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Online Appendix A. Data

Figure A1

Figure A1 shows the seasonally adjusted Quarterly Indicator of State Economic Activity (Indicador

Trimestral de la Actividad Económica Estatal, ITAEE) from 2003:Q1 to 2015Q4.

Figure A2

Figure A2 shows the percentage changes of ITAEE, which are calculated by [log(yt,n)− log(yt−1,n)]×
100.
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Online Appendix B. Estimation Results of Markov Switching Model

The estimation results here are obtained by estimating the standard Markov switching model:

yt = μ0 � (ιN − st) + μ1 � st + εt,

where εt ∼ i.i.d. N(0,Ω) and Ω = diag(σ2
1 , . . . , σ

2
N ).

Table B1

Table B1 shows the point estimates and interval estimates of parameters.

Figure B1

Figure B1 shows the probabilities of recession, which are calculated by 1−G−1
∑G

g=1 s
(g)
t,n, where G is

the number of iterations and the superscript (g) is the gth iteration.

Figure B2

Figure B2 shows the histogram and density plots of parameters by state. The solid line indicates

density estimates obtained by kernel density estimation.

Figure B3

Figure B3 shows the autocorrelation plots of parameters by state.

Figure B4

Figure B4 shows the trace plots of parameters by state.
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éx

ic
o

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Probability of Recession

20
03

q1
20

06
q1

20
09

q1
20

12
q1

20
15

q1

(1
6
)
M
ic
h
o
a
ca
n

F
ig
u
re

B
1:

R
ec
es
si
on

P
ro
b
ab

il
it
ie
s
fr
om

M
ar
ko
v
S
w
it
h
ci
n
g
M
o
d
el



Supplementary Information: Spatial Dependence in Regional Business Cycles 11

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Probability of Recession

20
03

q1
20

06
q1

20
09

q1
20

12
q1

20
15

q1

(1
7
)
M
o
re
lo
s

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Probability of Recession

20
03

q1
20

06
q1

20
09

q1
20

12
q1

20
15

q1

(1
8
)
N
ay

a
ri
t

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Probability of Recession

20
03

q1
20

06
q1

20
09

q1
20

12
q1

20
15

q1

(1
9
)
N
u
ev
o
L
eó
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éx

ic
o

A
C

F-
μ 0 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 0 

A
C

F-
μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  
A

C
F-

p 11
 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(1
6
)
M
ic
h
o
a
ca
n

F
ig
u
re

B
3:

A
u
to
co
rr
el
at
io
n
F
u
n
ct
io
n
(C

on
ti
n
u
ed

)



Supplementary Information: Spatial Dependence in Regional Business Cycles 24

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  
A

C
F-

p 11
 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(1
7
)
M
o
re
lo
s

A
C

F-
μ 0 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 0 

A
C

F-
μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  
A

C
F-

p 11
 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(1
8
)
N
ay

a
ri
t

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  
A

C
F-

p 11
 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(1
9
)
N
u
ev
o
L
eó
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Online Appendix C. Estimation Results of Markov Switching Model

with First-Order Autoregressive Process

The estimation results here are obtained by estimating the Markov switching model with first-order

autoregressive process:

yt = Φyt−1 + μ0 � (ιN − st) + μ1 � st + εt,

where Φ = diag(φ1, . . . , φN ), εt ∼ i.i.d. N(0,Ω), and Ω = diag(σ2
1 , . . . , σ

2
N ).

Table C1

Table C1 shows the point estimates and interval estimates of parameters.

Figure C1

Figure C1 shows the probabilities of recession, which are calculated by 1−G−1
∑G

g=1 s
(g)
t,n, where G is

the number of iterations and the superscript (g) is the gth iteration.

Figure C2

Figure C2 shows the histogram and density plots of parameters by state. The solid line indicates

density estimates obtained by kernel density estimation.

Figure C3

Figure C3 shows the autocorrelation plots of parameters by state.

