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=

vuut 1

N

NX
i=1
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A;B =
A

B







n

p; d; q

n

n yt�n; :::; yt�1

t t

t � 1



t

n yt�n; :::; yt�1

p; d; q

yt = nt nt t

y0
t = c + �1y0

t�1 + �2y0
t�2 + ::: + �py0

t�p + et + �1et�1 + �2et�2 + ::: + �qet�q

y0
t dth

p q

yt

nt = yt

t ! t+1

n

t

t

y0
t = c+�1y0

t�1 +�2y0
t�2 + :::+�py0

t�p +et +�1et�1 +�2et�2 + :::+�qet�q +
G0
t

G0
t dth



y0
t = c + �1y0

t�1 + �2y0
t�2 + ::: + �py0

t�p + et + �1et�1 + �2et�2 + ::: + �qet�q + �T 0
t

T 0
t dth

y0
t = c+�1y0

t�1+�2y0
t�2+:::+�py0

t�p+et+�1et�1+�2et�2+:::+�qet�q+
G0
t+�T 0

t

G0
t dth

T 0
t dth

t � 1 t

t

t

t t � 1

t + 1

t

t � 1

t � 1



week t-1
τ

week t week t+1

�
t �

t

t �

t

t

t

t

t

t

t

t

t

cw t



(di) 0�i�n

�
y0

t�i =
yt�i

di

�
0�i�n

y0
t yt

cw

dw p

cw

�

t

t

�



t � 1

t

t

dw



t

t

t � 1

t

dw = 20

dw

t



23:5



●

●

●

●

●

●

●

●
●
●●●●●●●

●●●●●●●●●●●●
●●●●

●
●●

●
●●

●

●

●
●

●
●

●

●●●

●

●

●

●

●

●
●
●●

●
●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●●

●

●
●

●
●●

●●

●
●
●
●●

●●●●●●
●
●●●●●●●●●●●●●●●

●
●
●●

●●●●●●

●●
●●

●●

●
●●

●

●

●●●

●

●
●
●
●●●●●0

5000

10000

15000

2013 2014 2015 2016

N
um

be
r 

of
 c

as
es

●

Naive

0

2000

2000

0

2013 2014 2015 2016

Google (Dengue) 

Naive

MAE = 147.1

MAE = 193.6

relative MAE = 0.827

A
bs

ol
ut

e 
er

ro
r

Baseline
Google (Dengue)
Twitter
Google (Dengue) + Twitter
Notified cases

Time (Weeks)

A

B

dw = 20



25:6

552:4 20

14:6 8



dw = 20

Nmem = 550



t t

dw = 16

dw = 16

cw



t � 1 t

t

235:0 44:7

48:9

7:6



0

2500

5000

7500

10000

12500

2013 2014 2015 2016

N
um

be
r 

of
ca

se
s

●

●

●

●

●

●

●

●
●
●●

●●●●
●
●
●●●●●●●●●●

●●●●●
●
●
●●

●●
●

●

●
●

●

●

●

●●●

●

●

●

●

●

●
●

●●
●
●●●

●●●
●
●●

●
●●●●●●●●●●●●●●●●●

●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●
●●●

●●
●

●
●

●

●●
●●

●
●
●
●●

●●●●●●
●

●●●●●●●●●●●●●
●●●

●
●●

●●●●●
●

●●
●●

●
●

●

●●

●

●

●●●

●

●
●

●
●●●●●

A

0

2000

2000

0

2013 2014 2015 2016

5000

2013 2014 2015 2016

P
re

di
ct

io
n 

In
te

rv
al

Google (Dengue) + Twitter

Baseline

relative MAE = 0.924

MAE = 217.1

MAE = 235.0

Google (Dengue) + Twitter

Baseline

rMPI = relative mean prediction interval

rMPI = 1.013

rMPI = 1

A
bs

ol
ut

e 
er

ro
r

5000

0
0

Time (Weeks)

B

C

●

Baseline
Google (Dengue) + Twitter
Google (Dengue)
Twitter
Notified cases at week 0
Notified cases

dw = 16



dw = 16

7:6 2:9

10:5 1:8

3:1

3



292:6

0:45

9:7

11:3

dw = 16



dw = 16

’ 25

> 550 < 550





’ 10









t
�

t
�

nt;� t

t + � � nt;�

nt;� � N B(�t;� ; �)

P (nt;� = k) =

�
�t;� + k � 1

k

�
(1 � �)�t;� �k

�t;�

(�t;� ) = � + �t + ��



� �t ��

�t � �t�1 + N (0; ��)

�� � ���1 + N (0; ��)

nt;�

t

nt =
X

�

nt;�

t

�t;�

(�t;� ) = � + �t + �� + (Gd
t )

Gd
t t

�t;�

(�t;� ) = � + �t + �� + (Tt)

Tt t

�t;�

(�t;� ) = � + �t + �� + (Gd
t ) + (Tt)



Gd
t Tt

t

�t;�

(�t;� ) = � + �t + �� + (Gd
t ) + (Gz

t ) + (Gc
t)

Gd
t Gz

t Gc
t t

�t;�

(�t;� ) = � + �t + �� + (Gd
t ) + (Gz

t ) + (Gc
t) + (Tt)

Gd
t Gz

t Gc
t t

Tt

t

t � 1 t

t







0

5000

10000

15000

20000

2013 2014 2015 2016

N
um

be
r 

of
 c

as
es

0

2000

2000

0

2013 2014 2015 2016

0

10000

P
re

d
ic

ti
on

 In
te

rv
al

10000

0

2013 2014 2015 2016

A

B

C

A
bs

ol
ut

e 
er

ro
r

Google (Dengue) + Twitter

Baseline

relative MAE = 0.798

MAE = 213.3

MAE = 267.2

Google (Dengue) + Twitter

Baseline

rMPI = relative mean prediction interval

rMPI = 0.899

rMPI = 1

●

●

●

●

●

●

●

●
●
●●●●●●●●●●●●●●●●●●●●

●●●●
●●

●
●●●

●

●
●

●
●
●

●●●

●

●

●

●

●

●
●
●●●●●●●●●●●●

●
●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●●

●●●
●
●●

●
●●

●●

●
●●

●●

●●●●●●
●
●●●●●●●●●●●●●●●

●
●
●●

●●●●●●
●●

●●

●●

●
●●

●

●

●●●

●
●
●
●●●●●●

●

Baseline
Google (Dengue) + Twitter
Notified cases at week 0
Notified cases

Time (Weeks)





0.00

0.25

0.50

0.75

1.00

101 102 103

Absolute error

D
en

si
ty

Baseline
Google (Dengue) + Twitter

0.999

1.000

1.001

1.002

2013 2014 2015 2016
Time (weekly)

W
A

IC
 (

re
la

tiv
e 

to
 b

as
el

in
e)

Baseline
Google (Dengue) + Twitter
Google (Dengue)
Twitter
Google (all diseases)
Google (all diseases) + Twitter

A B





> 550 < 550





1

3

5

7

9

2013 2014 2015 2016

Time (weekly)

N
um

be
r 

of
 w

ee
ks

 u
nt

il 
80

%
 o

f c
as

es
 a

re
 k

no
w

n



0

1

2

3

−0.50 −0.25 0.00 0.25
Logarithmic error

D
en

si
ty

Baseline
Google(Dengue) + Twitter

−0.50

−0.25

0.00

0.25

0.50

0.75

<550 550−4000 >4000
Number of infections

Lo
ga

rit
hm

ic
 e

rr
or

Baseline
Google(Dengue) + Twitter

A B

10 Q Q = ŷ/y ŷ
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