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1. Introduction
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Fig. 1. Locations of 19 monitoring stations. Circles represent stations where ozone and temperature are mea-
sured. Squares represent stations where only ozone is measured. The dotted lines represent topographical
contours; the solid line represents the political boundaries of Mexico, D.F.; and the inner box indicates our
modelling region.
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Fig. 2. Ozone and temperature time series for September 8-September 14.
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Fig. 3. Bayesian periodogram of ozone concentrations at ten monitoring stations in Mexico City, during the first
two weeks of September 1997.
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X9:D: � �� � dG@; d� ��U\e � ;FI d� ��U\e � G@;d� ��`e � ;FI d� ��`ee KI> � �� � d� �� � � �� � � �� � ��� e P 89: EKDKJ :<:D�� F; K ;GKBKD S �� S � �� KI> ! �� KD: K;;=J :> FI>:E:I>:I< @A :KG9 @<9:D P 89: CKDFKIG: @A �� F; =IaI@XIO=< :M=KB A@D KBB � S X9FB;< <9: CKDFKIG: @A � �� KI> ! �� F; J @>:BB:> X F<9 >F;G@=I< AKG<@D; d;:: �:;< KI>
�KDDF;@I S U^^�e P �: >F;D:LKD> 9KDJ@IFG; X F<9 9FL9:D AD:M=:IGF:; ;FIG: <9:? >@ I@< KEE:KD D:B:CKI<
FI <9: E :DF@>@LDKJ KIKB?;F; @A <9: >K<K P

89: J@>:B >:;GDFO:> KO@C: F; K ;E :GFKB GK;: @A K >?IKJ FG BFI:KD J@>:B K; ED:;:I<:> FI �:;< KI>
�KDDF;@I dU^^�e KI> GKI O: �<<:> =;FIL <9: X:BB aI@XI =E>K<FIL KI> � B<:DFIL :M=K<F@I; S X9FG9 KD:
D:BK<:> <@ <9: � KBJ KI � B<:D P �: �<<:> <9: J@>:B <@ :KG9 @I: @A <9: <:I ;<K<F@I; X F<9 J :K;=D:J :I<; @A
<:JE:DK<=D: P �: =;:> K AKFDB? �K< FIF<FKB EDF@D A@D <9: EKDKJ :<:D; K< <FJ : � � ] KI> K LB@OKB >F;G@=I<
AKG<@D @A ] P^� A@D <9: :C@B=<F@I G@CKDFKIG:; P

�: A@=I> <9K< <9F; >?IKJ FG D:LD:;;F@I 9K; K D:K;@IKOB: ED:>FG<FC: E:DA@DJ KIG: S EKD<FG=BKDB? A@D
\� 9@=D�;<:E K9:K> A@D:GK;<; P T B;@ S X: I@<FG: <9K< <9: :;<FJ K<:; A@D �� KD: M=F<: CKDFKOB: KGD@;; <FJ :
O=< D:BK<FC:B? B:;; CKDFKOB: KGD@;; ;<K<F@I; P �I <9: @<9:D 9KI> S <9: G@JE@I:I< EKDKJ :<:D; �� KD: M= F<:
CKDFKOB: KGD@;; ;<K<F@I KI> <FJ : S O=< D@=L9B?S KD: ;=G9 <9K< <9: G@DD:;E@I>FIL E9K;: F; G@I;<KI< KGD@;;
;<K<F@I; X9FB;< <9: KJEBF<=>: CKDF:; ;=O;<KI<FKBB?P