Figure C4

Figure C4 shows the trace plots of parameters by state.
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tá
n

−0
.4
1

−0
.4
0

[−
1
.8
8
,0
.9
0
]

1
.3
8

1
.3
8

[0
.5
5
,2
.2
7
]

−0
.1
4

−0
.1
5

[−
0
.5
0
,0
.2
2
]

3
2

Z
a
ca
te
ca
s

−0
.1
5

−0
.0
5

[−
2
.1
2
,1
.3
2
]

1
.5
2

1
.4
8

[0
.6
5
,2
.6
1
]

−0
.4
0

−0
.4
0

[−
0
.7
0
,−

0
.1
0
]

N
o
te
s:

9
5
%

C
I
in
d
ic
a
te
s
9
5
%

cr
ed

ib
le

in
te
rv
a
l.



Supplementary Information: Spatial Dependence in Regional Business Cycles 38

T
ab

le
C
1:

E
st
im

at
ed

P
ar
am

et
er
s
(C

on
ti
n
u
ed

)

σ
2

p
1
1

p
0
0

C
o
d
e

S
ta
te

M
ea
n

M
ed

ia
n

9
5
%

C
I

M
ea
n

M
ed

ia
n

9
5
%

C
I

M
ea
n

M
ed

ia
n

9
5
%

C
I

1
A
g
u
a
sc
a
li
en

te
s

3
.6
9

3
.5
0

[1
.9
5
,6
.5
2
]

0
.9
2

0
.9
4

[0
.7
3
,1
.0
0
]

0
.7
5

0
.7
7

[0
.4
8
,0
.9
5
]

2
B
a
ja

C
a
li
fo
rn
ia

2
.3
7

2
.2
0

[1
.3
4
,4
.4
0
]

0
.9
4

0
.9
5

[0
.8
1
,0
.9
9
]

0
.7
7

0
.7
9

[0
.5
2
,0
.9
5
]

3
B
a
ja

C
a
li
fo
rn
ia

S
u
r

3
.9
7

3
.8
3

[2
.3
8
,6
.3
5
]

0
.9
3

0
.9
5

[0
.7
3
,1
.0
0
]

0
.7
8

0
.8
0

[0
.4
9
,0
.9
7
]

4
C
a
m
p
ec
h
e

4
.5
2

4
.3
7

[2
.7
2
,7
.2
0
]

0
.8
7

0
.8
9

[0
.6
2
,0
.9
9
]

0
.8
4

0
.8
7

[0
.5
7
,0
.9
8
]

5
C
o
a
h
u
il
a

1
6
.1
5

1
5
.5
6

[1
0
.0
4
,2

5
.4
5
]

0
.9
0

0
.9
3

[0
.6
8
,1
.0
0
]

0
.7
8

0
.8
0

[0
.5
0
,0
.9
7
]

6
C
o
li
m
a

7
.2
1

6
.9
9

[4
.2
8
,1
1
.4
0
]

0
.9
1

0
.9
3

[0
.6
9
,1
.0
0
]

0
.7
8

0
.8
0

[0
.5
0
,0
.9
7
]

7
C
h
ia
p
a
s

9
.2
8

9
.0
1

[5
.5
3
,1
4
.6
7
]

0
.9
0

0
.9
3

[0
.6
7
,1
.0
0
]

0
.7
8

0
.7
9

[0
.5
0
,0
.9
7
]

8
C
h
ih
u
a
h
u
a

5
.3
3

5
.1
6

[2
.3
2
,9
.3
0
]

0
.9
1

0
.9
3

[0
.7
3
,0
.9
9
]

0
.7
6

0
.7
7

[0
.4
8
,0
.9
6
]

9
F
ed

er
a
l
D
is
tr
ic
t

1
.6
0

1
.5
0

[0
.9
3
,2
.8
1
]

0
.9
4

0
.9
5

[0
.8
2
,0
.9
9
]

