/+?.(,�64+,�H(7�
3*7.(,�6+4;3,,(,I�1<(G�
-(,�)3.7+1*-+(.,�

� �	���/*(�:�-3�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�

�2,7.*;(27�:�(==(7,�
)47(27+(--(;(27�
,D2(.5+8*(,�
�
�==(7,�3273542+,7(,�
)4,,+6-(,�-4.,8*(�-3�
;(,*.(�142/*+7�:�*2(�
3*5;(2737+42�/(�
-!*7+-+,37+42�/(�-3�
6+4;3,,(�H/0)(2/�/(,�
142/+7+42,��(�5��
1<3*/+?.(,�*7+-+,0(,I�

��'& �/+67�;+& �/"+#�
7:&!!�8�8�(1�12&#%1(�;+&�
$*	���+	������--��4�
�-��& �

�+/(,�)4*.�/(,�7.393*@�
3;0-+4.327�-!(==+131+70�
02(.507+8*(�/(�
6_7+;(27,�-45(;(27,�/32,�
/(,�142,7.*17+42,�
(@+,7327(,�(7�2(*9(,��(7�
)4*.�/(,�1<3*/+?.(,�
)(.=4.;327(,��/(,�)4;)(,�
:�1<3-(*.��-(,�13)7(*.,�
,4-3+.(,�Q�

� ���� �
-+0(�:�*2(�.0/*17+42�/(�-3�
142,4;;37+42�/!02(.5+(�
(7�7327�8*(�-!*7+-+,37+42�
/(�6+4;3,,(�,32,�
7.3+7(;(27�3/08*37�/(,�
(==-*(27,�2!(,7�)3,�(2�A(*�

� �	���/*(�:�-3�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�

�2,7.*;(27�:�(==(7,�3�
).+4.+�,D2(.5+8*(,�

�>�2%&0&2( �'&�8"0/"#(&0&2( �
��&+.�%1#&#�7&�
8>�+!!�%&��
$*	���+	������--��4�
�-��&�

� � ����-+0(�:�*2(�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�

� �	���/*(�:�-3�.0/*17+42�
/(�-3�142,4;;37+42�
/!02(.5+(�

�(,*.(�:�(==(7,�
,D2(.5+8*(,�

��0�(�(�"2�'&�7��
87�0�(� �(�"2��

� � ���-+0(�:�*2(�.0/*17+42�
/(�-3�142,4;;37+42�

� ����� �
/+.(17(;(27�)3.� � �/(,�53G�

�(,*.(�:�(==(7,�
,D2(.5+8*(,�



& �
�

$*	���+	������--�� 4�
�-��&�

/!02(.5+(� �
�!(==(7�/0)(2/�/*�;+@�
02(.507+8*(�
�32,�1(�1427(@7(�42�)(*7�
247(.�8*(�-!*,35(�/(�-3�
1-+;37+,37+42�(2�070�
.+,8*(�/!3A4*7(.�/(,�
142,4;;37+42,�
0-(17.+8*(,�(2�)0.+4/(�/(�
)4+27(�*7+-+,327�/3932735(�
/(,�1(27.3-(,�7<(.;+8*(,�
1-3,,+8*(,�

=-*4.0,�(7�+2/+.(17(;(27�
)3.� � �/(�-!0-(17.+1+70�
�(�/(*@+?;(�(==(7�/0)(2/�
/*�;+@�02(.507+8*(�



&$�
�
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