�: �<<:> >?IKJ FG J@>:B; <9K< >F> I@< FIGB=>: <9: <X@ 9KDJ@IFG G@JE@I:I<; S 9@EFIL <9K< <9:
E :DF@>FGF<F:; FI <9: >K<K X@=B> O: GKE<=D:> O? <9: G?GBFGKB O :9KCF@=D @A <9: <:JE:DK<=D: S O=< <9:
J@>:B D:;F>=KB; ED:;:I<:> C:D? 9FL9 K=<@ G@DD:BK<F@I; @D ;:C:D: I@I�I@DJ KBF<?P 
 FJ FBKDB?S X: @O;:DC:>
<9K< <9: <:JE:DK<=D: G@:� GF:I< F; ;FLIF�GKI< A@D J@;< <FJ : ;<:E; KI> <9K< >D@EEFIL <:JE:DK<=D:
D:;=B<:> FI K ;:C:D: BKGa @A �< P �I <9: @<9:D 9KI> <9: K>>F<F@I @A KI :FL9< 9@=D 9KDJ@IFG S X9FG9 F;
9FI<:> O? <9: E :DF@>@LDKJ S ED@>=G:> I@ ;FLIF� GKI< FJED@C:J :I<; FI <9: �< S I@D >F> <9: K>>F<F@I @A
K<J@;E9:DFG ED:;;=D: @D X FI> K; G@CKDFK<:; P

�: ;<=>F:> <9: ;EK<FKB O :9KCF@=D @A <9: D:;F>=KB; AD@J <9: ;<K<F@I O? ;<K<F@I �<; S E B@<<FIL <9:
:JEFDFGKB CKDF@LDKJ ; KI> � <<FIL J@>:B; X F<9 L:@J :<DFG KI F;@<D@E? <9K< >:E:I>:> @I <9: >FD:G<F@I @A
<9: X FI> P 	@I: @A <9: J@>:B; X: G@I;F>:D:> ED@>=G:> ;=O;<KI<FKB FJED@C:J :I<; @C:D <9: J@>:B <9K<
G@I;F;<:> @A K �K=;;FKI �:B> X F<9 F;@<D@EFG :RE@I:I<FKBB? >:GK?FIL G@CKDFKIG: P

4. Spatio-Temporal Model
[:< � �� >:I@<: <9: @O;:DC:> ;M=KD: D@@< @H@I: G@IG:I<DK<F@I S A@D :KG9 ;<K<F@I � KI> <FJ : � KI> B:< � ��
O: <9: <:JE:DK<=D: K< <FJ : � KI> ;<K<F@I � S � � U � � � � � S � � U � � � � � � P [:< � �� >:I@<: K ��>FJ :I;F@IKB
C:G<@D @A ;:K;@IKB G@:� GF:I<; A@D ;<K<F@I � G@DD:;E@I>FIL <@ K ;:K;@IKB G@JE@I:I< � �� G@I;F;<FIL @A ;FI:
KI> G@;FI: <:DJ ; K; FI<D@>=G:> FI <9: ED:CF@=; ;:G<F@I P

89: L:I:DKB ;EKG:�<FJ : J@>:B <9K< X: ED@E@;: A@D @H@I: >K<K F; LFC:I O?
� �� � � �� � � �� � �� � � ��� � � � ��

X9:D: <9: :DD@D; S � �� S KD: K;;=J :> ;EK<FKBB? G@DD:BK<:> X F<9 K �K=;;FKI >F;<DFO=<F@I P � :D: � �� >:�I:; K
GKI@IFGKB ;EK<FKB <D:I> KI> � ��� � F; <9: :�:G< @A <9: G@CKDFK<: @I � �� P 	@<: <9K< <9: G@:� GF:I< D:BK<:>
<@ <9: G@CKDFK<: F; K;;=J :> :M=KB A@D KBB ;<K<F@I; S X9FB;< :KG9 ;<K<F@I 9K; F<; @XI ;:< @A ;:K;@IKB
EKDKJ:<:D; P 89F; F; N =;<F�:> O? <9: D:;=B<; @O<KFI:> X F<9 <9: =IFCKDFK<: <FJ : ;:DF:; KIKB?;:; P ZB:KDB?S
<9 F; L:I:DKB ;EKG:�<FJ : J@>:B 9K; K C:D? BKDL: I=JO:D @A EKDKJ :<:D; S ;FIG: K< :KG9 <FJ : � <9:D: KD:
� EKDKJ :<:D; A@D :KG9 ;<K<F@I S K G@JJ@I @I: A@D <9: G@CKDFK<: S EB=; <9: EKDKJ :<:D; <9K< >:�I: <9:
;EK<FKB G@DD:BK<F@I P