0
.7
6

0
.7
8

[0
.4
9
,0
.9
5
]

1
0

D
u
ra
n
g
o

1
.6
8

1
.6
3

[0
.9
3
,2
.7
4
]

0
.9
1

0
.9
3

[0
.6
9
,1
.0
0
]

0
.7
8

0
.7
9

[0
.5
0
,0
.9
7
]

1
1

G
u
a
n
a
ju
a
to

5
.0
3

4
.8
4

[2
.8
4
,8
.4
0
]

0
.9
1

0
.9
3

[0
.7
1
,1
.0
0
]

0
.7
8

0
.7
9

[0
.5
1
,0
.9
6
]

1
2

G
u
er
re
ro

1
.7
4

1
.6
5

[0
.9
8
,2
.9
8
]

0
.9
2

0
.9
3

[0
.7
3
,0
.9
9
]

0
.7
8

0
.8
0

[0
.5
3
,0
.9
6
]

1
3

H
id
a
lg
o

4
.6
2

4
.3
3

[2
.5
2
,8
.2
5
]

0
.9
4

0
.9
5

[0
.8
0
,0
.9
9
]

0
.7
7

0
.7
8

[0
.5
0
,0
.9
5
]

1
4

J
a
li
sc
o

3
.6
5

3
.5
0

[1
.9
4
,6
.3
1
]

0
.9
3

0
.9
4

[0
.7
5
,1
.0
0
]

0
.7
5

0
.7
7

[0
.4
7
,0
.9
5
]

1
5

M
éx
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eó
n

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
0
)
O
a
x
a
ca

F
ig
u
re

C
3:

A
u
to
co
rr
el
at
io
n
F
u
n
ct
io
n
(C

on
ti
n
u
ed

)



Supplementary Information: Spatial Dependence in Regional Business Cycles 54

A
C

F-
μ 0 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 0 

A
C

F-
μ 1 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 1 

A
C

F-
φ 

0
5

10
15

20

0.
5

1.
0

A
C

F-
φ 

A
C

F-
σ2  

0
5

10
15

20

0.
5

1.
0

A
C

F-
σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
1
)
P
u
eb

la

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
2
)
Q
u
er
et
a
ro

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
3
)
Q
u
in
ta
n
a
R
o
o

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 1 

A
C

F-
φ 

0
5

10
15

20

0.
5

1.
0

A
C

F-
φ 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
4
)
S
a
n
L
u
is

P
o
to
si

F
ig
u
re

C
3:

A
u
to
co
rr
el
at
io
n
F
u
n
ct
io
n
(C

on
ti
n
u
ed

)



Supplementary Information: Spatial Dependence in Regional Business Cycles 55

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
5
)
S
in
a
lo
a

A
C

F-
μ 0 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 0 

A
C

F-
μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
6
)
S
o
n
o
ra

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
7
)
T
a
b
a
sc
o

A
C

F-
μ 0 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 0 

A
C

F-
μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

0.
5

1.
0

A
C

F-
σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
8
)
T
a
m
a
u
li
p
a
s

F
ig
u
re

C
3:

A
u
to
co
rr
el
at
io
n
F
u
n
ct
io
n
(C

on
ti
n
u
ed

)



Supplementary Information: Spatial Dependence in Regional Business Cycles 56

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(2
9
)
T
la
x
ca
la

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

01
A

C
F-

μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(3
0
)
V
er
a
cr
u
z

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 1 

A
C

F-
φ 

0
5

10
15

20

0.
5

1.
0

A
C

F-
φ 

A
C

F-
σ2  

0
5

10
15

20

01
A

C
F-

σ2  

A
C

F-
p 11

 

0
5

10
15

20

01
A

C
F-

p 11
 

A
C

F-
p 00

 