T ;=O;<KI<FKB D:>=G<F@I FI <9: I=JO:D @A EKDKJ:<:D; F; KG9F:C:> O? K;;=J FIL <9K< <9: KJEBF<=>:;
@A :KG9 G?GBFGKB G@JE@I:I< KD: >F�:D:I< S O=< <9: E9K;:; KD: C:D? ;FJ FBKD O :<X::I ;<K<F@I; KI> KBJ @;<
G@I;<KI< FI <FJ : P 89F; K;;=JE<F@I F; ;=EE@D<:> O? <9: =IFCKDFK<: J@>:B; �<<:> ;<K<F@I O? ;<K<F@I P

�: GKI <9=; G@I;F>:D K J@>F� GK<F@I @A <9: J@>:B LFC:I O?
� �� � � �� � � �� d	 e� �� � � ��� � � ���� 


O=< I@X � �� � d���� � � ��� e F; K C:G<@D @A >FJ :I;F@I \ KI> � �� d	 e � d��� d�� e � ��� d�� ee X9:D: �� � d�� e �G@; �
� ��� � � �� ;FI �
� ��� � � � � U � \ >:�I:; <9: G?GBFGKB G@JE@I:I< FI <9: >K<K KI> 	 � d�� � �� e� P



A Spatio-Temporal Model for Mexico City Ozone Levels 7
89=; � �� �� dU� ��� e F; <9: KJEBF<=>: @A <9: � �<9 E:DF@>FGF<? @A <9: ��<9 ;<K<F@I K< <FJ : � S KI> <KI�� d�� e

F; F<; E9K;: S X9FG9 F; FI>:E :I>:I< @A � KI> � P
WI C:G<@D A@DJ S @=D J@>F�:> ;EKG:�<FJ : J@>:B GKI O: XDF<<:I K; �

� � � U�� �� � ��� d�� e� �� � ��� d�� e� �� � � �� � � ���
X9:D: � �� � d��� � � � � � ��� e S U�� � dU � � � � � Ue S � ��� � d� ��� � � ��� � � � � � � ��� e � � � U � \ KI> ��� � d���� � ���� � � � � � ���� e PT>>F<F@IKBB?S X: K;;=J : <9K< ��� � � d] � � ��� � e X F<9 � � � :RE d�� ��� e S � <9: J K<DFR @A >F;<KIG:;
FI aFB@J :<:D; O:<X::I ;<K<F@I; S :RE d� e >:I@<:; <9: :RE@I:I<FK<F@I @A :KG9 @A F<; G@JE@I:I<; KI> ��F; K E@;F<FC: DKIL: EKDKJ :<:D P 89K< F; S X: K;;=J : <9K< <9: :DD@D; KD: I@DJ KBB? >F;<DFO=<:> X F<9 KI
:RE@I:I<FKB G@CKDFKIG: A=IG<F@I P

�=D<9:DJ@D: S <9: EKDKJ :<:D :C@B=<F@I; @A <9: J@>:B KD: >:�I:> K;

� �� � � ���� � ! �� � ! �� � � d] � � �� 	 �� e� �� � � ���� � � 
�� � � 
�� � � d] � � �� 	 ��  
� e
�� � ���� � ! �� � ! �� � � d] � � �� 	 �� e

X9:D: 	 �� S 	 �� S 	 �� � � � U � \ KD: �R:> G@I;<KI<; S KI>  
� � :RE d�� �� � e F; <9: :C@B=<F@I CKDFKIG:�
G@CKDFKIG: J K<DFR S X9FG9 >:E:I>; @I <9: ;EK<FKB DKIL: EKDKJ :<:D; S � � � � � U � \ P 89:D:A@D: S X: KD:
FIG@DE@DK<FIL ;EK<FKB >:E :I>:IG? @I <9: EKDKJ :<:D; <9K< >:<:DJ FI: <9: ;:K;@IKB <:DJ ; P

	@<FG: <9K< <9: KO@C: J@>:B K;;=J :; <9K< <9: @O;:DCK<F@I; A@D <:JE:DK<=D: KD: aI@XI K< :KG9
<FJ : KI> ;<K<F@I ;@ F< F; K J@>:B A@D � � G@I>F<F@IKB @I � � P �KB=:; @A � �� K< KDOF<DKD? B@ GK<F@I; KI>
<FJ :; KD: I::>:> <@ FI<:DE@BK<: <9: CKB=:; @A � �� O@<9 <:JE@DKBB? KI> ;EK<FKBB? KI> <9:? J K? I@< O :
KCKFBKOB: P 89:I S X: KB;@ A@DJ=BK<: K ;EK<F@�<:JE@DKB J@>:B @I � �� >:�I:> K;

� �� � � 
� � � �� � � dU � ] � U � ]e� � � �
�� �
XF<9 � 
� K GKI@IFGKB ;EK<FKB <D:I> @I � �� S � � <9: 9:FL9< @A ;<K<F@I � S � � <9: KB<F<=>: G@:� GF:I< K< <FJ :
� S � � � d��� � ��� � ��� � ��� e S KI> �
�� F; <9: :DD@D P

WI C:G<@D A@DJ S <9: J@>:B F;

� � � U�� 
� � � �� � � � �� � � �
�
X9:D: � �� � d��� � � �� � � � � � ��� e 
 U�� � dU � U � � � � � Ue S � � d� � � �� � � � � � �� e S � � F; K � � � >FJ :I;F@IKB
J K<DFR X9:D: KBB <9: D@X ; KD: :M=KB <@ <9: C:G<@D dU � ] � U � ]e KI> �
� � d�
�� � � � � � �
� � e F; <9: C:G<@D @A
:DD@D; X F<9 �
� � � d] � � �
� 
 e X9:D: � 
 � :RE d�� ��
 e PT =IFCKDFK<: <FJ : ;:DF:; KIKB?;F; @A <9: <:JE:DK<=D:; D:C:KB; <9K< <9:D: KD: <FJ : G9KILFIL >F�:D�
:IG:; FI J:KI CKB=:; >=: <@ <9: 9:FL9< @A <9: ;<K<F@I P �I <9: @<9:D 9KI> <9: ;:K;@IKBF<? F; AKFDB?
9@J@L:I:@=; FI ;EKG: P 89:D:A@D: S X: KD: G@I;F>:DFIL K J@>:B A@D � � XF<9 <9: ;KJ : ;:K;@IKB :�:G< A@D
KBB B@ GK<F@I; P

T>>F<F@IKBB?S <9: EKDKJ :<:D :C@B=<F@I; KD: >:�I:> K;

� 
� � � 
��� � ! 
� � ! 
� � � d] � � �
 	 �
 e �� � � � ��� � ! �� � ! �� � � d] � � �
 	 �� e �� � � �� ��� � � �� � � �� � � d] � � �
 	 �� �e
X9:D: 	 �
 � 	 �� KI> 	 �� KD: �R:> G@I;<KI<; S � F; � � � OB@ Ga >FKL@IKB J K<DFR X F<9 OB@ Ga; @A <9: A@DJ

� � � � G@; d�� �U\e ;FI d�� �U\e�;FI d�� �U\e G@; d�� �U\e � � � � U � \ �

X9FG9 >:�I:; <9: ;:K;@IKB�G@JE@I:I< @I � � S � F; K � �� F>:I<F<? JK<DFR P



8 G. Huerta, B. Sansó and J. Stroud
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Table 1. Posterior medians and 95% intervals for non-
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Fig. 4. Ozone data, retrospective medians and predictive values with 95% probability bands for 3 monitoring
stations.
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Fig. 5. Retrospective median ozone maps for September 8, 1997 based on 5000 MCMC samples, using a
1.4km

�
(25�25 pixel) mapping grid. The values written on the maps represent the observed data at that time

and station.
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Fig. 6. Retrospective 95% range maps of ozone for September 8, 1997.
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Fig. 7. Temperature data, retrospective means and predictive values with 95% probability bands for 3 monitoring
stations.
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0 5 10 15

0.
0

0.
05

0.
10

0.
15

Southwest

PLC T

P
L
C
T

Sqrt Ozone
0 5 10 15

0.
0

0.
05

0.
10

0.
15

Central

LM HB

L
M
H
B

Sqrt Ozone
0 2 4 6 8 10 14

0.
0

0.
05

0.
10

0.
15

Northeast

SXC

S
X
C

Sqrt Ozone

Fig. 9. Posterior forecast densities at 2pm on September 14. Each panel corresponds to a different geographical
region. Stations are identified with the first letter of their names. Letters on the � axis correspond to actual future
observations.