0
5

10
15

20

01
A

C
F-

p 00
 

(3
1
)
Y
u
ca
ta
n

A
C

F-
μ 0 

0
5

10
15

20

01
A

C
F-

μ 0 
A

C
F-

μ 1 

0
5

10
15

20

0.
5

1.
0

A
C

F-
μ 1 

A
C

F-
φ 

0
5

10
15

20

01
A

C
F-

φ 
A

C
F-

σ2  

0
5

10
15

20

0.
5

1.
0

A
C

F-
σ2  

A
C

F-
p 11

 

0
5

10
15

20

0.
5

1.
0

A
C

F-
p 11

 
A

C
F-

p 00
 

0
5

10
15

20

01
A

C
F-

p 00
 

(3
2
)
Z
a
ca
te
ca
s

F
ig
u
re

C
3:

A
u
to
co
rr
el
at
io
n
F
u
n
ct
io
n
(C

on
ti
n
u
ed

)



Supplementary Information: Spatial Dependence in Regional Business Cycles 57

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

510
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(1
)
A
g
u
a
sc
a
li
en

te
s

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-4-202
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

510
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
)
B
a
ja

C
a
li
fo
rn
ia

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

024
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

1020

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
25

0.
50

0.
75

1.
00

p 00
 

(3
)
B
a
ja

C
a
li
fo
rn
ia

S
u
r

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-3-2-10
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

02

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

2.
5

5.
0

7.
5

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(4
)
C
a
m
p
ec
h
e

F
ig
u
re

C
4:

T
ra
ce

P
lo
ts



Supplementary Information: Spatial Dependence in Regional Business Cycles 58

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
00

0.
25

0.
50

0.
75

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

51015
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(5
)
C
o
a
h
u
il
a

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

024
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

51015
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
25

0.
50

0.
75

1.
00

p 00
 

(6
)
C
o
li
m
a

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

02

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.2

5

0.
00

0.
25

0.
50

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

2.
5

5.
0

7.
5

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(7
)
C
h
ia
p
a
s

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-5
.0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

012
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.2

5

0.
25

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

246
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
8

0.
9

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(8
)
C
h
ih
u
a
h
u
a

F
ig
u
re

C
4:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 59

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-5
.0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(9
)
F
ed

er
a
l
D
is
tr
ic
t

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

012
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

123
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
25

0.
50

0.
75

1.
00

p 00
 

(1
0
)
D
u
ra
n
g
o

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

12
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(1
1
)
G
u
a
n
a
ju
a
to

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

012
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(1
2
)
G
u
er
re
ro

F
ig
u
re

C
4:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 60

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

2345
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(1
3
)
H
id
a
lg
o

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-4-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0.
5

1.
5

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

123
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(1
4
)
J
a
li
sc
o

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-4-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0.
5

1.
0

1.
5

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

1234
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
7

0.
8

0.
9

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
25

0.
50

0.
75

1.
00

p 00
 

(1
5
)
M
éx
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Online Appendix D. Estimation Results of Markov Switching Model

with Spatial Autoregressive Process

The estimation results here are obtained by estimating the Markov switching model with spatial autore-

gressive (SAR) process:

yt = ρWyt + μ0 � (ιN − st) + μ1 � st + εt,

where Φ = diag(φ1, . . . , φN ), εt ∼ i.i.d. N(0,Ω), and Ω = diag(σ2
1 , . . . , σ

2
N ). (Distance-Based SWM,

η = 4)

Table D1

Table D1 shows the point estimates and interval estimates of parameters.

Figure D1

Figure D1 shows the probabilities of recession, which are calculated by 1 − G−1
∑G

g=1 s
(g)
t,n, where G

is the number of iterations and the superscript (g) is the gth iteration.

Figure D2

Figure D2 shows convergence diagnostics (kernel density, autocorrelation, and trace plots) for the

posterior distribution of ρ.

Figure D3

Figure D3 shows the histogram and density plots of parameters by state. The solid line indicates

density estimates obtained by kernel density estimation.

Figure D4

Figure D4 shows the autocorrelation plots of parameters by state.