O? G@I;F>:DFIL <9: ED:>FG<F@I ED@>=G:> O? <9: J@>:B A@D K ;<K<F@I <9K< 9K; O ::I B:A< @=< @A <9:
KIKB?;F; P 89: F>:K F; <@ G@JE=<: <9: ED:>FG<FC: ED@OKOFBF<? <9K< K �B:KC:�@I:�@=< � A@D:GK;< F; O :B@X
F<; G@DD:;E@I>FIL @O;:DC:> CKB=: P WI @<9:D X@D>; S A@D KI @J F<<:> ;<K<F@I � S X: @O<KFI:> KI :;<FJ K<:
@A � �� � � � �� ��� � � �� ��� � � S X9:D: <9: ED:>FG<F@I F; >:I@<:> X F<9 K ;<KD KI> �� � G@DD:;E@I>; <@ <9:>K<K X F<9@=< ;<K<F@I � S O? KC:DKLFIL KGD@;; YZYZ F<:DK<F@I; P W< GKI O: ;9@XI <9K< FA <9: J@>:B
F; G@DD:G<B? ;E :GF�:> S <9: ;:M=:IG: @A � �� KD: FI>:E:I>:I< KI> <9:? KD: =IFA@DJ B? >F;<DFO=<:> @I
<9: FI<:DCKB d] � Ue P �: :REB@D:> <9: U^ E@;;FOB: ;:M=:IG:; @A � � CKB=:; =;FIL MM�EB@<; KI> @O;:DC:>
KGG:E<KOB: D:;=B<; FI J@;< GK;:; P 89: X@D;< O :9KCF@=D XK; @O;:DC:> A@D Y :DG:> dYQbe S A@D X9FG9 <9:
>F;<DFO=<F@IKB K;;=JE<F@I; X:D: G@JEB:<:B? =I;K<F;�:> P T GKD:A=B KIKB?;F; @A <9: >K<K AD@J <9F; ;<K<F@I
D:C:KB; KI@J KB@=;B? B@X CKB=:; @A @H@I: FI D:BK<F@I <@ <9: I:FL9O@=DFIL ;<K<F@I; P �: 9?E@<9F;:> K
GKBFODK<F@I ED@OB:J S O=< S ;FIG: ;FJ FBKD >F;GD:EKIGF:; X:D: I@< @O;:DC:> >=DFIL <9: D:;< @A <9: ?:KD S X:
;=EE@;: <9K< <9:D: XK; :F<9:D K <DKI;F:I< AKFB=D: FI <9: J :K;=D:J:I< ED@ G:;; @D K C:D? B@ GKBF;:> :�:G<
<9K< @=D J@>:B F; I@< KOB: <@ GKE<=D: P

T O?ED@>=G< @A <9: B:KC:�@I:�@=< ED:>FG<FC: KIKB?;F; F; <9: KCKFBKOFBF<? @A >DKX ; AD@J <9: E@;<:DF@D
>F;<DFO=<F@I; @A <9: EKDKJ :<:D; LFC:I O? <9: U^ >F�:D:I< >K<K ;:<; P 89:;: KBB@X:> =; <@ E:DA@DJ K
E@;<:DF@D D@O=;<I:;; KIKB?;F; X F<9 D:;E :G< <@ <9: ED:;:IG: @A :KG9 @I: @A <9: ;<K<F@I; P 89: J KDLFIKB
E@;<:DF@D >F;<DFO=<F@I @A J @;< EKDKJ:<:D; XK; AKFDB? FI;:I;F<FC: <@ <9: D:J@CKB @A K ;<K<F@I P 89:
:RG:E<F@I; X:D: <9: DKIL: EKDKJ :<:D; �� KI> <9: E9K;: EKDKJ :<:D �� A@D X9FG9 O@REB@<; KD: ;9@XI FI� FL=D: U] P �: @O;:DC:> <9K< D:J@CFIL Y:DG:> dYQb e ED@>=G:> KI FJE@D<KI< FIGD:K;: FI �� P 89F; F;G@I;F;<:I< X F<9 @=D ED:CF@=; G@JJ:I< D:LKD>FIL <9 F; ;<K<F@I P �I <9: @<9:D 9KI> S D:J@CFIL 8BKBEKI
d8�	 e ED@>=G:> K ;FLIF�GKI< >:GD:K;: FI �� S ;@J :<9FIL <9K< F; ED@OKOB? >=: <@ <9: AKG< <9K< <9:
>@XIX FI> E@;F<F@I @A <9F; ;<K<F@I ;:<; F< ;BFL9<B? @=< @A E9K;: X F<9 <9: @<9:D; P

6.2. Measurement error� FC:I <9: KI@J KBF:; <9K< X: @O;:DC:> FI ;@J : ;<K<F@I; S EKD<FG=BKDB? Y :DG:> S X: <9@=L9< @A FIGB=>FIL K
;E:GF�G G@JE@I:I< FI <9: J@>:B <@ :REBKFI J :K;=D:J :I< :DD@D P �H@I: J :K;=D:J :I< >:CFG:; KD: =;=KBB?
GKBFODK<:> <@ K ED:GF;F@I @A f <@ g EEO A@D S D@=L9B?S <9: X9@B: J :K;=DKOB: DKIL: P �=D J@>:B G@I;F>:D;
<9: >K<K KA<:D K ;M=KD: D@@< <DKI;A@DJ K<F@I S X: <9=; I@<FG: <9K< K � D;< @D>:D 8K?B@D :REKI;F@I ?F:B>;
�� � 	 
 �� � U� d\�� e	 X9:D: � F; <9: J :KI B:C:B KI> � <9: J :K;=D:J :I< :DD@D P �: K;;=J : <9K< g
EEO G@DD:;E@I>; <@ @I: ;<KI>KD> >:CFK<F@I @A :KG9 @A <9: J FI=<: O? J FI=<: D:K>FIL; @A <9: FI;<D=J :I< P

 FIG: @=D @O;:DCK<F@I; G@DD:;E@I> <@ @I: 9@=D KC:DKL:; KI> <9: ;J KBB:;< D:K>FIL KJ@=I<; <@ f EEO S
KI =EE:D O@=I> @A <9: 
� @A <9: :DD@D <:DJ FI <9: ED:CF@=; :M=K<F@I F; g� d\ � �f � f`]]e � ] �]\�]` P

@ S =I>:D <9: K;;=JE<F@I <9K< <9: J :K;=D:J :I< :DD@D; KD: =IG@DD:BK<:> KI> <9K< <9:D: F; I@ O FK; >=:
<@ J F;GKBFODK<F@I @A <9: FI ;<D=J :I<; S <9: J :K;=D:J:I< :DD@D F; I:LBFLFOB: P

T D:BK<:> F;;=: F; <9K< @A FIG@DE@DK<FIL K �I=LL:< � :�:G< FI <9: J@>:B <@ GKE<=D: ;J KBB DKIL:



A Spatio-Temporal Model for Mexico City Ozone Levels 15

4

6

8

10

12

LAG TAC EAC SAG AZC TLA XAL MER PED CES PLA HAN UIZ BJU TAX CUA TPN CHA TAH ALL

λy

2.0

2.5

3.0

LAG TAC EAC SAG AZC TLA XAL MER PED CES PLA HAN UIZ BJU TAX CUA TPN CHA TAH ALL

a1

Fig. 10. Boxplots of samples from the the marginal posterior distributions of � � (upper panel) and � � (lower
panel) obtained by leaving one station out. The horizontal axis denotes the omitted station. The far right boxplot
represents the posterior with all stations included, and the horizontal line represents the posterior mean when
all stations are included.