Figure D5

Figure D5 shows the trace plots of parameters by state.
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Online Appendix E. Estimation Results of Markov Switching Model

with Spatial Autoregressive and First-Order Au-

toregressive Processes

The estimation results here are obtained by estimating the Markov switching model with SAR and AR(1)

processes:

yt = ρWyt +Φyt−1 + μ0 � (ιN − st) + μ1 � st + εt,

where Φ = diag(φ1, . . . , φN ), εt ∼ i.i.d. N(0,Ω), and Ω = diag(σ2
1 , . . . , σ

2
N ). (Distance-Based SWM,

η = 4)

Table E1

Table E1 shows the point estimates and interval estimates of parameters.

Figure E1

Figure E1 shows the probabilities of recession, which are calculated by 1−G−1
∑G

g=1 s
(g)
t,n, where G is

the number of iterations and the superscript (g) is the gth iteration.

Figure E2

Figure E2 shows convergence diagnostics (kernel density, autocorrelation, and trace plots) for the

posterior distribution of ρ.

Figure E3

Figure E3 shows the histogram and density plots of parameters by state. The solid line indicates

density estimates obtained by kernel density estimation.

Figure E4

Figure E4 shows the autocorrelation plots of parameters by state.

Figure E5

Figure E5 shows the trace plots of parameters by state.
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eó
n

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
0
)
O
a
x
a
ca

F
ig
u
re

E
5:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 122

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

024
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

5101520
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
1
)
P
u
eb

la

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

1234
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

1234
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
2
)
Q
u
er
et
a
ro

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-5
.0

-2
.50.
0

2.
5

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

51015
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
3
)
Q
u
in
ta
n
a
R
o
o

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-4-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

012
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
4
)
S
a
n
L
u
is

P
o
to
si

F
ig
u
re

E
5:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 123

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

1020
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
5
)
S
in
a
lo
a

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-5
.0

-2
.50.
0

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.2

5

0.
00

0.
25

0.
50

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

2.
5

5.
0

7.
5

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
6
)
S
o
n
o
ra

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
7
)
T
a
b
a
sc
o

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-4-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

0123
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

0.
0

0.
5

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

246
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
8
)
T
a
m
a
u
li
p
a
s

F
ig
u
re

E
5:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 124

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

02

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

203040
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(2
9
)
T
la
x
ca
la

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13
μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.7

5

-0
.5

0

-0
.2

5

0.
00

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

2.
5

5.
0

7.
5

10
.0

σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(3
0
)
V
er
a
cr
u
z

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-202
μ 0 

μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

12

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.50.
0

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

24
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(3
1
)
Y
u
ca
ta
n

μ 0 

0
20

00
40

00
60

00
80

00
10

00
0

-20

μ 0 
μ 1 

0
20

00
40

00
60

00
80

00
10

00
0

13

μ 1 

φ 

0
20

00
40

00
60

00
80

00
10

00
0

-0
.5

0

-0
.2

5

0.
00

0.
25

φ 
σ2  

0
20

00
40

00
60

00
80

00
10

00
0

510
σ2  

p 11
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
6

0.
8

1.
0

p 11
 

p 00
 

0
20

00
40

00
60

00
80

00
10

00
0

0.
50

0.
75

1.
00

p 00
 

(3
2
)
Z
a
ca
te
ca
s

F
ig
u
re

E
5:

T
ra
ce

P
lo
ts

(C
on

ti
n
u
ed
)



Supplementary Information: Spatial Dependence in Regional Business Cycles 125

Online Appendix F. Simulation Results of Spatial Spillover Effects

Figure F1

Figure F1 visualizes the spatial spillover effects of a transition from expansion to recession for all

states, which are calculated based on equations (21) and (22).

Figure F2

Figure F2 visualizes the impulse responses of the spatial spillover effects of a transition from expansion

to recession, which are calculated based on equation (21).
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