CKDFKOFBF<F:; P 89F; GKI O: >@I: O? K>>FIL KI :R<DK DKI>@J <:DJ @D S :M=FCKB:I<B?S K <9FD> BK?:D <@ <9:
G=DD:I< J@>:B P �: A::B <9K< @=D J@>:B KBD:K>? FIG@DE@DK<:; DKI>@J :�:G<; A@D B@ GK<F@I S <:JE:DK<=D:
KI> E:DF@>FGF<?P T I=LL:< :�:G< X FBB ED@>=G: ED:>FG<F@I; <9K< KD: B:;; ;J @@<9 S X9FG9 F; ED@OKOB?
D:KBF;<FG S O=< G@J:; K< <9: G@;< @A >:KBFIL X F<9 F>:I<F�KOFBF<? ED@OB:J ; KI> K>>FIL EKDKJ :<:D; <@ KI
KBD:K>? G@JEB:R J@>:B P ZD:;;F: KI> � Fa B: dU^^_e K>C@ GK<: <9: =;: @A K <9D::� BK?:D J@>:B X9FG9
A@ G=;:; @I K >FD:G< ;E:GF�GK<F@I @A <9: E9?;FGKB >?IKJ FG; P 89F; F; @=D ED:A:DD:> EK<9 A@D :BKO@DK<F@I;
@C:D <9: ED:;:I< KEED@KG9 P

7. Conclusions and Extensions
WI <9F; EKE:D S X: FI<D@>=G:> K I:X ;EK<F@�<:JE@DKB J @>:B A@D 9@=DB? @H@I: B:C:B; FI Y:RFG@ ZF<?
<9K< KBB@X ; A@D ;EK<FKB FI<:DE@BK<F@I KI> ED:>FG<F@I P 89: J@>:B F; A@DJ=BK<:> X F<9FI <9: ;<K<:�;EKG:
ADKJ :X@Da KI> FIGB=>:; K ;:< @A <FJ :�CKD?FIL �@=DF:D G@:� GF:I<; <@ KGG@=I< A@D <9: E :DF@>FGF<? FI
<9: >K<K P T B;@ S <9: J@>:B G@I;F>:D; =IG:D<KFI<? @I KI? J F;;FIL CKB=:; @A @H@I: KI> <9: G@CKDFK<:;
X9FG9 FI <9: ED:;:I< C:D;F@I S F; @IB? <9: <:JE:DK<=D: P �: ED@>=G: E@;<:DF@D FIA:D:IG: X F<9 KI :� GF:I<
OB@ Ga YZYZ ;FJ=BK<F@I KBL@DF<9J <9K< ;KJEB:; <9: ;EK<FKB G@CKDFKIG: KI> :DD@D CKDFKIG: EKDKJ :<:D;
=IG@I>F<F@IKB <@ <9: ;<K<:�C:G<@D; P 89: D:;= B<; @O<KFI:> X F<9 <9: J@>:B ;::J D:K;@IKOB: A@D ;9@D<�<:DJ
A@D:GK;<FIL KI> ;EK<FKB FI<:DE@BK<F@I S K; GKI O: K;;:;;:> AD@J <9: ED:>FG<FC: KIKB?;F; P

�I <9: @<9:D 9KI> S <9: KG<=KB J @>:B F; @IB? :JEFDFGKB KI> >@:; I@< G@I;F>:D <DKI;E@D< @D G9:J FGKB
D:KG<F@I; D:BK<:> <@ @H@I: P Z=DD:I<B?S X: KD: <D?FIL <@ @O<KFI ;:G@I> O? ;:G@I> >K<K S X FI> FIA@DJ K<F@I
KI> @<9:D G@CKDFKO B:; ;=G9 K; 	�R @D ��Z <@ FIG@DE@DK<: FI<@ <9: J@>:B P �: O :BF:C: <9K< <9F; :R<DK
FIA@DJ K<F@I G@JOFI:> X F<9 ;GF:I<F�G EDF@D; OK;:> @I GBFJ K<@B@L? @D E9@<@ G9:J F;<D? GKI ED@>=G: K
;EKG:�<FJ : J@>:B <9K< I@< @IB? ED:>FG<; KI> FI<:DE@BK<:; K>:M=K<:B?S O=< KB;@ 9K; ;@J : E9?;FGKB
FI<:DED:<K<F@I P



16 G. Huerta, B. Sansó and J. Stroud
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